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Introduction

It is known that genital male tract inflammations, mainly orchi-
tis and orchi-epididymitis, are relevant co-factors in human 
subfertility and infertility. Lymphocyte infiltration is frequently 
found in testicular biopsies of patients with chronic inflamma-
tion of known or unknown etiology associated with infertility.1,2 
Inflammation is induced mainly by viral or bacterial infections 
that access the testis by a hematogenous route or via excurrent 
ducts. Granulomatous orchitis is frequently associated with 
chronic inflammatory diseases. Also, lymphocyte infiltrations 
mimicking autoimmune orchitis may be found in testicular biop-
sies from patients with other pathologies involving tissue damage 
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The purpose of this review is to describe how the immune 
cells present in the testis interact with the germinal 
epithelium contributing to survival or apoptosis of germ 
cells (GCs). Physiologically, the immunosuppressor testicular 
microenvironment protects GCs from immune attack, whereas 
in inflammatory conditions, tolerance is disrupted and immune 
cells and their mediators respond to GC self antigens, inducing 
damage of the germinal epithelium.

Considering that experimental models of autoimmune or-
chitis have clarified the local immune mechanisms by which 
protection of the testis is compromised, we described the fol-
lowing topics in the testis of normal and orchitic rats: (1) cell ad-
hesion molecule expression of seminiferous tubule specialized 
junctions and modulation of blood-testis barrier permeability 
by cytokines (2) phenotypic and functional characteristics of 
testicular dendritic cells, macrophages, effector and regulatory 
T cells and mast cells and (3) effects of pro-inflammatory cy-
tokines (TNF-α, IL-6 and FasL) and the nitric oxide-nitric oxide 
synthase system on GC apoptosis.
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and spermatic antigen release such as testis trauma, cryptorchidia 
and testicular cancer in situ.3,4

The major functions of the testis are spermatogenesis and 
steroidogenesis. The latter is accomplished by Leydig cells local-
ized in the interstitium as compact cell clusters closely associated 
with blood vessels. Loose connective tissue with thin collagen 
fibers and few fibroblasts and mesenchymal cells constitute the 
interstitial tissue, which also contains cells of the immune system 
involved in innate and adaptive immune responses: macrophages 
and scarce dendritic cells (DCs), T cells, B cells (rarely seen), 
mast cells and natural killer (NK) cells. Spermatogenesis occurs 
within the seminiferous tubules (STs), where Sertoli cells, targets 
of both testosterone and FSH, play a crucial role in germ cell 
(GC) proliferation and differentiation. These somatic cells, via 
specialized cell junctions, create the blood-testis barrier (BTB), 
between 16 and 19 d of age in the rat,5 which divides the ST into 
a basal and an adluminal compartment.

Adherens junctions, basal gap junctions and tight junctions 
intermingle at the site of the BTB.6 Adherens junctions are char-
acterized by transmembrane, calcium-dependent cadherins that 
mediate homotypic interactions between adjacent cells. The 
cytoplasmic domain of cadherins interacts with γ- or β-catenin, 
which then link to the actin cytoskeleton through α-catenin.7 
The catenin p120 binds to the cytoplasmic domain of cad-
herin, modulating the adhesive strength of adherens junctions.8 
These intercellular proteins also function as signal transducers.9 
Gap junctions are composed of transmembrane proteins called 
connexins, which allow molecules smaller than 1 kDa to pass 
between the cytoplasmic compartments of two adjacent cells.10,11 
Tight junctions are regions where the outer leaflets of opposing 
Sertoli cell membranes come into contact, completely occluding 
intercellular space.12 These specialized junctions consist of trans-
membrane proteins, namely occludin, claudins and junctional 
adhesion molecules, linked to peripheral membrane proteins, 
such as ZO-1, -2 and -3,13 which interact anatomically and func-
tionally with F-actin of the cytoskeleton.14

For completion of spermatogenesis, preleptotene and lepto-
tene spermatocytes must migrate from the basal to the adluminal 
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chromatin condensation, cytoplasmic vacuolization and disas-
sembly of the cell into membrane-bound remnants termed apop-
totic bodies that are eventually removed by phagocytic cells.31 In 
the testis, Sertoli cells engulf apoptotic bodies through binding 
of phosphatidylserine.32

Apoptosis may be started by external or internal signals. 
External signals comprise death ligands belonging to the TNF-α 
family and include TNF-α and the ligand associated with the 
TNF (TRAIL) family and Fas ligand (FasL). Death ligands bind 
to their respective death receptors (R): TNF-α bind to TNFR1, 
TRAIL binds to TRAILR and FasL to Fas.33 These interactions 
cause highly specific protein-protein associations that generate 
the oligomeric caspase-activating complex inside the cell. The 
death effector domain present in Fas and TNFR1 is responsible 
for the recruitment of caspases 8 and 10.34-36

Internal signals initiate the mitochondrial or internal pathway 
of apoptosis in which caspase 9 is the initiator caspase. Signals 
such as oxidative stress, DNA damage, survival factor with-
drawal, hypoxia and UV irradiation activate this pathway by 
inducing release of cytochrome c from the internal mitochondria 
membrane. Together with cytocrome c, other apoptogenic pro-
teins are released after mitochondria outer membrane permea-
bilization (MOMP). MOMP is modulated by the Bcl-2 family 
protein to which pro- (Bad, Bax, Bcl-xS, Bid, Bak) and anti-
apoptotic (Bcl-2, Bcl-w, Bcl-xL, Mcl-1) proteins belong. It has 
been proposed that anti-apoptotic proteins are found on the outer 
mitochondrial membrane where they act to inhibit apoptosis 
through interaction and inhibition of pro-apoptotic proteins Bax 
and Bak. The pro-apoptotic proteins Bax and Bak are thought to 
promote mitochondria membrane permeabilization by oligomer-
izing to form pores within the outer mitochondrial membrane.

