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Modern concepts of the structural bases of the reparative regeneration of the mamma-  
lian and human  testis are discussed in this article, based on published data and our 
own findings. The significance of the rete testis as a regeneration zone is discussed as 
well as the use of its potentials in clinical andrology. 
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The dissertation of  A. A. Maksimov was one of 
the first studies of regeneration of  the testis [9]. 
Al though  some premises  under ly ing  this work  
proved to be controversial, this excellent investiga- 
tion was the basis for many studies carried out by 
S. S. Raitsina. In 1985, summing up the studies 
of many years, this scientist, focusing on spermato- 
genesis as a biological phenomenon,  introduced the 
concept of "reproductive strategy of  spermatogen- 
esis," which she interpreted as a set of adaptations 
or mechanisms providing for the greatest reproduc- 
tive success under certain environmental conditi- 
tions [16]. The totality of mechanisms underlying 
the protect ion of the genome in developing sex 
cells was In-st considered as one of  the forms of 
reproductive strategy. 

Cytoplasmic determinants of primary sex cells 
(PSC), their early individuation and subsequent 
migration to the germinal gonads, symbiotic rela- 
t ionships with somatic  ceils of the gonad, the 
blood-testis barrier (BTB), autoantigens of male sex 
cells and auto immune processes resulting in the 
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destruction of the seminiferous tubules, as well as 
their successive regeneration due to the rete testis 
epithelium and to the PSC preserved in it f rom 
the period of embryogeny form the structural ba- 
sis of  the adaptive reactions guaranteeing the par- 
ticipation of  cells with an unchanged and com-  
pletely sound genome in fertilization. Is the de- 
struction of the seminiferous tubules the regular 
reaction of the testis affected by damaging factors? 
The destruction of the semirtiferous tubules was 
described for the ftrst time by Maksimov [9] after 
traumatic damage of the testis, namely after punc-  
ture with a hot needle or a small wedge-shaped 
resection of  the tissue in rabbits. He found that 
the destructive processes were not  restricted to the 
damaged region, but "rapidly occupied without any 
visible cause the entire organ," eventually resulting 
in atrophy of the testis. The damage to the semi- 
niferous tubules and concomitant  loss of the spe- 
citic structure of the testis were accompanied by a 
drop in the weight of the organ. These observa- 
t ions were further confirmed by the studies of 
numerous authorities [2-4,12,13,36]. 

The autoimmune nature of the posttraumatic 
destruction of the seminiferous tubules is now con- 
sidered as proven [4,15,48,49]. 
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The pathogenesis of autoimmune posttraumatic 
orchitis is thought to be a nonspecific rise of the 
BTB permeability due to impaired integrity of its 
structural components ,  which opens up access to 
autoantigen cells and is accompanied by an in- 
crease in the number of  lymphocytes sensitized to 
testicular antigens. This may explain the rapid 
spread of destructive processes in the testis as well 
as their transference to the contralateral organ. 

Does the effect of damaging factors that are 
different f rom trauma result in autoimmune de- 
structive processes? There are now believed to be 
many factors besides BTB which prevent the de- 
velopment of au to immune reactions in the testis, 
the interrelation of which is viewed as an immu-  
nological phenomenon  of  the testis [30]. Among 
them are the immunosuppressive factors regulating 
immune processes [41] as well as hormonal  fac- 
tors which may be mediators of the immune re- 
sponse [19]. In addition, morphological changes 
induced in the testis by various damaging agents 
are of the same type and appear approximately in 
the same sequence: the formation of  interstitial 
lymphoid infiltrates, death of sex cells, pathologi- 
cal alterations of structural components  of the se- 
miniferous tubules with successive destruction of 
them and the formation of  a resorption focus in 
the organ. It may be assumed that  the autoim- 
mune destruction of the seminiferous tubules oc- 
curs in experimental venous congestion in the tes- 
tis, experimental cryptorchism, disorders of the 
hormonal  regime, seasonal involution of the or- 
gan in animals with seasonal spermatogenesis, and 
local irradiation of the testis [3,4,6,8,10,17]. For 
example, the direct effect of local x-irradiation 
(1000 R) of the testis of  mature rats causes the 
death of radiosensitive sex cells, changes of the 
hormonal  regime, and an increased blood vessel 
permeability that results in the development  of  
interstitial inf lammatory  infiltrates. The altered 
hormonal  regime and the death of  sex cells in 
turn increase BTB permeability. All this ultimately 
results in the development of a destructive process 
in the seminiferous tubules on the 24th-30th day 
after irradiation [7,8,40]. 

