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Determining the Histologic
and Immunopathologic Features
of Acute Humoral Xenograft Rejection
Akira Shimizu and Robert B. Colvin

Hyperacute rejection in discordant xenotransplantation can be prevented by strategies such as depletion
of anti-Galα(1-3)Gal (Gal) anti-body, depletion
or inhibition of complement, or the use of organs
from pigs transgenic for human complement regulatory
proteins [reviewed in ref. 1]. However, a discordant
organ xenograft, such as heart, kidney, liver, or
lung transplanted from pig to non-human primate,
is still rejected within several days, and this form of
rejection has been termed acute humoral xenograft
rejection (AHXR), acute vascular rejection or
delayed xenograft rejection.2-4 Recently, the role of
various effector mechanisms contributing to
AHXR has become apparent. Here, we discuss the
immunologic basis and histopathology of AHXR.
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Apoptotic Cell Death During AHXR
Both antibody and cellular immunity are believed
to be major factors in the pathogenesis of AHXR.
Antibody and complement-mediated cytotoxicity
has been implicated as a cause of membrane attack
complex (C5b-9)-mediated cell-lysis.5 Recent studies
demonstrate that the C5b-9 injury triggers intracellular apoptotic signals, which mediate apoptotic
DNA fragmentation in target cells.6 Cell-mediated
cytotoxicity has been implicated as a cause of perforinmediated cell lysis, perforin + granzyme-mediated
apoptosis, and Fas-triggered apoptosis in target
cells.7 Apoptotic DNA fragmentation can be
detected histopathologically by the terminal
deoxynucleotidyl transferase-mediated dUTP-biotin
DNA nick end-labeling (TUNEL) method.8 This
technique can also detect cells sometimes undergoing
necrosis, as DNA degradation also occurs during
necrosis. This assay, therefore, has the advantage of
allowing the detection of damaged cells induced by
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antibody and complement-mediated or cell-mediated
immune injury.
Endothelial Responses During AHXR
In AHXR, immune injury may lead to apoptosis
or necrosis in endothelial cells.4 The remaining
endothelial cells are activated, induced possibly by
cytokine stimulation (particularly IL-1, TNFα,
and IFNγ, complement or thrombin). The pathogenesis of AHXR might be linked to the activation
of endothelial cells in the grafts.9,10 The responses
of activated endothelial cells include:
• shift to a procoagulant state, with downregulation
of surface thrombomodulin and/or heparan sulfate,
induction of plasminogen activator inhibitor-1,
expression of tissue factor, and formation of
small intracellular gaps, consistent with fibrin
deposition; and
• induction of leukocyte adhesion molecules,
including E-selectin and ICAM-1, and production
of chemokines such as MCP-1, and cytokines
which promote the influx and activation of
inflammatory cells. Indeed, recent studies,
using immunostaining techniques, demonstrate
the expression of several molecules on activated
endothelial cells.3
Morphologically, activated endothelial cells are
characterized by cell hypertrophy, increased cellular
organelles, and loss of fenestration. These morphological features are similar to those seen in high
endothelium in postcapillary venules in lymphoid
tissue that are the entry site for leukocytes into the
lymph node.11 Activated endothelial cells exhibit
postcapillary venule-like transformation, and this
phenotypic changes of endothelial cells may
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Xenoreactive antibodies not directed
against the Gal
epitope might
also contribute,
and cytotoxic T cells
might add to its
severity.
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Figure 1. Acute humoral xenograft rejection (AHXR) in pig-to-nonhuman primate renal xenografts. A) IgM deposition is evident in
glomeruli and peritubular capillaries on day 9. B) On day 5, the earliest detectable change in AHXR is glomerular and peritubular
capillary endothelial cell death (→) as defined by TUNEL. C) On day 9, the number of TUNEL+ dead cells (→) increases in
glomeruli and peritubular capillaries. D) On day 9, numerous TUNEL+ endothelial cells (→) are observed in glomeruli with
morphological features of thrombotic microangiopathy. (▼) indicate thrombus in glomerular capillary. E) On day 9, numerous
TUNEL+ endothelial cells (→) are observed in peritubular capillaries. (B-E; TUNEL method). F) Marked platelet accumulation is
present in glomeruli and peritubular capillaries on day 11 (CD62P stain).