A third apoptotic pathway might be initiated by endoplasmic 
reticulum. This occurs when unfolded or misfolded proteins 
accumulate in the endoplasmic reticulum lumen and the con-
trolled regulatory program to remove stressed cells fails.37 This 
pathway involves many of the same Bcl-2 family proteins that 
regulate the mitochondrial pathway. Bax and Bak are located at 
the endoplasmic reticulum membrane where they regulate apop-
tosis and cause calcium release from it, sensitizing mitochondria 
to extrinsic and intrinsic death stimuli or directly activating 
death effectors.38

Programmed cell death type 2 or autophagy is an evolution-
arily conserved process involved in the degradation of intra-
cellular proteins and organelles.39 It remains unclear whether 
autophagy plays a role in GC death.40

Interactions Between Immune Cells and Germ  
Cells of the Testis Under Physiological Conditions

Highly immunogenic autoantigens are expressed by haploid 
GCs that appear at puberty during spermatogenesis long after the 
establishment of immune tolerance mechanisms. The ability of 
the testis to tolerate these autoantigens as well as the long survival 
in the testicular interstitium of transplanted foreign tissue has 
led to the consideration that the testis is an immunoprivileged 
organ. This condition is restricted to sites that limit the spread of 

compartment of the seminiferous epithelium, crossing the 
BTB. This process requires that Sertoli-Sertoli and Sertoli-GC 
junctions be disassembled and reassembled.15,16 Many reports 
have implicated hormones such as testosterone, estrogens and 
FSH,17-19 cytokines such as interleukin 1-α (IL-1α), transform-
ing growth factor-β3 (TGF-β3) and tumor necrosis factor-α 
(TNF-α),20,21 growth factors such as hepatocyte growth factor22 
and nitric oxide (NO)23 as regulators of cell junction dynamics 
in the testis.

Cells of the immune system. Macrophages are by far the most 
prevalent cell type in the testicular interstitium, in close morpho-
logical association and functional interaction with Leydig cells. 
Macrophages and DCs belong to the heterogeneous group of cells 
collectively called “antigen-presenting cells.” Antigen presenta-
tion plays a central role in initiating and maintaining appropriate 
immune response to antigens. Complex molecular interactions 
between T cells and antigen-presenting cells ensure that T cells 
recognize antigenic peptides in a highly specific way. Another 
control necessary for T cells to respond efficiently is exerted by 
co-stimulatory molecules, without which tolerance may result. 
Finally, activation of T cells results in upregulation of cytokines 
and their receptors, which boost activatory signals leading to cell 
proliferation and differentiation into effector cells. Based on their 
cytokine profile and specific transcription factor expression, T 
cells can be further divided into multiple subsets. Among them, 
CD4+ T helper (Th)-1 cells are induced by IL-12 and interferon 
(IFN)-γ and by upregulated expression of the T-bet transcrip-
tional factor.24 CD4+ Th17 cells induced by a combination of 
TGF-β and IL-6 or IL-21 regulate the expression of the specific 
transcription factor, the orphan nuclear receptor ROR-γt.25 Th1 
and Th17 cells are associated with the development of many 
organ-specific autoimmune diseases and inflammatory tissue 
damage.

The Treg cell family is composed of the thymus-derived natu-
ral CD4+CD25+ Treg cells and the adaptive Treg cells generated 
from CD4+CD25- precursors in peripheral lymphoid organs.26 
The development and function of Treg cells is critically depen-
dent on the transcriptional repressor Foxp3, currently the most 
reliable marker to identify this T cell subset.27,28 Treg cells are a 
relevant subset that ensures the maintenance of tolerance inhibit-
ing potentially deleterious activities of effector T cells preventing 
pathogenic autoimmune responses.27

Apoptotic pathways. In the testis, as in many tissues through-
out the body, the number of cells in the STs are determined by 
a dynamic balance between cell proliferation and apoptotic cell 
death.29 Seventy-five percent of all GCs produced in adult mam-
mal testis are discarded through the process of apoptosis.30

Programmed cell death involves many biochemical changes 
starting with sequential activation of proteases called caspases 
(cytosolic cystein aspartate proteases) that specifically cleave pro-
teins after aspartic acid residues, which results in morphologi-
cal alterations of the cellular membrane, cytoplasm and nucleus. 
Biochemical features of apoptosis include phosphatidylserine 
exposure to the external leaflet of the plasma membrane, acti-
vation of caspase cascades and DNA cleavage. Morphological 
events include membrane blebbing, cell volume shrinkage, 
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and ZO-1 localize at the basal compartment of STs where tight 
junctions between Sertoli cells are located. Endothelial cells of 
microvessels also express occludin. Tight junctions prevent the 
entry of molecules into the adluminal compartment of STs. 
In fact, when we injected biotin or lanthanum into the testis 
of untreated rats, both tracers were restricted to the interstitial 
area and basal compartment of STs, around spermatogonia and 
between the basolateral membrane region of Sertoli cells.54 The 
peritubular myoid cells partially exclude the entry of small mol-
ecules, since lanthanum penetrates the myoid cell layer only in 
10–15% of STs.12

Immune cells. Dendritic cells. DCs in normal rat testis were 
identified by the monoclonal antibodies anti-OX-62 and anti-
CD11c. The anti-OX-62 antibody recognizes the E2 integrin α 
chain expressed by rat DCs and gamma delta T cells, whereas 
the anti-CD11c antibody is specific for the rat integrin α x chain 
synthesized by DCs and a small population of myeloid cells. 
OX-62+ and CD11c+ cells are located only in the testicular inter-
stitial space and the number of DCs obtained per testis with both 
markers is similar. However, the DC number per testis in nor-
mal Sprague-Dawley rats is about three times higher than Wistar 
rats.55

DC maturation is the critical link between innate and adap-
tive T cell-dependent immunity. It is characterized by upregu-
lation of co-stimulatory molecules, such as CD80, CD86 and 
CD70, production of cytokines such as IL-12 and expression of 
homing receptors such as CCR7 that direct DC migration into 
the T-cell areas of secondary lymphoid organs. These changes 
allow DCs to efficiently activate naive T cells.56 Unexpectedly, 
we observed that most (95–100%) testicular DCs from normal 
testis express MHC class II and co-stimulatory molecules (CD80 
and CD86) at levels similar to those found in DCs from inflamed 
rats. However, the low CCR7 mRNA level and negative IL-12p35 
mRNA expression observed in DCs isolated from normal testis 
suggest that these cells are not mature.57 In fact, testis DCs and 
DCs from testicular draining lymph nodes isolated from normal 
rats are unable to induce T-cell proliferation58 confirming that in 
physiological conditions, DCs are tolerogenic.

