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Abstract
Heart allograft outcome is unpredictable and acute rejection episodes still occur despite
the improvement of immunosuppressive regimens. We therefore investigated whether
the immunopathological profile of endomyocardial biopsies might underlie the variations
in the clinical course of a graft. Biopsies from transplanted patients were analysed
by histology, immunohistochemistry (associated with digital image analysis), confocal
and electron microscopy to determine the type and the functional state of leukocytes
infiltrating the myocardium, together with their ultrastructural features and those of the
graft itself. In comparison with biopsies with grade 0R or grade 1R rejection, those
from patients with grade 2R rejection displayed significant infiltration of macrophages,
T lymphocytes, and CD83+ and DC-SIGN+ dendritic cells. Fifty-seven per cent were
invaded by CD20+B lymphocytes, most of which expressed CD69 activation marker
and cooperated in interleukin-12 production, and by CD69+CD94+NK cells expressing
interferon-γ . Ultrastructural signs of myocyte degeneration and microvessel rupture by NK
cells were frequent. These patients developed recurrent episodes of acute allograft rejection.
Endomyocardial B and NK infiltrates are involved in the dynamics of allograft rejection
and are associated with a high risk of its recurrence. Immunopathological assessment
of endomyocardial biopsies may thus serve to forecast the probable outcome of a heart
allograft.
Copyright  2006 Pathological Society of Great Britain and Ireland. Published by John
Wiley & Sons, Ltd.
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Introduction

Histopathological study of endomyocardial biopsies
(EMBs) in accordance with the criteria established
[1] and up-dated [2] in November 2005 by the Inter-
national Society for Heart and Lung Transplantation
(ISHLT), is the main tool for the diagnosis of acute
rejection.

Grade (G) 1 (now G 1R) rejection [2] takes the
form of a mild, sub-clinical episode marked by a focal
or diffuse infiltrate, but no impairment of transplant
function, and the immunosuppressive protocol is not
modified, whereas G 2 (now included in G 1R), G
3A (now G 2R), and G 3B (now G 3R) rejection
are characterized by a more extensive infiltrate with
replacement of myocytes and functional impairment.
These episodes still occur despite the improvement
of immunosuppressive regimens and are the leading
cause of allograft loss [3,4].

Acute rejection is the consequence of alloantigen
primed T cell infiltration of the graft. Its first
step is binding of antigen-presenting cells (APCs)
to the host’s CD4+T helper (h) cells, followed by
cytokine release and cytotoxicity [5]. The mecha-
nisms that elicit such episodes in patients receiv-
ing constant immunosuppressive therapy are not
known. Immunopathological examination of the trans-
planted tissue is used to elaborate a cellular and
molecular profile for each rejection grade and each
patient.

This paper presents a complete immunophenotypical
characterization of infiltrating reactive cells in EMBs
from patients with no rejection (G 0R) to G 2R,
together with the detection of their functional state and
release of cytokines. Immunopathological evaluation
of EMBs has revealed new morphological parameters
with prognostic significance.

Copyright  2006 Pathological Society of Great Britain and Ireland. Published by John Wiley & Sons, Ltd.
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Material and methods

Patients and histopathological analyses of
endomyocardial biopsies

Twenty-one patients (17 M, 4 F) aged 30–66 who
had received a transplant owing to idiopathic dilated
cardiomyopathy (15 patients) or ischaemic cardiopathy
(6 patients) were enrolled consecutively after trans-
plantation and monitored during the first year after
transplantation. All patients were tested for HLA-A,
HLA-B, and HLA-DR antigens by serological typing.

Biopsies were performed by trained haemody-
namists at the ‘SS Annunziata’ Hospital, Chieti, Italy,
as part of a standard protocol for post-transplant mon-
itoring.

A total of 361 EMBs were obtained during the
first year after transplantation: 17 per patient plus 4
required in the light of the clinical assessment. Sam-
ples were collected weekly for 4 weeks, fortnightly
until 12 weeks, and then monthly. Six biopsies were
taken at each sampling time and analysed by two
pathologists, EDC and CS. There was almost perfect
agreement (κ value = 0.82) between their gradings
[6].

