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Abstract

Antibody-mediated rejection (AMR) plays a significant role in cardiac allograft dysfunction, and recently a consensus regarding the diag-
nosis of AMR has been published. To our knowledge, it has not previously been reported that acute graft failure related to AMR, and
antiendothelial cell antibodies can successfully be diagnosed to allow the patient to receive the outlined treatment and undergo a sub-
sequent retransplantation.
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INTRODUCTION

Antibody-mediated rejection (AMR) is rare compared with acute
cellular rejection (ACR) in heart transplanted (HTx) patients, and
the incidences of AMR and ACR are reported to be approxi-
mately 10% and 40–60%, respectively, within the first year post-
heart transplant [1, 2]. Several cases of hyperacute and acute
AMR caused by anti-human leucocyte antigen (HLA) antibodies
have been described [3]. Endothelial cells of the donor organs
are targets for the host’s immune system during allograft rejec-
tion, and it has been claimed that antiendothelial cell antibodies
(AECA) are clinically important in HTx [4]. We report a successful
outcome after HTx and early cardiac retransplantation in a
patient who suffered graft loss due to AECA-mediated AMR.

CASE REPORT

A 42-year-old male patient with ankylosing spondylitis and ul-
cerative colitis in remission was diagnosed with giant cell myo-
carditis (GCM). According to endomyocardial biopsies (EMBs),
the GCM regressed on cyclosporine (CyA), azathioprine and cor-
ticosteroids. He was stable for 4 years, but deteriorated there-
after with advanced heart failure.

The pretransplant work up included HLA typing (A, B and
DRβ1 loci) of the patient and the donor, screening for anti-HLA
antibodies (LABScreen® Mixed, One Lamda Inc., CA, USA) and
flow cytometric crossmatch tests. The patient had no HLA anti-
bodies and the crossmatch test was negative with regard to
donor T- and B-cells.

The patient underwent HTx and received induction therapy
with antihuman thymocyte immunoglobulin (ATG; total dose
3.5 mg/kg over 2 days) and methylprednisolone (MP; total dose
1375 mg over 2 days). CyA (3 mg/kg/day) and azathioprine (150
mg/day) were started on the first postoperative day. CyA
through the level (C0) was 200 ng/ml within the first week and
250 ng/ml at the second week. Prednisolon (0.2 mg/kg/day) was
started on the third day. Azathioprine and CyA were continued
as the colitis was well managed with this regime. The total CD3+
cell count was 0.08 × 109/l 3 days postoperatively. There were
three HLA class I and one HLA class II allele mismatches
between the donor and the recipient. Major case events are
shown in Figure 1.
The first EMB, 2 weeks after HTx, showed mild rejection

[International Society of Heart and Lung Transplantation grade 1
cellular rejection (ISHLT 1R)] and negative C4d. The patient was
asymptomatic, and all parameters were normal except that cyto-
megalovirus (CMV), measured with the quantitative method
(PCR), was elevated by 3.24 log10 (1700 Geq/ml). Valganciclovir
was initiated and CMV PCR levels subsequently decreased. The
second EMB (3 weeks postoperatively) showed severe macro-
phage infiltration (CD68+), diffuse eosinophilic and lymphocytic
infiltration and a negative C4d. He had fever, no clinical infection,
echocardiography showed mild right ventricular dysfunction and
CyA through the level was 350 ng/ml. Rejection therapy with ATG
(total dose 5 mg/kg) and MP (500 mg over 3 days) was started,
and the immunosuppressive therapy was intensified. The patient
stabilized initially, but developed cardiogenic shock 2 days later.
Extracorporeal membrane oxygen was initiated and converted
the next day to biventricular assist device (BVAD). EMB showed
myocyte necrosis, severe antibody and cellular-mediated rejec-
tion (ISHLT 3R, AMR), strongly positive for C4d (Fig. 2A). However,
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the cytotoxic T- and B-lymphocyte crossmatch tests were nega-
tive. The AMR protocol was initiated with 5 plasmapheresis (PP,
plasma exchange with albumin) over 7 days with intravenous im-
munoglobulin (IVIg, 1 g/kg/day) given after each PP and one dose
of rituximab (700 mg).

An endothelial precursor cells crossmatch test (EPC-XM;
XM-ONE®, AbSorber AB, Stockholm, Sweden) was performed. The
test measured the amount of AECA in the patient serum, either
against donor-specific EPCs or autoreactive EPCs (the patient’s own
EPCs) [5, 6]. We retrospectively investigated the presence of donor-
specific and autoreactive AECAs in the serum from our biobank,
which was taken at the same time as the protocol EMBs (Fig. 1).

