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Abstract. In pig-to-rabbit kidney xenograft (PRKX), en­
dothelial antigen determinants (EAD) are immediately 
recognized by IgG and lgA, while lgM does not react with 
them. The purpose of this study was to investigate the dif­
ferent roles of IgG, lgA, lgM, and complement in the 
hyperacute rejection of a PRKX model. Nine isolated 
Landrace pig kidneys were each perfused withlO ml nor­
mal New Zealand rabbit serum. Perfusates (serum A) 
were collected after discarding the first 0.5 mi. Serum A 
and rabbit complement were then incubated for 30 min 
with frozen sections of normal pig kidney. After washing 
with buffer solution all the specimens were treated for im­
munohistochemistry. Three frozen sections of normal 
Landrace pig kidney and three samples of normal New 
Zealand rabbit serum were used as controls. Immunohis­
tochemical analysis of the nine perfused kidneys demon­
strated IgG, IgA and C3 deposition on the peritubular and 
glomerular vascular endothelium. No IgM reactivity was 
shown. In the frozen sections exposed to serum A, immu­
nofluorescence showed minimal IgG, IgA and C3 reactiv­
ity while IgM deposition was clearly evident on the tubu­
lar epithelium. Immunofluorescence of frozen sections 
exposed to rabbit complement, done by fluorescein­
labeled goat anti-rabbit C3 antibodies were positive only 
in the glomerular endothelium. The same rabbit comple­
ment was active in antibody dependent cytotoxicity on 
human T cells. Our results indicated that in the PRKX 
model, IgG and lgA acted as preformed antibodies recog­
nizing endothelial EAD. IgM did not bind to any endothe­
lial molecules, but recognized antigens located on the 
brush border of the tubular epithelium. Furthermore, in 
this model, absence of antigen-antibody complexes re­
sulted in atypical complement deposition. 

Key words: Xenotransplantation - Natural antibodies -
Hyperacute rejection 

Offprint requests to: Ignazio R. Marino, M.D. Transplantation In­
stitute, Department of Surgery, University of Pittsburgh, 3601 Fifth 
Avenue, Suite 5C, Pittsburgh, Pennsylvania 15213, USA 

Transplantation is currently the treatment of choice for 
several end-stage organ diseases [10-13]. Considering 
that the increasing demand for human organs for trans­
plantation far exceeds their availability, xenogeneic trans­
plantation is probably the most realistic solution to the 
problem [1, 3]. Hyperacute rejection of discordant xeno­
grafts is triggered by natural antibodies binding to endo­
thelial antigen determinants (EAD) of the graft, and by 
complement activation [1]. We have already reported [7-
9] that lgG and lgA are responsible for triggering the 
hyperacute rejection of the pig kidney in a pig-to-rabbit 
kidney xenograft model (PRKX). In PRKX, EADs are 
immediately recognized by lgA and lgG, while lgM does 
not react with them [7-9]. The purpose of this study was to 
investigate the different roles played by IgG, lgA, lgM 
and complement in the hyperacute kidney rejection of 
PRKX. We were interested in identifying the antigen 
determinants recognized by the different Ig classes, and in 
ascertaining whether complement can be activated in the 
absence of antibody binding. 

Materials and methods 

Five female Landrace pigs weighing 2.0-2.5 kg were used as donors 
from which nine kidneys were harvested. The donor operation tech­
nique has already been reported in detail elsewhere (7). The kidneys 
underwent an initial vascular isolation in situ. The infrarenal aorta 
and the left renal vein were cannulated in order to perfuse the left 
kidney, while the suprarenal aorta and the cava were cannulated in 
order to perfuse the right kidney. Fifteen New Zealand female rab­
bits weighing 4.1-5.0 kg were used as donors of a total of 180 ml 
normal rabbit serum. Of this normal rabbit serum 90 ml was used to 
perfuse the nine isolated Landrace pig kidneys (10 ml each). The 
perfusion of the kidneys was performed through the aorta; lO ml 
rabbit serum was infused in each kidney (serum A), and then col­
lected through the renal vein (left kidney) or through the cava (right 
kidney). The first 0.5 ml of each perfusate was discarded. Following 
the perfusion with serum A, kidney tissue samples were taken and 
embedded in the optimum cutting temperature medium (Miles 
Scientific, Naperville, Ill.), Snap frozen in liquid nitrogen, sectioned 
and prepared for immunohistochemical analysis. The sections were 
incubated with fluorescein isothiocyanatc conjugated (FICT) goat 