For histology, four biopsies were fixed in 4% for-
malin, embedded in paraffin wax, sectioned at 4 µm,
and stained with haematoxylin and eosin. For immuno-
histochemistry and immunofluorescence, one or two
biopsies were snap-frozen in liquid nitrogen, and for
electron microscopy, one or two biopsies were fixed in
cacodylate-buffered 2.5% glutaraldehyde, post-fixed in
osmium tetroxide, and embedded in Epon 812. Ultra-
thin sections were stained with uranyl acetate–lead
citrate.

Biopsies were examined according to the original
ISHLT criteria [1]. G 0 denotes no infiltrate or very
minimal infiltrate. G 1A consists of focal perivascular
mononuclear infiltrates. G 1B is characterized by a dif-
fuse interstitial pattern of mononuclear infiltration. G 2

is defined as a single focus of mononuclear infiltration
associated with myocyte damage. G 3A shows focal
mononuclear infiltrates with replacement of myocytes
and functional impairment. G 3B is characterized by
diffuse interstitial mononuclear infiltrates, associated
with myocyte damage. G 4 consists of widespread
damage, conspicuous oedema, and frequent haemor-
rhage [1]. In 2004, the grading system was revised (R)
[2] as follows: grade 0R ‘no rejection’ (no change from
1990); grade 1R ‘mild rejection’ (1990 grades 1A,
1B, and 2); grade 2R ‘moderate rejection’ (1990 grade
3A); and grade 3R ‘severe rejection’ (1990 grades 3B
and 4). The revised grading [2] will be used in the rest
of the paper.

Ischaemic injury consists of small focal areas of
myocyte damage that may contain mixed inflammatory
infiltrates. The Quilty effect is represented by nodular
endocardial infiltrates that may be confined to the
endocardium (1990 ISHLT Quilty A) or may extend
into the myocardium (1990 ISHLT Quilty B) with
associated myocyte damage.

All patients received rabbit anti-thymocyte globulin,
ciclosporin A, azathioprine, and steroids as reported
[7]. In the event of G 2R the protocol is modified [7].

Written informed consent was obtained from patients
and the study was approved by the Ethics Committee
of the ‘SS Annunziata’ Hospital. This investigation
conformed with the principles outlined in the Decla-
ration of Helsinki.

Immunohistochemistry

For immunohistochemistry on the formalin-fixed,
paraffin-embedded samples, sections were incubated
for 30 min with the primary antibody (Ab), washed,
and incubated with goat anti-mouse immunoglobu-
lin conjugated to peroxidase-labelled dextran (EnVi-
sion+, Peroxidase, mouse) (Dako, Glostrup, Den-
mark). Immunohistochemistry on the frozen samples
was performed as reported previously [8]. Table 1 lists

Table 1. Antibodies used in immunostaining

Antibody Clone Origin Mono/polyclonal Dilution Source

Reactive Cells
CD68 PG-M1 Mouse Monoclonal 1/30 Dako Glostrup, Denmark
CD83 1H4b Mouse Monoclonal 1/5 Novocastra, Newcastle, UK
CD209 DCN46 Mouse Monoclonal 1/100 Pharmingen, San Diego, CA, USA
CD20 L26 Mouse Monoclonal 1/100 Dako
CD94 HP-3D9 Mouse Monoclonal 1/50 Dako
CD4 MT310 Mouse Monoclonal 1/50 Dako
CD8 C8/144B Mouse Monoclonal 1/30 Dako
CD15 C3D-1 Mouse Monoclonal 1/25 Dako

Endothelial cells
FVIII F8/86 Mouse Monoclonal 1/40 Dako

Activation marker
CD69 MLR-3 Mouse Monoclonal 1/50 Dr S Ferrini, Genova, Italy

Cytokines
IL-12 Rabbit Polyclonal 1/60 Santa Cruz, Santa Cruz, CA, USA
IFN-γ Goat Polyclonal 1/40 Santa Cruz
IL-10 E-10 Mouse Monoclonal 1/5 Santa Cruz
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the Abs and dilutions. Biotinylated horse anti-mouse
or anti-goat Ab or biotinylated goat anti-rabbit Ab
(all from Vector Laboratories, Burlingame, CA, USA)
were used as secondary Abs.

