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Abstract

Testis as an immune privileged tissue

The testis has long enjoyed a reputation as an
immunologically privileged site based on its ability to
protect auto-antigenic germ cells and provide an optimal
environment for the extended survival of transplanted
allo- or xeno-grafts. Exploration of the role of
anatomical, physiological, immunological and cellular
components in testis immune privilege revealed that the
tolerogenic environment of the testis is a result of the
immunomodulatory factors expressed or secreted by
testicular cells (mainly Sertoli cells, peritubular myoid
cells, Leydig cells, and resident macrophages). The
blood-testis barrier/Sertoli cell barrier, is also important
to seclude advanced germ cells but its requirement in
testis immune privilege needs further investigation.
Testicular immune privilege is not permanent, as an
effective immune response can be mounted against
transplanted tissue, and bacterial/viral infections in the
testis can be effectively eliminated. Overall, the cellular
components control the fate of the immune response and
can shift the response from immunodestructive to
immunoprotective, resulting in immune privilege.

The testis is an organ that is highly specialized
for the production of sperm and male sex hormones
(Russell et al., 1990). Morphologically, it consists of
two major compartments, the seminiferous tubules (site
of spermatogenesis) surrounded by the interstitium (site
of testosterone production). The interstitium contains
Leydig cells, blood vessels, leukocytes, lymphatic
vessels and fibroblasts. The seminiferous tubules are
composed of Sertoli cells (SC) and germ cells
surrounded by one (rodents) or more (large animals)
layers of peritubular myoid cells (Dym and Fawcett,
1970; Dym, 1973; Fig. 1A and B).
Advanced germ cells within the testis develop
after the establishment of systemic self-tolerance.
Despite the expression of new surface and intracellular
proteins by germ cells (O'Rand and Romrell, 1977;
Tung and Fritz, 1978), these immunogenic autoantigens do not evoke an immunological attack, mainly
due to the unique tolerogenic environment of the testis.
Hence, testis immune privilege is important for
preventing detrimental immune responses against autoimmunogenic germ cells.
The unique immunological privilege of the
testis was first recognized over two centuries ago. In
1767, John Hunter performed the first described testis
transplant. A testis from a rooster was transplanted into
the abdominal cavity of a hen and histological
examination showed that the testis was found to have a
“perfectly normal structure” (Setchell, 1990). Later, the
functionality of the transplanted testis was examined by
performing a similar allotransplantation experiment in
two castrated roosters and showed that normal male
rooster characteristics returned in transplanted birds as
compared to controls (reviewed in Setchell, 1990).
Since then, several transplantation experiments, either
involving transplantation of testicular tissue or
transplantation of other tissues into the testis, have been
performed with variable results (reviewed in Maddocks
and Setchell, 1990). These early testis transplantation
studies provided evidence that secretions from the testis
are responsible for the maintenance of male sexual
characteristics and the higher temperature of the
abdominal cavity is detrimental to spermatogenesis.
These studies also resulted in the use of testicular
extracts as an elixir for their “rejuvenating effects”.
From the 1910s to early 1940s, testicular tissue
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Immune privilege
Immune privileged sites are places in the body
where foreign antigens are tolerated without evoking
detrimental inflammatory immune responses and thus,
foreign tissue grafted into an immune privileged site
enjoys prolonged survival. Originally, immune privilege
sites were considered ‘immunologically ignorant’. It
was thought that the immune system was oblivious to
the tissue transplanted into these sites due to the
sequestering of cells behind blood tissue barriers and the
lack of lymphatic drainage. In other words, the immune
system was unable to evoke an active immune response
at these sites (Streilein, 1995). This belief has since
been challenged and it is now known that immune
privilege is an active process governed by locally
produced immunoregulatory factors that control the
overall immune response. There are several immune
privileged sites including the testis, anterior chamber of
the eye, brain, central nervous system, maternal fetal
interface of the placenta, hair follicles and some tumors
(Forrester et al., 2008). This review will focus on
immune privilege in the testis.
_________________________________________
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transplants from animals and humans into humans
claimed to restore virility and improve psychological
and mental health (Stanley, 1931). However, these
claims were later questioned due to the lack of control

groups or objective measurements. With the discovery
of testosterone in 1935 and concerns about zoonosis
(infections from animal sources), this procedure became
unpopular (Bajic et al., 2012).