Macrophages. In the rat testis, as well as in other species (e.g., 
human),59 macrophage population is heterogeneous; two main 
subsets have been identified: a subpopulation of resident macro-
phages that express CD163, a cell-surface glycoprotein member 
of the scavenger receptor cysteine-rich superfamily (recognized 
by the monoclonal ED2 antibody in rats) and a subset of mono-
cytes recently arrived from circulation that express the lysosomal 
glycoprotein CD68 (recognized by the monoclonal ED1 anti-
body in rats). By flow cytometry, we identified a third subset that 
expresses both markers (ED1+ED2+ cells)60 indirectly defined 
by immunohistochemical techniques, previously.61-63 It has 
been proposed, but not experimentally demonstrated, that the 
ED1+ED2+ subpopulation is an intermediate population arising 
from circulating monocytes that could differentiate into resident 
macrophages in the testicular immunosuppressor microenviron-
ment.61,62 Based on their ability to secrete pro-inflammatory cyto-
kines such as TNF-α and IFN-γ, ED1+ testicular macrophages 
are identified with a pro-inflammatory profile. In contrast, ED2+ 

inflammation because it may threaten organ function: spermato-
genesis in the case of the testis.

Immunoprivilege denotes the extended survival of cells 
expressing antigens that, under normal circumstances, should 
provoke an immune response.41 It becomes evident around the 
pubertal period, when the BTB is formed and new GC antigens 
appear with the initiation of spermatogenesis. We will not explain 
in detail the mechanisms involved in testicular immunoprivilege 
since reviews on this topic have been published recently.41-43 We 
only mention the main mechanisms involved.

Immunoprivileged sites protect organ function by restricting 
the passage of potentially harmful molecules or cells through 
physical barriers. In the testis, the BTB forms an anatomical, 
physiological and immunological barrier.44 The immunological 
barrier limits the access of antibodies to the adluminal compart-
ment and the passage of most but not all GC autoantigens to 
the interstitium, reducing its interaction with immune cells. At 
tubuli recti and rete testis, modified Sertoli cells form a weak 
BTB relevant for immune tolerance mechanisms since continu-
ous antigen leakage occurs. These sites are also vulnerable to 
autoimmune attack.45,46 Other mechanisms involved in immu-
noprivilege include local secretion by immune and non-immune 
cells (peritubular cells, Leydig cells and Sertoli cells) of numer-
ous immunosuppressor molecules, including anti-inflammatory 
cytokines (e.g., TGF-β, IL-10) and growth factors (e.g., insulin 
growth factor-1, granulocyte monocyte-colony stimulating fac-
tor). Among testicular non-immune cells, Sertoli cells, also called 
immune privileged cells,47 seem to be those most responsible for 
maintaining a tolerogenic microenvironment. As we describe 
below, a relevant role in the induction of testicular immunosup-
pression is also played by a local and systemic network of tolero-
genic DCs and T regs. The role of Tregs in the prevention of 
autoimmune diseases has been reported.48,49

As we analyzed immune and GC interactions mainly in the 
rat testis, most of the following data will focus on this species. 
Testicular leukocytes of humans are similar to that of rats and 
mice, and that despite some differences in the intratesticular 
lymphatics, these rodent species provide an appropriate model 
for the study of human testicular immune cells.50 Although 
functional and/or anatomical interactions between immune 
cells and somatic cells (peritubular cells, Leydig cells and Sertoli 
cells) occur within the testis, we will address particularly the role 
of immune cells and their mediators in the maintenance of an 
immunosuppressive testis microenvironment suitable for normal 
spermatogenesis. Further on, we will analyze how the process of 
inflammation has the potential to induce GC apoptosis, thereby 
disrupting spermatogenesis.

Blood-testis barrier. In the normal rat testis, N-cadherin 
and catenins (α-, β- and p120) are highly expressed at the basal 
compartment of STs, following the cell borders of spermatogo-
nia. At this region, N-cadherin co-localizes with both β- and 
p120-catenins. Catenins are also expressed by endothelial cells at 
the site of endothelial cell junctions of blood vessels. Connexin 
43, the connexin predominant in the testis, is present at Sertoli-
Sertoli and basal Sertoli-GC junctions, and also in the intersti-
tial compartment between Leydig cells.51-53 Occludin, claudin-11 
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concurrently with maturation of Sertoli cells (10–15 d of age) 
and with the first wave of spermatogenesis, whereas it declines to 
occasional findings in adult normal testis. The physiological early 
apoptotic wave in the testis coincides in timing and localization 
with a temporary high expression of the pro-apoptotic protein 
Bax, which disappears at sexual maturity and seems to be nec-
essary for the development of normal mature spermatogenesis.73 
The temporary and massive burst of GC apoptosis restricted to 
pubertal activation of spermatogenesis has been suggested to 
adjust the number of maturing GCs to the supportive capacity of 
Sertoli cells. This wave of apoptosis occurs 20–30 d post-natal, 
together with increased expression of Fas on apoptotic GCs and 
caspase 8 activation, indicating the important role of the extrin-
sic pathway of apoptosis in this event.74 Numerous factors such 
as NO and cytokines are known to be involved in regulation of 
testicular homeostasis/function.