Viral infections were tested on paraffin-embedded
tissue sections as published [9–11]. Automated cell
counts [12] and analyses of cytokine expression
[8] were performed by light microscopy on sin-
gle immunostained sections with Qwin image anal-
ysis software (version 2.7), which has the follow-
ing highly reproducible steps: (1) image acquisition;
(2) conversion of RGB image (true colour) to binary
image (black and white); (3) filtering to remove noise;
(4) counting of immunostained cells or measurement
of positively stained area.

In EMBs with G 1R, G 2R, ischaemic injury, and
Quilty lesions, reactive cells were only counted in
fields containing the inflammatory foci, whereas in G
0R biopsies, fields were randomly chosen.

For each reactive cell marker or cytokine, three
high-power fields were analysed for each section and
three sections per biopsy were evaluated.

Single and double immunofluorescence and
confocal microscopy

To test biopsies for complement components, the indi-
rect immunofluorescence method was performed on
acetone-fixed frozen sections as reported [13]. For co-
localization studies, double immunofluorescent stain-
ing was performed on acetone-fixed frozen sections as
reported [8] and analysed under a Zeiss LSM 510 Meta
confocal microscope (Zeiss, Oberkochen, Germany).

Statistical analysis

Variables are reported as mean and standard devia-
tion (SD). The hypotheses of normality of the dis-
tribution of the reactive cells were assessed with the
Kolmogorov–Smirnov test. Differences between the
rejection grade for each reactive cell were evaluated
with a one-way analysis of variance (ANOVA) test.
The difference between each pair of means was eval-
uated using the Tukey pairwise multiple comparisons
test. All statistical tests were evaluated at an α level

of 0.05. Statistical analysis was carried out with SPSS
software, version 11.0 (SPSS Inc, Chicago, IL, USA).

Results

Histological and immunohistochemical features of
EMBs

The 361 EMBs obtained from 21 patients during
the first year after transplantation were grouped by
rejection grade as follows: G 0R, 159; G 1R, 175 (1990
grades: 92 G 1A, 76 G 1B, and 7 G2. EMBs with
G2 were discarded because serial sections revealed an
underlying G 3A or a ‘Quilty effect’ [14]); G 2R, 25;
G 3R, 2 (1990: 2 EMBs with G 3B and no EMB with
G 4).

G 1R is also described as ‘mild’ rejection and
compared with G 2R or ‘moderate’ rejection and G
0R or ‘no’ rejection. Furthermore, 134 EMBs showed
a Quilty effect (1990: 71 Quilty B plus 63 Quilty A)
and 13 showed ischaemic injury.

Figure 1 illustrates features of G 0R, G 1R, and
G 2R.

Table 2 shows the mean content of the reactive
cells evaluated from 25 G 0R, 50 G 1R (1990: 25 G
1A plus 25 G 1B. Data from G 1R EMBs were
homogeneous, ie no substantial differences emerged in
the number of infiltrating reactive cells nor in cytokine
expression between G 1A and G 1B EMBs) and 25 G
2R (the number of biopsies analysed for each rejection
grade was dictated by the available number of G
2R biopsies). EMBs with G 2R were obtained from
14/21 patients. EMBs with G 0R and those with G
1R were randomly chosen from all 21 patients after
the exclusion of inadequate biopsy sets and biopsies
positive for viral infections.

Inflammatory cells infiltrating the graft

The EMB reactive cell content increased and changed
in quality as a function of the rejection grade (Table 2).

