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Abstract
Testicular inflammation with compromised fertility can occur despite the fact that the testis is
considered an immunoprivileged organ. Testicular macrophages have been described as cells
with an immunosuppressor profile, thus contributing to the immunoprivilege of the testis.
Experimental autoimmune orchitis (EAO) is a model of organ-specific autoimmunity and
testicular inflammation. EAO is characterized by an interstitial inflammatory mononuclear
cell infiltration, damage to the seminiferous tubules and germ cell apoptosis. Here we studied
the phenotype and functions of testicular macrophages during the development of EAO.
By stereological analysis, we detected an increased number of resident (ED2+) and non-
resident (ED1+) macrophages in the testicular interstitium of rats with orchitis. We showed
that this increase was mainly due to monocyte recruitment. The in vivo administration
of liposomes containing clodronate in rats undergoing EAO led to a reduction in the
number of testicular macrophages, which correlated with a decreased incidence and severity
of the testicular damage and suggests a pathogenic role of macrophages in EAO. By
immunohistochemistry and flow cytometry we detected an increased number of testicular
macrophages expressing MHC class II, CD80 and CD86 costimulatory molecules in rats with
orchitis. Also, testicular macrophages from rats with EAO showed a higher production of
IFNγ (ELISA). We conclude that testicular macrophages participate in EAO development,
and the ED1+ macrophage subset is the main pathogenic subpopulation. They stimulate
the immune response through the production of pro-inflammatory cytokines and antigen
presentation and thus activation of T cells in the target organ.
Copyright  2008 Pathological Society of Great Britain and Ireland. Published by John
Wiley & Sons, Ltd.

Keywords: testicular macrophages; autoimmune orchitis; MHC II molecules; costimula-
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Introduction

Testicular macrophages have been implicated in the
induction of the immunosuppressor microenvironment
[1–3]. However, the behaviour of these cells in
normal and inflammatory conditions is insufficiently
explored. In the normal rat testis, most (∼80%) tes-
ticular macrophages express CD163, a marker of tis-
sue resident macrophages [4], recognized by the ED2
antibody. In addition, a minor (∼15–20%) proportion
express the ED1 antigen, expressed on monocytes or
recently arrived macrophages [5–7]. About 50% of the
ED2+ subset also reacts with ED1 antibody, suggest-
ing an intermediate stage between the recently arrived
ED1+ monocytes and the resident macrophages.

Experimental autoimmune orchitis (EAO) is an or-
gan-specific model of autoimmunity characterized by
a testicular interstitial lymphomononuclear infiltration,
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apoptosis and sloughing of germ cells from damaged
seminiferous tubules [8,9]. We previously demon-
strated the high production of tumour necrosis fac-
tor alpha (TNFα) and interleukin-6 (IL-6) [10,11].
The aim of this work was to study the phenotypi-
cal characteristics of testicular macrophages in nor-
mal and chronically inflamed testes and to evalu-
ate the pathogenic role of these cells in EAO indu-
ction.

Materials and methods

Animals

Male Sprague–Dawley rats aged 50–60 days were
used and killed according to protocols for animal use,
in accordance with NIH guidelines for the care and
use of experimental animals.

Copyright  2008 Pathological Society of Great Britain and Ireland. Published by John Wiley & Sons, Ltd.
www.pathsoc.org.uk
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Immunization schedule
Rats from the experimental (E) group were immunized
with testicular homogenate (TH), prepared as previ-
ously described [8]. Briefly, adult (50–60 day-old) rats
were injected three times with 200 mg w/w TH/dose,
emulsified with complete Freund’s adjuvant (CFA; F-
5881, Sigma Chemical Co., St. Louis, MO, USA).
Bordetella pertussis (Bp) was used as co-adjuvant.
Control (C) rats were injected with an emulsion of
saline solution, CFA and Bp following the schedule
described above. Normal (N) untreated rats were also
studied. The rats were killed at different time periods
(7–30, 50–60, 70–100 days) after the first immuniza-
tion. The testes were removed, weighed and used as
described below. Blood was collected and sera were
obtained.

