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Bariera krew- jądro (BTB) jest strukturą istotną dla prawidłowego 
różnicowania komórek germinalnych, gdyż reguluje przenikanie 
składników potencjalnie szkodliwych dla spermatogenezyz naczyń 
krwionośnych do przedziału adluminalnego nabłonka 
plemnikotwórczego. W funkcji barierowej gonady męskiej biorą 
udziaLtrzy składowe: komórki endotelialne wyścielające naczynia 
krwionośne zlokalizowane w tkance interstycjalnej, komórki koło 
kanalikowe (mioidalne) wokół kanalików plemnikotwórczych oraz 
wyspecjalizowane połączenia międzykomórkowe znajdujące się 
między sąsiadującymi komórkami Sertoliego.  



Śródmiąższowe naczynia krwionośne 
jądra zbudowane są z perycytów, błony 
podstawnej i warstwy komórek 
endotelialnych z dobrze rozwiniętymi 
połączeniami zamykającymi. W 
odróżnieniu od innych gruczołów 
endokrynnych, endotelium wyścielające 
naczynia krwionośne gonady męskiej 
charakteryzuje się ciągłą strukturą bez 
fenestracji



Najbardziej szczelnym elementem BTB jest kompleks połączeń 
międzi komórkami Sertoliego. W kompleksie zidentyfikowano 
koegzystujące połączenia ścisłe (zwane również obwódką 
zamykającą), bazalne specjalizacje powierzchniowe (ES, 
ectoplasmic specialisations), połączenia szczelinowe (gap 
junction), i połączenia desmosopodobne(desmosome-like 
junctions or desmosome-gap junctios),  które dzielą nabłonek 
plemnikotwórczy strukturalnie i funkcjonalnie na dwa przedziały. 
W przedziale bazalnym (przypodstawnym) znajdują się 
diploidalne komórki germinalne, natomiast przedział adluminalny 
(przyśrodkowy) zasiedlony jest przez haploidalne komórki 
postmejotyczne. Obecność różnorodnych typów połączeń w 
miejscu BTB odróżnia ją od barier występujących w innych 
narządach, jak np. w mózgu. 
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 Immune cells are found in considerable numbers within the normal, 
unaffected testes of mammals, including humans. 

Located in the interstitial compartment, they are implicated in the 
mechanisms that make the testis an immunologically privileged site where 
germ cells are protected from autoimmune attack and foregein tissue grafts 
may survive for extended periods of time

 With regard to normal development and funktion of the testis, both pro- and 
antiinflamatory cytokines have been shown to play an important regulatory role.

 The testicular environment. However, does not perclude immune activation 
resulting in inflammatory reaction and potential damage.



 In men, infection and inflammation of the reproductive tract including 
the testes are widely accepted as important etiological factors of 
infertility.

 Symptomamatic orchitis due to bacterial or viral infections is 
considered to be rare, a high prevalence of asymptomatic testicular 
inflammatory reaction could be demonstrated among infertile males.

 Despite the patchy distribution of the lesions, inflammation is 
associated with disruption of testicular function, i.e. spermatogenesis.

 The pattern of lymphocyte infiltration and concomitant damage of 
seminiferous tubules supports the concept that activation of 
autoreactive T cells is involved



 For many years, research on physiology and pathology of the testis 
has concentrated on the two major functions: the generation of 
male gametes and the production and controlled release of sex 
steroids. Interactions between the male reproductive tract and 
the immune system have been a source of both considerable 
curiosity and ignorance.

 Studies in experimental animals indicate that the testis is one of 
very few organs of the body capable of sustaining foreign grafts 
for extended periods of time without evidence of rejection.

 This ‘immunological privilege’ of the testis is believed to arise from 
the need to prevent immune responses against meiotic and haploid 
germ cells expressing ‘nonself ’ antigens which first appear at the 
time of puberty, long after the establishment of self-tolerance in 
the perinatal period. 



 Paradoxically, it is the same antigens that may become targets of a 
vigorous autoimmune attack if activation of specific T lymphocytes is 
induced elsewhere in the body.

 Furthermore, defense mechanisms including both innate and adaptive 
immunity are not generally impaired in the testis.

 This is illustrated by the obvious capacity of the testis for 
inflammatory responses to local and systemic infection.

 Although the complex mechanisms are not yet completely 
understood, there is considerable evidence that organ-specific 
immune regulation plays a key role in testicular function



 Immune cells are found in considerable numbers within the iterstitial
compartment of the normal unaffected testis of mammals, including
humans.

To resident macrophages, which represent the second most abundant cell 
type next to Leydig cells, mast cells are regular components of the interstitial 
and peritubular tissue

 Number of lymphocytes in the testis is relatively small, although
circulating immune cells have acces to the organ and testicular lymphatic
vessels allow drinege to regional lymph the testis, in spite of its 
immunologically privileged status, is not isolated from the immune
system.