DC-SIGN+ (CD209) cells were evenly distributed
among the cardiomyocytes in the G 0R EMBs,
whereas they accumulated perivascularly in G 1R and
G 2R and were also increased in the latter (Figures 2a,

Figure 1. Histological features of EMBs with G 0R, G 1R, or G 2R rejection. According to the ISHLT, a biopsy with scattered,
very occasional mononuclear cells is classed as G 0R, that with one focus of perivascular mononuclear cells is classed as G 1R, and
that with two or more foci of reactive cells is classed as G 2R rejection.(a–c: ×400)
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Figure 2. Reactive cell recruitment in G 1R and G 2R EMB. A substantial recruitment of DC-SIGN+DCs (b) and CD4+T
lymphocytes (d) is observed in G 2R (group A) in comparison with G 1R biopsies (a and c, respectively). In EMB with G 1R
rejection, NK cells are absent (e) and microvessels intact (g). In a G 2R EMB, particularly in sub-type A, signs of myocyte
(arrowheads) and endothelial cell (arrows) damage (h) are evident in association with significant NK cell recruitment (f). (a–h:
×400)

b). They were the only leukocyte population well
represented in the G 0R EMBs, where macrophages
(CD68) and lymphocytes were barely detected. Ex-
pression of the dendritic cell (DC) maturation marker,
CD83, almost undetectable in the G 0R EMBs, was
very weak in G 1R and increased in G 2R.

CD4+T cells significantly (p < 0.05) increased
from G 0R to G 1R. They formed the majority of

all graft infiltrating cells in G 2R (Figures 2c, d). The
CD4+/CD8+T cell ratio increased from 1.6 in G 1R
to 2.4 in G 2R, since the CD4+T lymphocyte increase
was greater than the CD8+T lymphocyte increase.
Macrophages and CD4+T cells increased about four
and three times respectively, while CD8+T cells dou-
bled from G 1R to G 2R. However, the increase (about
eight times) in the number of CD20+B and NK cells

J Pathol 2006; 209: 400–410
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Table 2. Mean content of the reactive cell populations in
groups of EMBs with G 0R, G 1R or G 2R rejection

Rejection grade

Reactive
cells∗

G 0R
(n = 25)

G 1R
(n = 50)

G 2R
(n = 25)

ANOVA††

p value

CD68 3.0 ± 1.0 5.0 ± 1.0‡ 15.0 ± 3.0‡§ <0.001
CD83 1.0 ± 0.2 2.0 ± 0.5‡ 9.0 ± 2.0‡§ <0.001
CD209 12.0 ± 2.0 10.0 ± 2.0‡ 18.0 ± 3.0‡§ <0.001
CD20 0.7 ± 0.5 1.0 ± 0.3 10.0 ± 2.0‡§ <0.001
CD94 0.2 ± 0.3 1.0 ± 0.4‡ 9.0 ± 2.0‡§ <0.001
CD4 1.0 ± 0.1 8.0 ± 2.0‡ 24.0 ± 4.0‡§ <0.001
CD8 3.0 ± 1.0 5.0 ± 1.0‡ 10.0 ± 2.0‡§ <0.001
CD15 0.0 ± 0.0 2.0 ± 0.8 4.0 ± 1.0‡§ <0.001

∗ Reactive cells were counted by light microscopy, at ×400 in an
85431.59 µm2 field, on single immunostained formalin-fixed, paraffin-
embedded (CD68, CD83, CD20, CD8, CD15) or cryostat sections
(CD209, CD94, CD4). Results are mean ± SD of positive cells/field.
† One-way ANOVA for comparisons between three rejection grades
and for each reactive cell.
‡ p < 0.05 Tukey test compared with G 0R;
§ with G 1R.

(CD94) (Figures 2e, f), which were usually absent or
very rare in both G 0R and G 1R rejection, was more
substantial. In association with perivascular foci of
high NK cell recruitment, EMBs with G 2R frequently
displayed signs of microvessel wall injuries, as shown
by FVIII staining (Figures 2g, h).

Granulocytes (CD15) were absent in G 0R EMBs
and barely detectable in G 1R and G 2R EMBs
(Table 2).

Inflammatory cells in ischaemic injury and Quilty
lesions

Since ischaemic injury and Quilty lesions, particularly
the B sub-type, are potential histological mimics of
acute cellular rejection [15,16], we also analysed these
lesions and made a comparison with G 2R (Figure 3).

