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Neurotrophic factors, interacting with neurons to affect their growth, are a subset of the polypeptide growth factors. There is 

increasing evidence for a broader physiological role of these factors which includes effects on a variety of nonneuronal tissues. 

Among the cell systems, where neurotrophic factors have been hypothesized to exert local nonneurotrophic activities, the testis 

is of particular interest. This organ represents a complex biological unit which requires the concerted action of very diverse cell 

types interacting with each other in order to ensure correct spermatogenesis. As signaling molecules that may be involved in 

these intercellular communication events, various neurotrophic factors have attained considerable scientific attention. This 

article intends to summarize the presently available data on the distribution and possible local activities of neurotrophic 

factors and their receptors in testicular cells and provides further information on local expression sites of some of these factors 

in the human testis. Biomed Rev 1999; 10: 25-30. 

INTRODUCTION 

Nerve growth factor (NGF) is the first identified and most 

intensely studied neurotrophic factor. In addition to its well- 

established role for the development and survival of neurons in 

the central and peripheral nervous system, NGF also has a 

variety of nonneurotrophic activities (1). Target-derived NGF 

initiates these responses by binding to two distinct cell surface 

receptors: the tyrosine kinase A (TrkA) receptor and the p75 

neurotrophin receptor (p75NTR) (reviewed in 2). Based on their 

close structural and functional relationship, brain-derived neu- 

rotrophic factor (BDNF), neurotrophin-3 (NT-3), NT-4/5, and 

NT-6 have been embodied with NGF to constitute the neuro- 

trophin gene family (2). As does NGF itself, the other neuro- 

trophins bind to p75NTR with a relatively low affinity and interact, 

via high-affinity binding, with a second membrane protein 

which belongs to the Trk family (1,2). TrkB is regarded as a 

common receptor for BDNF and NT-4/5, while TrkC is thought 

 

 

to act as a specific receptor for NT-3. 

Among the tissues, where neurotrophic factors have been 

hypothesized to exert local nonneurotrophic activities, the 

testis is of particular interest. This article highlights the pres- 

ently available data on the distribution and possible local 

functions of neurotrophic factors and their receptors in testicu- 

lar cells. And provides further information on local expression 

sites of some of these factors in the human testis. 

NERVE GROWTH FACTOR IN THE TESTIS 

In testis, NGF protein and mRNA levels do not correlate with the 

innervation by NGF-sensitive nerve fibres, suggesting addi- 

tional functions within this reproductive organ (3-5). Testicular 

expression of the NGF gene, detectable as transcript species of 

1.3 and/or 1.5 kb by RNA blot analyses, could be demonstrated 

at first in the testis of rat and mouse (3). In the same study, 

mRNANGF was localized to spermatocy tes and early spermatids   
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of adult mouse, through in situ hybridization. Findings of NGF- 

like immunoreactivity in germ cells of rat and mouse testis raised 

the idea of a nonneurotrophic role for NGF (3,6), possibly related 

to sperm maturation ormotility (3). Further studies identified the 

Sertoli cells as local gene expression sites of the p75NTR receptor 

(7,8). Based on the observed increase in mRNAp75NTR levels after 

either hypophysectomy, destruction of Leydig cells or by 

blocking the androgen receptor, and deduced from the ability to 

suppress these effects by treatments with testosterone or 

chorionic gonadotropin, the authors concluded that male germ 

cell-derived NGF may function on Sertoli cells in an androgen- 

modulated fashion (7). An analysis of the expression of NGF and 

p75NTR during the spermatogenic cycle revealed mRNANGF and 

protein at all stages of the cycle, whereas transcripts for p75NTR 

were found only in stages VII and VIII, the sites of onset of 

meiosis(S). 