Histopathology
The histopathology of the testis was studied in
paraffin-embedded Bouin’s-fixed sections. To evalu-
ate the extent of germ cell damage that occurs in
EAO, we developed a EAO scoring system, deter-
mining: (a) the percentage of damaged seminiferous
tubules (ST); (b) the degree of the damage (slough-
ing and/or the presence of degenerating germ cells);
and (c) the testicular : body weight ratio (T : Bw)
(see Supplementary Material, Figure S1, available at:
http://www.interscience.wiley.com/jpages/0022-3417/
suppmat/path.2328.html).

Immunohistochemistry
Acetone-fixed frozen testicular sections (6–7 µm)
were incubated with 5% BSA followed by avidin/
biotin blocking solution (Vector Laboratories, Burlin-
game, CA, USA). The following primary antibodies
were used: ED1 (10 µg/ml; 554 954, BD Pharmin-
gen, San Diego, CA, USA), ED2 (5 µg/ml; 554 900,
BD Pharmingen), MHC II (2 µg/ml; 554 929, BD
Pharmingen), CD80 (4 µg/ml; sc-1632, Santa Cruz
Biotechnology, USA) and CD86 (4 µg/ml; 551 396,
BD Pharmingen). A biotinylated rabbit anti-goat IgG
(4 µg/ml, BA-5000, Vector Laboratories) or horse anti-
mouse IgG (2 µg/ml; BA-2001, Vector Laboratories)
were used as secondary antibodies. The reaction was
amplified using the Vectastain Elite ABC Kit (PK-
6200, Vector Laboratories) and the reaction product
visualized by adding diaminobenzidine substrate (SK-
4100, Vector Laboratories). For ED1 and ED2 anti-
bodies, positively immunostained cells were counted
as previously described [10].

Expression of costimulatory molecules
(flow cytometry)
Interstitial testicular cells were obtained as previously
described [10]. Cells were incubated with the unla-
belled ED1 or ED2 antibodies, followed by a FITC-
conjugated anti-mouse IgG (FI-2001, Vector Lab-
oratories) and finally with the following combina-
tions of antibodies: CD45 (559 135, PE-Cy5) plus
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MHC II (554 929, PE), CD45 plus CD80 (555 014,
PE) or CD45 plus CD86 (551 396, PE). The appro-
priate control isotypes were used. For intracellular
labelling (ED1 antibody), the cells were fixed with
2% paraformaldehyde, permeabilized and washed with
0.1% saponin in PBS. BD FACScalibur cytometer was
used and ∼30 000 events in the CD45+ gate were
acquired.

Obtaining testicular macrophage conditioned
media (MCM)

Interstitial testicular cells were obtained as previ-
ously described [10] and cultured for 2 h to allow the
attachment of macrophages to the dishes. Unattached
cells were removed by washing with PBS and the
attached cells were cultured in M199 plus antibi-
otic–antimycotic solution (1×; 15 240-096, Gibco,
Grand Island, NY, USA). After 20 h culture at 34 ◦C,
supernatants (MCM) were collected. Adherent cells
were harvested and counted, while cell viability was
assessed by the Trypan blue exclusion method. The
purity of the macrophage preparations was 80–90%,
as previously described [10].

Determination of cytokines by ELISA

Commercial specific ELISA kits for IL-10, IFNγ ,
GM-CSF and TGFβ were used to quantify the con-
tent of these cytokines in testicular MCM. The
minimum detectable concentration for each cytokine
was IL-10 < 5 pg/ml, IFNγ < 13 pg/ml and TGFβ <
15.6 pg/ml. All procedures followed the manufac-
turer’s instructions.

Depletion of macrophages

In order to deplete macrophages, rats were injected
with dichloromethylene biphosphonate (clodronate)
containing liposomes. Clodronate- (gift of Roche
Diagnostics GmbH, Mannheim, Germany) and PBS-
loaded liposomes were prepared as previously describ-
ed [12]. As preliminary experiments, injecting PBS-
liposomes into the testis (via subalbuginea) using a
30 G needle, showed that the injection per se induced
damage of the testicular parenchyma, all further exper-
iments used •intraperitoneal (i.p.) liposome admini-

AQ1

stration.
Rats immunized with TH and adjuvants received

2 ml liposomes loaded with clodronate (Clod-Lip, n =
12) or PBS (PBS-lip, n = 15) i.p. twice weekly (every
2–3 days) from day 0 until euthanization (50–60 days
after the first immunization). This dose and frequency
of liposome administration have been previously used
to fully eliminate blood monocytes [13].