 The presence of natural killer cells known to be involved in innate 
immune responses was reported in rodents, whereas consistent data 
for the human testis are not available.

 Dendritic cells as potential professional antigen-presenting cells and key 
players during induction of specific immune responses remain to be 
identified in the normal testis.

Under physiological conditions, neither resident nor circulating immune cells 
are found within the seminiferous tubules and polymorphonuclear 
leukocytes remain completely absent



 There is substantial evidence that testicular macrophages and their 
functions are largely determined by the local environment.

 In the rat testis, two distinct subpopulations of macrophages could 
be identified by means of the monoclonal antibodies ED1 and ED2, 
with 85% of the cells revealing the ‘resident` phenotype ED1- ED2+.

 The number of macrophages increases during pubertal development 
and is partly dependent on interaction with Leydig cells.

 On the other hand, resident macrophages have a trophic effect on 
Leydig cells.



Possible Mechanisms of 
Testicular Immunoregulation

 Prevention of germ cell-specific autoimmune reactions in the 
adult testis has long been explained solely on the basis that all 
germ cell-related autoantigens are segregated within the 
seminiferous tubules.

 With the onset of meiosis during puberty, the so-called blood-
testis barrier separates the basal compartment of the 
seminiferous epithelium containing spermatogonia and
preleptotene spermatocytes from the adluminal compartment, 
where meiosis and spermiogenesis occur.

 Morphologically, Sertoli cells are connected to each other over 
large areas of their surfaces by ‘occluding tight junctions’, 
which render intercellular spaces even impermeable to small 
molecules.

 The microenvironment of the adluminal compartment is 
isolated from the vascular system and circulating immune cells.



 Segregation of germ cell-specific autoantigens by the blood-testis 
barrier is not complete.

 Autoantigenicity of the basal compartment of the seminiferous
epithelium could be demonstrated in rats.

 Barrier functions are less extensive along the rete testis and excurrent
ducts, where T cells are physiologically found within the lining
epithelium.

 Tissue barriers and mechanical sequestration are important but not
sufficient to protect male germ cells from autoimmune attack.

 There is considerable evidence that multiple immunoregulatory
mechanisms are involved in maintaining both tolerance towards germ 
cells and immune privilege within the normal adult testis.



 Clonal deletion of autoreactive T lymphocytes through thymic selection 
during perinatal life does not control germ cell-related autoreactivity, 
mechanisms of peripheral tolerance such as local anergy of T cells have 
been considered to play a key role.

 Naive T cells remain refractory to antigen-specific activation when 
encountering antigenic peptide: MHC complexes without antigen-
independent costimulatory signals delivered by the same antigen-
presenting cell.

 Constitutive expression of MHC molecules is found in the interstitial 
compartment of the testis, whereas costimulatory molecules such as 
ICAM-1, CD80, and CD86 are absent. 

 Avoidance of deleterious autoimmune responses can also be achieved 
by active suppression mediated by regulatory T (Treg) cell populations.



 Among CD4 effector T cells, the cytokine profile produced by TH2 
cells exerts inhibitory effects on TH1 cells which mediate cellular 
immune responses including organ-specific autotoimmunity.

 Preliminary observations in the normal murine testis suggest functional 
polarization of T cells towards a TH2 profile.

 Control of inflammation in vivo has also been attributed to Treg producing 
IL-10 or transforming growth factor- (TGF-beta).

 Recent experiments with peripheral blood lymphocytes from healthy donors
showed that the expansion of autoreactive T cells directed against a 
testisrelated antigen can be suppressed by CD4 CD25 Treg.

 However, the presence and possible role of CD4 CD25Treg in the testis in 
vivo remains to be elucidated



 A further level of protection represents activation-induced apoptosis of
T lymphocytes entering the immunologically privileged testis.

 Recent data obtained in a mouse model indicate that memory CD8 T cells 
migrating into the testis are capable to mount an immune response 
against foreign tissue grafts but undergo apoptosis at an increased level 
via upregulation of Fas (CD95) and CD30 on their surface.

 Expression of the ligand of Fas (FasL) by Sertoli cells has been 
implicated in maintaining testicular immune privilege as well as enhanced 
survival of allogeneic grafts cotransplanted with testicular tissue into 
other sites.

 Immunosuppressive activity has been described in testicular fluids.
There is evidence that locally produced mediators, i.e. cytokines, could 
play a key role in preventing immune activation and subsequent 
inflammation in the testis



The Dual Role of Cytokines in the Testis

 Apart from overall hormonal control, precise regulation of spermatogenesis
and steroidogenesis within the testis depends on numerous autocrine and
paracrine mediators including growth factors and cytokines.