Thus, destruction of the seminiferous tubules is 
the regular reaction of  the testis to seasonal and 
damaging factors. That is why there has to be a 
such a reliable, perfected method of restoration of 
structural units of the testis, namely of the semi- 
niferous tubules and of  spermatogenesis [16], in 
order to preserve the reproductive power of ani- 
mals. It should be stressed that the regeneration of 
structural components  of  the testis (in particular, 
of the seminlferous tubules) is made possible only 

by a new formation of  immature seminiferous tu- 
bules from the regeneration zone. Ingrowth of the 
preserved differentiated semirtiferous tubules and the 
replacement of destroyed tubules are impossible, 
because by the onset of puberty the myoid cells 
of the tunica propria of the seminiferous tubules 
as well as Sertoli's cells irreversibly lose their ca- 
pacity for mitotic division and therefore for elon- 
gation of the tubules [39]. In fact, in the regen- 
eration period after any damage or seasonal invo- 
lu t ion  the testis o f  puber ta l  an imals  acquires 
properties characteristic of mature animals, namely 
the ability to develop compensatory hypertrophy in 
response to the removal  o f  the  paired organ 
[7,10,26] and Sertoli's cells incorporate the radio- 
active thymidine isotope [7]. Variations of the 
number of Sertoli's cells are found both after vari- 
ous damaging inf luences  such as experimental  
c ryp to rch i sm [23], admin i s t r a t i on  of  FSH to 
hypophysectomized animals [33], administration of 
bisulfane [44], and local irradiation of the testes 
[34], as well as during the yearly cycle in animals 
with seasonal spermatogenesis namely  in sheep 
[26], and rodents [27,43]. These facts cease to be 
unexplainable or artifacts in light of the concept 
of the testis of pubertal animals as an unstable 
dynamic structure [7,8]. Many authorities have 
described characteristic morphological  changes of 
the rete testis (the transformation of its epithelium 
from squamous to columnar or cuboidal, the on- 
set of mitoses in its cells and the formation near 
the rete testis of the seminiferons tubules structur- 
ally corresponding to immature seminiferous tu- 
bules) which accompany the development  of de- 
structive processes in the tubules after various dam- 
aging factors [9,18,29,35]. However, only Raitsina 
considered the rete testis as a regeneration zone of 
the testis and thereby explained the existence of 
reactive changes of the rete testis after trauma and 
seasonal factors [I6]. 

The capacity for and degree of reparative re- 
generation of the testis depend on the nature of 
the action and the degree of development  of de- 
structive processes [ 11,14,16]. When the regenera- 
t ion zone of the testis is damaged, reparative re- 
generation is hindered. The rete testis is a system 
of mutually connected tubules and cavities which 
joins the seminfferous tubules with the seminal 
ducts and transports spermatozoa from the testis to 
the epididymis. THe anatomy, histology, and de- 
velopment of the rete testis have been described in 
detail in numerous publications [20,24,28,37,38,46]. 
Axial and surface types of rete testis are recognized 
depending on the position in the testis. The axial 
rete testis runs its entire length. It is found in the 
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rabbit, cat, dog, bull, sheep, pig, and guinea pig. 
The surface type, situated immediately under the 
tunica alba of the epididymal margin of the testis, 
is found in the rat, mouse, hamster, and man 
[24]. In the majority of mammals the rete testis 
is divided into three parts: intertesticular, intertunic, 
or intermediate extratesticular [37]. Electron micro- 
scopic study disclosed that epithelial cells of dif- 
ferent parts of the rete testis are structurally simi- 
lar, refuting their different origin [31]. The epi- 
thelial cells of the rete testis lie on a homoge- 
neous electron-dense basement membrane. Cell 
nuclei are of polygonal or elongated shape. A large 
number of oval-shaped mitochondria and granular 
endoplasmic reticulum are situated in their cyto- 
plasm. A characteristic feature of rete testis cells of 
all parts is the existence of dark electron-dense 
particles. Two types of cells, dark and light, are 
recognized in the epithelium of the human rete 
testis. The light cells contain less glycogen and 
lipids than the dark cells [20]. The rete testis is 
a secretory structure [45]. The fact that it secretes 
a substance inducing meiosis (in contrast to em- 
bryonic testicular cells, which inhibit meiosis) is 
of great interest. The meiosis-stimulating agent is 
not species-specific. During the growth and differ- 
entiation of the testicular cells the production of 
the meiosis-inhibiting substance stops and cells of 
the rete testis produce a factor which induces the 
prophase of meiosis of sex cells [25]. 