Figure 1. Testis histology and
schematic diagram showing the
BTB present between adjacent SC.
A) Testes were collected from
BALB/c mice (6-8 weeks old),
paraffin embedded and sectioned.
Tissue section was immunostained
for Wilm’s tumor 1 to detect SC nuclei
(brown color, A). Section was
counterstained with hematoxylin to
detect cell nuclei (blue color, A). B)
BTB localization and cellular
components present in the testicular
interstitium and seminiferous tubules.
Testis interstitium consists of Leydig
cells, macrophages, dendritic cells,
lymphocytes (mainly T cells),
lymphatics and blood vessels.
Peritubular myoid cells surround the
seminiferous epithelium and form a
primary barrier to substances
penetrating from the interstitium to
the seminiferous epithelium. The
more effective and complete
barrier is located within the
seminiferous tubules and includes
the body of SC and tight junctions
between adjacent SC (BTB). The
BTB delimits a basal compartment in
the germinal epithelium containing the
spermatogonia and early preleptotene
spermatocytes, and an adluminal
compartment
containing
the
spermatocytes and spermatids. sc,
Sertoli cell; m, myoid cell; sg,
spermatogonia; sp, spermatocyte; r,
round spermatid; el, elongated
spermatid; sz, spermatozoa; L,
Leydig cells; BV, blood vessel; LV,
lymphatic vessel.

Transplantation of testicular germ cells
originated in domestic birds, where an intravascular
injection of primordial germ cells from turkeys into
sterilized embryos of Rhode Island Red chickens led to
4

the complete maturation of germ cells (Reynaud, 1976).
Since then, numerous germ cell transplants have been
performed in various species. While most of the rodent
germ cell transplants used immune compromised
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recipients, a few were transplanted into immune
competent recipients of the same species (syngeneic) or
to genetically different hosts (allogeneic or xenogeneic).
Success of the syngeneic grafts suggests the injection
of immunogenic germ cells did not provoke an
autoimmune response (Brinster and Avarbock, 1994;
Brinster and Zimmermann, 1994). In rodent
allogeneic (mouse to mouse or rat to rat) and
xenogeneic (mouse to rat) experiments, germ cell
colonization was limited without immune suppression
and immune suppression was required to generate
offspring (allograft model only). However, successful
allogeneic germ cell colonization and sperm production
in large animals has been achieved for pigs, goats,
cattle, dogs and sheep without the use of immune
suppression (reviewed in Honaramooz and Yang, 2010).
Furthermore, live offspring have been generated in
goats and sheep (Honaramooz et al., 2003; Herrid et al.,
2009).
Recently, germ cell transplantation techniques
have also been explored in chickens and fish. In the case
of the domestic chicken, techniques to transplant
spermatogonial stem cells or dispersed testis tissue into
immune-competent juvenile or adult chickens have been
developed (Lee et al., 2006; Trefil et al., 2006, 2010;
Jung et al., 2010). The presence of donor-derived genes
in the offspring indicated the successful colonization of
donor germ cells in the recipient testis without immune
rejection.
Germ cell transplantation has become a popular
technique to increase the production of commercial fish
such as tilapia, rainbow trout, salmon, blue fin tuna,
yellow tail and zebra fish (extensively reviewed in Silva
et al., 2012). Initially, germ cells were isolated from
embryos or new born hatchlings and transplanted into
embryos at different stages of development, or injected
intraperitoneally into new-born hatchlings. Since the
immune system of the fish is not established at that
early age, there was very little risk of immune-rejection.
However, spermatogonial stem cells have recently been
transplanted in the testes of adult tilapia (allogeneic) or
Patagonian pejerrey (xenogeneic; Lacerda et al., 2008,
2010; Majhi et al., 2009), which led to successful
differentiation of germ cells into functional
spermatozoa, and donor derived progeny in the case of
tilapia. This shows that allo- or xeno-geneic fish germ
cells were not rejected post-transplantation.
Not only can the germ cell transplantation
technique be used to study germ cell development, this
technique was recently employed to develop sperm of
the endangered felid species, the ocelot, in the germ cell
depleted testes of domestic cats. The transplanted
spermatogonial stem cells were not only able to
colonize and differentiate into elongated spermatids, no
signs of immune rejection were observed, and after 13
weeks sperm were present in the recipient’s epididymis
(Silva et al., 2012).
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Tissue transplanted into the testis
In addition to transplantation of testis
tissue/germ cells, the testis has been used as a
transplantation site for studying the survival and
functionality of non-testicular tissue. In 1919, Sand
appears to have been the first person to transplant nontesticular tissue (ovary allografts) into rat or infantile
guinea pig testes. Grafted tissue was collected at 3-4
months post-transplantation and survival was confirmed
by the presence of mature follicles, corpora lutea and
development of mammary glands that contained milk
like secretions. This led to the conclusion that the
“ovarium finds good condition for existence in the
middle of the testis” (Sand, 1919). Besides the ovary,
xenogeneic rabbit tumors and human fibrosarcoma
tumors, allogeneic fetal testes, allogeneic fertilized eggs
(morulae or blastocysts), allogeneic early embryos and
trophoblast cells were also transplanted into the testis
(reviewed in Setchell, 1990). However, the survival of
the early transplants was highly variable (Setchell,
1990), which could be attributed to the lack of
standardized transplantation procedures, along with
limited knowledge on immune privilege.
Later in the 1970s, with a better knowledge of
transplantation immunology and standardized surgical
procedures, a series of studies supported the immune
privilege status of the testis. A wide variety of tissues
such as skin allografts (Whitmore and Gittes, 1975,
1977; Head et al., 1983a), pituitary allografts (Hill and
Gardner, 1936), adrenal allografts (Medawar and
Russell, 1958), parathyroid allo- and xeno-grafts (DibKuri et al., 1975; Naji and Barker, 1976; Head et al.,
1983a; Whitmore et al., 1985), insulinoma allografts
(Akimaru et al., 1981) and islet allo- and xeno-grafts
(Ferguson and Scothorne, 1977; Bobzien et al., 1983;
Selawry et al., 1985) survived long-term when
transplanted intratesticularly. Besides extended survival,
functionality of the grafted tissues was also reported.
For instance, xenogeneic rat islets were transplanted
into the testis, kidney, spleen and liver of diabetic mice
without any immune suppression. The mean survival
time (MST) of islets, determined by lowering of blood
glucose levels, was significantly prolonged when
transplanted intratesticularly as compared to the other
transplantation sites. Normoglycemia was achieved in
100% of the transplanted animals and three of the
animals (25%) remained normoglycemic for more than
2 months. Orchidectomy (removal of testis containing islet
graft) led to hyperglycemia and histology of the collected
tissue showed the presence of pancreatic α and β cells in
the interstitium of the testis (Bobzien et al., 1983).
Similarly, parathyroid allografts resumed normocalcemia
in parathymectomized outbred Wistar rats for more than 3
months, and animals that received guinea pig or rabbit
parathyroid xenografts remained normocalcemic for
more than 25 days (Dib-Kuri et al., 1975).