contribute to enhance influx of inflammatory cells
into the grafts.
Histopathology of AHXR
Our recent study demonstrates immunological
destruction of microvasculature in AHXR in
pig-to-nonhuman primate renal xenografts.4
Kidneys from Massachusetts General Hospital
miniature swine were transplanted into cynomolgus
monkeys or baboons that received regimens aimed
to induce mixed chimerism and tolerance.
The early phase of AHXR (days 0-12) is characterized
by focal deposition of IgM, IgG, and C3 (Fig. 1A),
and scanty neutrophil and macrophage infiltrates.
The first abnormality recognized is glomerular and
peritubular capillary endothelial cell death as
defined by TUNEL (Fig. 1B). Damaged endothelial
cells undergo apoptosis and, later, frank necrosis.
The progressive phase develops around day 6, and
is characterized by progressive deposition of IgM,
IgG, C3, and prominent infiltration of cytotoxic T
cells and macrophages, with a small number of NK
cells. Thrombotic microangiopathy develops in the
glomeruli and peritubular capillaries, with
TUNEL+ endothelial cells (Fig. 1C-E), platelet
aggregation (Fig. 1F), fibrin-platelet thrombi formation (Fig. 1D, F) and destruction of the capillary
january/february 2001
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network. The number of TUNEL+ cells in the
microvasculature correlates with the progressive
deposition of antibody.4 The degree of platelet
aggregation correlates with the number of
TUNEL+ damaged endothelial cells. Only rare
damaged arterial endothelial cells and tubular
epithelial cells are observed, with rare endothelialitis
and tubulitis. In the advanced phase of AHXR,
interstitial hemorrhage and infarction occur.
In this model, after extracorporeal immunoadsorption, anti-Gal IgM and IgG recover to pretransplant levels or higher by day 7.12 The progressive
deposition of antibody is associated with return of
circulating anti-Gal antibody and possibly antibodies
to new non-Gal porcine determinants. The progressive
deposition of antibody correlates with the development
of endothelial cell injury. Cellular elements also
appear to play a significant role in the development
of AHXR.4 The cellular response is characterized
by a massive infiltration of CD3+ T cells, together
with a similar intense macrophage infiltrate, and
relatively small numbers of NK cells. Many CD3+
cells have cytotoxic granule-associated protein
(GMP-17). Many cytotoxic T cells infiltrate the
graft. Similar frequencies of CD4+ and CD8+ T
cells are seen in the graft, suggesting that class
II-restricted T cell-mediated reactions play a role in
AHXR.
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Summary
Natural anti-Gal antibody would appear to play
an important role in the pathogenesis of
AHXR.1-4,9,10 Xenoreactive antibodies not directed
against the Gal epitope might also contribute,13
and cytotoxic T cells might add to its severity.4
AHXR is characterized by the development of a
thrombotic microangiopathy with endothelial cell
apoptosis and necrosis, followed by destruction of
the microvasculature, platelet aggregation, and
formation of fibrin-platelet thrombi. The first
abnormality recognized in AHXR is antibody
deposition and endothelial labeling with TUNEL
in the microvasculature. A recent report demonstrates
that deposition of C4d in the pertubular capillary
microvasculature is a useful adjunct in the diagnosis
of humoral-mediated allograft rejection, and is
more specific and sensitive than immunofluorescence
for IgG, IgM, or C3.14 C4d deposition may therefore prove to be of value in the diagnosis of AHXR.
The TUNEL assay may also have a practical value
in the diagnosis of xenograft rejection.
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