Considering the rete testis as a regeneration 
zone of structural units of the testis, it may be 
assumed that epithelial cells of the fete testis are 
the precursors of Sertoli's cells, and therefore they 
must have a common origin. 

However, published data on the origin of 
Sertoli's cells and epithelial cells of the rete testis 
are controversial. There are several points of view 
on the origin of Sertoli's ceils. According to the 
first concept, the precursors of Sertoli's cells develop 
from the coelomic epithelium covering the genital 
tori and growing into them [1,5]; another concept 
states that the genital cords are formed from disin- 
tegrated cords of the primary kidney [21,22,50]; a 
third theory considers a dualistic origin of Sertoli's 
cells [46]. It is known that there are two popula- 
tions of Sertoli's cells, namely dark and light. It is 
assumed [46] that the dark Sertoli's cells are the 
meiosis-inducing cells and are of mesonephric ori- 
gin, while the light cells are meiosis-inhibiting and 
are of coelomic origin. The existence of electron- 
dense particles and of glycogen in the cytoplasm of 
the dark cells makes them resemble rete testis cells. 
Roosen-Runge [37] concluded that the intertunic and 
extratesticular parts of the rete testis develop from 

the cells of the mesonephros while the intertesticular 
part differentiates from the blastema of the gonads. 
There is an opinion that the epithelium of the pri- 
mary kidney does not participate in the development 
of the rete testis [1]. The intertesticular part of the 
human rete testis is formed from the central part 
of the growing genital cords [38]. However, most 
authorities note that in the early stages of embryog- 
eny the tubules of the rete testis comprise cords 
consisting of cells structurally corresponding to im- 
mature Sertoli's cells and contain PSC, i.e., they 
are typical genital cords. 

The fact that epithelial cells of the rete testis 
characteristically express cytokeratin, the protein of 
intermediate microftlaments, is also of interest. Usu- 
ally cytokeratin is expressed by cells of the meso- 
nephros. Sertoli's cells, stromal cells, as well as Le- 
ydig's cells express vimentin. Immature Sertoli's cells 
in atrophic tubules express cytokeratin as well [32]. 

The co-expression of vimentin and cytokeratin 
occurs in the cells of an indifferent gonad [47]. 
This may confn'm the common origin of Sertoli's 
ceils and epithelial cells of the rete testis. Hence, it 
would be important to compare the testis cytos- 
keleton in the period of reparative regeneration and 
in the embryonic period to decide whether epithe- 
lial ceils of the fete testis participate in the repara- 
tive regeneration of the testis in pubertal mammals. 

Are PSC preserved in the epithelium of the 
fete testis from the embryonic period to the pe- 
riod of puberty and can they be a source of res- 
toration of spermatogenesis? It has been found that 
PSC may be ectopicaUy situated during their mi- 
gration from the yolk-sac to the genital tori. It is 
known that in mice PSC occupy the developing 
gonads toward the 13th day of embryogeny, and 
on the 12th-12.5th day the sex cells were found 
in the adrenals of the fetus [42]. The authors de- 
scribed in detail the behavior and fate of ectopic 
sex cells in the adrenals. On the 15th day of fe- 
tal life the number of sex ceils in the adrenals is 
not great, only 3-4 ceils in each adrenal, and they 
already have the morphological features of primor- 
dial sex cells. On the 17th day they enter into 
meiosis, regardless of sex. At the same time sex 
cells of the developing ovaries start meiotic divi- 
sion. Despite their extragonadal localization, the 
sex cells not only survive but differentiate; how- 
ever, they completely degenerate toward the 12th 
day of postnatal life. It is evident from the find- 
ings that the differentiation of sex cells occurs 
autonomically. PSC enter into meiosis according to 
their program of development, which is completed 
unimpeded both in the gonadal and in the ectopic 
location in the female organism. In the male or- 
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ganism the only sex ceils situated outside of the 
gonad may enter into meiosis in the embryonic 
period, because during the whole fetal and neona- 
tal period somatic cells of the testis produce meio- 
sis-inhibiting factor and the behavior of sex cells 
depends on the predominance of meiosis-inducing 
or meiosis-inhibiting substance. Therefore, it seems 
likely that PSC are preserved in the rete testis 
epithelium, through which they migrate, and serve 
as a source of the regeneration of  spermatogenesis. 

