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The authors investigated the importance of natural
antibody and complement in thepathogenesis ofhy-
peracute xenograft reyection using in vivo and in
vitro pig to primate models. Studies were carried out
in rhesus monkeys transplanted with a pig heart or
kidney in which byperacute rejection was observed
within a few hours. The reyected organs showed de-
posits of IgM, C3, C4, C5, and C9 neoantigen along
small blood vessels; butfew deposits offactors B and
P. Removal of anti-endothelial cell "natural" anti-
bodies by plasmapheresis, immunoabsorbtion, and
immunosuppression techniques resulted in marked
prolongation of the survival ofa subsequently trans-
planted heart, even when complement levels were
within the normal range. Thus, complement, in the
absence ofnatural antibodies, did not initiate hyper-
acute rejection in this species combination. The re-
quirementsfor complement activation in human se-
rum to cause cytotoxicity ofporcine endothelial cells
were then evaluated Cytotoxicity was abrogated by
depleting human serum ofIgM, C2, or C5, but not of
factor B. Restoration of the effect ofserum on endo-
thelial cells was achieved by reconstitution of the
respective depleted sera with purifiedIgM or with the
corresponding complement proteins, indicating that
IgM and the classica4 but not the alternative, path-
way ofcomplement, were involved Identical conclu-
sions were draum from experiments to ascertain the
requirements for complement activation in buman

serum to mediate binding of iC3b to porcine endo-
thelial cells. The authors conclude that in a pig to
primate xenograft complement does not directly ini-
tiate injury to the graft but rather requires activation
by bound xenoreactive natural antibodies; IgM an-
tibodies directed against endothelial cells activate
the classical complement pathway, which then con-
tributes to endothelial cell activation and subse-
quent events characteristic of hyperacute rejectionr
(Am JPathol 1992, 140:1157-1166)

Activation of the complement system is considered to be
essential in the pathogenesis of hyperacute rejection of
immediately vascularized xenogenic organs such as the
heart or kidney (reviewed in 1,2). The central role of com-
plement in hyperacute rejection was demonstrated in de-
complemented or congenitally complement deficient an-
imals that showed significant prolongation in the survival
of organ xenografts in comparison to normocomplement-
emic controls.'9 It has been believed that complement
activation in hyperacute rejection is triggered by the de-
position of "natural" antibody in a graft.1 210 However, in
some species combinations the alternative pathway may
be activated by xenogeneic erythrocytes without involve-
ment of antibodies.11 12 Moreover, reports suggest that
the alternative complement pathway may initiate rejection
in guinea pig to rat13 and in rabbit to newborn pig14 xe-
nografts. We have found that primate serum has naturally
occurring IgM antibodies that bind to porcine endothelial
cells, suggesting that complement activation might occur
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via the classical pathway.2'15 We asked whether the al-
ternative pathway might contribute to hyperacute rejec-
tion in a model that is likely more clinically relevant and
also tested whether endothelial cells, the apparent target
of hyperacute rejection,2 would activate complement di-
rectly.
We studied the mechanism of complement activation

as it contributes to the rejection of porcine organs trans-
planted into primates. We first investigated complement
deposition as it occurs in porcine hearts and kidneys
transplanted into rhesus monkeys and found that, during
rejection, components of the classical pathway along
with IgM are codeposited on vessels. We also found that
xenografts could survive in recipients with normal serum
complement levels but in which natural antibodies had
been depleted, suggesting that complement was not di-
rectly activated by the graft. The role of complement was
also evaluated in an in vitro model of xenotransplantation
consisting of porcine endothelial cell monolayers as tar-
gets and human serum as source of natural antibody and
complement. Our findings indicate that in pig to primate
combinations, hyperacute rejection is initiated when nat-
ural antibodies bind to porcine endothelium and trigger
the activation of the classical complement pathway. In
this combination, no evidence was obtained of antibody-
independent direct activation of either the classical or
alternative pathway by the endothelium of the donor or-
gan.

