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Spermatogenesis is the process of production of male gametes 
from SSCs. The SSCs are the stem cells that differentiate into 
male gametes in the testis. In the mean time, the Spg are 
remarkable for their potential multiple trans-differentiations, 
which make them greatly invaluable for clinical applications. 
However, the molecular mechanism controlling differentiation 
of the Spg is still not clear. Among the discovered spermato-
genesis-related genes, c-kit seems to be expressed first by 
the Spgs thus may play a central role in switching on the 
differentiation process. Expression of Kit and the activation of 
the Kit/Kitl pathway coincide with the start of differentiation 
of Spgs. Several genes have been discovered to be related to 
the Kit/Kitl pathway. In this review, we have summarized the 
recent discoveries of c-kit and the Kit/Kitl pathway-related 
genes in the spermatogenic cells during different stages of 
spermatogenesis.
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Introduction

It has long been believed that “differentiating” Spg are irrevers-
ibly committed to differentiation. In other words, the c-kit posi-
tive differentiated Spg can’t reverse to c-kit negative stem cells. 
But in male and female Drosophila melanogaster, it is shown that 
differentiating germ cells can revert to functional stem cells that 
can restore germinal lineage.1,2 A study by Barroca et al. reported 
that in mouse, purified c-kit positive Spg, although commit-
ted to differentiate, can repopulate when transplanted into the 
γ-irradiated germ-cell-depleted adult mice testes. GDNF and 
FGF2 are found to be able to reprogram in vitro Spg for reverse 
differentiation.3 As a marker of Spg differentiation, functions of 
c-kit include anti-apoptosis in PGCs, promoting cell replication 
in PGCs and Spg, and initiating the entry of Spg into meiosis.4 
As the fate of germ cell lineage in mammals is defined by a chain 
of inductions, we will discuss the role of c-kit and its signaling 
pathway (Kit/Kitl pathway) in Spg differentiation by structure, 
function and interacting factors.5
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cells.6,9 Kitl is expressed in the Sertoli cells which there have 
extensive contacts with the germ cells. Kit is activated only 
after binding with Kitl and the Kit/Kitl pathway is consid-
ered to be crucial for the proliferation, migration, survival and 
maturation of the germ cells both in the embryonic and the 
postnatal gonads.9-18 Mice carrying a mutation rendering a 
constitutively active Kit kinase have an interrupted transition 
from the round into the elongating spermatids.19

c-kit plays a key role in maintaining the ratio between self-
renewal and differentiation of SSCs.20 In normal seminiferous 
epithelium, the ratio between self-renewal and differentiation of 
spermatogonial stem cells is maintained at 1.0. Alterations in this 
ratio entail greater Spg self-renewal leading to Kit+ tumor cells 
in the seminiferous epithelium.21 In the mean time, the altera-
tions also entail stem cell depletion resulting in Sertoli cells only 
syndrome.22

Transcription and Translation of c-kit  
and its Ligand in Spermatogenic Cells

c-kit is allelic to the W locus on mouse chromosome 5.23 The 
21-exon gene encodes a 5,150 bp transcript which is translated 
into a product of 145 kDa protein with 979 amino acid resi-
dues which is called Kit.24 c-kit mRNA and protein synthesis 
are regulated separately possibly by circulating hormones as 
the undifferentiated Spg contains only c-kit mRNA but not 

Spermatogenesis and c-kit

Spermatogenesis is a highly regulated process of differentia-
tion and complex morphologic alterations that leads to the for-
mation of sperm in the seminiferous epithelium. In the adult 
male mammals, it can be subdivided into three main phases: 
spermatogonial proliferation, meiosis of spermatocytes and 
spermiogenesis of haploid spermatids. In the adult testes, sper-
matogenesis starts from diploid SSCs. The SSCs, also called 
type A

s
 Spg, are located on the basal membrane of the sem-

iniferous tubules. The A
s
 Spg can self-renew or produce the 

type A
p
 Spg. After successive divisions, A

p
 Spg differentiate 

and form chains of 4, 8 or 16 type A
al
 Spg and migrate along 

the basal membrane. According to morphological criteria, the 
SSCs, A

p
 and A

al
 Spg are classically called undifferentiated Spg. 