5

Kaur et al. Testis immune privilege.

In addition to small animals, the immune
privilege status of the testis has been demonstrated in
large animals by transplanting xenogeneic or allogeneic
islets into the testes of dogs and diabetic Rhesus
monkeys, respectively. Tissue obtained for histological
examination at 100 days (dogs) and 5 years (monkeys)
post-transplantation revealed the presence of insulinpositive islets. Normoglycemia was achieved in diabetic
monkeys for 8, 54 and 60 months post-transplantation
(Selawry, 1994; Gores et al., 2003). However, in a
separate study, parathyroid allografts transplanted in the
testes of rams and cynomolgous monkeys were rejected
within 4 weeks (Maddocks and Setchell, 1988; Setchell
et al., 1995). The variability in immune protection
provided by the testis indicates that an immune response
can be generated against tissue transplanted in the testis,
suggesting that the testicular environment is not always
tolerogenic or immunologically ignorant. This
demonstrates the need to investigate the factors behind
immune privilege status of the testis.
Exploration of factors behind testis immune
privilege
In order to determine the mechanism(s) or
factor(s) responsible for testis immune privilege, the
contribution of various components such as anatomy
(lymphatic drainage, blood testis barrier; BTB/SC
barrier), physiology (lower temperature of the scrotum,
higher zinc concentration), immunology (macrophages,
dendritic cells, T cells and NK cells), and testicular cells
(Leydig cells, myoid cells, SC and germ cells) were
explored.
Anatomical components of the testis (lymphatic
drainage and BTB)
Lymphatics
Originally, similar to other immune privileged
sites (anterior chamber of the eye and brain), it was
proposed that lymphatic drainage from the testis was
impaired, preventing the activation of a normal immune
response. The origin of this hypothesis was based on the
notion that the distance between the testis and the
nearest draining lymph node at the level of the kidney
was unusually long. Additionally, it was suggested that
lymph from the testis passes directly into the thoracic
duct without passing through any lymph nodes
(Engeset, 1959). These beliefs were challenged by the
findings that skin allografts placed near the tip of the rat
tail, where the distance to the nearest draining lymph
node was longer (~19 cm), were rejected (Barker and
Billingham, 1977). The lymphatic drainage was
subsequently found to be efficient as dyes and cells
injected into the testis travel to the draining lymph
nodes within minutes (Fawcett et al., 1973; Head et al.,
1983b). Furthermore, it was demonstrated that the
6