Materials and Methods

Source of Complement and Antibodies
Against Porcine Endothelial Cells

Serum from normal human subjects and from rhesus
monkeys was used as a source of natural antibodies and
heterologous complement. The sera were stored at
- 700C and thawed only once. Serum from a patient with
C2 deficiency was also used.16 Human serum pools that
were selectively depleted of C5 or factor B by affinity
chromatography were purchased from Quidel (San Di-
ego, CA). Restoration of hemolytic activity of C2-deficient
serum to low normal CH50 was achieved by reconstitu-
tion with 2000 units of purified C2 (Diamedix, Miami, FL)
per ml of serum. The reconstituted serum was dialyzed
against RPMI medium 1640 containing 25 mmoVl HEPES
(pH 7.4) (RPMI, United Life Technologies, Grand Island,
NY) before use. Restoration of hemolytic activity in C5-
depleted serum to normal CH50 was performed by ad-
dition of 75 ug of purified C517 per ml of serum. Reactivity
of antibodies against porcine endothelial cells was mea-
sured by an enzyme-linked immunosorbant assay
(ELISA), as previously described.15 Classical pathway
complement activity (CH50) was quantitated with sheep

red cells sensitized with rabbit hemolysin.1819 Alternative
pathway complement activity (AP50) was assessed with
a rabbit red cell assay.1

IgM-depleted human serum was prepared by affinity
chromatography of a serum pool obtained from 12 nor-
mal blood donors. Chromatography was carried out on
agarose (Affi-gel 10, Biorad Laboratories, Richmond, CA)
conjugated to rabbit IgG anti-human IgM, in the pres-
ence of 0.01 mol/l Na2 ethylenediaminetetraacetic acid
(Na2 EDTA). IgM-depleted serum was concentrated, di-
alyzed against RPMI, and reconstituted with 0.5 mg of
purified human C1 q 20 per ml of serum. Removal of IgM
was then determined by radial immunodiffusion on low
level IgM plates (Kallestad Laboratories, Chaska, MN)
and found to be greater than 95%. The CH50 of this
reagent, after reconstitution with C1 q, was 92% of that in
the original serum. In some experiments, the IgM-
depleted serum was reconstituted with IgM isolated from
a human serum with a high titer of anti-endothelial cell
antibodies.15 Solid polyethylene glycol 6000 was added
to the serum to a concentration of 4% (w/v), the precipi-
tate was solubilized in phosphate-buffered saline (pH
7.4) and chromatographed on Sepharose 6B. The frac-
tions containing IgM were pooled and concentrated to
3.2 mg of protein/ml.

Endothelial Cells
Endothelial cells were explanted from porcine aortae and
cultured as described previously.21 Cells were main-
tained in Dulbecco's modified Eagle's medium (DMEM,
United Life Technologies) containing 10% fetal bovine
serum with L-glutamine and penicillin/streptomycin. The
cells were identified as endothelial cells by their morphol-
ogy and their ability to take up acetylated LDL.22 Exper-
iments were performed with cells in passages 5 to 16
which were grown to confluency in 24-well Costar plates
(Cambridge, MA).

Endothelial Cell Cytotoxicity Assay
Endothelial cells were labeled with 51Cr in RPMI as pre-
viously described.23 Labeled cells were incubated with
primate serum diluted in RPMI. Incubation was carried
out at 37°C in a 5% C02 atmosphere, usually during 4
hours. After incubation supernatants were removed and
the radioactivity was counted in the supernatants and cell
monolayers. Percent specific lysis of endothelial cells
was calculated as previously described.23

