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This multicenter case-controlled pilot study evaluated
myocardial inflammatory burden (IB) and phenotype in
endomyocardial biopsies (EMBs) with and without
pathologic antibody-mediated rejection (pAMR). Sixtyfive EMBs from five European heart transplant centers
were centrally reviewed as positive (grade 2, n ¼ 28),
suspicious (grade 1, n ¼ 7) or negative (n ¼ 30) for
pAMR. Absolute counts of total, intravascular (IV) and
extravascular (EV) immunophenotyped mononuclear
cells were correlated with pAMR grade, capillary C4d
deposition, donor specific antibody (DSA) status and
acute cellular rejection (ACR). In pAMRþ biopsies,
equivalent number of IV CD3þ T lymphocytes (23 
4/0.225 mm2) and CD68þ macrophages (21  4/
0.225 mm2) were seen. IB and cell phenotype correlated
with pAMR grade, C4d positivity and DSA positivity
(p < 0.0001). High numbers of IV T lymphocytes were
associated with low grade ACR (p ¼ 0.002). In lateoccurring AMR EV plasma cells occurring in 34% of
pAMRþ EMBs were associated with higher IB. The IB
in AMR correlated with pAMRþ, C4d positivity and
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DSA positivity. In pAMRþ equivalent numbers of IV
T lymphocytes and macrophages were found. The
presence of plasma cells was associated with a higher
IB and occurrence of pAMR late after transplantation.
Abbreviations: ACR, acute cellular rejection; AECVP,
Association for European Cardiovascular Pathology;
AMR, antibody-mediated rejection; DSA, donor specific antibody; EMB, endomyocardial biopsy; EV, extravascular; IB, inflammatory burden; IV, intravascular;
MFI, mean fluorescence intensity; MI, microvascular
inflammation; pAMR, pathological antibody mediated
rejection
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Introduction
Intravascular (IV) macrophages and capillary deposition of
complement degradation product C4d, as an indirect
marker of complement activation, are two key diagnostic
findings in cardiac antibody-mediated rejection (AMR) in
humans (1–4) and in experimental animal models (5).
As asymptomatic AMR is now increasingly recognized
(6–9), a grading scheme for pathologic diagnosis of cardiac
pathologic AMR (pAMR) (7), without the requirements for
donor specific antibodies (DSAs) or clinical dysfunction, has
recently been published as the 2013 ISHLT Working
Formulation (10). Recently, using immunopathologic studies
on endomyocardial biopsies (EMBs) our group has shown
that the macrophage does not represent the sole inflammatory cell in AMR. The exact phenotype of all IV monocytes
needs to be systematically explored (11) (Figure 1).
The microvascular inflammatory burden (IB) was first
described in renal transplantation as an intraluminal
accumulation of inflammatory cells in glomerular or
peritubular capillaries and historically was the first morphologic feature used to diagnose AMR (12). It is a strong
predictor of DSA, a sign of active progression of AMR and
a predictor of poor outcome (13). Few studies have
addressed microvascular inflammation in cardiac allografts
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Figure 1: Intravascular monocytes in antibody-mediated rejection. Hematoxylin and eosin staining shows intravascular cells with
endothelial damage (magnification 20 in A and 40 in D). C4d staining shows diffuse strong capillary deposition of complement
(magnification, 20 in B and 40 in E). CD3 staining shows intravascular localization (magnification 20 in C and 40 in F).

(14,15). The presence of acute cellular rejection (ACR) and
AMR in the same EMBs—mixed rejection—has been
described (14,16,17) but their potential interaction remains
to be elucidated.
The aims of this study are to quantitate the IB in the IV and
extravascular (EV) compartments of EMBs with pAMR, to
characterize the cell phenotype and to correlate both with
pAMR grade, capillary C4d deposition, DSA status and
concurrent ACR.