afferent arm of the lymphatics was intact by injecting
allogeneic cells into the testis and confirming the
production of antibodies against the grafted cells (Head
et al., 1983b). Infiltration of successful intratesticular
islet grafts and parathyroid grafts with mononuclear
cells and the rejection of transplanted cells in sensitized
(transplanted with skin or insulinoma outside the testis)
animals verified the existence of the efferent arm (Head
et al., 1983b). The presence of leukocytes in normal
testis interstitium (Hedger, 1997) further supports that
the testis has efficient lymphatic drainage and thus, a
lack of lymphatics is not responsible for testicular
immune privilege.
Blood-testis barrier (BTB/SC barrier)
Similar to the brain, which has the blood brain
barrier, the testis has the BTB. In the brain, the blood
brain barrier consists of endothelial cells lining the
blood vessels and tight junctions between these cells,
which prevents the exit of molecules from the blood
vessels (Brightman and Reese, 1969). In the testis, there
is a high degree of permeability of the vascular
endothelium and substances within the circulation
diffuse freely into the interstitium (Maeda et al., 2007).
Instead, the BTB/SC barrier is located within the
seminiferous tubules and includes the body of SC and
tight junctions formed between adjacent SC (Fawcett et
al., 1970; Fig. 1B). The BTB separates the seminiferous
epithelium into two compartments; basal, containing
spermatogonia and preleptotene spermatocytes, and
adluminal, containing meiotic and postmeiotic germ
cells (Fig. 1B). This barrier prevents leukocytes and
antibodies from entering the seminiferous tubules and
sequesters the majority of the auto-antigenic germ cells
(pachytene spermatocytes, spermatids and spermatozoa)
from the immune system.
The importance of the BTB in immune
privilege and spermatogenesis was demonstrated by
mice with SC specific deletion of the androgen
receptor (androgen knock out, Ar-KO; Meng et al.,
2011). In these Ar-KO mice, integrity of the tight
junctions was compromised as evidenced by an
increased permeability to biotin. Furthermore, a
humoral immune response, demonstrated by the
deposition of antibodies (which normally do not cross
the BTB), was mounted against spermatocytes and
spermatids within the adluminal compartment. An
arrest in spermatogenesis was observed in these ArKO mice, which could be due to increased
permeability of the BTB along with the generation of
a humoral immune response against germ cells.
Despite the increased numbers of leukocytes,
macrophages, neutrophils and eosinophils detected in
the testis interstitium of Ar-KO mice as compared to
the control, their infiltration was not evident within the
seminiferous tubules. Even though the BTB was
compromised in these animals and an immune response
Anim. Reprod., v.10, n.1, p.3-15, Jan./Mar. 2013
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was mounted against the developing germ cells, the
knock down of the androgen receptor could be affecting
many different androgen regulated genes and pathways
in the SC. Hence, the resultant immune response might
not just be attributable to the disrupted BTB.
The BTB being the sole criteria for testis
immune privilege was discredited by several studies. To
begin with, not all the germ cells with autoimmunogenic antigens are sequestered within the BTB,
as shown by the presence of spermatogonia and
preleptotene spermatocytes in the basal compartment
(Yule et al., 1988) and yet, an immune response is not
normally generated against these germ cells. Similarly,
allo- or xeno-geneic tissue (skin fragments, islets or
parathyroid tissue) transplanted into the testis
interstitium (outside the BTB) enjoys prolonged
survival (Barker and Billingham, 1977; Setchell, 1990;

Selawry, 1994) as compared to tissue transplanted into
non-immune privileged sites. Also, routine fine needle
biopsies (causing local injury to the seminiferous
epithelium) in humans does not lead to autoimmune
orchitis (Mallidis and Baker, 1994). Moreover, in
seasonal breeders, the BTB is cyclically disrupted
during the nonbreeding period and the development of
meiotic spermatocytes is possible even in the absence of
a complete, impermeable BTB (Pelletier, 1986).
Furthermore, the permeability of the SC barrier was
altered in mice by knockout of the tight junction protein
claudin 11 or treatment with a mutant occludin peptide.
Despite the increased permeability of the barrier, an
autoimmune reaction was not generated (Gow et al.,
1999; Wong et al., 2007). Therefore, other local
mechanisms or factors along with BTB are required to
create a tolerogenic environment in the testis.