Assay of Endothelial Cell iC3b Binding
The binding of iC3b to porcine endothelial cells was eval-
uated by ELISA in triplicate wells as follows. Endothelial
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cell monolayers were cultured in 96-well plates (Flow
Laboratories, Inc., McLean, VA) and were 2 days post-
confluency at the time of use. The cells were first incu-
bated during 1 hour with 25% heat inactivated (30 min-
utes at 560C) human serum as source of antiporcine en-
dothelial cell antibodies. After washing with DMEM, they
were incubated for 1 hour with 25% normal or comple-
ment-deficient human serum diluted in DMEM. Incuba-
tions were carried out at 37C in a 5% C02 atmosphere.
After incubation supernatants were removed, and the
cells were washed three times with phosphate buffered
saline (pH 7.4), fixed with 0.1% glutaraldehyde, and
blocked with 1% bovine serum albumin. Deposition of
iC3b on the cells was then detected with a murine mono-
clonal antibody against iC3b neoantigen (Quidel, San Di-
ego, CA) and affinity-isolated, alkaline phosphatase-
conjugated goat anti-mouse IgG (Zymed, South San
Francisco, CA). Reaction product was generated using
p-nitrophenylphosphate as substrate and was assayed
at 405 nm using a Titertek Multiscan MCC plate reader
(Flow Laboratories, McLean, VA).

Organ Transplantation in Rhesus Monkeys
Porcine hearts and kidneys were obtained from heparin-
ized 1 0-kg to 20-kg outbred pigs. The organs were per-
fused with cold Ringer's lactate solution until all visible
blood had been removed and then placed in the circu-
lation of anesthetized male rhesus monkeys weighing 8
to 10 kg. Untreated rhesus monkeys received a porcine
heart or kidney xenograft as described previously.24'25
Natural anti-porcine endothelial cell antibodies were de-
pleted from two rhesus monkeys by two exchanges of
two plasma volumes each, using human serum albumin
as replacement fluid, as described previously,24 and by
circulating the blood of a heparin-treated rhesus monkey
sequentially through two porcine kidneys for 30 minutes
each at room temperature, as described previously.2425
This treatment resulted in significant depletion of the lev-
els of natural antibodies to porcine endothelial cells in
both monkeys. Immunosuppressive agents were given
intravenously and consisted of Minnesota anti-
lymphoblast globulin (a gift of Dr. Richard Condie), 100
mg/kg/day; cyclosporine A (a gift of Sandoz Corpora-
tion), 2 mg/kg/day for 2 days followed by 1.5 mg/kg/day;
azathioprine, 5 mg/kg/day for 2 days followed by 2.5 mg/
kg/day; and prednisone, 2 mg/kg/day, tapered every
other day by 0.25 mg/kg. All immunosuppressive agents
were started on day - 2, with day of transplant being day
0. The animals were transplanted with a porcine heart.
One rhesus monkey died at day 1 due to hemodynamic
problems and the other rhesus monkey had to be killed at
day 8 due to wound infection. However, there were no
signs of rejection detected up to the time of death.

Immunofluorescence

Tissue samples were snapfrozen in precooled isopen-
tane and processed for immunohistologic techniques as
previously described.26 Goat antibodies to human immu-
noglobulins, complement components, albumin, and a2-
macroglobulin were obtained from Organon-Teknika
(West Chester, PA). Goat antisera to human factor B and
factor P were purchased from Calbiochem (San Diego,
CA). A mouse monoclonal antibody against a neoantigen
of polymerized human C9 was used as described previ-
ously to represent the membrane attack complex of com-
plement.27 All polyclonal antisera to human proteins gave
strong crossreactivity with rhesus monkey proteins when
tested by double immunodiffusion techniques. Antibod-
ies and antisera were absorbed with pig serum before
use. Positive controls for all anticomplement reagents
were performed with rhesus kidney tissues containing
glomerular immune deposits.