Materials and Methods
Study group
This case-controlled study comprised 65 right ventricular EMBs from five
European centers (Bologna and Padua, Italy; Paris and Nantes, France;
London, UK). Inclusion criteria were: presence of capillary positivity for C4d
(7), ISHLT 2005 ACR grade 0 or 1R (18) and circulating DSA at the time of
biopsy. Biopsies with pAMR 1 or 2 were randomly selected by participating
pathologists from their own institutes’ files and matched for time
posttransplantation with biopsies negative for pAMR. The only exclusion
criterion was ACR  2R because of its more extensive inflammation and
necrosis with the potential to confound the histological picture of pAMR. In
total, 35 EMBs were submitted as index cases (positive for pAMR with/
without ACR  1R). Thirty EMBs were submitted as control cases (negative
for pAMR with/without ACR  1R).

DM108 digital microimaging network; Leica Microsystems, Inc., Buffalo
Grove, IL) and verified them according to pAMR (7) and ACR grades (18)
(Figure 2). The 35 index cases were confirmed as pAMR-positive and
subdivided into three groups: pAMR2 (n ¼ 28), pAMR1 (Hþ) (n ¼ 1) and
pAMR1 (Iþ) (n ¼ 6). The incidence of IV activated mononuclear cells, C4d
positivity and CD68 positivity in the pAMRþ group, was 82.86% (29/35
EMBs), 82.86% (29/35 EMBs) and 85.7% (30/35 EMBs), respectively. There
were 30 biopsies in the pAMR0 control group. Additionally ACR 1R was
present in 26 pAMRþ cases (74.3%) and in 10 pAMR0 cases (33.3%).

Histopathologic and immunopathologic studies
All EMBs were fixed in 10% buffered formalin, routinely processed and
embedded in paraffin wax according to each center’s validated protocol for
routine biopsies. Up to 60 serial sections, each 2–4 mm thick, were cut from
each block. At least three sections were taken at each level. Multiple levels
were stained with hematoxylin and eosin. Adjacent levels were retained for
antibody studies. One laboratory also retained frozen EMB tissue for C4d
analysis.
Immunohistochemical staining was done by each laboratory on its own
cases using its validated protocol. For C4d, four laboratories used
immunohistochemical staining on paraffin sections. One laboratory used
immunofluorescence on frozen sections. Evaluation for C4d positivity was
done as recommended by Berry et al (7,10). mAbs to CD68, CD3, CD20 and
CD138 were used to characterize inflammatory cell phenotypes. Antibodies
to CD31 or CD34 were used to identify endothelial cells. Antigen retrieval,
dilution, incubation times and detection were done according to each
center’s validated protocol.

Verification of pathologic diagnosis

Cell counting

Six experienced transplant pathologists (AA, MMB, PB, JPDVH, OL, MF)
jointly reviewed all 65 EMBs using digitally projected light microscopy (Leica

CD68þ macrophages, CD3þ T lymphocytes, CD20þ B lymphocytes and
CD138þ plasma cells were counted in IV and EV compartments using a light
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Figure 2: Pathological reclassification. All study cases were reclassified according to ISHLT 2005 classification for ACR and ISHLT 2013
classification for pAMR.
microscope Leica DMD 108 with a digital microimaging system (Image Pro
Plus 6.0; Media-Cybernetics, Inc., Warrendale, PA). For each slide, five high
power (40) fields (total area: 0.225 mm2) were selected from the most
cellular areas of myocardial microvascular inflammation, excluding foci of
ACR. In each field the cell counts in IV and EV cell compartments were led by
one pathologist and jointly ratified by the study group at the same time
(Figure 3). Areas with ACR, biopsy scars, acute ischemic damage and Quilty
lesions were excluded. The total IB for all antibodies was calculated in each
compartment as the sum of all labeled cells in that compartment. For each
antibody the image program automatically counted the absolute number of
positive cells and its percentage of the total IB in each compartment.