Hormone determinations by radioimmunoassay

Serum LH, FSH and testosterone were measured
by radioimmunoassay (RIA) as previously described
[14]. The within-assay and interassay coefficients

J Pathol 2008; 214: 000–000 DOI: 10.1002/path
Copyright  2008 Pathological Society of Great Britain and Ireland. Published by John Wiley & Sons, Ltd.
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of variations for both FSH and LH were <8%
and <13%, respectively. The minimum detectable
concentrations in the rLH, rFSH and testosterone
assays were 0.2 ng/ml, 1.0 ng/ml and 12.5 pg/ml,
respectively. Testicular homogenates for determination
of testosterone content were prepared as previously
described [15].

Statistical analysis

Results are expressed as mean ± SEM. Comparisons
of groups were assessed using the statistical tests
indicated in the legend of each figure. p < 0.05
was considered to indicate a statistically significant
difference.

Results

Histopathology

As described previously [8], a mild infiltration of
lymphomononuclear cells with several foci of semini-
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ferous tubules showing germ cell sloughing and degen-
erating spermatocytes and spermatids were observed
during the onset of EAO (50–60 days after the
first immunization; Figure 1A). From 70 days on,
the inflammatory infiltrate was more abundant and
only Sertoli cells and some degenerating germ cells
remained in the seminiferous tubules (Figure 1B). In
contrast to murine EAO, inflammatory cells were
never observed inside the seminiferous tubules. None
of the control rats showed pathological alterations of
the testis (Figure 1C).

We have previously shown that progression of EAO
is associated with infertility and testicular atrophy
[8]. Germ cell apoptosis is observed from the EAO
onset and an increase in the number of immature
germ cells in the epididymal tubules is detected from
day 70 on [9]. Thus, in EAO, parameters such as
germ cell sloughing and testicular atrophy (associ-
ated with the degree of infiltrating interstitial immune
cells), were selected to develop a new EAO scor-
ing system, in order to quantify the extent of tes-
ticular damage that occurs during EAO development

Figure 1. Testicular histopathology. Testis sections from experimental rats with focal (A, B) and severe orchitis (C, D) or from the
control group (E, F). Mild (A, B) and severe (C, D) germ cell sloughing and the presence of degenerated germ cells (arrowheads)
are shown during onset and advanced EAO. Interstitial inflammatory mononuclear cells (arrow) are abundant in rats with severe
orchitis (C, D). Control rats showed normal testicular histology (E, F)

J Pathol 2008; 214: 000–000 DOI: 10.1002/path
Copyright  2008 Pathological Society of Great Britain and Ireland. Published by John Wiley & Sons, Ltd.
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(see Supplementary material, Figure 1S, available at:
http://www.interscience.wiley.com/jpages/0022-3417/
suppmat/path.2328.html).

Testicular macrophages are increased in number

By immunohistochemistry we identified the recently
arrived ED1+ monocytes/macrophages and the ED2+
resident macrophages in the normal and inflamed
testis. We quantified the number of testicular macro-
phages during the immunization period (7–30 days),
disease onset (50–60 days) and the severe testicu-
lar damage period (70–100 days); 7–30 days after
the first immunization, when the experimental rats
showed no histopathological alterations of the testis,
the number of testicular macrophages (total and from
each subset) were similar between the control and
experimental groups (Table 1). However, an increased
number of total testicular macrophages was observed
in control rats compared to normal rats, due to an
increase in the three subpopulations analysed, the
ED1+ ED2− subset being the main contributor (4.7-
, 2.9- and 1.9-fold increase of control versus nor-
mal for ED1+ ED2−, ED1+ ED2+ and ED2+ ED1−,
respectively; Table 1). Based on the wide variability of
the EAO score observed in experimental rats during
the disease onset (50–60 days), the number of tes-
ticular macrophages was analysed separately in rats
with an EAO score of 1–4 or 5–7. An association
between the degree of testicular damage and the num-
ber of testicular macrophages was observed. Rats with
mild orchitis (EAO score 1–4) were found to have
a number of testicular macrophages similar to con-
trol rats, while an increased number of these cells was
detected in experimental rats with an EAO score of
5–7 (Table 1). The increase was due to a higher num-
ber of double-positive macrophages. In severe EAO
(70–100 days), an increased number of total as well
as double-positive macrophages compared to control
rats was also observed (Table 1).
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Expression of costimulatory molecules
by testicular macrophages