Figure 2. Immune environment in the testis. A) Testis under normal circumstances. The seminiferous tubules (ST)
with intact germ cells and interstitium with the Leydig cells (jade), macrophages and dentritic cells (purple), depicts
a balanced state in the testis. B) Type 2 immune response in the testis. In the case of a bacterial/viral infection or a
transplant in the testis which does not disrupt normal testicular function, a type 2 immune response is initiated. In
this type of response, most of the cells in the testis secrete immunoregulatory factors (green bolts) which favor the
presence of regulatory T cells and the testis maintains a milieu supporting germ cell and transplant survival. C) Type
1 immune response in the testis. Rarely, when the bacterial/viral infections or transplanted tissue outbalance the
normal environment of the testis, a type 1 immune response can be initiated that results in the secretion of
inflammatory factors by the different cells in the testis (red bolts), resulting in the recruitment of cytotoxic T cells.
This further increases inflammation in the testis which leads to a disruption of the BTB/SC tight junctions, binding
of antibody (inverted Y) within the ST and eventually a loss of germ cell populations via apoptosis.
Anim. Reprod., v.10, n.1, p.3-15, Jan./Mar. 2013
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Physiological components of the testis (lower
temperature and higher zinc concentration)
In mammals, the scrotal temperature is 2-8°C
below the core body temperature. It was speculated that
this could be important for testis immune privilege
because exposure to low temperature (20°C)
significantly decreases or sometimes eliminates both
cellular and humoral immune responses in cold-blooded
vertebrates (Cone and Marchalonis, 1972). To test this,
parathyroid allografts were placed into scrotal testes,
cryptorchid testes, subcutaneously in the ear
(hypothermic) and in the renal subcapsular space (Head
and Billingham, 1985). Grafts placed subcutaneously in
the ear rejected even faster than the intrarenal grafts,
whereas parathyroid allografts transplanted in
cryptorchid testes enjoyed prolonged survival.
Similarly, no adverse effects on islet allo- and xenograft survival when transplanted into cryptorchid testes
suggests that temperature plays no major role in
extending graft survival in the testis (Selawry and
Whittington, 1984).
Zinc is a key component of some enzymes and
is vital for many biological functions. Zinc plays a
crucial role in the immune response. For instance, the
administration of zinc at therapeutic levels resulted in
selective suppression of allogeneic immune responses
(Faber et al., 2004). The testis contains a high zinc
concentration as compared to other organs, and
therefore it was thought that high zinc levels or zinc
dependent enzymes in the testis could be important in
abolishing the immune reaction (Whitmore and Gittes,
1978). To test this criterion, parathyroid allografts were
transplanted in testis and prostate. In comparison to the
testis, grafted tissue did not survive in the prostate
even though it contains the highest zinc concentration
of all organs (Whitmore and Gittes, 1978), supporting
the notion that a higher zinc concentration is not
responsible for testicular immune privilege.
Furthermore, islets, which contain a high zinc
concentration (Jindal et al., 1992), are rejected when
transplanted as allo- or xeno-grafts at other ectopic sites
(e.g. kidney capsule).
Immunological components of the testis
To elicit an effective immune response, antigen
presenting cells (macrophages and/or dendritic cells
(DC)) are required to process and present antigen to T
cells. It is now known that immune cells (antigen
presenting cells (APC), T cells and NK cells) involved
in mounting an effective immune response are present
in the testis. However, a shortage of APC (DC and
macrophages) was historically thought to be a reason
behind testicular immune privilege. This was negated by
showing that substantial numbers of Ia+/MHC-class II+
cells were present in the testis interstitium. Most of
these cells were macrophages as Ia+ cells were also
8