Ischaemic injury was observed in 13 very early
(within the first 2 weeks) post-transplant EMBs.

Immunophenotyping revealed a prevailing macrophage
(CD68 = 46 ± 9) infiltrate and numerous granulo-
cytes (CD15 = 27 ± 6), which were significantly (p <
0.05) more represented than in G 2R. CD4+ and
CD8+T lymphocytes were also present (respectively,
15 ± 4 and 9 ± 3), whereas NK cells were barely
detected (CD94 = 4 ± 1) and CD20+B lymphocytes
were
absent.

Quilty B lesions (25 randomly chosen biopsies)
showed a prevalent infiltration of CD4+T lymphocytes
and CD20+B lymphocytes (CD4 = 92 ± 16; CD20 =
68 ± 11). CD8+T lymphocytes were also numer-
ous (CD8 = 57 ± 12) as were macrophages (CD68 =
35 ± 8), while NK cells and granulocytes were barely
detected (CD94 = 5 ± 2; CD15 = 6 ± 3). T and B
lymphocytes and macrophages were more represented
in Quilty B lesions than in G 2R.

Immunophenotyping of G 2R EMBs

We excluded the most common viral infections as a
co-factor of the inflammatory reaction observed in G
2R EMBs, since they were negative for enterovirus,
cytomegalovirus, and Epstein–Barr virus infections.
Humoral rejection [17] was also ruled out as a cause
of B cell infiltrate in G 2R EMBs, since they were
negative for C4d and C3d.

Next, we placed the EMBs from the eight patients
who developed more than one episode of G 2R
in group A, and those from the six patients who
developed only one episode in group B. The degrees
of HLA mismatching in G 2R groups A and B ranged
from 4 to 6. Five group A patients developed two
G 2R episodes; the other three developed three (two
consecutively in one patient). With the exception of
this patient, episodes were separately by from 1 to 3
EMBs graded G 0R or G 1R. Table 3 reports the time
points at which each biopsy with G 2R rejection was
drawn.

Immunophenotyping of these biopsies showed, con-
trary to G 0R and G 1R rejection, the presence of

Figure 3. Mean content of the reactive cells in groups of EMBs with ischaemic injury and Quilty lesions versus group of EMBs
with G 2R. Grey bars represent the mean ± SD of a reactive cell population in G 2R EMBs (n = 25). White bars represent the
mean ± SD of a reactive cell population in EMBs with ischaemic injury (n = 13). Black bars represent the mean ± SD of a reactive
cell population in EMBs with Quilty lesions (n = 25)
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Table 3. Distribution of G 2R biopsy times during the first year after transplantation

Time after transplantation (months)

Number 1 2 3 4 5 6 7 8 9 10 11 12
of G2R

Patients EMBs 1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th 12th 13th 14th 15th 16th 17th

1 3 x x x
2 3 x x x
3 3 x x x
4 2 x x
5 2 x x
6 2 x x
7 2 x x
8 2 x x

1 1 x
2 1 x
3 1 x
4 1 x
5 1 x
6 1 x

Table 4. Mean content of the reactive cell populations and expression of immunoregulatory molecules in EMBs from the two
groups (A and B)∗ of patients with G 2R rejection

Reactive cells†† Cytokines‡‡

Rejection
group∗ CD68 CD83 CD209 CD20 CD94 CD4 CD8 IL-12 IFN-γ IL-10

A 15 ± 2 11 ± 2 20 ± 5 14 ± 3 17 ± 3 28 ± 4 14 ± 2 11.8 ± 2.2 5.7 ± 1.2 10.1 ± 1.5
B 12 ± 1 6 ± 2 15 ± 2 4 ± 1§ 5 ± 2§ 21 ± 3 8 ± 3 3.2 ± 1.0§ 1.5 ± 1.3§ 9.8 ± 1.7