The free radical NO is a highly reactive molecule that acts as 
an intra and intercellular messenger that modulates cell death 
and proliferation, among other biological processes. It has been 
generally stated that low NO concentrations tend to favor pro-
growth and anti-apoptotic responses whereas high NO levels 
favor cell cycle arrest, senescence or apoptosis pathways. NO is 
synthesized by enzymatic conversion of l-arginine to L-citrulline 
catalyzed by NOS. There are three isoforms of NOS: constitu-
tively active and Ca2+-dependent endothelial (eNOS), neuronal 
(nNOS) and an inducible isoform (iNOS).75 We demonstrated 
that iNOS, constitutive eNOS and nNOS, are expressed in the 
normal rat testis by interstitial and tubular cells. These enzymes 
are functional since we demonstrated NO production and NOS 
activity.60 Cells from the interstitial compartment release a higher 
amount of NO than cells from the STs. Macrophage subsets as 
well as T cells express the inducible and constitutive isoforms of 
NOS. It has been suggested that the NO-NOS system is involved 
in the determination of germ and Sertoli cell numbers and testis 
size, since iNOS-null mutant mice show a reduced rate of sper-
matocyte apoptosis and increased sperm count and Sertoli cell 
number.76,77

We demonstrated that cytokines known to be involved 
in GC apoptosis such as TNF-α, IL-6 and the soluble form 
of FasL (sFasL) are produced in the normal rat testis.58,78 We 
detected membrane FasL expressed by T cells but not by mac-
rophages. Membrane-bound FasL may be converted to sFasL 
by the action of some matrix metalloproteases and by some 
members of the “a disintegrin and transmembrane metallopro-
tease” (ADAM) family.79,80 In the testis, ADAM10 and 17 are 
expressed by pre-pubertal GCs and ADAM17 has been pro-
posed as one of the molecules triggering GC apoptosis during 
the first wave of spermatogenesis.34,81 T cells and also Leydig 
cells might be sources of sFasL present in the interstitial fluid 
of normal testis.78 Intratesticular injection of FasL conjugated 
in its extracellular domain to Strep-Tag molecule (FasL-Strep, 
BioTAGnology) showed that sFasL was able to enter the STs. 
This short form of FasL also detected by Richburg et al.82 may 
participate in the control of GC apoptosis by binding to Fas 
expressed by these cells. We demonstrated that FasL-Strep 
induces GC apoptosis in vitro.78

cells, the main subpopulation present in the normal rat testis, 
secrete immunosuppressor factors, contributing to the mainte-
nance of immune privilege. Winnall et al.64 demonstrated that 
the mRNA of the anti-inflammatory cytokine IL-10 was upregu-
lated in ED2+ testicular macrophages.

When we studied expression of nitric oxide synthase (NOS), 
the enzyme that synthesizes NO, we observed that all macro-
phage subpopulations present in a normal testis expressed the 
inducible and the constitutive endothelial and neuronal iso-
forms. However, the three NOS isoforms were expressed mainly 
in ED1+ED2+ compared with ED1+ED2- macrophage subsets, 
whereas a minor percentage of ED1- ED2+ expressed NOS.60 It is 
relevant to study ED1+ED2+, ED1+ED2- and ED1-ED2+ mac-
rophage subsets separately, since the different phenotypes prob-
ably correlate with functional differences.

Effector T cells. CD4+ and CD8+ T cells are distributed in 
the testicular interstitium and CD8+ T cells are the predomi-
nant subset in normal rat testis.65 These cells have the potential to 
produce pro-inflammatory cytokines such as TNF-α and IFN-γ 
following in vitro activation; however, we detected neither the 
presence of T cells expressing T-bet or ROR-γt in the intersti-
tium nor IL-17 or IL-23 in interstitial fluid.66

Regulatory T cells. In the normal rat testis, CD4+ and CD8+ 
T cells expressing Foxp3 are distributed in the testicular inter-
stitium, mainly in the subalbuginea and peritubular areas.67 It 
has been proposed that peripheral tolerance for internal organs 
depends on the control of autoreactive effector T cells by strate-
gic enrichment of antigen-specific Tregs in the regional lymph 
nodes.49 Concordantly, we observed that CD4+CD25+Foxp3+ 
Treg cells isolated from testicular draining lymph nodes, but 
not those derived from other regions, specifically proliferate in 
response to testicular antigens and suppress in vitro T cell pro-
liferation. The fact that these cells express TGF-β1 suggests that 
this cytokine could be involved in the suppressive function.68

Natural killer T cells. Tompkins et al.69 demonstrated that NK 
cells are a major lymphocyte subpopulation within the rat testis. 
The apparent bias of the testicular cell population toward cells 
involved in cell killing and phagocytosis (macrophages, cytotoxic 
CD8+ T cells and NK cells), particularly in rats, suggests that 
the testis may possess enhanced innate immunoprotection.50

Mast cells. Mast cells are distributed in different areas of the 
testis depending on the species; in the rat, they are restricted to 
the subalbuginea area near blood vessels, in contrast with human 
testis where they are localized in the interstitium and peritubular 
areas. Aside from their known role in inflammation and autoim-
munity, it has been suggested that mast cells are essential inter-
mediaries in regulatory T-cell tolerance.70