positive for esterase (Head and Billingham, 1985). It is
now known that the majority of the immune cell
population of the testis is comprised of macrophages
(Hedger, 1997, 2002). In fact, rodent testicular
macrophages exist in direct contact with Leydig cells
and form specialized contact sites known as digitations
(microvillus-like Leydig cell processes inserted within
the coated pits of the macrophages; Hutson, 1992,
2006). Leydig cells and macrophages are functionally
coupled, as depletion of one cell type affects the number
and function of the other (Hedger, 2002; Hutson, 2006).
Although testicular macrophages resemble traditional
macrophages histologically, they have a reduced
capacity to produce pro-inflammatory cytokines
compared to macrophages from other tissues and exhibit
immunosuppressive characteristics in vitro (Hedger,
2002). The importance of macrophages in testicular
immune privilege was further supported by the fact that
the ram testis, which contains very few resident
macrophages, was unable to provide prolonged
protection to parathyroid allografts (Maddocks and
Setchell, 1988; Pollanen and Maddocks, 1988).
Testicular DC, on the other hand, have
received very little attention despite their wellrecognized reputation as antigen presenting cells that
can activate immune responses and induce tolerance
(Fijak and Meinhardt, 2006). Previously, cells that
possess DC-like morphology were detected in the testis
interstitium of rodents and humans (Haas et al., 1988;
Derrick et al., 1993; Itoh et al., 1995; Hoek et al.,
1997). However, the markers used to identify DC in
these studies also cross-reacted with macrophages,
therefore it was inconclusive whether DC were present
in the testis. Thereafter, by employing DC specific
markers (OX-62 and CD11c), it was shown that the
normal rat testis interstitium contains DC. Recently, costimulatory molecules (CD80 and CD86) were also
detected on DC in normal and experimental
autoimmune orchitis rat testes, suggesting that local
activation of T cells by DC is possible in the testis
(Rival et al., 2006). Under normal conditions, an
immune response is not initiated in the testis, suggesting
testicular DC could be functionally immature and
involved in immune privilege, but when exposed to
inflammation they can overcome tolerance and become
functionally mature and immunogenic (Fijak and
Meinhardt, 2006). However, more thorough studies
depicting the phenotype and role of DC in testis
immune privilege need to be carried out to draw any
strong conclusions.
T cells (CD4 and CD8) comprise ~15% of the
total leukocyte population of the rodent testis
interstitium (Hedger, 1997; Hedger and Meinhardt,
2000), while in humans, the data is controversial. Some
studies reported the presence of T cells within the testis
interstitium of normal males (Ritchie et al., 1984;
Pollanen and Niemi, 1987), while others have reported
that T cells were only detected in the testes of subfertile
Anim. Reprod., v.10, n.1, p.3-15, Jan./Mar. 2013
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patients and not in normal males (El-Demiry et al.,
1987). Similarly, a substantial population of NK cells
has been detected in the rat testis (Tompkins et al.,
1998), but their presence in the human testis is
debatable (Pollanen and Niemi, 1987). Under normal
conditions, B cells are rarely detected in rat and human
testes (Pollanen and Niemi, 1987; Wang et al., 1994).
Rodent testes also contain significant numbers of
immunoregulatory cells, mainly NKT cells and
CD4+CD25+ regulatory T cells (T regs), although their
role in maintaining testis immune privilege needs
further study (Hedger, 2011a).
Contrary to previous belief, it is now known
that immune cells and lymphatics are present in the
testis and are capable of evoking an effective immune
response. For instance, despite the immune privileged
status of the testis, there are still incidences of bacterial
and viral infections in the testes (Masarani et al., 2006;
Bhushan et al., 2009), but in most cases the infection
and inflammation are cleared-up, indicating that an
efficient immune response can be mounted. Rarely,
these infections can lead to autoimmune orchitis
(Masarani et al., 2006; Bhushan et al., 2009). Toll-like
receptors (TLRs) recognize specific bacterial and viral
components and activate a downstream signaling
cascade, which ultimately results in the induction of
inflammation. Nishimura and Naito (2005) were the
first to demonstrate that TLRs are expressed in the
human testis. Subsequent studies have shown TLR
expression in mouse and rat testes. TLRs (most
commonly 2, 3 and 4) are expressed on somatic (SC,
Leydig cells, testicular macrophages) and germ cells of
the testis (Palladino et al., 2007; Bhushan et al., 2008;
Wang et al., 2012). When the appropriate stimulus is
provided, these TLRs are capable of being activated,
inducing inflammation and oxidative stress (reviewed
in Hedger, 2011b). Interestingly, some recent reports
suggest that SC and Leydig cells can negatively
regulate TLRs by Tyro3, Axl and Mer (TAM)
receptors and hence, prevent prolonged inflammation
and damage to the testis (Sun et al., 2010; Shang et al.,
2011).
Collectively, these data suggest that testicular
immune privilege is not permanent and the balance can
be tipped, leading to autoimmune orchitis or destruction
of the allo- or xeno-grafts transplanted in the testis (Fig.
2). The local factors and cellular components of the
testis determine the immune response. For instance,
extended survival of intratesticularly transplanted islet
allografts was a result of eliminating memory CD8 T
cells by apoptosis and inducing CD4+CD25+ T regs in
the testis (Dai et al., 2005; Nasr et al., 2005). Therefore,
it is imperative to examine the contribution of factors
expressed or secreted by different testicular cells in
order to better understand the immune privileged status
of the testis.
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Somatic and germ cell role in testis immune privilege
Testicular immune privilege is an active
phenomenon where immunomodulatory factors expressed
or secreted locally by different testicular cells control the
overall
immune
response.
The
presence
of
immunosuppressive activity in testicular fluid has been
evidenced by several studies. For example, fluid collected
from the interstitium and seminiferous tubule segments IIVIII exhibited maximum immunosuppressive activity as
shown by a reduced proliferation of concanavalin A
stimulated peripheral blood lymphocytes (Pollanen et al.,
1988, 1992). Furthermore, culture media collected from
isolated testicular cells (e.g. SC) inhibited activated T and
B cell proliferation in vitro (Wyatt et al., 1988; Selawry et
al., 1991; De Cesaris et al., 1992). Recently, Foulds et al.
(2008) characterized specific lyso-glycerophosphocholines
as T cell inhibitory molecules of gonadal fluids (bovine
ovarian follicular fluid and rat testicular interstitial fluid).
These molecules suppressed T cell proliferation and
inhibited T cell IL-2 production, thus inducing T cell
apoptosis in vitro.
Prostaglandins (PG), particularly PGE2 and
PGE2α, predominate in the adult testis. The rate limiting
enzyme for prostaglandin production, prostaglandin
synthase (PTGS2), is constitutively produced by somatic