∗ Group A: eight patients who developed more than one G 2R rejection episode (a total of 19 biopsies). Group B: six patients who developed
only one episode of G 2R rejection (a total of six biopsies), as reported in ‘Material and Methods’.
† Cell counts were performed by light microscopy, at ×400 in an 85431.59 µm2 field, on single immunostained formalin-fixed, paraffin-embedded
(CD68, CD83, CD20, CD8) or cryostat sections (CD209, CD94, CD4). Results are mean ± SD of positive cells/field.
‡ Cytokine expression values were represented as the mean percentage of positively stained areas/total area of the examined field (85431.59 µm2).
§ p < 0.05, Mann–Whitney U test from values in EMBs of group A.

endomyocardial CD20+B cell and CD94+NK cell
infiltrates usually organized in perivascular sheets.
Interestingly, the mean content of CD20+B lympho-
cytes and CD94+NK cells in EMBs from the group A
patients was significantly (p < 0.05) higher than that
in group B (Figure 4 panel A, a, b; Table 4).

Furthermore, the double immunofluorescence stain-
ing of EMBs with G 2R (group A) showed that most
endomyocardial infiltrating CD20+B cells expressed
the CD69 activation marker (Figure 4 panel A, c).
CD69 was also frequently detected on CD94+NK and
T cells (data not shown).

Quantification of other leukocyte sub-populations
disclosed a trend towards an increase in the mean
content of DC, CD4+ and CD8+T lymphocytes in the
group A EMBs, though the difference between the two
groups was not statistically significant (Table 4).

No significant association was found, by using
Mann–Whitney U test or the χ2 test, between groups
A and B and variables such as host and donor age, host
weight, diagnosis before transplantation, and HLA
mismatches.

Notably, no significant differences emerged in the
number of leukocytes or in cytokine expression

between G 1R episodes that preceded, or did not pre-
cede, G 2R episodes.

Table 4 shows the mean content of the reactive cell
populations and the cytokine expression in groups A
and B.

Expression of Th1 and Th2 cytokines by graft
infiltrating cells
We investigated intragraft expression of the Th1
cytokines interleukin (IL)-12 and interferon-γ (IFN-
γ ), and the Th2 cytokine IL-10, since the former play
a key role in experimental transplant rejection models
[18,19], while the latter displays immunosuppressive
and regulatory functions [20,21] and prolongs allograft
survival [22].

Production of IL-12 was absent in G 0R EMB
(0.3 ± 0.1) and scanty in G 1R (1.8 ± 0.7). IL-12 was
strongly expressed in G 2R EMBs (Figure 4 panel B,
a–c) from group A (11.8 ± 2.2) and scanty to mod-
erate (3.2 ± 1.0) in those from group B (p < 0.05).
Cooperation of macrophages in IL-12 production by
graft infiltrating cells has been reported [23]. Our con-
focal analyses showed that IL-12 co-located with DC-
SIGN+ DC and more frequently with CD20+B cells
(Figure 5).
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Figure 4. Panel A. Infiltration by activated B lymphocytes in EMBs with G 2R rejection. The content of CD20+B lymphocytes in
group A EMBs (b) was significantly higher than that in group B (a). Most B lymphocytes (c, red) expressed CD69 activation marker
(c, green) as shown by their partial co-localization indicated by the yellow-colour. (a–c: ×400). Panel B. Expression of interleukin
(IL)-12 and IL-10 in G 0R, G 1R, and G 2R EMBs. IL-12 was absent in EMBs classed as G 0R (a) and barely detectable in those with
G 1R rejection (b), while it was strongly expressed in G 2R EMBs (c). Strong production of IL-10 was usually found in G 2R EMBs
(f), while it was weaker, but clearly detectable, in most G 1R EMBs (e) and scanty, but also clearly expressed in most G 0R EMBs
(d). (a–f: ×400)

IFN-γ was undetectable in all the G 0R (0.1 ± 0.1)
and half of the G 1R EMB (0.6 ± 0.3), and scanty
in the rest (2.0 ± 0.8). It was almost absent in group
B EMBs (1.5 ± 1.3) and moderate in group A (5.7 ±
1.2) (p < 0.05) (Table 4). IFN-γ staining was usual in
close proximity to T cell tissue distribution and, in G
2R EMBs, frequently co-located with NK cells (data
not shown).