Germ cell apoptosis. Proliferation and apoptosis of GCs occur 
during embryonic and post-natal periods and are sustained during 
the adulthood. Programmed GC death starts earlier during fetal 
life to eliminate primordial GCs that did not migrate properly, 
to remove excess cells and discard unfit cells. Excess cells gener-
ated during this period die by apoptosis that is largely dependent 
on Bcl-xL and Bax.71 Gonadal apoptosis occurs not only in GCs 
but also in Sertoli cells and Leydig cells at all gestational stages.72 
During post-natal life in rodents, initial apoptosis of GCs occurs 
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rats. Expression of connexin 43 gradually decreased during EAO 
development. Concomitant with ST damage, the BTB func-
tion is impaired since tracers such as biotin and lanthanum were 
detected within the ST adluminal compartment surrounding 
remaining GCs. Therefore, increased BTB permeability is asso-
ciated with the significant decrease of occludin expression and 
de-localization of claudin-11 and ZO-1.51,54

By in vitro experiments we demonstrated that IL-6, a pro-
inflammatory cytokine that is increased in the testis of EAO 
rats, has the ability to modify the distribution of Sertoli cell tight 
junction proteins and to perturb the Sertoli cell tight junction 
barrier via the p38 MAPK signaling pathway, reducing transepi-
thelial electrical resistance across the cell epithelium.54 A similar 
effect on BTB dynamics was observed with IL-17 (unpublished 
results).

Immune cells. Immune cells infiltrate the testicular intersti-
tium of rats with EAO. Chemokines and cytokines upregulating 
endothelial cell adhesion molecules support the initial attach-
ment of leukocytes to endothelial cells and their extravasation 
into the interstitial space. Leukocyte extravasation begins with 
initial contact between the activated form of CD44 on lympho-
cytes and its major ligand, hyaluronan, on endothelial cells.93 
CCL2, CCL3 and CCL4 chemokines expressed by testicu-
lar cells come into play and convert leukocyte rolling into cell 
arrest. CD49d integrin expressed by leukocytes in conjunction 
with its endothelial ligand, CD106, upregulated during orchitis, 
mediates the firm adhesion step. Finally, migration or diapedesis 
occurs via interaction of CD106 and CD31.58,94 The expression of 
chemokines and tissue-homing receptors in T cells is relevant for 
the entrance and distribution of these cells in the testis.45,58

Dendritic cells. In the testis of rats with EAO, there is a sig-
nificant increase in the number of DCs that undergo a process 
of maturation initially visualized by higher expression of the 
chemokine receptor CCR7 involved in cell migration to drain-
ing lymph nodes. This result is associated with increased DC 
percentages only in the testicular draining lymph nodes where 
the CCR7 ligand CCL19 is expressed. Furthermore, DCs from 
testicular draining lymph nodes are mature and express a higher 
level of MHC class II and IL-12p35 mRNA, a product of acti-
vated DCs. In fact, EAO-DCs from testicular draining lymph 
nodes, but not from other lymphatic sites, significantly enhance 
the proliferation of “naive” T cells.95

Progressive amplification of the autoimmune response finally 
leading to chronification of EAO may result from continuous 
antigen presentation of DCs to lymphocytes in lymph nodes and 
the testis.

Macrophages. Macrophages that express MHC class II, CD80 
and CD86 increase in number in the testicular interstitium of 
rats with EAO.63 During the course of the disease, the influx 
of ED1+ED2- pro-inflammatory macrophages in the testicular 
interstitium arising from monocytes in the bloodstream dras-
tically alters the composition of the macrophage population, 
inducing a shift in cytokine balance in favor of inflammatory 
response. The double-positive (ED1+ED2+) cells, together with 
ED1+ED2-, are the main subpopulations contributing to the 
increased number of testicular macrophages in EAO. The fact 

Other authors reported that the Fas-FasL system is involved in 
the control of physiological GC apoptosis. In fact, gld/gld (gen-
eralized lymphoproliferative disease) homozygous mice in which 
FasL is unable to bind to Fas, have a small but significant increase 
in testis weight and spermatid head number per testis compared 
with wild-type mice. Also, gld mice are more sensitive to apopto-
sis induced by Sertoli cell injury.83,84 Moreover, an increase in GC 
survival after disruption of FasL expression by antisense oligo-
nucleotide treatment and by intraperitoneal injection of anti-Fas 
antibody has been reported.85,86

Interactions Between Immune Cells  
and Germ Cells in Inflammatory Conditions

Although the testis is an immunoprivileged organ, immune 
cells present in the interstitium retain the ability to mount 
inflammatory and innate immune responses. They constitute, 
with other testicular cells bearing Toll-like receptors, the first line 
of defense against pathogens from the blood stream. In inflam-
matory conditions, tolerance may be disrupted: autoreactive T 
cells and B cells respond to GC self antigens, inducing immuno-
pathologic damage of STs.

Studies using experimental models of autoimmune orchitis 
(EAO) clarified local immune mechanisms by which protec-
tion of the testis is compromised leading to autoimmune tissue 
injury.58,87 In this section, we describe immune-GC interactions 
in the testis of rats with autoimmune orchitis induced by active 
immunization with sperm antigens and adjuvants.

Testicular histopathology of rats with autoimmune orchitis 
is characterized by the presence of interstitial, subcapsular and 
peritubular lymphomononuclear cell infiltrates and damaged STs 
in which GCs undergo apoptosis and sloughing. At the onset of 
disease, lesions are distributed in several foci of few STs, after 
which they extend to the whole organ in the chronic severe 
stage in which formation of granulomas is frequent. Finally, STs 
become atrophic and peritubular fibrosis and infertility occur.88 
Even though cellular immune mechanisms are mainly involved 
in autoimmune orchitis, the presence of autoantibodies to GC 
antigens enhances the severity of the disease.