By immunohistochemistry we detected MHC class II+
cells in the interstitium of control and experimental
rats. A large number of MHC class II+ cells, probably
macrophages and/or dendritic cells, was observed in
the interstitium of rats with orchitis, being mainly
concentrated in granulomae (Figure 2). Similarly, cells
expressing CD80 and CD86 costimulatory molecules
showed an analogous localization and morphology
(data not shown).

The expression of MHC class II and costimula-
tory molecules in the testicular macrophages was fur-
ther analysed by flow cytometry. The common leuko-
cyte marker, CD45, was used to identify the whole
population of leukocytes in the testicular interstitium
(Figure 3). An increased number of CD45+ cells was
detected in the testes of experimental rats compared to
control and normal groups (see Supplementary Mate-
rial, Table 1S, available at: htttp//www.interscience.
wiley.com/jpages/0022-3417/suppmat/path.2328.
html), reflecting the increased influx of leukocytes
in the inflamed testis in EAO. Pooled results from
the 50–60 and 70–100 day groups are shown, since
a similar pattern of costimulatory and MHC class
II molecules expression was observed. An increased
number of ED1+ testicular macrophages express-
ing MHC Class II, CD80 and CD86 was observed
in rats with EAO compared to normal and con-
trol rats (Figure 4A), while the percentage of posi-
tive macrophages was comparable (see Supplemen-
tary Material, Table 1S). Similar results were obtained
for ED2+ testicular macrophages expressing MHC
Class II and CD80 molecules, although the number
(Figure 4B) and the percentage (Table 1S) were much
lower compared to ED1+ testicular macrophages.

Only ED1+ testicular macrophages from rats with
EAO showed an increased MHC Class II expression
compared to normal rats (Figure 4C), while the mean

Table 1. Number (×106) of testicular macrophages per testis

Days ED1+ ED2− ED1+ ED2− ED2+ ED1− Total

Normal — 0.64 ± 0.32 3.76 ± 0.26 3.56 ± 0.34 7.46 ± 1.13
Control 7–30 3.00 ± 0.51 10.75 ± 1.80 6.61 ± 1.39 19.60 ± 1.59
Experimental 3.87 ± 0.80a 11.95 ± 1.13a 6.78 ± 1.21b 21.63 ± 1.89a

Control 50–60 3.54 ± 0.40 10.21 ± 1.67 5.56 ± 0.74 19.31 ± 1.54
Experimental
EAO score 1–4 2.40 ± 0.49 14.37 ± 0.94 4.87 ± 1.12 20.84 ± 0.78
EAO score 5–7 5.22 ± 0.95 20.51 ± 1.34c 7.55 ± 0.92 33.28 ± 2.31c

Control 70–100 5.10 ± 0.85 9.66 ± 1.89 9.47 ± 1.46 21.76 ± 2.50
Experimental 5.31 ± 1.07 20.45 ± 1.90d 6.22 ± 0.96 31.98 ± 0.76d

Number of labelled macrophages was estimated by ED1 and ED2 immunohistochemistry in testis sections of rats from normal, control and
experimental groups sacrificed at different time periods after the first immunization. Total number of macrophages was quantified using ED1
and ED2 antibodies simultaneously. Data of the different subsets were obtained as follows: number of ED1+ ED2− cells = total − ED2+ cells;
number of ED2+ ED1− cells = total − ED1+ cells; ED1+ ED2+ = ED1+ cells − ED1+ ED2− cells. Data are expressed as mean ± SEM.
n = 5–8 rats/group/period of time.
a p < 0.05 versus respective subpopulation from N group.
b p = 0.05 versus respective subpopulation from N group.
c p < 0.05 versus respective subpopulation from C group (50–60 days).
d p < 0.05 versus respective subpopulation from C group (70–100 days; Mann–Whitney test).