Results

Immunofluorescence Studies of
Rejected Organs

Hyperacute rejection of porcine heart or kidney trans-
planted into rhesus monkey occurs 2 to 3 hours after
vessel anastomosis.1' 2 The histology of tissues from xe-
nografts undergoing rejection was characterized by dif-
fuse interstitial edema and focal hemorrhage and prom-
inent platelet and fibrin thrombi in small blood vessels.
Immunopathologic analysis of tissues from xenografts in
the process of rejection demonstrated deposits of C3,
C4, C5 (not shown), and C9 along endothelial surfaces,
in a distribution similar to that of IgM (Figure 1). No de-
posits of factors B and trace amounts of factor P were
observed (Figure 1). The distribution of IgG deposits was
the same as that of albumin and a2-macroglobulin (not
shown), suggesting that the presence of IgG in rejected
tissues may reflect exudation from blood vessels.28 Sim-
ilar results were obtained with kidney xenografts. Thus,
rejection of porcine organs by rhesus monkeys is accom-
panied by endothelial cell binding of complement com-
ponents of the classical pathway and membrane attack
complex but minimal deposits of complement proteins
that participate exclusively in the alternative pathway.

Survival of Xenografts in Animals with
Normal Complement Levels

Rhesus monkeys that had their blood perfused over por-
cine kidneys and plasma exchange exhibited significant
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Figure 1. Immunofluorescence studies of bi-
opsy specimen from porcine heart undergo-
ing relection in an untreated normal rhesus
monkey. Immunofluorescence for IgM, C4,
C3, and C9 neoantigen (MAC, memnbrane at-
tack complex of complement) is seen along
capillary endothelium. Factor B andfactor P
are negatitve.

depletion of their natural antibody levels2 and prolonged
survival of subsequently engrafted porcine hearts.24 Bi-
opsy tissue obtained a few hours after transplantation
showed no deposits of antibody or complement in small
blood vessels (Figure 2A, compare with Figure 1). In one
case, a cardiac xenograft survived and continued to
function for 8 days, and showed no evidence of rejection
when the animal was sacrificed on that day. In this case,
immunopathologic techniques revealed diffuse deposi-
tion of IgM along endothelial surfaces but only a few focal
deposits of C3 and C9 neoantigen (Figure 2B).

Serum samples were obtained serially from the two
rhesus monkeys in which prolonged cardiac xenograft
survival has been achieved. In repeated experiments
(Table 1) serum complement activity was normal. These
findings suggested that in rhesus monkeys with normal
complement levels, complement was not activated di-
rectly by a porcine xenograft and would not by itself trig-
ger xenograft rejection.

In Vitro Studies

Initial experiments showed that fresh human serum was
cytotoxic to porcine endothelial cells and that cytotoxicity
was abrogated by heat inactivation of human serum at
56°C for 30 minutes, suggesting that cytotoxicity of hu-
man serum to porcine endothelial cells is a complement-
dependent process. Figure 3 shows the kinetics of killing

in the cytotoxicity assay. When porcine endothelial cells
were incubated in 10% human serum or 25% human
serum, significant killing (> 5% specific lysis) was ob-
served after 1 hour of incubation at 370C. The cytotoxicity
endpoint with respect to time was achieved at 3 hours. All
subsequent cytotoxicity experiments were carried out by
incubation of endothelial cells with human serum for 4
hours. Figure 4 shows the dose-response relationship
between endothelial cell cytotoxicity and increasing con-
centrations of fresh human serum.

The following experiments address which pathway is
involved in activation of complement when porcine en-
dothelial cells are incubated with human serum. The es-
sential requirement for participation of the classical path-
way is demonstrated by the inability of C2-deficient se-
rum to produce endothelial cell cytotoxicity; cytotoxicity
was restored by reconstitution with purified C2 (Figure 5).
In contrast, activation of the alternative pathway does not
appear to be primarily involved, as factor B-depleted se-
rum caused cytotoxicity comparable to that induced by
unmodified serum. Cytotoxicity is mediated by the mem-
brane attack complex of complement since cytotoxicity
was not observed with C5-depleted serum and could be
restored by addition of purified C5 (Figure 5).