DSA assessment
Peripheral blood DSA analysis was performed on all index patients at or close
to the time of the reference biopsy. IgG anti-HLA reactivity was analyzed in
each center with its own validated bead-based screening assay (Luminexmap methodology) using the LABScreen mixed kit (One Lambda, Canoga
Park, CA) and single-antigen class I and class II kits. Analyses were performed
using One Lambda software (HLA Fusion Version 2.0). In the mixed assay,
results above a cut-off value of 3.0 (ratio) were considered positive, according
to a beta test performed on each laboratory’s samples. To identify HLA
specificity, the Single Antigen assays (One Lambda) were performed, using
mean fluorescence intensity (MFI) as a measure of antibody reactivity.

Figure 3: Illustration of cell counting in microvascular inflammation using immunostaining markers. (A) The white dots highlight all
positive EV cells. (B) The positive IV cells are identified by black dots. Note the selection for counting of intact myocardium with no ACR,
biopsy site inflammation or Quilty effect.
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Statistics
All values are expressed as the mean  SEM, unless otherwise specified.
Categorical variables were analyzed by chi-square tests and Fisher exact
tests. Statistical significance was set at p  0.05. All tests were two-sided.
Continuous variables were analyzed by analysis of variance or by
nonparametric tests when appropriate. All statistical analyses were
performed using STATA 11.0 software (Stata Corporation, College Station,
TX). Unsupervised hierarchical cluster analysis was performed using R
precisions software.

Results
Characteristic of population study
Demographic data of the pAMRþ and pAMR0 groups are
detailed in Table 1 and were similar for baseline characteristics. DSAs contemporaneous with the reference EMB
were present in 35 patients, 30 of whom were pAMRþ.
Immunodominant (ID) DSA class I and ID DSA class II were
present in 9 (25.8%) and 26 (74.3%) patients, respectively.
Their distribution between pAMRþ and pAMR0 patients is
shown in Table 1. The mean number of treated ACR
episodes did not differ significantly between the two
groups.
IB discriminates pAMRþ from pAMR0 cases
Results from cell counts are given in Figure 4. IB showed
heterogeneity across all EMBs. EV IB (mean ¼ 163  7.24,
range 13–610) was higher than IV IB (mean ¼ 47.69  7.47,
range 1–273). CD3þ T lymphocytes and CD68þ macrophages were the two predominant cell types in both EV

(CD3: mean ¼ 70.22  9.51, range 0–309; CD68: mean
¼ 67.22  6.97, range 0–230) and IV compartments (CD3:
mean ¼ 23.45  4.03, range 1–147; CD68: mean ¼ 21.11
 4.57, range 0–253). All inflammatory cell types in both
EV and IV compartments were significantly increased in
pAMRþ cases compared to pAMR0 cases. Similar results
were obtained when comparing EMBs according to C4d
positivity and presence of circulating DSA (Figure 5).
IB in cardiac AMR is heterogeneous
Unsupervised clustering analysis (Figure 6) confirmed a
gradient of inflammation across all EMBs with identification
of four clusters of EMBs (A, B, C, D), with an incremental
increase in inflammation from cluster A, which is almost
totally devoid of inflammatory cells, to the highly inflammatory cluster D. Almost all pAMR0 cases segregated to the
noninflammatory cluster A. pAMR2 cases segregated to
clusters B, C and D while the seven pAMR1 cases were
distributed across the dendrogram. The three pAMRassociated clusters had different cell profiles: biopsies in
Cluster B had moderate predominantly CD3þ/CD68þ
inflammation with a heterogeneous distribution of
CD20þ and CD138þ cells. Clusters C and D were
characterized by more severe inflammation. In addition,
EMBs from cluster D exhibited an increased number of
CD20þ and CD138þ plasma cells. Even though CD20þ
cells accounted for 5% of the IB they correlated
significantly with pAMRþ, C4dþ and DSAþ. The distribution of pathology and DSA results within the clusters is
given in Table 2.