Fig. I. Immunohistochemical analysis of a Land race pig kidney perfused with 
normal New Zealand rabbit serum. The fluorescence staining was performed 
with goat anti-rabbit IgG. IgG deposits were present in the peritubular capil­
lary walls and in the glomerular capillary loops ( x 20). Deposits of IgA were 
present with similar distribution. Ig deposits were absent from the tubular epi­
thelium 

Fig.2. Immunohistochemical analysis of a frozen section of tissue samples of 
l..andrace pig kidney exposed to serum A (New Zealand rabbit serum infused 
through the renal artery of an isolated Land race pig kidney and then collected 
from the renal vein). The fluorescence staining was performed with goat anti­
rabbit lgM. IgM deposits are evident on the tubular epithelium ( x 40) 

Flg.3. Immunohistochemical analysis of a frozen section of Land race pig kid­
n~y exposed to rabbit complement. The fluorescence staining was performed 
Wt~h fluorescein-labeled anti-rabbit C3 antibodies. Complement deposition is 
evtdent on the glomerular endothelium, while the other tissues did not take 
the stain ( x 40) 
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anti-rabbit lgM, lgA, IgG, and C3 (Cappel, Organon Teknika, Vee­
dijk. Belgium) for 60 min at room temperature, in a moist chamber. 

Three female Land race pigs weighing 2.0-2.5 kg were then used 
as donors from which three kidneys were procured. These three kid­
neys were used to prepare tissue samples of normal pig kidney. They 
were embedded in the optimum cutting temperature medium (Miles 
Scientific, Naperville, Ill.), frozen in liquid nitrogen and maintained 
at - 80"C. Fifteen sections, 5 Jlm thick each, were then prepared 
from the frozen tissue. They were thaw-mounted on slides coated 
with poly-L-Lysine hydrobromide (Polysciences, Warrington, Pa.), 
and allowed to air dry for 3 h. Finally, they were fixed for 10 min in 
100% acetone. Of these 15 sections, 10 were incubated for 30 min 
with serum A. The remaining five sections were incubated at 37'C 
with rabbit complement (Low-toxic-M, Cederlane, Ontario). The 
sections were then washed with buffer solution and incubated with 
FICT goat anti-rabbit IgM, IgA, IgG, and C3 (Cappel, Organon 
Tcknika, Veedijk, Belgium) for 60 min at room temperature, in a 
moist chamber. Three frozen sections of normal pig kidneys that 
were incubated with three different samples of normal New Zealand 
rabbit serum were used as controls. 

Results 

Immunohistochemical analysis of nine Landrace pig kid­
neys perfused with serum A confirmed the results ob­
tained in our previous in vivo and in vitro study [7-9). Spe­
cifically, IgG, IgA and C3 deposition were evident with 
uniform distribution on the endothelium of the peritubu­
lar capillaries, and on the glomerular endothelium (Fig.l ). 
No IgM deposition was shown on the vascular endothe­
lium. Immunohistochemical analysis of the ten frozen sec­
tions of tissue samples of normal pig kidneys exposed to 
serum A showed minimal IgG, IgA, and C3 reactivity was 
compared with the deposition obtained when perfusing 
normal pig kidneys with normal rabbit serum. Instead, 
IgM deposition was clearly evident on the tubular epithe­
lium (Fig. 2). Immunofluorescence of the frozen sections 
exposed to rabbit complement, done by fluorescein­
labeled ~nti-rabbit C3 antibodies demonstrated comple­
ment granular deposition only on the glomerular endo­
thelium, while the other tissues did not take the stain 
(Fig. 3). The same rabbit complement was active in anti­
body-dependent cytotoxicity reactions on human T cells. 

Discussion 

Hyperacute rejection mechanisms in discordant xenoge­
neic transplantation are still unclear [3). It is recognized 
that preformed antibodies mediate the hyperacute rejec­
tion of solid organs in discordant species combinations (2, 
6, 10, 11 ). However, it seems that the classes of Ig involved 
in the process are different in all the discordant xenogeneic 
transplantation models. IgM plays a primary role in me­
diating the rejection in many species combinations [4, 5]. In 
our previous reports [7-9) we have demonstrated that in a 
PRKX, lgA and IgG act as preformed antibodies and trig­
ger the hyperacute rejection process by recognizing 
antigen determinants on the vascular endothelium. In this 
model, rabbit IgM does not react with the pig kidney vascu­
lar endothelium, but it recognizes antigen determinants lo­
cated on the brush border of the tubular epithelium. This 