By immunoblot analyses of protein preparations from rat 

round spermatids,Chene?a/(9) identified two presumable NGF 

precursors of 31 and 22 kD, whereas the 13 kD mature form of 

NGF was not observed. Protein extracts from round spermatids 

were able to extend the viability of Sertoli cells. The elimination 

of this activity by immunoprecipitation with anti-NGF antibod- 

ies suggests that the NGF precursors are responsible for the 

maintenance of Sertoli cell viability. The specificity of this effect 

was demonstrated by control treatments, revealing that exog- 

enous NGF but not BDNF or NT-3 and -4/5 was able to rescue 

Sertoli cells. Consistently, NGF-like andproNGF-like immunore- 

activities could be localized to germ cells of the mouse testis (10). 

And studies performed with isolated and cultured tubules from 

human testis reveal that NGF affects the morphology and 

function of Sertoli cells (11). During an investigation designed 

to elucidate potential regulators of interleukin (IL) production 

by Sertoli cells, Stephan et al (12) demonstrate that NGF 

stimulates EL-6 levels in a dose-dependent manner but has no 

effect on IL-1. An additional specific local effect of NGF has been 

reported by Lonnerberg et al (13). These later authors showed 

a two-fold increase in androgen-binding protein gene expres- 

sion after infusion of NGF into the rat testis, whereas the mRNA 

levels of another Sertoli cell protein, urokinase-type plasmino- 

gen activator, remained unchanged. Sertoli cell transferrin se- 

cretion, used as a parameter to evaluate effects of peritubular 

myoid cells derived from immature rat testis on Leydig cell 

functions, likewise was not affected by exogenously added NGF 

(14). 

Several studies have focussed on the developmental regula- 

tion of the expression of NGF and its receptors in the embryonic 

and postnatal testis. Gene expression for p75NTR was found 

before the onset of spermatogenesis in both mouse and rat 

testis, and by in situ hybridization, the presence of mRNAp75NTR 

could be demonstrated in the peritubular cells of the embryonic 

mouse testis (15). Immunohistochemical analyses in the same 

study showed p75NJR-expressing cells to be scattered in the 

intertubular compartment in the embryonic testis, and to be- 

come organized in a cellular layer that surrounds myoid cells of 

the seminiferous tubules during postnatal development. In the 

fetal mouse testis at 12.5 days postcoitum, strong p75NTR 

immunoreactivity was localized to the entire population of 

mesenchymal cells spread through the interstitial tissue outlin- 

ing the developing testis cords (16). A careful study of rat 

embryonic tissues by Wheeler and Bothwell (5) demonstrated 

mRNAp75NTR in the mesenchymal cells surrounding the epithelia 

of the developing seminiferous tubules. The initially observed 

coexpression of neuronal cell adhesion molecule (NCAM), 

which may serve as an indicator for nerve fiber location, com- 

menced in late stages of morphogenesis, suggesting that p75NITR 

and NCAM have distinct, early and late functional roles in the 

development of these epithelial structures. 

Two investigations (17,18) of the postnatal developmental 

expression of NGF receptors in rat testis revealed highest gene 

expression levels for both p75NTR and TrkA during stages of the 

functional maturation of this organ. The maximal expression of 

mRNAp75NTR was detected at day 10(17) orat day 15 (18) stage 

examined, whereas highest levels of TrkA transcripts were 

found in 20-day (17) or 24- to 26-day old animals (18). Protein 

examinations revealed the presence of p75NTR in Sertoli cell 

membranes by Western blotting (17) and of TrkA by immuno- 

histochemical approaches predominantly in Leydig cells (18). In 

conjunction with the latter finding, gene transcripts for TrkA 

could be identified in Leydig cells but not in germ cells of the 

mouse testis (19). However, the same study failed to detect 

testicular gene expression for p75NTR during early postnatal 

development (day 20), but rather assessed highest levels in the 

adult. Moreover, by analyzing p75NTR gene expression via SI 

nuclease protection assay in different testicular cell types 

shortly after isolation, specifically-protected transcript frag- 

ments are detectable exclusively in spermatocytes and sperma- 

tids. Only after several days of culturing, small amounts of 

mRNAp75NTR are found in Sertoli cells. On the other hand, 

isolated Leydig cells, peritubular myoid cells and Sertoli cells, 

but not germ cells, are identified as potential testicular NGF 

sources. Thus, regarding the topological and/or developmental 

regulation of p75NTR and NGF gene expression in testis, there 

is a remarkable discrepancy between this and various other 

reports. The observed induction of mRNAp75NTR in cultured 

Sertoli and peritubular myoid cells suggests an autocrine 

mode of NGF action on these cells. 