J Pathol 2008; 214: 000–000 DOI: 10.1002/path
Copyright  2008 Pathological Society of Great Britain and Ireland. Published by John Wiley & Sons, Ltd.
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Figure 2. Immunoperoxidase for MHC Class II molecules in testicular sections of rats from control (A, B) and experimental (C,
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D) groups. Positive cells are mainly located in the interstitium, at perivascular areas (A, B). In rats with orchitis (C, D) MHC+ cells
are observed in large numbers in peritubular areas and also concentrated in the granulomae (G)

(A)

(B)

Figure 3. Representative flow cytometry contour plots of the testicular interstitial cells obtained from rats with orchitis. (A) An
electronic gate was drawn selecting the total leukocyte population (CD45+ cells, left plot) based on the isotype control IgG (right
plot). Numbers are the percentages of CD45+ cells. (B) The expression of MHC class II (left and middle plots) and costimulatory
molecules (not shown) in the ED2+ (left plot) and ED1+ (middle plot) macrophages was analysed in the CD45+ gate. Quadrants
were set based on the isotypes control IgG (right plot). The percentages of cells in the different quadrants are indicated
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(A) (B)

(D)(C)

Figure 4. Expression of MHC Class II and costimulatory molecules by flow cytometry in the testis. Absolute number (Nr., ×104)
of ED1+ (A) and ED2+ (B) testicular macrophages expressing MHC class II, CD80 and CD86 from rats of normal (N), control
(C) and experimental (E) groups. Note the different scales of the y axes in plots (A) and (B). Mean fluorescence intensity (MFI)
for the expression of MHC Class II, CD80 and CD86 molecules on ED1+ (C) and ED2+ (D) macrophages of N, C and E rats.
MFI index was calculated as MFI of positive population/MFI of negative population. Data are expressed as mean ± SEM. n = 7
rats/group. (A) p < 0.05 versus respective N; (B) p < 0.01 versus respective N and C (Student’s t-test for absolute numbers and
median test for MFI index)
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fluorescence intensity for MHC Class II, CD80 and
CD86 molecules were similar in ED2+ macrophages
from the testes of normal, control and experimental
rats (Figure 4C, D). In addition, ED1+ macrophages
showed a higher expression of MHC class II molecules
compared to ED2+ cells in the testes from control and
experimental rats (Figure 4C, D).

Production of cytokines by testicular macrophages

The production of IFNγ , GM-CSF, TGFβ and IL-10
by testicular macrophages was measured in the MCM
from normal, control and experimental rats by ELISA.
We observed that testicular macrophages obtained
from rats of the experimental group produced higher
levels of IFNγ compared to control rats (Figure 5).
The concentration of GM-CSF and IL-10 was similar
in the MCM obtained from control and experimental
rats (data not shown) and TGFβ was undetectable in
all the samples analysed.

Macrophages are required for EAO development

In order to evaluate the role of macrophages in
EAO, we depleted circulating monocytes via i.p. injec-
tion of clodronate-containing liposomes (Clod-lip).