(Leydig and SC) and spermatogenic cells. Testicular
macrophages constitutively produce low levels of PTGS2
and PGE2, but their expression can be increased by
inflammatory stimuli. PGE2 acts as an inhibitor of the
type 1 response (pro-inflammatory environment) by
suppressing T cell proliferation (Goodwin et al., 1978) and
NK cell function (Spaggiari et al., 2008), skewing the
response toward the type 2 response (anti-inflammatory
and protective environment; Snijdewint et al., 1993) and
modulating the immune properties of antigen presenting
cells (Baratelli et al., 2005). Recently, it was shown that
PGE2 induces indoleamine-pyrrole 2,3-dioxygenase
(IDO) mRNA expression in DC (Braun et al., 2005), T
reg specific transcription factor (FOXP3) in
CD4+CD25-T cells and immunosuppressive function of
CD4+CD25+ T regs in vitro (Baratelli et al., 2005).
Furthermore, galectin-1, a highly conserved
β-galactosidase-binding protein that can induce
apoptosis of lymphocytes (T and B cells), skew the
immune response towards the type 2 response, inhibit
pro-inflammatory cytokine secretion and induce the
production of CD4+CD25+ T regs (Rabinovich and
Toscano, 2009), was detected in SC, peritubular myoid
cells and late spermatids of rat and human testes
(Wollina et al., 1999; Dettin et al., 2003; Chui et al.,
2011). Additionally, testicular cells produce or express
anti-inflammatory cytokines, complement inhibitors,
apoptosis inhibitors and other immunoregulatory factors
(Hedger and Meinhardt, 2003; Guazzone et al., 2009;
Meinhardt and Hedger, 2011), demonstrating the
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importance of exploring the role of testicular cells in
immune privilege (Fig. 2).
Germ cells
Germ cells are immunogenic, yet an immune
response is normally not generated against them.
Additionally, culture media collected from germ cells
inhibits lymphocyte proliferation in vitro (Hurtenbach
and Shearer, 1982). It has also been demonstrated that
syngeneic germ cells injected into rodents had
immunosuppressive effects, as shown by reduced NK
cell activity and a cytotoxic T lymphocyte response
(Hurtenbach and Shearer, 1982). However, in this study
the inoculum used for injection contained other somatic
cells (potentially SC) as contaminants; thus it is difficult
to conclude that germ cells possess immunosuppressive
properties, as the contribution from other cells towards
this immune suppression cannot be ruled out.
Furthermore, to evaluate the role of germ cells or
spermatogenesis in testis immune privilege, islets and
parathyroid cells were transplanted in the cryptorchid or
irradiated testis, where abrogation of spermatogenesis
and a loss of germ cells occured (Selawry and
Whittington, 1984; Head and Billingham, 1985;
Whitmore et al., 1985). Grafted tissue experienced
prolonged survival, even in the absence of
spermatogenesis or germ cells. Germ cell depletion by
cold testicular ischemia also had no detrimental effect
on transplanted tissue survival (Cameron et al., 1990).
Collectively, these data suggest that spermatogenesis
and germ cells are not the key components to testicular
immune privilege.
Leydig cells
Steroid (testosterone and progesterone) and
nonsteroid (activin and inhibin) products of Leydig cells
have been shown to inhibit local immune responses
(Born and Wekerle, 1982; Grossman, 1985; Head and
Billingham, 1985; Hedger, 1989). Leydig cell
conditioned media inhibits the proliferation of adult rat
lymphocytes (Hedger et al., 1990), suggesting that
Leydig cells contribute to testicular immune privilege.
Nevertheless, Selawry and Whittington (1988) showed
that the administration of leuprolide (GnRH analog,
inhibits testosterone production) had no effect on the
prolonged survival of islet allografts despite a
significant reduction in serum and intratesticular
testosterone levels. Later, the same group reported that
killing Leydig cells using ethane dimethanesulphonate
and preventing their regeneration by β-estradiol
treatment (given at the time of transplantation) had no
effect on functional islet allograft survival (Cameron et
al., 1990). It is possible, although it was not examined,
that the macrophage numbers were also reduced in this
study since the Leydig cell and macrophage populations
are dependent upon each other (Hutson, 2006).
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Although the above mentioned studies indicate
that Leydig cells and androgens are not required for
testis immune privilege, Head and Billingham (1985)
showed that estrogen (to decrease testosterone)
administered prior to transplantation resulted in graft
rejection, while estrogen given at the time of
transplantation had no adverse effect on graft survival.
The incongruity arising between these two studies could
be explained by differences in the timing of estrogen
treatment (i.e. prior to or at the time of transplant),
indicating that the status of local hormone synthesis in
the testis prior to graft transplantation could be
important in supporting or rejecting the transplanted
graft. Selawry and Whittington (1988) only measured
testosterone levels 30 days after treatment, so it is hard
to conclude the level and effect of testosterone at the
time of transplantation. As discussed previously, SC
specific deletion of the androgen receptor resulted in
increased permeability of the BTB, generation of germ
cell antigen specific antibodies and increased infiltration
of leukocytes in the interstitium and thus, compromised
testicular immune privilege (Meng et al., 2011).
Furthermore, testosterone supplementation exerts a
protective effect against experimental autoimmune
orchitis by inhibiting the synthesis of Th1 specific proinflammatory cytokines and macrophages and CD4 T
cell infiltration, while simultaneously inducing
CD4+CD25+ T regs both in vivo and in vitro (Fijak et
al., 2011).
Peritubular myoid cells
The involvement of peritubular myoid cells in
testicular immune privilege has not been studied
extensively and needs further investigation. Interaction
between peritubular myoid cells and SC up-regulates
the expression and/or secretion of several factors by SC
(Skinner and Fritz, 1985a, b). For example, the coculture of peritubular myoid cells and SC supports the
basal-apical orientation of SC and significantly
increases clusterin (complement inhibitor) secretion by
SC (Zwain et al., 1993). Peritubular myoid cells also
express several immunomodulatory factors (e.g. TGF-β,
B7-H1; Fijak and Meinhardt, 2006) and can provide
systemic tolerance as splenocytes from mice injected
(i.v.) with peritubular myoid cells showed a reduced
response to allogenic or xenogenic cells as compared to
the controls (Shamekh et al., 2006), suggesting these
cells might contribute to testicular immune privilege.
Further evidence that myoid cells could be playing a
role in testis immune privilege comes from SC
transplantation studies (discussed in next section).
Immune privileged SC transplanted outside the testis
survive as allo- or xeno-grafts. However, myoid cells
are a common contaminant of isolated SC populations.
Increasing the SC purity to 100% led to reduced graft
protection and a short course of cyclosporine was
required in order to increase graft survival (Selawry and
Anim. Reprod., v.10, n.1, p.3-15, Jan./Mar. 2013