Potential influences on physiological NGF levels have been 

proposed in two reports, showing an elevation of NGF content 

in the testis (and other tissues) in the early period of life in 

senescence-accelerated mice (20) or an increase of NGF immu- 

noreactivity in the testis and pituitary gland of hypothyroid rats 

(21), suggesting a possible regulatory link between NGF and 

thyroid hormone. 

While most studies have so far been focussed on the NGF 

system in rodents, Wrobel etal (22) demonstrated recently the 

expression and developmental regulation of p75NTR in bovine 
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testis. More importantly, the role of NGF in the human male 

reproductive system has not yet been characterized systemati- 

cally. In order to provide initial data on the expression sites of 

NGF and its receptors in the adult human testis, immunohis- 

tochemical analyses have been performed. NGFimmunoreactiv- 

ity is detectable mainly in Ley dig cells as well as in some Sertoli 

cells and spermatids of a subset of tubules (Fig. 1), whereas the 

expression of p75NTR and TrkA is illustrated in Figure 2-4. In 

addition, reaction products are detectable in the peri tubular 

myofibroblasts and in a subset of the connective tissue cells of 

the peritubular tissue. Moderate staining can also be localized 

to capillary vascular endothelial cells and endothelial and 

smooth muscle cells of some small- and medium-sized blood 

vessels. 

BRAIN-DERIVED NEUROTROPHIC FACTOR AND 

NEUROTROPHIN-3, -4/5 IN THE TESTIS___________ 

Recently, BDNF gene expression in the human testis is demon- 

strated by RT-PCR analyses (24), and BDNF protein is detect- 

able in adult Leydig and Sertoli cells by immunocytochemistry 

(24). An examination of fetal human testis did not reveal any 

immunoreactivity for BDNF (16). Trace amounts of testicular 

gene expression of its high-affinity receptor, TrkB, are detected 

via RT-PCR in germ cells but not in Leydig, Sertoli and peritubu- 

lar myoid cells of the mouse testis (19). In the human testis, the- 

re is strong immunoreactivity for TrkB within the cytoplasm of 

the Leydig cells (Fig. 5). Immunoreactivity of lower staining 

intensity is detectable also in Sertoli cells and spermatids of 

some tubules. Functional studies addressing the role of this 

neurotrophin in the testis have not yet been performed. 

In meiotic and early postmeiotic germ cells of the mouse testis, 

NT-3 has been proposed to be involved in male germ cell 

development and maturation based on observations of a very 

strong expression of its receptor TrkC (16). Remarkably, TrkC 

appears to represent the predominant high-affinity neurotrophin 

receptor, coexpressed with p75NTR in these cells (19). Presence 

of transcripts for NT-3 and its receptor in the adult human testis 

(24) andevidence for both NT-3-like and TrkC-like immunoreac- 

tivity in the fetal human testis (16) are reported. The expression 

of TrkC in the adult human testis is examined by immunohis- 

tochemical analyses. As shown in Figure 6, the strongest 

immunoreactivity is localized to Leydig cells. Reaction products 

of lower staining intensity are detectable in some peritubular 

myofibroblasts as well as in some spermatocytes and round 

spermatids. Although Sertoli cells in general appear unstained, 

individual cells in certain tubules display distinct immuno- 

reactions (Fig. 6). Direct evidence for functional activities has 

not yet been provided, but the distribution and the pronounced 

expression of its components in testis suggest a substantial 

and specific local role of the NT-3/TrkC system. 

NT-4/5, the latest identified and least understood member of 

the neurotrophin gene family, interacts with p75NTR and TrkB to 

exert its biological actions. Several peripheral tissues in human 

(23) and rat (25) have been shown to express mRNANT'4/5. 