Blood-testis barrier. In association with the apoptosis and GC 
sloughing that occur in the testis of rats with EAO, we detected 
changes in the expression of cell junction adhesion molecules. 
By immunofluorescence and western blot, we observed a signif-
icant increase in N-cadherin expression in rats with focal and 
severe EAO, whereas an increase in α-catenin was observed only 
in rats with severe EAO. The loss of N-cadherin and β-catenin 
co-localization that we observed in the testis of EAO rats reflects 
impaired association between these two proteins.51 Also, we 
detected an increase in tyrosine phosphorylation of β-catenin, 
which favors dissociation of the N-cadherin/β-catenin com-
plex and leads to loss of cell adhesion function.89 Moreover, the 
strong co-localization of N-cadherin and p120 catenin that we 
observed in EAO rats may function as an inhibitory regulator 
in the cadherin adhesion system as has been suggested by several 
authors.90-92 All these phenomena might explain the impairment 
of cell adhesion detected in the seminiferous epithelium of EAO 



e23870-6 Spermatogenesis Volume 3 Issue 1

cells are able to suppress responder T cell proliferation induced by 
testicular antigens. However, EAO Treg cells were more efficient 
than those of normal rats (a 2-fold increase in percent suppres-
sion). Since each regional lymph node is enriched in Treg cells 
specific to self-antigen derived from drained tissue,49,97 we specu-
late that Treg cells arriving to the testis during EAO development 
are also functionally active.

Overall results suggest the involvement of CD4+Th1 and 
Th17 subsets as co-effector cells driving EAO development as 
well as the central contribution of CD8+ T cells producing Th1 
and Th17 cytokines in autoimmune pathogenesis. We propose 
that pro-inflammatory cytokines (mainly TNF-α, IFN-γ and 
IL-17) produced locally by these cells orchestrate tissue inflam-
mation by contributing to recruit and activate other effector cells 
to the organ, inducing GC apoptosis and modulating Treg func-
tion. Concomitantly, the number of suppressor Tregs increases 
due to enhanced spermatic antigen release. Nevertheless, Tregs 
fail to effectively suppress inflammation, probably because these 
cells are outnumbered by even more vigorously expanding effec-
tor T cell subsets. Alternatively, pro-inflammatory cytokines in 
the inflamed testis may render effector T cells resistant to the 
suppressive effect of Tregs.

Natural killer T cells. NK T cells are known to modulate cell-
mediated immunity in a broad spectrum of diseases including 
autoimmunity. However, very few data have been reported up to 
now on the immunoregulatory role of NK T cell population in 
the testis in inflammatory conditions. This is a relevant area of 
research for the future.

Mast cells. We observed that mast cells distributed throughout 
the parenchyma and mainly around STs significantly increased 
in rats with EAO. Iosub et al.98 demonstrated that mast cell trypt-
ase activated proteinase-activated receptor-2 (PAR-2) strongly 
expressed in macrophages and peritubular-like cells localized 
around granulomas of rats with EAO. PAR-2 activation upreg-
ulates cytokines and inflammatory mediators contributing to 
testicular inflammation. Moreover, mast cell tryptase inducing 
fibroblast proliferation is relevant for the process of testicular 
fibrosis as described for human testis.99,100

Apoptosis in the inflamed testis. In rats with EAO, we 
detected an increase of IL-6 in the macrophage conditioned 
medium. Concomitantly, activated ED1+ testicular macro-
phages and peritubular cells exhibited increased IL-6 reactivity, 
whereas Sertoli cells showed downregulation of IL-6 expression 
at the chronic EAO stage. A significant increase in the number 
of IL-6R+ GCs occurred simultaneously with increasing testicu-
lar damage and an increased number of apoptotic GCs. Also, in 
vitro experiments showed that IL-6 induced GC apoptosis when 
added to cultures of rat STs.101 By in vivo experiments, we dem-
onstrated that IL-6 induces focal inflammatory cell infiltration 
and GC sloughing in adjacent STs associated with alterations 
of tight junction protein expression and distribution.54 Overall 
results suggest involvement of the IL-6/IL-6R system in the 
pathogenesis of EAO through stimulation of inflammation and 
apoptosis.

In relation to TNF-α, we demonstrated that in EAO, inter-
stitial macrophages release TNF-α and lymphocytes express the 

that a further increase in the ED1-ED2+ resident macrophage 
subset does not occur in the severe phase of the disease led us to 
speculate that ED1+ED2+ macrophages remain in an “undiffer-
entiated” stage, closer to the profile of their ED1+ED2- precur-
sors, probably under the influence of pro-inflammatory factors.63

In the testis of EAO rats, we observed an increase in the percent-
age of ED1+ED2- and ED1+ED2+ macrophages that expressed 
iNOS, eNOS and nNOS isoforms compared with normal rats. 
These results indicate that the ED1+ED2+ subset is sensitive to 
stimuli from an inflammatory microenvironment. Data also sug-
gest that the high NO production by EAO interstitial macro-
phages is due mainly to the rise in the number of ED1+ED2+ 
macrophages and to NO production per macrophage.60

Different cytokines present in the testicular microenviron-
ment may modulate NOS expression and activity, generating 
different levels of NO production from focal and severe EAO 
macrophages. Similarly, in a model of autoimmune uveitis, resi-
dent retinal macrophages at the earliest phase of the disease gen-
erated little NO spontaneously and were unable to release NO in 
response to IFN-γ and TNF-α in vitro. In contrast, during the 
late phase of the disease, macrophages released higher levels of 
NO in response to pro-inflammatory cytokines.96

The critical role of testicular macrophages and DCs in EAO 
development was confirmed by an in vivo experiment in which 
cell depletion induced by intraperitoneal injection of clodronate-
containing liposomes significantly reduced EAO incidence and 
severity.63

Effector T cells. During the course of EAO, a large increase 
in the number of T cells was observed in the testicular intersti-
tium associated with initiation of testicular damage. We detected 
TNF-α/IFN-γ-producing CD4+ and CD8+ T cells and identi-
fied for the first time CD4+ and CD8+ T cells producing IL-17 
in the inflammatory interstitial infiltrate present in the testis 
of EAO rats.65,66 Chronological changes in the composition of 
effector T cell subsets were detected during disease development. 
Expression of T-bet (Th1 transcription factor) and ROR-γt (Th17 
transcription factor) increased to a similar extent in the testis of 
rats with focal EAO. Whereas the expression of T-bet peaked at 
EAO onset, ROR-γt expression remained unchanged as the dis-
ease progressed. Concordantly, content of IL-17 (the prototypi-
cal Th17 cytokine) and IL-23 (a cytokine involved in expansion 
and stabilization of the Th17 phenotype) also increased in the 
testis, reaching maximum level during the EAO chronic phase. 
Our results highlight the involvement of CD4+ Th1 and Th17 
subsets as co-effector cells governing EAO onset as well as the 
central contribution of CD8+ T cells producing Th1 and Th17 
cytokines in the maintenance of chronic inflammation.