Contemporary data on the mammalian testis as 
an unstable dynamic structure are not only of gen- 
eral biological but also of medical importance. Equi- 
librium in the processes of destruction and regen- 
eration of the seminfferous tubules is the guarantee 
of reproductive success of the individuum, while a 
breakdown of this equilibrium leads to infertility. 

The study of the regeneration potentials of  
the testis and, in particular, of  the regeneration 
zone, the rete testis, seems to be promising. The 
secretory function of the rete testis and of its 
meiosis-inducing factors in particular are of inter- 
est for clinical andrology. 

REFERENCES 
1. O. I. Brindak and S. S. Raitsina, Ontogenez, 17, NO- 5, 

500-507 (1986). 
2. Gacheiladze, Stimulation of Regeneration of Rat Testis 

under the Influence of Homologous Tissue Extracts, Abstract 
of Dissertation [in Russian], Tbilisi (1966). 

3. M. S. Gladkova, Electron Microscopic Study of the Blood- 
Testis Barrier and Spermatogenic Epithelium in Rat under 
Normal and Experimental Conditions, Dissertation [in Rus- 
sian], Moscow (1976). 

4. A. I. Davydova, Byull. Eksp. Biol. Med., 74, No 10, 103- 
106 (1972). 

5. V. G. Kozhukhar', Arkh. Anat., 36, 69-80 (1979). 
6. A. V. Kumosov, The Role of Immunological Factors in Im- 

paired Spermatogenesis in the Varicocele: A Clinical and Ex- 
perimental Study, Dissertation [in Russian], Moscow (1979). 

7. T. R. Kumosova, Reparative Processes in the Testis of  
Pubertal Rats after Local X-Irradiation, Dissertation [in 
Russian], Moscow (1987). 

8. T. R. Kumosova and S. S. Raitsina, Ontogenez, 15, No- 
2, 183-191 (1987). 

9. A. A. Maksimov, Pathological Regeneration of the Testis. 
Dissertation [in Russian], St. Petersburg (1898). 

10. T. R. Podrabinek and S. S. Raitsina, in: Current Topics in 
Human and Mammalian Development [in Russian], Vol. 
101, Sirnferopol' (1983), p. 26. 

11. S. S. Raitsina, Byull. Eksp. Biol. Med., 42, J~ 9, 51-55 
(1956). 

12. S. S. Raitsina, Experimental Morphological Study of Re- 
parative Regeneration of the Testis in Tailed Amphibians 
and Mammals, Dissertation [in Russian], Moscow (1958). 

13. S .  S. Raitsina, On the Immunological Nature of Atrophy 
in the Damaged Testis, Dokl. Akad. Nauk SSSR, 164, 
224-229 (1965). 

14. S. S. Raitsina, Reparative Processes and Autoimmunity in 
Trauma of the Testis in Mammals, Dissertation [in Rus- 
sian], Moscow (1969). 