 Under physiological conditions, resident macrophages as well as nonimmune
testicular cells have been shown to produce both pro- and anti-inflammatory 
cytokines such as IL-1, IL-6, TNF- as well as members of the TGF- family.

 The apparent overlap between testicular and immune regulatory functions of 
these cytokines could provide the key to understanding the phenomenon of 
immune privilege and the processes leading to inflammation-mediated 
damage in the testis.



 The archetypical proinflammatory cytokine IL-1 (occurring as two 
isoforms: IL-1α, IL-1β) is abundantly secreted by activated 
macrophages, but is also inducible in other cell types.

 In the rat testis, IL-1 is produced and secreted under physiological
conditions by Sertoli cells.

 There is some evidence that spermatocytes and spermatids may also 
produce IL-1 constitutively.

 High-affinity IL-1 binding sites and mRNA for the IL-1 signaling
receptor have been found in most cells of the interstitium and 
seminiferous epithelium.

 Testicular IL-1 is thought to play an important role in coordinating
Sertoli and germ cell development within the seminiferous epithelium,
and in controlling steroidogenesis.



 Recent data suggest that IL-1α generally inhibits LH-stimulated 
testosterone production, but can stimulate basal steroidogenesis under 
appropriate conditions.

 In contrast to IL-1α, IL-1β does not appear to be produced in significant 
amounts in the normal testis.

 TNF-α is produced by activated testicular macrophages in vitro.

 TNF-α inhibits Leydig cell steroidogenesis, and its localization to the 
postmeiotic germ cells also indicates possible involvement in the process of 
spermatogenesis.

 Observations from the human testis suggest that TNF-α might play a role in 
controlling the efficiency of spermatogenesis, inhibiting germ cell apoptosis 
by regulating the level FasL.



 The macrophage migration inhibitory factor (MIF) is a pleiotropic protein
with a wide tissue distribution participating in inflammatory responses and 
acting

 as a counterregulator of glucocorticoid-induced immune suppression.

 In the rat testis, MIF has been localized to the Leydig cells.

 MIF has been found to reduce inhibin secretion by Sertoli cells in culture 
and to evoke a transient increase in calcium levels in peritubular cells.

 MIF have a role in the paracrine regulation of Leydig cell-seminiferous
tubule interactions.

 MIF has been shown to downregulate TGF-2 secretion in peritubular cells.



 Upregulation of the proinflammatory cytokine MIF during inflammation
can inhibit the immunosuppressive response of the testis.

 The TGF- family members are dimeric cytokines with predominantly
immunosuppressive and anti-inflammatory activities.

 There are threemammalian TGF- isoforms, which are very highly 
expressed by Sertoli cells, peritubular cells and Leydig cells in the 
fetal and immature testis, although production declines dramatically 
postpuberty.

 The receptors for TGF- are found in both somatic and germ cells.

 Consequently, these cytokines have been implicated in controlling both Leydig
cell and seminiferous tubule development



















Knobil and Neill’s Physiology of Reproduction. 2006



tory
reaction.

Knobil and Neill’s Physiology of Reproduction. 2006



Knobil and Neill’s Physiology of Reproduction. 2006



Knobil and Neill’s Physiology of Reproduction. 2006



Knobil and Neill’s Physiology of Reproduction. 2006



Knobil and Neill’s Physiology o0f Reproduction. 2006



Knobil and Neill’s Physiology of Reproduction. 2006


	Slajd numer 1
	Slajd numer 2
	Slajd numer 3
	Slajd numer 4
	Immunofizjologia �męskiego układu rozrodczego
	Slajd numer 6
	Slajd numer 7
	Slajd numer 8
	Slajd numer 9
	Slajd numer 10
	Slajd numer 11
	Slajd numer 12
	Slajd numer 13
	Slajd numer 14
	Slajd numer 15
	Slajd numer 16
	Slajd numer 17
	Slajd numer 18
	Slajd numer 19
	Slajd numer 20
	Slajd numer 21
	Slajd numer 22
	Slajd numer 23
	Slajd numer 24
	Slajd numer 25
	Slajd numer 26
	Slajd numer 27
	Slajd numer 28
	Slajd numer 29
	Slajd numer 30
	Slajd numer 31
	Slajd numer 32
	Slajd numer 33
	Slajd numer 34
	Slajd numer 35
	Slajd numer 36
	Slajd numer 37
	Slajd numer 38
	Slajd numer 39
	Slajd numer 40
	Slajd numer 41
	Slajd numer 42
	Slajd numer 43
	Slajd numer 44
	Slajd numer 45
	Slajd numer 46
	Slajd numer 47