Regulatory T cells. Concomitant with changes in the composi-
tion of effector T cell subsets, a large increase in the number of 
CD4+ and CD8+ cells expressing Foxp3 was observed in the tes-
ticular interstitium at EAO onset; then CD4+ Foxp3+ Treg cells 
declined during the chronic phase of the disease, probably as a 
consequence of severe GC sloughing occurred during this phase.65

Functional analysis of the CD4+ CD25high T cell subset 
(which contains over 90% of Foxp3+ cells) isolated from testis 
draining lymph nodes of normal and EAO rats showed that these 
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Concomitant with high levels of pro-inflammatory cytokines 
in the testicular microenvironment, NO production by macro-
phages increases. By ex-vivo experiments, we demonstrated that 
NO released by testicular macrophages from rats with orchi-
tis induced GC apoptosis. The presence of a competitive NOS 
inhibitor, L-NAME, reduced NO production by these cells and 
the percentage of STs presenting apoptotic GCs (unpublished 
results).

Our previous results101,102,105,108 showed that activation of exter-
nal and mitochondrial pathways occurs in EAO, which, in turn, 
activates executor caspase 3 in spermatocytes of damaged STs. EAO 
apoptotic GCs, mostly spermatocytes and spermatids, expressed 
death receptors Fas, TNFR1 and IL-6R and pro-apoptotic pro-
tein Bax translocated from cytosol to mitochondria. Data suggest 
that apoptosis may be triggered by TNF-α, FasL and IL-6 released 
from immune cells activating caspase 8 and/or the mitochondrial 
pathway upon binding to its receptors expressed on GCs. NO may 
contribute to GC death by activating mitochondrial pathway or 
modulating the expression of death receptor Fas on GCs.

Immunopathology of Testis  
Sections from Subfertile or Infertile Patients

In the human testis a scarce number of lymphocytes is present 
in the rete testis (mainly CD8+ T cells)107 and in the interstitium.109 
The analysis of testis biopsies showed that interstitial lympho-
mononuclear cells close to STs with impairment of the germinal 
epithelium are frequently associated with subfertility or infertility. 
Early studies of Suominem et al.110 and el-Demiry et al.107 revealed 
the presence of testicular leukocyte infiltrates in a low percentage 
of infertile patients. However, Schuppe et al.1 in a recent systematic 
evaluation of testis biopsies from infertile patients, detected peri-
tubular and perivascular inflammatory cell infiltrates in 50% of 
samples analyzed. The presence of inflammatory infiltrates in tes-
tis biopsies is also detected in other testicular pathologies in which 
tissue destruction facilitates the release of GC antigens. In fact, tes-
ticular infiltration of macrophages, CD4+ and CD8+ T cells, were 
detected in patients with untreated cryptorchidia3 and GC neopla-
sia.4 Besides the increase of Th1 cells, Duan et al.111 detected inter-
stitial Th17 cells expressing IL-17, IL-21 and IL-22 in the testis of 
azoospermic patients with chronic inflammation. Overexpression 
of inflammatory cytokines in the testicular microenvironment is 
a risk factor in pathologies with impairment of spermatogenesis 
and steroidogenesis. Increased expression of TNFR1 and IL-6 
mRNA were reported in testis from patients with arrested matu-
ration and tumors, respectively.112 The increase in the number of 
macrophages (CD68+)59 and mast cells has also been reported in 
pathologies such as GC arrest and Sertoli cell-only syndrome.113,114 
Also, the phenotype of testicular mast cells changes with respect 
to the ability to express COX2 and prostaglandin enzymes, these 
cells thus emerging as players in spermatogenic dysfunction and 
fibrosis.99,100,115

Deposits of IgG, C3 components and/or immune-complex 
at ST basement membranes have been early reported in testis 
biopsies of infertile men116,117 as well as in experimental models of 
autoimmune orchitis.118,119 However, the pathogenic role on GCs 

membrane-bound form of this cytokine, suggesting that these 
cells may also be a source of TNF-α.102,103 In contrast, TNFR1 is 
expressed by spermatocytes and cells of the interstitium. The num-
ber of TNFR1+ spermatocytes increases during severe orchitis and 
most of these cells are apoptotic. We observed that conditioned 
medium of testicular macrophages from rats with severe orchitis, 
which contains high levels of TNF-α, induced apoptosis of GCs 
in vitro. Neutralization of TNF-α with Etanercept, a protein that 
mimics the inhibitory effects of soluble TNF receptors, reverted 
this apoptotic effect.104 Moreover, TNF-α induces in vitro apopto-
sis of GCs, thereby showing that TNFR1 is functionally active.103

In different experimental models of testicular cell damage, 
such as cryptorchidia, irradiation, toxicants, heat exposure and 
hormone suppression, the Fas-FasL system also appeared to be 
the major pathway of GC apoptosis. We analyzed the modulation 
of Fas-FasL in the testis under inflammatory stimulus, not stud-
ied before. In the STs of rats with EAO, the number of Fas+ and 
FasL+ GCs (mainly spermatocytes and spermatids) correlated 
with the increased number of apoptotic cells during the course 
of the disease. By in vitro experiments, we demonstrated that GC 
Fas activation induces apoptosis, suggesting that the Fas-FasL 
system is one of the main mediators of GC death.105