Table 1: Characteristics of study population
Population characteristics
Recipient age (years, mean  SEM)
Donor age (years, mean  SEM)
Gender (male, n, %)
Cold ischemia time (minutes, mean  SEM)
Primary heart disease
Ischemic cardiopathy (n, %)
Nonischemic cardiopathy (n, %)
Grown-up congenital heart disease (n, %)
Valvular cardiopathy (n, %)
Miscellaneous (n, %)
Immunology
DSA at time of reference EMB (n, %)
ID DSA Class I (n)
ID DSA Class II (n)
ID DSA Max MFI (median, range)
Pathology
Time post-Tx (months, mean  SEM)
pAMR0 (n, %)
pAMR1 (n, %)
pAMR2 (n, %)
Past episodes of treated AMR (n, %)
Past episodes of treated ACR (meanSEM) (mean  SEM)
Outcome
Follow-up post-Tx (months, mean  SEM)
Survival, dead (n, %)
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pAMRþ (n ¼ 35)

pAMR0 (n ¼ 30)

p

43  3
39  2
30 (85.7)
180  7

39  2
34  2
20 (66.7)
186  9

0.413
0.120
0.069
0.609

5 (17)
17 (57)
4 (13)
2 (7)
2 (7)

0.171
0.848
0.540
0.469
0.469

30 (85.7)
7 (23.3)
23 (76.6)
9800 (805–20,000)

5 (16.7)
2 (40)
3 (60)
2813 (596–9700)

<0.001
0.43
0.000
0.114

53  8.6
–
7
28
9 (26%)
3.5  0.9

59  12.6
30
–
–
0 (0%)
1.9  0.4

0.672
–
–
–
0.003
0.17

82  12.45
5 (14.3%)

77  9.19
2 (6.7%)

0.742
0.323

11
19
3
1
1

(31)
(54)
(9)
(3)
(3)
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Figure 4: Distribution and phenotypes of IV and EV cells in microvascular inflammation. Absolute numbers of total inflammatory
cells and the individual phenotypes in pAMRþ EMBs (gray dots) and pAMR0 EMBs (black dots).

Figure 5: IV and EV cell distribution and AMR criteria. (A, B) all inflammatory cells type are significantly increased in pAMRþ cases
compare to pAMR0 cases. Similar results were obtained according to DSA positivity (C, D) and C4d staining (E, F) ( p < 0.05,  p < 0.01,

p < 0.001).
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Figure 6: Unsupervised clustering analysis. (A) Identification of four clusters of EMBs (A, B, C, D), with an incremental increase of
inflammation from cluster A, which is almost totally devoid of inflammatory cells, to the highly inflammatory cluster D. All pAMR0 cases
segregated to the noninflammatory cluster A; pAMRþ cases preferentially segregated to clusters B, C and D. (B) Extravascular cell and (C)
intravascular cell counts in the four clusters: all cell types significantly increase from cluster A to cluster D (one-way analysis of variance,
p < 0.01).

Low-grade ACR modified the cell phenotype in
cardiac AMR
The dominant cell types present in both EV and IV
compartments were macrophages (CD68þ) and T lymphocytes (CD3þ). In both pAMR0 and pAMRþ groups,
there was strong correlation between the absolute
number of EV and IV CD3þ cells and CD68þ cells. In
pAMRþ EMBs, CD68þ correlated with CD3þ cells in EV

and in IV compartments (Figure 7). Although only EMBs
with ACR  1R were selected, and the cell count
performed away from the foci of interstitial lymphocytic
infiltration, ACR influenced differential cell counts. This
effect was closely linked to concomitant AMR and varied
according to the cell type (Figure 8). In ACR 1R the
absolute number of CD3þ T lymphocytes was similar in
both EV (p ¼ 0.0008) and IV compartments (p ¼ 0.0022)

Table 2: Pathology and DSA within the clusters
Cluster

A (n ¼ 34)

B (n ¼ 17)

C (n ¼ 9)

D (n ¼ 5)

p

IAMC1
C4d
CD68
pAMR:
pAMR0
pAMR1
pAMR2
ACR 1R
DSA

3 (17.6%)
4 (11.8%)
2 (5.9%)

14 (82.3%)
12 (70.6%)
15 (88.2%)

8 (88.9%)
8 (88.9%)
8 (88.9%)

4 (80%)
5 (100%)
3 (60%)