Generally, the level of NT-4/5 transcripts in most tissues is much 

lower than that of the other neurotrophins. However, mRNANT 

4/5 is detected at relatively high levels in the premature rat testis 

(26). By comparison with themRNA expression in various other 

organs including brain, the highest level of NT-4/5 transcripts 

overall was found in testes of newborn (postnatal day 1) 

animals. The recent measurement of NT-4/5 protein in rat tissues 

by a sensitive immunoassay (27) revealed rarely detectable 

levels in postnatal tissues with the notable exception of the 

testis. Consistent with the mRNA data (26), the highest concen- 

tration (up to 500 pg/g tissue weight) in this organ is found in 

the first week after birth. The levels of NT-4/5 decrease during 

postnatal development but still remain significant in the adult. 

In conclusion, the high amount of NT-4/5 and its distinct 

developmental expression pattern in the testis might suggest a 

function as a growth factor for immature male germ cells. 

GLIAL CELL LINE-DERIVED NEUROTROPHIC FACTOR AND 

NEURTURIN IN THE TESTIS 

Glial cell line-derived neurotrophic factor (GDNF), isolated 

initially from arat glial tumor cell line, is related to the transform- 

ing growth fac tor-beta (TGF- (3) superfamily (28). Recently, two 

other factors, neurturin (NTN) andpersephin (PSP), are identi- 

fied, sharing a considerable sequence homology with GDNF 

(29,30). All three factors signal through heteromeric protein 

complexes consisting of a factor-specific ligand-binding recep- 

tor termed GDNF family receptor alpha-1 (GFRoc-1) in case of 

GDNF, GFRa-2(NTN) orGFRa-4 (PSP), respectively, and the 

common transmembrane tyrosine kinase receptor cRet (31-34). 

While GDNF and NTN exert effects in both central and periph- 

eral neurons, PSP seems to play arole exclusively in the central 

nervous system (30). 

In the rat testis, mRNAGDNF level is found to be intensively 

expressed (35,36). Note that during early postnatal develop- 

ment, the gene expression of GDNF in the testis is higher than 

that in the brain (36). This suggests a pronounced local activity 

of GDNF in testicular cell differentiation. Evidence for GDNF 

gene expression in the Sertoli cell line TM 4 (36) raised the 

possibility that GDNF is produced by these cells in vivo. 

Moreover, Caoetal (37) reported that the signalling receptor for 

GDNF, cRet, might function in the regulation of sperm differen- 

tiation in mouse, since the highest levels of expression in adult 

animals arefoundin spermatocytes. Furthermore, marked stimu- 

latory effects of GDNF on the proliferation of rat Sertoli cells 

have been described (38). Thus, there is some initial evidence 

for a possible nonneurotrophic role of GDNF in the testis. In 

addition, gene expression of GDNF and GDNF immunoreactiv- 

ity as well as the presence of GFRa-1 and GFRa-2 in the 

human testis are recently reported (24). 

Only one published study so far provides information on the 
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expression and possible role(s) of NTN in testis. Xian et al (39) 

investigated the distribution pattern of mRNANTN and peptide 

in several peripheral organs of adult rats. In addition to the 

pituitary, intestine, and salivary glands, the testis was found to 

belong the cell systems with highest levels examined, suggest- 

ing activities of NTN on nonneuronal cells within this organ. 

CONCLUSION 

There is a bulk of evidence for physiological functions 

of neurotrophic factors outside the nervous system. An 

increasing number of studies suggest that the testis be- 

longs to the peripheral organs where local non- 

neurotrophic activities play a particular role. In this com- 

plex cell system, various neurotrophic factors appear 

to be involved specifically in the regulation of early de- 

velopmental processes and in the maintenance of intact 

spermatogenesis. The preferential expression of many 

neurotrophic factors and their receptors in human Ley- 

dig cells might reflect the neuroendocrine properties of 

this cell type (40,41). 
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