In rats with severe EAO, we detected increased levels of sFasL 
in interstitial fluid as well as an increased number of testicular 
CD4+ and CD8+ T cells expressing membrane-FasL (mFasL).78 
The absence of detectable differences between cell surface and total 
expression of FasL by T cells supports the notion that in T cells 
mFasL, but not intracellular preformed FasL, could be the sole 
source of the soluble form released into the extracellular milieu. 
Preliminary results showed selective ADAM17 expression on cells 
from testicular interstitium in rats with orchitis. This metallopro-
tease has been implicated in the proteolysis of several substrates like 
TNF-α, TNFR1 and TNFR2, TGF-α and IL-6R.79 We detected 
neither membrane nor intracellular FasL expression in testicular 
macrophages, in contrast with other authors who found that acti-
vated human monocytes released high levels of sFasL from pre-
formed FasL stored within the intracellular compartment.106

In addition to the increase in sFasL content, intratesticular 
injection experiments performed with FasL-Strep showed that it 
has the ability to enter STs. Moreover, FasL-Strep was able to 
induce GC apoptosis.78 The impairment of BTB in rats undergo-
ing autoimmune orchitis might facilitate sFasL passage into the 
adluminal compartment where it has the capacity to induce GC 
apoptosis by binding to its receptor. Testicular content of sFasL 
in rats with focal EAO is similar to that detected in normal rats; 
however, we cannot rule out sFasL participation in GC death dur-
ing this phase of the disease; the higher number of GCs expressing 
Fas may sensitize the testis to sFasL action. Intratesticular content 
of sFasL reaches its highest level in the severe stage of the disease 
concomitantly with the increased number of Fas+ GCs. During 
severe orchitis, when interactions between Fas and FasL bearing 
GCs are maximally disturbed, apoptosis could be mediated pri-
marily by sFasL. Our results showing that the number of GCs 
expressing Fas, FasL or co-expressing both molecules increased 
in testis of rats with EAO suggests that GC apoptosis could be 
mediated by an autocrine and/or paracrine mechanism.107
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action of pro-inflammatory cytokines (e.g., IL-6) on tight junction 
molecule expression and distribution, BTB permeability increases. 
Cytokines entering the ST adluminal compartment induce apop-
tosis of GCs expressing death receptors TNFR1, Fas and IL-6R. 
NO is another relevant factor contributing to GC apoptosis; 
however, the chronology of GC sloughing and apoptosis remains 
incompletely understood. Spermatic antigens released during GC 
apoptosis interacting with immune cells amplify the autoimmune 
response. Although Tregs increase in the testicular interstitium, 
they fail to effectively suppress inflammation. All these events con-
tribute to GC sloughing and infertility.

Further investigation of testicular immune regulation will 
continue contributing to better understanding of Treg function, 
tolerance and immune-privilege mechanisms. On the other hand, 
knowledge of the immune cells and factors involved in alterations 
of BTB permeability, GC apoptosis and impairment of spermato-
genesis will help to unravel the autoimmune basis of testicular 
inflammation associated with subfertility and infertility.

The understanding of these topics may improve diagnosis 
and facilitate the search for reliable peripheral markers of testis 
inflammation and the exploration of specific therapies in human 
testicular pathology associated with immune mechanisms.
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of immune deposits present in the ST wall has only been partially 
explored.

Besides, anti-sperm antibodies, mainly those detected on sper-
matozoa and in genital tract secretions, are known to be involved in 
testis autoimmunity and have been linked to subfertility or infertil-
ity. Anti-sperm antibodies may interfere with sperm motility; high 
titers of antibodies have been detected in men after vasectomy or 
with vas deferens agenesia. In the female genital tract, they may 
interfere with sperm transport and other fertilization steps.

Concluding Remarks

The data reviewed here show that testicular immunoregulation 
depends on a delicate equilibrium between immunoprivilege and 
inflammation and is modulated by the dual role played by tolero-
genic or pathogenic cells of the immune system and by cytokines 
acting as immunosuppressors or pro-inflammatory mediators. 
Under physiological conditions, antigen-specific auto immune 
responses are prevented by systemic and local tolerance mecha-
nisms. In the testis (Fig. 1A), tolerogenic DCs and Treg subsets 
allow the survival of GCs expressing auto-antigens and the normal 
completion of spermatogenesis. Under inflammatory conditions 
(Fig. 1B), mature DCs and macrophages secreting high levels of 
NO, IL-6 and TNF-α, infiltrate the testicular interstitium. TNF-α 
and IFN-γ-producing Th1 cells and IL-17-producing Th17 cells 
increase in number in association with testicular damage. With the 
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Figure 1 (See page 10). Schematic drawing illustrating the seminiferous epithelium and intestitium under normal (A) or inflammatory (B) condi-
tions. (A) The seminiferous epithelium is composed of Sertoli cells and germ cells at different stages of development. The blood-testis barrier (BTB) is 
constituted by coexisting adherens, gap and tight junctions between adjacent Sertoli cells. As representative tight junction molecules, occludin and 
ZO-1 are shown. Macrophages close to Leydig cells and few immature dendritic cells (DCs), T cells and regulatory T cells (Treg) are present in the inter-
stitium. (B) Spermatocytes and spermatids undergo apoptosis and sloughing in the lumen of the seminiferous tubule. Decreased occludin expression 
in Sertoli cell tight junctions associated to impairment of BTB is shown. An increased number of mature DCs, pro-inflammatory and intermediate type 
macrophages, CD4+ and CD8+ T cells and T regs are present in the interstitium. Pro-inflammatory cytokines (IL-6, TNF-α, FasL, IFN-γ, IL-17) and nitric 
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secreted by Sertoli, Leydig and peritubular cells are not illustrated.
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