Kaur et al. Testis immune privilege.

Cameron, 1993), suggesting that myoid cells could be
involved in creating an immune privileged site outside
of the testis.

an immune privileged site.

Sertoli cells

This work was supported in part by NIH grant
HD067400 (to JMD) from the Eunice Kennedy Shriver
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Evidence that SC are important for testis
immune privilege initially came from SC cotransplantation studies where SC protected nontesticular cellular grafts when transplanted allo- or
xeno-geneically outside the testis. Selawry and
Cameron (1993) were the first to demonstrate that SC
survive when transplanted as allografts and protect cotransplanted islets. Later, several studies verified the
immune privilege status of SC and their ability to
provide protection to co-transplanted allogeneic and
xenogeneic islets, xenogeneic adrenal chromaffin cells,
xenogeneic hepatocytes, xenogeneic neurons, allogeneic
or xenogeneic skin and heart grafts (reviewed in Mital
et al., 2010). Thus, SC have a critical role in testis
immune privilege as they can mimic the immune
privilege environment outside of the testis. As
mentioned earlier, peritubular myoid cells could be
providing an additive effect to this immune protection
by secreting immunosuppressive factors or enhancing
the production of these factors by SC.
SC secrete and express several factors that
inhibit innate (complement inhibitors), humoral and
cell-mediated immune responses (B and T cell
proliferation inhibitors, apoptosis inhibitors). These
factors likely contribute to their survival and the
protection of co-grafted cells when transplanted across
immunological barriers (reviewed in Mital et al., 2010).
Besides inhibiting these main pathways of graft
rejection, SC express immunomodulatory factors (TGFβ and IDO) and chemokines (CCL27), which could lead
to either the production or recruitment of T regs or
modulation of the phenotype of immune cells at the
graft site, thus protecting the grafted cells from immune
rejection. In other words, an intricate interplay between
several immunomodulatory factors expressed by SC to
prevent and modify the innate and adaptive immune
responses could be responsible for providing an ideal
environment for germ cell protection in the testis and
the protection of co-transplanted cells at ectopic sites.
Conclusions
Testicular immune privilege is a complex
phenomenon which is the result of the combined
contribution of testis cellular components rather than a
single cell type acting alone (Fig. 2). The
immunoregulatory
molecules
expressed
and/or
produced by testicular cells have the potential to deviate
the pro-inflammatory and destructive immune response
(type 1) to immunoprotective (type 2) by inducing
tolerogenic macrophages, DC and T regs, and therefore
could be the key mechanism/factor(s) making the testis
Anim. Reprod., v.10, n.1, p.3-15, Jan./Mar. 2013
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