A similar set of experiments was then carried out to
confirm the pathway of complement activation that is in-
volved when porcine endothelial cells are incubated with
human serum. An assay of complement activation that is
probably more sensitive than cytotoxicity was selected,
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Figure 2. Immunofluorescence studies offunctioning porcine heart xenografts after transplantation into a rhesus monkey that had been
pretreated by plasmapheresis and absorption of the monkey's blood overporcine kidneys, as described in Materials and Methods. A: Biopsy
obtained 2 hours after transplantation shows no deposition ofIgM, C3, or C9 neoantigen (MAC) in small blood vessels (nuclei are weakly
reactive with anti-IgM reagent). B: Tissue samplefrom cardiac xenograft on the eighth day after transplantation shows IgM is deposited on
small blood vessels, whereas C3 and C9 are present in only onefocus.
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Table 1. Serum Complement Levels in Rhesus Monkeys
Depleted ofNatural Antibodies Against Porcine
Endotbelial Cells* Beanng a Surviving Porcine
Heart Transplant

Complement
titers

Rhesus Time (days) in
numbert relation to procedure CH50 AP50

1 Pretreatment 123 22
2 days after transplantation 77 19
4 days after transplantation 71 15

2 Pretreatment 88 11
1 day after transplantation 72 10

Treatment for removal of natural antibodies consisted of plas-
mapheresis and perfusion of recipient's blood through two porcine
kidneys.

t Monkey number 1 was sacrificed 8 days after transplantation
and monkey number 2 died 1 day after transplantation.

namely the detection by ELISA of endothelial cell-bound
iC3b. Results (not shown) were similar to those described
earlier measuring cytotoxicity. C2-deficient human serum
caused little deposition of iC3b beyond that found with
heat-inactivated serum. Reconstitution of C2-deficient se-
rum with purified human C2 restored the endothelial cell
binding of iC3b to the level obtained with normal serum or
factor B-depleted serum. These experiments thus con-
firm that activation of the classical pathway, but not of the
alternative pathway, takes place when porcine endothe-
lial cells are incubated with human serum.

Studies on the role of human natural antibodies in cy-
totoxicity of human serum against porcine endothelial
cells are shown in Figure 6. Human serum immunochem-
ically depleted of IgM, which retained normal level of
complement, lost the ability to cause cytotoxicity; this
property was restored in a dose-dependent manner by
reconstitution of the IgM-depleted serum with purified hu-
man IgM (Figure 6). Full restoration of the cytotoxic activ-
ity of IgM-depleted serum was achieved with 1 mg of
purified IgM per ml of serum, an IgM concentration sim-
ilar to that in the original serum. IgM alone (not shown) or
heat-inactivated human serum did not cause endothelial
cell lysis. Thus, these experiments showed that natural
antibodies trigger complement-mediated lysis. This ob-
servation was confirmed with the ELISA iC3b binding as-
say (results not shown). No iC3b binding to the endothe-
lial cells was observed on incubation of endothelial cells
with IgM-depleted serum. Reconstitution of the IgM-
depleted serum with purified human IgM restored the
binding of iC3b to the level obtained with normal serum.

Discussion

The participation of complement in hyperacute rejection
of immediately vascularized xenografts has been docu-
mented in a number of models. Complement is con-