IL-10 was scanty, but also clearly expressed in most
G 0R EMB (2.6 ± 0.4). Its strong production was

usual in most G 2R EMBs (group A: 10.1 ± 1.5; group
B: 9.8 ± 1.7) (Figure 4 panel B, d–f; Table 4) while
it was weaker, but clearly detectable (6.3 ± 1.5), in
most G 1R EMB.

Ultrastructural features of G 2R EMB

Group A EMBs frequently showed severe myocardial
degeneration characterized by extensive intracytoplas-
mic vacuolation, frequent myelin figures, abnormal

J Pathol 2006; 209: 400–410
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Figure 5. Confocal images of IL-12 production in a G 2R EMB. The expression of IL-12 (a, d, g: green) co-localizes with DC-SIGN+
DCs (b: red), and partially with CD20+B lymphocytes (e: red) as shown by the merged images c and f, respectively (yellow), and
is found close (i) to some CD4+T cells (h: red) (×1000)

Z bands, increased nuclear convolution, and irregular
mitochondria (Figure 6a), whereas the group B EMBs
usually displayed moderate myocardial degeneration,
characterized by the appearance of myelin figures and
less extensive mitochondrial alterations, myofibrillar
disarray, and myocyte vacuolation (Figure 6b).

Group A EMBs revealed more frequent infiltration
of cells with the features of NK cells (Figures 6c,
d arrows) endowed with evident mitochondria, dense
granules, and empty vesicles (Figure 6e) resulting
from exocytosis. These cells were frequently found
among widespread erythrocytes coming out from
injured microvessels (Figures 6d, e).

Discussion

Our investigations show that (1) CD4+T lymphocytes
are the main participants in the inflammatory reaction
governing the lower grade of heart allograft rejection,

since their number significantly increased from G 0R
to G 1R; (2) the transition to G 2R (myocyte replace-
ment or damage by infiltrating cells) is marked by a
prevalent infiltration of APCs, namely macrophages,
mature and immature DCs, which may release IL-12,
associated with significant recruitment of T lympho-
cytes, some of which express IFN-γ . Surprisingly,
G 2R rejection may be accompanied by a substan-
tial infiltration of activated B and NK cells which
cooperate in IL-12 and IFN-γ expression and allow
identification of a sub-group of G 2R patients (57% of
our cohort) with a high risk of rejection recurrence
and development of immunosuppressive drug resis-
tance. This finding indicates that immunophenotyp-
ing of EMBs with G 2R may predict the individual
response to post-transplant treatment, and suggest cel-
lular and molecular targets to prevent allograft failures.

In addition, since most G 2R episodes occur in
the ‘early’ post-transplant period, ie the first 6 months
[our data and refs 24,25], immunophenotypic analyses

J Pathol 2006; 209: 400–410
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Figure 6. Ultrastructural features of the two sub-types of G 2R EMB. (a) Electron micrograph of group A G 2R EMB showing
severe myocardial degeneration characterized by extensive intracytoplasmic vacuolation, abnormal Z bands, increased nuclear
convolution, and irregular mitochondria, whereas (b) group B EMBs usually displayed moderate myocardial degeneration with the
appearance of myelin figures (arrows) and less extensive mitochondrial alterations, myofibrillar disarray, and myocyte vacuolation
compared with group A. (c) EMB with G 2R rejection showing an intact microvessel filled by a mononuclear cell with the features
of an NK cell containing numerous cytoplasmic dense granules (arrow). (d) Two NK cells (arrows), endowed with a cytoplasm
containing evident mitochondria, dense granules, but also empty vesicles resulting from exocytosis, are found among widespread
erythrocytes, suggesting recent breakdown of endothelial walls. (e) Magnification of a detail of the previous image shows that
the pocket between two cells contains membrane vesicles, a feature typical of large granular lymphocyte exocytosis (cytoplasmic
granules indicated by black arrows, empty vesicles by black arrowheads, and mitochondria indicated by white arrows)
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should have greater prognostic value when performed
in this latency time.