S322 

happens at least 120 min following xenograft reperfusion 
[9). The present study established that, at least in our 
model, preformed antibodies binding to endothelial tar­
gets (IgA and IgG) were different from those binding to 
epithelial targets (IgM). In fact, the fluorescence studies on 
the Landrace pig kidney, perfused with normal New Zea­
land rabbit serum, reproduced the fluorescence pictures 
obtained previously by aurin vivo study [7). The incubation 
of sections of normal Land race pig kidneys with serum A 
demonstrated clearly two facts. First, that the passage of 
the New Zealand rabbit serum through the vascular bed of 
the Landrace pig kidney was characterized by IgG and lgA 
deposition on the capillary endothelium. Consequently, 
the effluent collected was lgG and IgA deprived. IgM was 
normally present in serum A because it did not bind to any 
endothelial antigen determinants. On the other hand IgM 
deposition was evident on the tubular epithelium when the 
sections of normal Landrace pig kidneys were incubated 
with serum A. Furthermore, in this model, in the absence of 
antigen-antibody complexes, complement deposits were 
detectable only on the glomerular endothelium. The endo­
thelium of the peritubular capillaries did not show any 
complement deposition in the absence of antibody. In vivo 
[7-9), in PRKX the hyperacute rejection cascade starts as 
early as 15 min after kidney reperfusion in the wall of the 
peri tubular capillaries. The glomeruli withstand antibody 
and complement activity longer than do the peritubular 
capillaries and this results in damage only 60-120 min 
after the organ reperfusion. The significance of the early 
complement deposition that we obtained in vitro on the 
glomerular endothelium remains uncertain and further 
studies should be conducted to clarify this point. 

Acknowledgements. This study was supported by research grants 
from the Veterans Administration and Project Grant No. DK 29961 
from the National Institutes of Health, Bethesda, Maryland, and by 
C. N. R. Target Project, Biotechnology and Bioinstrumentation, 
Rome, Italy. 

References 

1. Auchincloss H Jr (1988) Xenogeneic transplantation. Transplan­
tation 46: 1-20 

2. Caine RY (1970) Organ transplantation between widely dis­
parate species. Transplant Proc 2: 550-553 

3. Cooper DKC, Kemp E. Reemtsma K, White DJG (1991) Xeno­
transplantation. Springer-Verlag, New York, NY 

4. Fischel RJ, Bolman RM III, Platt JL, Najarian JS, Bach FH, 
Matas AJ (1990) Removal oflgM anti-endothelial antibodies re­
sults in prolonged cardiac xenograft survival. Transplant Proc 22: 
1077-1078 

5. Gambiez L, Weill BJ, Chereau CH, Calm us Y, Houssin D (1990) 
The hyperacute rejection of guinea pig to rat heart xenografts is 
mediated by preformed IgM. Transplant Proc 22: 1058 

6. Kissmeyer-Nielson F, Olsen S, Peterson VP, Fjeldborg 0 (1966) 
Hyperacute rejection of kidney allografts associated with 
pre-existing humoral antibodies against donor cells. Lancet II: 
662-665 

7. Marino IR, Feria G, Celli S, Stieber A, Muttillo I, Maggiano N, 
Mazzaferro V, Perrelli L, Musiani P (1990) Hyperacute rejection 
in renal discordant xenograft (pig-to-rabbit): model assessment 
and rejection mechanisms. Transplant Proc 22: 1071-1076 

8. Marino IR, Feria G, Celli S, Stieber A, Muttillo I, Maggiano N, 
Perrelli L, Musiani P (1991) In vivo and in vitro study of hyper­
acute rejection mechanism of renal discordant xenograft. Trans­
plant Proc 23: 620-622 

9. Marino IR, Celli S, Feria G, Stieber A, Maggiano N, Musiani P 
(1991) Histopathological, immunofluorescent and electro micro­
scopical features of hyperacute rejection in discordant xeno­
transplantation. In: Cooper DKC, KempE, Reemtsma K, White 
DJG (eds) Xenotransplantation. Springer-Verlag, New York 

10. Starzl TE (1964) Experience in Renal Transplantation. 
Saunders, Philadelphia 

11. Starzl TE (1969) Experience in Hepatic Transplantation. 
Saunders, Philadelphia 

12. Starzl TE, Iwatsuki S, Thiel DH van, Gartner JC, Zitelli BJ, Ma­
latack JJ, Schade RR, Shaw BJ Jr, Hakala TR, Rosentha!JJ, Por­
ter KA (1982) Evolution of liver transplantation. Hepatology 2: 
614-636 

13. Terasaki PI (1990) Clinical Transplants. UCLA Tissue Typing 
Laboratory, Los Angeles 