Figure 5. Concentration of IFNγ (pg/ml/105 cells) in the
conditioned medium of testicular macrophages obtained from
rats of the control (C) and experimental (E) groups. Data are
expressed as mean ± SEM. n = 4–5 rats/group. ∗p < 0.05
versus respective control (Kruskal–Wallis ANOVA)
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As shown in Table 2 and Figure 6, 2.3- and 2.6-
fold reductions in the number of testicular ED1+ and
ED2+ cells, respectively, was observed after Clod-
lip administration. However, while the number of
ED2+ macrophages in the testis of Clod-lip-treated
rats was similar to that of normal rats, the number
of ED1+ cells remained higher compared to control

J Pathol 2008; 214: 000–000 DOI: 10.1002/path
Copyright  2008 Pathological Society of Great Britain and Ireland. Published by John Wiley & Sons, Ltd.
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Table 2. Number (×106) of testicular macrophages per testis

Group
ED1+

macrophages
ED2+

macrophages

Normal 4.40 ± 0.49 7.32 ± 0.57
Control (50–60 days) 13.76 ± 1.58 18.45 ± 1.53
PBS-lip 25.44 ± 2.33 20.44 ± 2.64
Clod-lip 10.96 ± 0.93∗ 7.96 ± 0.74∗

The number of ED1+ and ED2+ macrophages was quantified by
immunohistochemistry on testis sections of rats from the normal
and control groups and from rats immunized with TH and adjuvants
and injected with liposomes containing PBS (PBS-lip) or clodronate
(Clod-lip), sacrificed 50–60 days after the first immunization. Data are
expressed as mean ± SEM. n = 5–10 rats/group.
∗ p < 0.05 versus respective PBS-lip group (Mann–Whitney test).
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rats (Table 2). The histopathological results showed
that all rats from the experimental group treated with
PBS-lip developed orchitis and that 73% also showed
severe testicular damage (EAO score ≥4; Figure 7).
In contrast, most of the rats (83%) injected with
Clod-lip presented a mild presence (EAO score <4)
or absence of testicular damage (Figure 7). In addi-
tion, rats from the Clod-lip group showed a signifi-
cant reduction (2.2-fold) in the EAO score compared
to PBS-lip rats (Figure 7). Moreover, we analysed
whether Clod-lip treatment also induces depletion of
testicular dendritic cells (DCs). We previously reported
[24] an increased number of OX62+ DC in the testes
of rats with EAO compared to control rats [num-
ber (×106) of OX62+ DCs/testis: normal, 4.47 ± 1.0;
control, 4.67 ± 0.4; experimental, 10.8 ± 2.4]. Using
the same methodology, we observed that rats injected
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with Clod-lip showed a similar number of OX62+
DCs [6.49 ± 0.70 (×106)/testis] compared to normal
and control rats (Clod-lip versus normal and control,
p > 0.05, Kruskal–Wallis ANOVA).

Serum testosterone (T), FSH and LH and testicular
T content in macrophage-depleted rats

Since testicular macrophages and Leydig cells are
known to regulate each other, we investigated how
macrophages from rats with EAO influence Leydig
cell function. Rats immunized with TH and adjuvants

Figure 7. EAO score of testes from rats immunized with TH
and adjuvants and injected with PBS (PBS-lip) or clodronate
liposomes (Clod-lip) and sacrificed 50–60 days after the first
immunization. Horizontal lines represent the mean. Each symbol
represents a single rat. EAO score (mean ± SEM): PBS-lip,
5.4 ± 0.7; Clod-lip, 2.5 ± 0.9∗∗; ∗∗p = 0.006 (Mann–Whitney
test). n = 12–15 rats/group

Figure 6. Immunoperoxidase. Localization of ED1+ (A, B) and ED2+ (C, D) testicular macrophages in testicular sections from
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rats immunized with TH and adjuvants and injected with PBS (A, C) or clodronate (B, D) containing liposomes. Note the severe
atrophy of the seminiferous tubules of the testis from rats with orchitis (A, C)
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Table 3. Serum testosterone (T), FSH and LH levels and
testicular T content in rats immunized with TH and adjuvants
and injected with PBS or clodronate containing liposomes

Group
(units)

Serum T
(ng/ml)

Intratesticular
T content
(ng/testis)

Serum FSH
(ng/ml)

Serum LH
(ng/ml)

PBS-lip 3.0 ± 0.5 277.0 ± 24.9 11.8 ± 3.0 3.4 ± 0.7∗
Clod-lip 2.6 ± 0.6 131.3 ± 28.2∗ 2.8 ± 0.1∗ 1.1 ± 0.3∗