After excluding viral infections and humoral rejec-
tion as possible causes of B lymphocyte infiltrates,
the immunopathological profile of G 2R is easily dis-
tinguishable from that of ischaemic injury and Quilty
lesions [15,16]. The first, in fact, is marked by the
absence of B lymphocytes and the presence of a
marked macrophage and neutrophil infiltrate, the sec-
ond by very florid CD20+B cell and CD4+T cell
recruitment which was much more substantial than in
G 2R biopsies.

Immunophenotyping of EMBs revealed that DCs
bearing DC-SIGN, expressed on immature and matur-
ing DCs [26] and central to their trafficking capacity
[27], increased in G 2R. We speculate that DC-SIGN+
cells have a dual role in transplantation. As immature
DCs, they suppress peripheral T cell responses to for-
eign antigens, and induce transplant tolerance [28] in G
0R. On the other hand, in G 1R, and particularly in the
group A of G 2R EMB, the perivascular accumulation
of IL-12-producing DC-SIGN+ cells in the inflamma-
tory foci [29], tightly intermingled with the recruited
T cells, enables transient DC–T cell interaction and
facilitates primary immune responses [27].

It has been reported that immunosuppressive drugs
(eg corticosteroids) inhibit DC maturation and inflam-
matory cytokine production [30]. We partially confirm
this finding in patients who had received a transplant,
since DCs bearing the CD83 maturation marker were
almost absent in G 1R and occasionally increased in
G 2R EMBs. However, IL-12 was clearly detected
in DC-SIGN+ DCs, suggesting that an escape mecha-
nism from pharmacological suppression has developed
that results in local inflammatory response activa-
tion. These EMBs also showed significant macrophage
infiltration and perivascular recruitment of CD20+B
cells, which resist pharmacological suppression bet-
ter than macrophages [31,32]. A striking association
between dense CD20+B cell infiltrate and clinical glu-
cocorticoid resistance and graft loss has been recently
described in renal allografts [33]. In the case of cardiac
rejection, our finding of IL-12 co-localization with
activated B cells strongly supports their role as APCs
for indirect allorecognition [34].

In G 2R, IL-12 released by APCs polarizes the
immune response towards a Th1 type with induction of
INF-γ [18]. The IL-12-dependent Th1 pathway does
not seem, however, solely to govern rejection, since
it coexists in a complex balance with IL-10 whose
expression is favoured by corticosteroids [35]. IL-10
was found in both ‘mild’ and ‘no’ rejection EMBs and
was more expressed in ‘moderate’ rejection EMBs,
with no differences between groups A and B. In
previous studies, IL-10 mRNA and protein expression
in EMBs was proportional to the degree of rejection
[23,36]. IL-10-releasing Th2 cells are associated with
tolerance and may regulate indirect Th1 alloimmune
responses in G 0R or G 1R. However, the pro-
inflammatory functions of high level IL-10 [37,38],

such as that found in G 2R EMBs, and its involvement
in the development of corticosteroid resistance cannot
be ruled out.

NK cells were slightly and substantially increased
in mild and moderate rejection, respectively, in com-
parison with G 0R. Particularly in group A of G 2R
EMBs, activated NK cells accumulated in perivascular
sheets and cooperated with T lymphocytes in IFN-
γ production. NK cells with exocytic vesicles were
frequently found close to injured endothelial walls.
NK-cell-mediated [39] microvessel injury may impair
myocyte architecture and function, and constitute an
important event in allograft behaviour [40]. Like B
cells and contrary to alloreactive T cells, NK cells are
resistant to ciclosporin, a condition that points to their
involvement in the development of immunosuppres-
sive drug resistance [41].

Our results strongly suggest that DC-SIGN+ DCs
and B cells other than macrophages, and NK cells
other than T cells, are key promoters and effectors,
respectively, in allograft rejection.

In addition, B and NK cells are indicative of a
high risk of rejection recurrence and appear to be
involved in the pathogenesis of immunosuppressive
drug resistance. Immunophenotyping of EMBs may be
predictive of graft outcome and useful for tailoring the
treatment of patients who have received a transplant.
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