sumed during xenograft rejection13 and complement
proteins are deposited in the rejected organ.1' 29 Decom-
plementation with cobra venom factor temporarily sup-
presses hyperacute rejection 3-7and prolonged survival
is also seen in animals congenitally deficient in C6.89
Given the importance of complement in the pathogene-
sis of hyperacute rejection, a question of interest is the
mechanism by which complement is activated. Comple-
ment might be activated by natural, antidonor antibodies
in the recipient which bind to the endothelium of the
grafted organ or complement activation might occur by
an antibody-independent mechanism whereby a xeno-
genic surface directly interacts with a component of the
classical or alternative pathway. It is still uncertain which
of these mechanisms is responsible for complement ac-
tivation in discordant xenotransplantation2,13 but it has
been claimed that the alternative pathway may be impor-
tant in certain animal models.13,14 The studies we report
demonstrate that in pig to primate combinations comple-
ment activation involves the classical pathway and is trig-
gered by deposition of IgM. Tissues from rejecting por-
cine heart xenografts in rhesus monkeys contained de-
posits of complement components along blood vessels
in the same location as IgM. The prominent deposition of
C4 but little or no factor B or P provided evidence that the
classical rather than the alternative pathway had been
activated.

Although we could not find any direct evidence of
alternative pathway participation, it might have been sec-
ondarily recruited through classical pathway activation.?9
Our methods, which depend on persistence of comple-
ment components in tissues, might have been insuffi-
ciently sensitive to detect this involvement. Evidence
against antibody-independent complement activation by
the xenogenic endothelium was derived from two exper-
iments in which xenografts continued to function in recip-
ients with normal complement levels. In these rhesus
monkeys that had been depleted of antibodies, the xe-
nograft did not undergo hyperacute rejection and had no
or minimal deposition of complement components (Fig-
ure 2) and no histologic evidence of rejection, in spite of
adequate levels of serum complement. This observation
highlights the importance of antibody binding in the trig-
gering of complement activation in the porcine to primate
model and suggests that the classical and the alternative
pathway would not be directly activated without immuno-
globulin binding.

Our interpretation of the results of the in vivo experi-
ments was confirmed by an evaluation of whether por-
cine endothelial cells would directly activate human com-
plement in vitro and whether alternative or classical path-
way would be involved. Studies were performed with a
model of xenogenic hyperacute rejection consisting of
cultured porcine endothelial cells incubated with human
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Figure 3. Effect oftime ofincubation at 370C
on cytotoxicity ofporcine endothelial cells by
human serum. Endothelial cells were labeled
with 51Cr, washed and incubated in RPMI
containing 10% human serum or 25% hu-
man serum; after the indicated incubation
times the radioactivity in the culturefluid and
in the cells was measured and thepercentage
of cells killed was calculated as described

serum as source of xenogenic natural antibodies and
complement.223 Previously we had shown by immuno-
fluorescence microscopic examination that the addition
of human serum to endothelial cells results in binding of
iC3b to the endothelial cells.30 The present experiments
showed that complement activation occurs via the clas-
sical pathway through the presence in human serum of
IgM natural antibody to porcine endothelial cells. Be-
cause cytotoxicity of human serum against porcine en-
dothelial cells and binding of iC3b to endothelial cells
was abrogated by removal of IgM, which could be re-
stored by reconstitution with purified human IgM, we con-

Figure 4. Effect of concentration of human 75
serum on cytotoxicity ofporcine endothelial
cells. 5'Cr-labeled endothelial cells were incu-
bated at 37°Cfor 4 hours with different con-
centrations of human serum in RPMI. Per-
centage of cells killed uwas calculated as de-
scribed.2-1
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cluded that IgM natural antibodies against porcine endo-
thelial cells accounts for most if not all the complement
activation that occurs in this model. The in vitro experi-
ments also showed that the anti-endothelial cell antibod-
ies activate the classical pathway and not the alternative
pathway.

Previous studies of discordant xenotransplantation in
rodents in the guinea pig heart to rat combination have
not demonstrated participation of natural antibodies and
suggested that hyperacute rejection in this model may
be caused by primary activation of complement via the
alternative pathway.13 It has been proposed that hyper-
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acute rejection in this model may be due to rat IgM nat-
ural antibodies against guinea pig endothelial cells,31
suggesting that the classical pathway may also be in-
volved.

