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Abstract
Complement activation contributes to antibody-mediated allograft rejection, but increasing evidence
also implicates complement proteins produced locally within the graft, in part by infiltrating
mononuclear cells, as important mediators of tissue injury. To test this concept in transplant recipients
we evaluated complement, complement regulator and Tcell/proinflammatory marker gene
expression by quantitative real-time polymerase chain reaction in 71 archived heart transplant
biopsies and correlated the results with the histologic grade of rejection. Significantly more
transcripts encoding alternative pathway components factor B, C3 and properdin, and C3a receptor
and C5a receptor, were detected in grade 3 vs. grade 0 or 1 biopsies. The grade 3 rejections also
contained significantly higher amounts of CD3, interferon γ, perforin and granzyme B genes. In
addition to providing supportive evidence for a pathogenic role of graft-derived complement in
human heart transplant injury, these correlations suggest that molecular profiling of complement
gene expression could be useful in the diagnosis of human allograft rejection.
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Introduction
In the setting of transplantation, the complement cascade has an established pathogenic role
as an effector arm of antibody mediated injury to the allograft. Recent studies from a number
of laboratories have identified additional roles for complement in transplantation, including
functioning as a key modulator of ischemia reperfusion injury and in regulating the strength
and effector function of alloreactive T cells (1-8). In vitro and in vivo animal model studies
have further shown that these effects involve activation of complement produced by the graft
and/or by immune cells, and do not require serum/liver-derived complement components (3,
6-8). Supporting a role for graft-derived complement as a mediator of transplant injury is the
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report that kidneys expressing a particular polymorphic variant of C3 have worse outcomes
than those without this polymorphism (9). Whether graft-derived (as opposed to systemic/liver
derived) complement contributes to human heart transplant injury has not been evaluated. If
graft-derived complement participates in allograft injury we reasoned that complement
component gene expression should be detectable in biopsies of human heart transplants and
that allograft rejection would be associated with upregulated expression of complement
component genes.

Materials and Methods
Biopsy material

We obtained frozen archived tissue from cardiac allograft biopsies that had been collected as
part of routine clinical care between 2003 and 2004 and stored in the Department of Anatomic
Pathology at The Cleveland Clinic. Grade of rejection was determined by the clinical
pathologist at the time of the biopsy using the 1990 ISHLT working formulation. The light
microscopic histopathologic features of antibody mediated rejection as defined by the 2004
working formulation (10,11) were absent in these biopsies. We identified 20 biopsies from 20
different patients with a histologic grade of 0, 13 biopsies from 13 individual patients with a
histologic grade of 1A, and 38 biopsies from 38 separate patients with a histologic grade of
3A. Biopsies were obtained as part of a routine surveillance protocol, not in response to clinical
symptoms. During this time period immunosuppression consisted of prednisone,
mycophenolate mofetil and a calcineurin inhibitor (cyclosporine or tacrolimus). Induction
therapy was only used selectively in sensitized patients. All patient materials were completely
de-identified and this study was approved by our Institutional Review Board. Total RNA from
a normal human heart was obtained from BioChain Institute, Inc. (Hayward, California).

Gene expression by quantitative real time PCR
Total RNA was isolated using the RNeasy Mini kit (QIAGEN Valencia, CA) and reverse-
transcribed with the High Capacity cDNA Archive Kit (Applied Biosystems Foster City, CA).
TaqMan Gene Expression Assays for factor B (fB), factor D (fD), properdin, C4, C3, C5, C3a
receptor (C3aR), C5a receptor (C5aR), decay accelerating factor (DAF; CD55), membrane
cofactor protein (CD46), protectin (CD59), CD3, granzyme B, perforin and interferon γ
(IFNγ) were purchased from Applied Biosystems.

The cDNA was pre-amplified for 10 cycles with a pooled mix of gene expression assays, then
diluted and analyzed by gene-specific real-time quantitative PCR on an Applied Biosystems
7500 Fast System. To test whether the multiplex preamplification step introduced bias into the
results we compared results using preamplified and unamplified cDNA using the ΔΔCT method
(Applied Biosystems). The 18S assay was not included in the preamplification primer pool.
The ΔCT for the preamplified samples was calculated by subtracting the CT for the 18S gene
from the CT for each gene of interest.

The ΔCT for the unamplified samples is calculated the same way.