In the pretransplant serum, both donor-specific and autoreac-
tive AECAs were negative. In the first week post-transplant, the
donor-specific AECA was positive during a low-grade ACR (ISHLT
1R), but autoreactive AECA was negative. At the time of acute
graft failure, the test was positive for both donor-specific and

autoreactive IgM AECA, but not IgG AECA. Hence, with severe
graft failure, negative lymphocyte but positive EPC-XM, profound
macrophage invasion and C4d capillary deposits in the graft, our
assumption was a severe AMR caused by non-HLA AECAs.
The AECAs were measured regularly until negative after 5 days

on BVAD. The patient was then accepted for urgent retransplan-
tation, and a donor organ was available within 1 day. The
lymphocytic crossmatch test against the second donor was nega-
tive with regard to the T-cells (complement dependant cyto-
toxicity test) and the flow cytometric cross match test. Prior
to retransplantation, the patient received an additional round
of PP, IVIg (1 mg/kg) and rituximab (700 mg). In conjunction
with cardiac transplantation, two doses of ATG (2 mg/kg) and
MP (1375 mg over 3 days) were given, followed by tacrolimus
(0.075 mg/kg/day, C-0 level 7 and 14 ng/ml between the
4th and 10th day, respectively) and mycophenolate mofetyl
(MPA, 2 g/day, area under curve 73 mg/l measured at C-0, C-30

Figure 1: Timeline of major events between cardiac transplantation and discharge to home. HTx: heart transplantation (red arrows); EMB: endomyocardial biopsy
(blue arrows); BVAD: biventricular assist device; PP: plasmapheresis; ATG: antihuman thymocyte immunoglobulin; CS: corticosteroids; CyA: cyclosporine; AzA:
azathioprine; IVIg: intravenous immunoglobulin; Na: not available; *: Donor 2.

Figure 2: (A) A full thickness myocardial biopsy was taken introperatively at the time of conversion from extra corporeal membrane oxygenation to BVAD, which
illustrates antibody-mediated rejection with positive immune staining for capillary C4d deposition. (B) Endomyocardial biopsy taken 1 week after retransplantation
with signs of macrophage activity (CD68+ staining).
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and C-120 min). Prednisolon was kept at 0.2 mg/kg/day. The
tacrolimus and MPA concentrations were kept high (15–22 ng/ml
and 70–80 mg/l, respectively) during the first weeks.

The next EMB (1 week after retransplantation) showed normal
myocardium, minor infiltration of lymphocytes, increased
amount of macrophages (CD68+), but C4d was negative
(Fig. 2B). However, EPC-XM was negative against the EPCs of the
second donor. Echocardiography showed normal cardiac func-
tion, and the patient was clinically stable. Considering the high
risk of a new acute AMR, extended therapy was given with PP,
IVIg (0.5 g/kg/day), muronomab-CD3 (5 mg/day) and MP (750
mg/day) for 3 days and he received one bolus of bortezomib
(2.8 mg). The following EMB showed the regression of macro-
phage infiltration and C4d was negative. One month after
retransplantation, the EMB showed ACR (ISHLT 2R), but no AMR.
Seven weeks after retransplantation, the EMB showed normal
myocardium, without macrophages (ISHLT 0R), no giant cells
and negative C4d staining. Thirteen weeks after the first trans-
plantation, the patient was discharged, and he is still doing well
30 months later.

DISCUSSION

We have demonstrated the presence of donor-specific IgM
AECA early post-transplant and later during a cardiac allograft re-
jection and graft failure. The EBM showed a C4d deposition in
the endothelial microvascular bed, but in the absence of HLA
antibodies. The EPC-XM test allowed the diagnosis and monitor-
ing of the AMR treatment, by measuring the AECAs in the
patient serum during the non-HLA allograft AMR. The AMR was
treated with rituximab and IVIg after each PP, before and after
the retransplantation, and OKT3 and bortezomib added after the
first retransplant EMB, to prevent progression of AMR in the
second graft. We successfully desensitized the patient, making
him eligible for a second transplant, after which no clear signs of
AMR have reoccurred.

Interestingly, the donor-specific IgM AECA was positive at
least 10 days prior to deterioration, but not the autoreactive
AECA. It has been shown that the presence of
non-donor-specific or so-called autoreactive antibodies corre-
lates with lower graft survival and poor transplant function [7].
Our patient had autoimmune diseases, and the question was
raised if a possible reactivation of an underlying autoimmune
disease was triggering a post-transplant alloreactivity. However,
autoantibodies that develop after transplantation have been
shown, in most cases, to represent a de novo autoantibody de-
velopment rather than a recurrence of preexisting autoimmune
disease [8].

Our case indicates that the EPC-XM test should be performed
in cases with a negative HLA test and a high suspicion of AMR,
with or without acute graft failure, as a positive donor-specific
AECA early post-transplant may precede a complete graft failure.
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