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Capillary C4d: A tool for the diagnosis
of transplants at risk
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The occurrence of delayed graft function (DGF) together with early
acute rejection, and the development of chronic rejection account for
the majority of graft losses in recipients, Clinical and experimental
observations suggest that acute transplant rejections, depending on
their severity and type, have a strong impact on the long-term sur-
vival of renal allografts as they may be related to the development of
chronic rejection. It is generally assumed that rejection episodes are
dominated by T-cell mediated reactions since infiltrating lymphocytes
within the interstitium and in vessel walls are easily detectable upon
histopathological examination of graft biopsies. In contrast, the role of
humoral immunity in transplantation remains ill-defined because
humoral immune reactants are usually not detectable in graft biopsies
and the manifestations of humoral antigraft reactions are elusive.

It is puzzling, however, that high levels of preformed alloanti-
bodies before transplantation portend a poor graft outcome in
recipients. Likewise, rejections in the presence of circulating anti-
donor antibodies carry a worse prognosis than rejections in the
absence of such antibodies. It appears that studies of humoral
alloreactivity are hampered by the lack of indicating histological
markers in biopsy specimens.

We have developed a diagnostic technique that allows the
comprehensive assessment of humoral alloreactions in graft biop-
sies. Our technique takes into account several important aspects
as can be seen below.

Endothelial cells within organ grafts form the primary targets for
immunological attacks but will remove deposited antibodies and
most complement components very rapidly from their surface. Con-
ventional immunohistochemical staining techniques therefore fail to
detect transiently bound humoral immune reactants in graft capil-
laries. Transient deposition of antibodies can be visualized, how-
ever, by the assessment of complement fragment C4d, a stable
remainder of classical complement activation within capillaries in
vivo, Assessment of capillary C4d using an indirect immunoperox-
idase staining technique can thus reveal otherwise undetectable
humoral antigraft reactions in biopsies. Deposition of complement

C4d in interstitial capillaries is a unique finding in renal allografts
and is not observed in other immunological renal diseases such as
glomerulonephritis or vasculitis.

Using this method, we analyzed biopsies from grafts with
delayed function (n=93). Capillary C4d was present in half of the
biopsies from transplants with DOF and was encountered predom-
inantly in vascular rejections, but also in the majority of grafts that
showed preservation injury or combined pathological findings.
Importantly, capillary C4d was associated with subsequent early
graft loss (18 vs. 4 losses; p=0.0027).

In a second series, we investigated the capillary deposition of
C4d in biopsies derived from 218 cadaveric renal grafts.

Capillary C4d was present in 46% of biopsies from first grafts
and 72% of regrafts. Grafts with capillary C4d had a markedly
shorter survival than grafts without C4d (50% graft survival: 4 vs. 8
years; p=0.0001). Among several risk factors, capillary C4d is the
strongest predictor of subsequent graft loss in a multivariate analy-
sis. Furthermore, humoral alloreactivity that is detectable within 6
months after transplantation has a much stronger impact on graft
survival than alloreactivity beyond this period.

Using a sensitive cytotluorometric method, we could further
demonstrate that capillary C4d is indeed related to the presence of
either preformed, or de novo formed circulating alloantibodies in
recipients.

In summary, humoral alloreactivity, manifested by the capillary
deposition of complement C4d in graft biopsies, exerts a strong
impact on graft survival when it operates within 6 months after
transplantation.
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Post-transplant lymphoproliferative
disease
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Epstein-Barr virus associated post-transplant lymphoproliferative
disease (PTLD) affects approximately 1% of renal transplant recip-
ients, and allograft involvement is reported in 36-100% of cases (1-
4). PTLD is the result of excessive immunosuppression leading to
uncontrolled proliferation of Epstein-Barr virus (EBV) transformed
B-cells, The clinical presentation varies from a mild febrile syn-
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