Hormone levels were measured by RIA in the sera and testes of
rats immunized with TH and adjuvants and injected with liposomes
containing PBS (PBS-lip) or clodronate (Clod-lip). Data are expressed
as mean ± SEM. n = 5–8 rats/group. ∗ p < 0.05 versus respective
PBS-lip group (Mann–Whitney test).
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and injected with either Clod-lip or PBS-lip were
analysed for serum testosterone, FSH and LH lev-
els. Rats in the PBS-lip and Clod-lip groups showed
similar levels of serum testosterone (Table 3), compa-
rable to those previously observed in normal, control
and experimental rats in the same experimental model
[15]. However, a 1.9-fold increase in T content was
observed in rats from the PBS-lip group compared
to rats from the Clod-lip group. Consistent with our
previous data showing a four-fold increase in serum
FSH levels in rats with EAO compared to control
group [15], rats immunized with TH and adjuvants
and injected with PBS-lip exhibited higher FSH levels
compared to rats from the Clod-lip group (Table 3).

Discussion

Macrophages constitute the main subpopulation of
leukocytes in the testis of rats, mice and humans
[16]. However, little is known about the role of
macrophages in testicular inflammation/infection. In
rats, the subpopulations of resident (ED2+) and non-
resident (ED1+) testicular macrophages have been
described previously [6]. This heterogeneity in the
phenotype has been correlated with functional dif-
ferences: the expression of several pro-inflammatory
molecules was detected mainly in ED1+ testicular
macrophages [7,11,17,18]. In this context, ED2+ tes-
ticular macrophages could be termed M2 macrophages
with an immunosuppressive profile, while the ED1+
subset is comparable to the pro-inflammatory M1
macrophages [19]. These authors highlighted the plas-
ticity and functional polarization of macrophages,
which crystallizes a continuum of diverse develop-
mental stages from M1 mononuclear phagocytes to
the various M2 macrophages.

Thus, we considered it interesting to analyse the
number of macrophages from each subpopulation
present in the testis during the development of
EAO. We showed that the number of total testicu-
lar macrophages (ED1 + ED2) increased when rats
immunized with TH and adjuvants developed tes-
ticular damage. This association suggests that tes-
ticular macrophages play a pathogenic role in EAO
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by inducing, directly or indirectly, germ cell apop-
tosis and sloughing from the germinal epithelium.
The double positive (ED1+ ED2+) cells were the
main subpopulation contributing to the increase in
the total number of testicular macrophages. It has
been postulated that this double-positive subset rep-
resents a transition stage between the ED1+ ED2−
monocytes/macrophages recently arrived from the cir-
culation and the ED2+ ED1− resident macrophages
[6]. Therefore, it could be expected that the high
number of the double-positive subset observed during
multifocal EAO would lead to an increased num-
ber of ED2+ cells in the next period of time stud-
ied (70–100 days). However, we showed that during
severe EAO, an increased number of double-positive
macrophages also occurred, with no concomitant
increase in the ED2+ resident macrophage subset.
These findings led us to speculate that the ED1+ ED2+
macrophages remained in an ‘undifferentiated’ stage,
closer to the profile of their ED1+ ED2− precursors,
probably under the influence of pro-inflammatory fac-
tors such as TNFα, MCP-1 and IL-6 that are found
at higher concentrations in the testis of rats with
orchitis [10,11,17]. Accordingly, in control rats sac-
rificed 70–100 days after the first immunization, the
number of ED2+ ED1− resident macrophages was
increased compared to the 50–60 day period, prob-
ably via the differentiation of the high number of the
double-positive subset observed in the latter period.