Identification of the multiple steps of the complement
reaction that participate in hyperacute rejection is
needed to define the mechanisms ultimately responsible
for the rapid and massive rejection of a discordant xeno-
graft. Complement fragments may participate in produc-
tion of tissue pathology in hyperacute rejection.2 C3a and
C5a cause vasoconstriction and polymorphonuclear leu-
kocyte adherence to the vascular endothelium, which
may be associated with hyperacute rejection. We re-

40

30

20

X10-

* C depleted HS
* Reconstituted with

purified C component

Figure 5. Role of the classical complement
pathway in lysis ofporcine endothelial cells by
normal human serum. 5ICr-labeled endothe-
lial cells were incubated at 37°Cfor 4 hours
with 10% human serum (HS), human serum
deficient in complement components C2 or
C5 (C2D and C5D, respectively), factor B-de-
pleted human serum (fBD), or human serum
that was heat-inactivated at 56°Cfor 30 min-
utes (HI HS). Percentage of cells killed was
calculated as described.23

cently found that C5a in conjunction with natural antibod-
ies causes loss of heparan sulfate from the endothe-
hium,32 possibly contributing to loss of blood vessel integ-
rity and intravascular coagulation, which are components
of hyperacute rejection. Binding of iC3b to endothelium
markedly enhances leukocyte adherence.3033 The
membrane attack complex, in sublytic amounts, can pro-
duce loss of membrane fragments and vesiculation,
which in turn promotes coagulation.' These processes
may initiate thrombosis and necrosis of the grafted organ
before complement-mediated endothelial cell killing
takes place.2

The barrier to transplantation is usually visualized in

Figure 6. Role ofIgM in lysis ofporcine en-
dothelial cells by normalhuman serum. 5'Cr-
labeled endothelial cells were incubated at
370C for 4 hours with 10% human serum
(HS), IgM-depleted human serum (IgM-D),
IgM-D reconstituted with purified human
IgM, or human serum that was heat-
inactivated at 56CCfor 30 minutes. Percent-
age of cells killed was calculated as de-
scribed.23

HS IgM-D I 0.5 1.0 2.0 , Hi HS
HS IgM-D HS reconstituted

with IgM (ng/mI)
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terms of cellular or humoral immunity.1' 2'10 It seems likely
that complement itself may contribute to such a bar-
rier.235 In some donor-host combinations, alternative
pathway activation without participation of antibodies
may be operative.13'14 Another element of the barrier
may be related to the species specificity of membrane
complement inhibitory proteins. Such inhibitors as de-
cay-accelerating factor and homologous restriction factor
may not inhibit complement of a different species while
effectively inhibiting cell injury mediated by homologous
complement.36 If polyreactive autoantibodies consti-
tute a part of the xenoreactive antibody repertoire as re-
cent findings suggests,39 then the species restriction of
the complement inhibitory proteins might contribute to
the definition of discordance versus concordance of spe-
cies.

The mechanism of complement activation has impor-
tant implications for the development of strategies to avert
hyperacute rejection. To the extent that complement ac-
tivation depends on antibody binding, the depletion of
antibodies should protect the graft from injury. Our limited
experience2'2425 and the results of others4o41 suggest
that antibody depletion significantly prolongs graft sur-
vival. We have suggested an alternative approach based
on inhibition of the complement reaction at the level of the
grafted organ.2'42 We have proposed that incorporation
of complement inhibitors of the host species into the en-
dothelium of the donor organ may result in complement
inhibition and prevention of hyperacute rejection. We
have tested this hypothesis in vitro with human decay-
accelerating factor added to porcine endothelial cells
and found significant inhibition of cytotoxicity by human
serum as source of natural antibodies and comple-
ment.42 Thus, we suggested that inhibition of comple-
ment by incorporation of membrane complement inhibi-
tors of host origin into the endothelial cells of the donor
organ might represent a powerful approach to abrogate
hyperacute rejection, particularly if used with other inter-
ventions.
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