<0.001
<0.001
<0.001
<0.001

28
4
2
9 (26.5%)
9 (26.5%)

1
2
14
15 (88.2%)
14 (82.3%)

1
0
8
8 (88.9%)
8 (88.9%)

0
1
4
4 (80%)
4 (80%)

<0.001
<0.001

1

Intravascular activated mononuclear cells.
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Figure 7: The main inflammatory cells of extravascular and
intravascular compartments and pAMR. (A, B) Relationship
between IV and EV compartments of CD3 and CD68. (C, D)
Relationship between the two cell types in the IV and EV
compartments.

suggesting potentiation of ACR by AMR (significant
interaction in both cases). On the contrary, CD68þ
cells were differentially regulated in the two compartments. Although a mild increase in CD68þ cells was
observed in the EV compartment, the IV CD68þ cell count
correlated with a diagnosis of pAMR1 alone and furthermore was increased in cases with a higher maximum MFI
(Figure S1).

Plasma cells are associated with time posttransplant
and IB in cardiac AMR
Among the 35 pAMRþ biopsies, 12 cases (34.29%)
showed infiltration by CD138þ plasma cells representing
at least 5% of the IB (EV CD138: mean ¼ 35.83  6.77,
range 4–101, n ¼ 12; IV CD138: mean ¼ 23  7.33, range
8–40, n ¼ 4). Plasma cell enrichment of the extra-capillary
compartment was associated with time posttransplant
(Figure 9), while such time dependency was not observed
for total IB, CD3þ cells and CD68þ cells (not shown).
Plasma cell infiltration also correlated with the EV but not
the IV IB (Figure 9). The 12 pAMRþ cases also showed a
number of CD20þ B lymphocytes (EV CD20: mean ¼ 29.25
 10.01, range 2–116, n ¼ 12; EV CD20: mean ¼ 9  2.77,
range 2–20, n ¼ 6) but showed no significant association
with EV or IV IB (not shown).
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Figure 8: Relationship between ACR and AMR. The effect of
ACR 1R on the absolute number of CD3þ T lymphocytes was
similar in both A) extravascular and B) intravascular compartments
suggesting potentiation of ACR by AMR. A mild increase in CD68þ
cells was observed in the extravascular compartment (C). ACR did
not influence the intravascular CD68þ cell count (D) ( p < 0.05,

p < 0.01,  p < 0.001).

Discussion
This EMB-based study focused on macrophages in pAMR
and their relationship to other inflammatory cells, collectively
referred to as the IB, and their distribution between IV and EV
compartments. The IB positively correlated with presence of
pAMR, capillary deposition of C4d, and the presence of
contemporaneous circulating DSAs. The IB in pAMR
encompassed both IV and EV compartments, the latter
modifying the concept that pAMR and ACR are mutually
exclusive. The cell phenotype in both compartments was
heterogeneous, the predominant cell types being macrophages and T lymphocytes. IV macrophages correlated solely
with pAMR but are not the only cells present. Plasma cells
correlated with a higher IB, as indicated by the unsupervised
clustering analysis, and longer time posttransplant.
Quantitation of immunolabeled cells showed that the
dichotomic separation between ACR and pAMR could be
questioned. Indeed we found an unexpected increase in EV
inflammatory cells as well as in the IV compartment despite
quantifying cells away from areas of focal low-grade cellular
rejection (ACR 1R). Higher total IB was also positively
American Journal of Transplantation 2015; 15: 526–534
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Figure 9: Plasma cells correlated with time posttransplant and IB. Relationship between time posttransplant and inflammatory burden
(A) and absolute number of CD138þ plasma cells (B). Correlation between plasma cells counts and EV inflammatory burden (C). EV plasma
cells correlated with time posttransplant and IB.