The ΔΔCT is the difference between the preamplified ΔCT and the unamplified ΔCT.
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A ΔΔCT value of zero means the expression pattern in the preamplified sample is the same as
in unamplified cDNA. All of the genes tested in this study had ΔΔCTs of less than 1.5 (data
not shown). Relative gene expression (RQ) was determined by the 2-ΔΔCT method (12) using
the 18S ribosomal gene as an endogenous control and cDNA from human PBMCs as calibrator.
For each gene, the RQs for grades 1 and 3 samples were normalized to the grade 0 mean RQ.
The means of the normalized grade 1 and 3 RQs were then calculated. A two-tailed Student's
t test was used to determine the statistical significance of the difference in gene expression
among groups.

Results and discussion
The results of our analysis are summarized in Figure 1 and are expressed as fold increase versus
values in grade 0 biopsies (normalized to a mean of 1). Notably, gene products for all
components were detectable in 89% of the tissue samples regardless of histologic grade. As a
comparison, we also tested for complement/regulator gene expression in RNA obtained from
a normal heart. Normal heart tissue contained 100−200-fold less RNA for C3, fB, C3aR and
C5aR, and 5-fold less RNA for CD46 and CD55 than any of the biopsies (data not shown)
revealing that transplantation with or without detectable intragraft infiltrates induces
significant upregulation of these genes. Because our study was designed to assess gene product
by PCR (as opposed to protein), the detected complement components must have derived from
the graft tissue and could not reflect deposition/activation of serum complement as a
consequence of antibody mediated allograft injury.

ISHLT Grade 3 biopsies (moderate rejection or 2R) contained significantly more transcripts
than grade 0 or 1 biopsies for fB and properdin (alternative pathway components) and C3 (Fig
1A) and C5aR/C3aR genes (Fig 1B) consistent with experimental data revealing roles for these
molecules as mediators of graft injury. In further accord with animal model studies revealing
alternative but not classical pathway complement as mediating transplant injury (3,13), C4
expression (Fig 1A) was not different between grade 0−1 and grade 3 biopsies. Factor D and
C5 expression were also not different among groups (not shown). We did not detect significant
differences in expression of any of these tested genes between grade 1 and grade 0 biopsies.
Consistent with the histological diagnosis of cellular rejection, grade 3 biopsies also contained
significantly higher expression of the T cell/proinflammatory genes, CD3, perforin, granzyme
B and IFNγ than grade 1 or grade 0 biopsies (Figure 1C).

Our technical approach did not permit us to define the specific cellular source of each
complement component. Studies of animal models and human cells lines have shown that
epithelial and endothelial cells upregulate complement production in response to various
proinflammatory stimuli including ischemia/reperfusion (14-18), but the detected correlation
with histologic grade of injury and with increased expression of T cell gene products strongly
suggests the possibility that immune cells infiltrating the allograft are a dominant source of
complement within the graft.

In contrast to the upregulated expression of alternative pathway complement components,
expression of complement regulator genes, DAF and CD46 (Figure 1D) but not CD59 (not
shown) were significantly lower in grade 1 biopsies vs. either grade 0 or grade 3 biopsies. A
relative diminution of complement regulator expression could permit enhanced complement
activation, thereby potentially amplifying local injury to the graft. Such an effect would be
consistent with our previously published work (3) showing that DAF transiently down regulates
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during T cell/APC interactions which in turn permits local complement activation that enhances
T cell responses.

It is worth emphasizing that the light microscopic histopathologic features of antibody-
mediated rejection were absent in these biopsies. Insufficient tissue was available for C4d
staining and we do not have the ability to assess serum alloantibody in the patients from which
these biopsies were obtained. Despite these technical limitations, this report represents the first
documentation (to our knowledge) that complement gene products are detectable in human
allograft biopsies and that they are upregulated in association with graft injury. In addition to
supporting the hypothesis that graft-derived complement participates in heart transplant injury,
these correlative data raise the possibility that molecular profiling of complement gene
expression could be useful diagnostically and suggest that complement components are
potential targets for adjunctive therapies aimed at preventing human heart transplant injury.

Abbreviations
C3aR, C3a receptor; C5aR, C5a receptor; DAF, decay accelerating factor; fB, factor B; qPCR,
quantitative real-time polymerase chain reaction; IFNγ, interferon gamma.
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Figure 1. Gene expression profiles in heart biopsies measured by qPCR
Relative gene expression values for A) complement components Factor B, C3, properdin and
C4, B) complement receptors C5aR and C3aR, C) T cell/proinflammatory genes CD3, perforin,
granzyme B and IFNγ, and D), complement regulatory proteins DAF/CD55 and CD46 are
shown. The results for Grade 1 and 3 biopsies were normalized to the grade 0 mean. (■ Grade
0;  Grade 1; ▲ Grade 3). Numbers in each panel represent the mean fold increase for each
group. All samples were also tested for the expression of factor D, C5 and CD59 and there
were no significant differences among the groups for each of these genes (data not shown).
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