Interestingly, the activation of toll-like receptors
(TLRs) by adjuvants induced an increase in the total
number of testicular macrophages (control versus nor-
mal rats), where the ED1+ ED2− subset was the
main contributor. Similarly, Gerdprasert et al [20]
showed that after the systemic administration of LPS,
an increase in the number of the ED1+ ED2− sub-
population was also detected. To further determine
the role of testicular macrophages in the develop-
ment of EAO, rats were injected with clodronate-
containing liposomes. We observed a 2.3- and 2.6-
fold reduction in the number of ED1+ and ED2+
testicular macrophages, respectively. The number of
ED2+ macrophages returned to values detected in the
normal testis, while the number of ED1+ testicular
macrophages resembled those found in control rats.
Since we cannot directly eliminate the testicular ED2+
macrophages because the liposomes are not able to
cross the endothelium [21], we can assume that the
increased number of ED2+ macrophages detected in
EAO is due to the recruitment of ED1+ monocytes
from the circulation, and not as the result of the prolif-
eration of resident macrophages, as was found for the
normal testis [22]. Results showed that the depletion of
macrophages significantly reduced the incidence and
severity of EAO. Concomitantly, a decrease in the
total number of testicular macrophages was observed.
Taken together, these results suggest that testicular
macrophages are required for the induction of EAO.

Hormone profiles of rats injected with PBS or clo-
dronate liposomes confirm previous results obtained

J Pathol 2008; 214: 000–000 DOI: 10.1002/path
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for EAO and control rats [15], supporting the testic-
ular histopathological observations. The fold increase
in serum FSH, LH levels and testicular testosterone
content observed in orchitic rats from the PBS-lip
group compared to the Clod-lip group is similar to
those previously detected in rats with EAO compared
to controls [15]. We previously demonstrated [23] that
factors secreted by testicular macrophages of rats with
EAO are able to modulate Leydig cell steroidogenesis.

We recently showed an increase in the number of
dendritic cells in the testis of rats with orchitis, sug-
gesting that these cells are involved in the pathogen-
esis of EAO [24]. The fact that the administration of
Clod-lip also prevented the increase in the number of
testicular dendritic cells in rats immunized with tes-
ticular homogenate and adjuvants have hindered us
in elucidating whether both subpopulations of APC
(macrophages/DCs) are playing a central role in the
development of EAO.

APCs, such as macrophages and dendritic cells,
present self- and foreign peptides to CD4+ T cells
in the context of MHC Class II molecules and costim-
ulatory signals. Sainio-Pollanen et al [25] showed no
expression in normal murine testis of the costimula-
tory molecules CD80 and CD86. Therefore, a possible
mechanism explaining testicular immunoprivilege was
that T cells become anergic after an encounter with
testicular APC lacking the second costimulatory sig-
nal. Our results indicate that the hypothesis of clonal
anergy should be revisited and further functional stud-
ies done. In rats with EAO, we detected a higher
number of macrophages expressing MHC Class II,
CD80 and CD86 molecules. These results, together
with our previous findings [26] showing an increased
number of CD4+ T cells in the testis of EAO rats,
suggest the local antigen presentation and activation of
the antigen specific T cells. In addition, the different
expression pattern of MHC Class II and costimulatory
molecules supports a distinct role for ED1+ and ED2+
macrophages, suggesting a proinflammatory profile for
the ED1+ macrophages.

It has been shown that certain APC subsets secrete
IFNγ [27,28]. We detected a higher production of
IFNγ by testicular macrophages from rats with orchitis
compared to control rats, suggesting an activated status
for these cells. IFNγ is able to tightly control leuko-
cyte recruitment through modulation of chemokine
production [29] and is a classic stimulus for APCs,
increasing MHC Class II expression levels [30]. How-
ever, in spite of the higher content of IFNγ in the
testes of rats with EAO, MHC Class II expression on
testicular macrophages was not increased compared to
control rats. We cannot rule out the possibility that
testicular macrophages lack the expression of IFNγ

receptors, or that they might have a different MHC
Class II gene regulation compared to classic APCs.
Our in vivo results suggest an active role of these cells
in antigen presentation and activation of T lympho-
cytes, promoting the induction and maintenance of a
testicular chronic inflammation.
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QUERIES TO BE ANSWERED BY AUTHOR

IMPORTANT NOTE: Please mark your corrections and answers to these queries directly onto the proof
at the relevant place. Do NOT mark your corrections on this query sheet.

Queries from the Copyeditor:
AQ1 I have assumed that “i.p.” stands for “intraperitoneal” here. OK ???
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