correlated with capillary C4d deposition and serologic
positivity for DSA. This was also true if we considered
the IV and EV compartments separately. Recently Tible et al
(19) showed that DSA is strongly correlated with markers of
endothelial activation in the cases with pAMRþ and
microvascular inflammation. Therefore, hypercellularity
within the myocardial capillaries may reflect the morphological response at microvascular level to fixation of
alloantibodies to the endothelium (19).
Heterogeneity of the IB in early (20) and very late pAMR (14)
has been reported in the heart as well as in the kidney.
Immunophenotyping the IB in our cases showed that
macrophages (CD68) T lymphocytes (CD3) and B lymphocytes (CD20) were present in the two compartments while
plasma cells (CD138) were mainly confined to the EV
compartment. This is in keeping with previously reported
work on very late humoral rejection by some of our group
(14). As far as we know only one other paper indirectly
addressed this aspect in cardiac AMR, showing qualitatively that IV T lymphocytes, including CD3, CD4 and CD8
subtypes (15) were detectable in EMBs with endothelitis,
suggesting that they may be a component of AMR.
In our study we also found that macrophages and T
lymphocytes were equally represented in the IV compartment. However there was a positive correlation only
between IV macrophages and DSA positivity suggesting
that macrophages are specifically recruited in AMR,
especially within 1 year of transplantation. In kidney
transplantation, microvascular inflammation emerged as a
strong predictor of DSA positivity, especially in late
biopsies, and of poor kidney allograft outcomes. In our
study EV plasma cells were increased with time posttransplant, similar to that of kidney allografts.
Unsupervised clustering analysis showed that pAMR2
cases segregate to the most inflammatory clusters.
American Journal of Transplantation 2015; 15: 526–534

pAMR1 cases, not surprisingly, were distributed across
the dendrogram. This is explained by the fact that pAMR1Hþ biopsies are devoid of microvascular inflammation and
thus may segregate in the noninflammatory cluster. The
clustering analysis also segregates the EMBs according to
DSA positivity and capillary C4d deposition (data not
shown). Among pAMRþ EMBs, clustering analysis was
also able to separate three groups with different inflammatory profiles, with increasing IB and EV plasma cells.
This heterogeneity may have clinical implication since
cluster analysis of lesions in nonselected kidney transplant
biopsies showed that increased glomerulitis and capillaritis are associated with a worse outcome (21). In addition,
plasma cell infiltration has been recognized in kidney
transplant biopsies as being associated with posttransplant interval, steroid-resistant rejection and poor outcomes (22–25). In our study, the presence of plasma
cells infiltrates in the EV compartment could represent
the phenotypic expression of pAMR late after cardiac
transplantation.

Limitations of the Study
The retrospective design and relatively small numbers of
patients limits the validity of this pilot study. The control
group was smaller than the index group as in individual
centers not all cases negative for pAMR are routinely
tested for the presence of DSA. Where possible we
selected negative pAMR cases with DSA assessment
and matched by age of patients and time after transplantation. The incidence of low grade ACR is significantly
higher in the pAMRþ group than in the pAMR0 group
(74% vs. 33%, p ¼ 0.001) which could have influenced
the results. In our study we did not include correlation
between the pAMR diagnosis and effect of therapy
for AMR which could have influenced the IB and its
phenotype.
533

Fedrigo et al

Conclusions and Future Perspectives
In this pilot study the IB was a constant features of AMR
and correlated with pAMRþ, C4d positivity and DSA
positivity. In pAMRþ equivalent numbers of T lymphocytes
and macrophages were seen in the IV and EV compartments. The presence of plasma cells was associated with a
higher IB and a longer time posttransplant.

11.

Our results suggest that an interplay between cellular- and
antibody-mediated immunological mechanisms in cardiac
rejection may exist. We propose that mixed ACR and AMR
may represent not the sum of both but a separate entity
with specific pathological, clinical and immunological
characteristics. In cardiac allografts a scoring system based
on the IB and the inflammatory cell phenotype in EMBs
should be validated as a potential diagnostic and prognostic
tool in patients with AMR.
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Figure S1: Cell type distribution and max MFI. (A) Higher
max MFI was associated with an increase in IV CD68þ cells
and a decrease in CD3þ cells. (B) Cells present in EV
compartment are not related to MFI.
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