15. S. S. Raitsina, Trauma of the Testis and Autoimmunity [in 
Russian], Moscow (1970). 

16. S. S. Raitsina, Spermatogenesis and the Structural Basis of 
Its Regulation [in Russian], Moscow (1985). 

17. S. S. Raitsina, N. S. Gladkova, T. R. Podrabinek, et al., 
Zh. Obshch. Biol., 41, 138-149 (1980). 

18. R. L Bacon and H. Kirkmann, Endocrinology, 57, 255- 
271 (1955). 

19. A. Bergh and O. Soder, J. R. ImmunoL, 17, N o _ 2, 155- 
165 (1990). 

20. E. Bustos-Obrefon and A. P. Holstein, Cell Tiss. Res., 
175, 1-15 (1976). 

21. A. G. Byskov, Biol. Reprod., 19, 720-735 (1978). 
22. & G. Byskov, P. E. Hoyer, and L. Westergaard, Y. Reprod. 

Fert., 75, 299-306 (1985). 
23. E. J. Clegg, J. Endocrinol., 27, 241-251 (1983). 
24. M. Dym, Anat. Rec., 186, 493-524 (1976). 
25. J. Grinsted, A. G. Byskov, and M. P. Andreasen, J. 

Reprod. Fert., 56, 653-656 (1979). 
26. M. T. Hochereau-De Revier, M. Loir, and J. Pelletier, 

Ibid., 46, No- 1, 203-209 (1976). 
27. L. Johnson and H. B. Nguen, Ibid., 76, No 1, 311-316 

(1986). 
28. M. Kormano, in: The Testis, Eds. A. D. Johnston and W. 

R. Gomes, Vol. 4, New York (1977), pp. 461-476. 
29. I. Kyrle, Uber Regenerations Vorgange im Tierschen und 

Menschlichen Hodek, Sitzungsber. Dt Akad., Vol. 120, 
Vienna (1911), Part 111. 

30. D. Lehmann and L. R. Emmons, Amer. J. Reprod. 
Immunol., 19, N o- 2, 43-50 (1989). 

31. Lesson, Anat. Rec., 144, 57-61 (1962). 
32. M. Miettimun, A. Virtanen, and P. Talerman, Amer. J. 

Pathol., 120, J~. 3, 402-410 (1985). 
33. H. D. Murphy, Proc. Soc. Exp. Biol., 118, 1202-1218 

(1965). 
34. E. R. Nebel and C. J. Murphy, Radiat. Res., 12, 626- 

638 (1960). 
35. Nykonen, Virchows Arch. B., 33, 293-301 (1980). 
36. C. Pesce et al., Immunopathol. Res., 5, N_ o 6, 500-511 

(1986). 
37. E. C. Roosen-Runge, Acta Anat., 45, 1-30 (1961). 
38. E. C. Roosen-Runge and A. P. Holstein, Cell Tiss. Res., 

189, 409-433 (1978). 
39. A. Steinberger and E. Steinberger, in: The Testis, Eds. A. 

D. Johnston and W. R. Gomes, Vol. 4, New York 
(1977), pp. 371-399. 

40. The Testis, Eds. A. D. Johnston and W. R. Gomes, Vol. 
4, New York (1977). 

41. E. S. Tung, S. Smiths, C. Teuscher, et al., Amer. J. 
Pathol., 126, 293-302 (1987). 

42. S. Upadhyay and L. Zamboni, Proc. Nat. Acad. Sci. USA., 
79, No- 21, 6584-6588 (1982). 

43. E. Vendrely et al., Etude caryimetrique, C.R. Hebd. Seans. 
Acad. Sci. Paris, 275, 1143-1146 (1972). 

44. M. S. Viguier-Martines, M. T. Hochereau-De Revier, B. Bar- 
tenton, et. aL, J. Reprod. Fert., 70, No 1, 67-73 (1984). 

45. J. M. Waites, in: The Testis, Eds. A. D. Johnston and W. 
K. Gomes, Vol. 4., New York (1977), pp. 91-123. 

46. H. Wartenberg, in: The Testis, Eds. H. Burger and D. de 
Kretser, New York (1981), pp. 39-81. 

47. H. Wartenberg, I. Kinsky, C. Viebahn, et. al., J. Elec- 
tron. Microsc. Tech., 19, NO- 2, 133-157 (1981). 

48. H. Werkerle and M. Begemann, J. Immunol., 116, 159- 
161 (1976). 

49. H. Werkefle and M. Begemann, Europ. J. Immunol., 8, 
294 (1978). 

50. L. Zemboni, J. Bezard, and P. Mauleon, Ann. Biol. Anita., 
Biochim., Biophys., 19, 1153-1178 (1979). 