A
al
 Spg differentiate into more committed A1 Spg that will fur-

ther divide and differentiate into A2, A3, A4, intermediate and 
B Spg, which will undergo meiosis after a final mitosis.3 The 
“undifferentiated” (A

s
, A

p
 and A

al
) and the “differentiating” 

(A1, A2, A3, A4, intermediate and B) Spg differ in the expres-
sion of c-kit.6 The transition of undifferentiated Spg into dif-
ferentiating Spg coincides with the gain of Kit. The presence of 
Kit in Spg has been routinely used as a marker to identify dif-
ferentiating Spg.7,8 Figure 1 summarizes c-kit expression during 
spermatogenesis. Kit continues to be expressed until meiosis 
and play essential roles in the survival of the Kit-expressing 

Figure 1. Schematic representation of expression of c-kit in mouse germ cells from fetus to 30 days postpartum. PGCs from 8.5–13 dpc express full-
length Kit which is located on the membrane. From 13.5 dpc to 3 dpp, the PGCs lose Kit expression and turn into c-kit- gonocytes which are arrested. 
At 3 dpp, the gonocytes start to proliferate into As and Aal Spg, which are undifferentiated without expressing Kit. Expression of c-kit is re-started at 
around 7 dpp when the A1-B stage Spg appear. A truncated isoform of c-kit starts to be expressed (Tr-Kit) in the cytocol of the spermatocytes and is 
kept expressed in later stage germ cells (spermatocytes, spermatids and spermatozoa). Sertoli cells express Kitl from 8.5 dpc to 13.5 dpc and 6–10 dpp 
only. Entry of germ cells into meiosis occurs around 10 dpp. Expression of Kit and Kitl in the spermatogenic cells and Sertoli cells respectively is repre-
sented by the red color in the membrane, cytosol and nucleus.
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downstream exons, and encode for a truncated form of the Kit 
protein (~30 kDa), called Tr-Kit, including 12 hydrophobic 
amino acids followed by the last 190 carboxy terminal residues 
of the Kit.30,31 Tr-Kit derived from alternative promoter in the 
intron 16 of c-kit and encodes part of the non-conserved insert 
from the C-terminal tail region and the distal phosphotransfer-
ase kinase region, and it lacks the entire extracellular and the 
transmembrane domain.32 This intronic promoter of the c-kit 
is only active in the late stages of spermatogenesis, suggesting 
a role for this truncated protein either during spermatid differ-
entiation or for the function of mature sperm.33 Tr-Kit is found 
in the residual sperm cytoplasm and there is evidence for its 
serving a function in the activation of oocyte at fertilization in 
mice.31

Kitl and Spermatogenesis

Kitl, also called SCF, is produced in the Sertoli cells and is 
a cytokine essential for haematopoiesis, melanogenesis and 
development of germ cells. Kitl has been identified as an ana-
logue of the murine steel (Sl ) locus and is located on chromo-
some 12 in humans. Two isoforms of Kitl are generated from 
the same gene by alternative splicing—a soluble (Kitl

s
) and a 

transmembrane (Kitl
m
) form.34,35 The soluble form arises after 

proteolytic cleavage of a membrane-bound precursor.36 In the 
Spg proliferating stage, the membrane isoform is a predominant 

protein.15 Kit belongs to a family of growth factor receptors 
with intrinsic tyrosine kinase activity that transduces growth 
regulatory signals across the plasma membrane. Kit has three 
main functional regions: the extracellular domain, the trans-
membrane region and the intracellular domain. The extracel-
lular domain consists of five immunoglobin-like repeats with 
about 520 amino acids which are required for ligand binding 
and dimerization.25 The transmembrane region is a 23 amino 
acid hydrophobic domain, which anchors the receptor to the 
cell membrane. The 433 amino acid intracellular domain 
consists of three domains, with a proximal kinase region for 
ATP binding, a 70–100 amino acid non-conserved insert and 
a distal phosphotransferase kinase region.26 Binding to the 
Kitl induces a rapid and complete receptor dimerization that 
involves activation by autophosphorylation of the tyrosine 
kinase residues (Fig. 2).27 The phosphoTyrosine (pTyr) residues 
in the intracellular juxtamembrane domain subsequently serve 
as docking sites for signal transduction molecules.28

Kit has function not only during spermatogenesis, but also 
throughout all stages of male germ cell development before and 
after birth. Northern blot analysis of germ cells at different 
developmental stages has shown the presence of two alterna-
tive mRNA of c-kit, 3.2 and 2.3 kb in length respectively, in 
the haploid cells of the mouse testis.29 With an Open Reading 
Frame (ORF) that starts in the intron 16th mouse c-kit, the 
alternative spermatid-specific c-kit transcripts contain all the 

Figure 2. c-kit gene and Kit structure. The c-kit DNA is 5,150 bp in length, consists of 21 exons and encodes a 150 KDa full-length protein with 979 
amino acids. Exons 1–10 encode the extracellular components with 5 Ig-like domains and the signal sequences. Exon 11 encodes the transmembrane 
segment. Exons 12–20 encodes the intercellular segments including the juxtamembrane segment, proximal kinase domain, kinase insert domain and 
distal kinase domain. Exon 21 encodes the C-terminal tail. Truncated mRNA from intron 16 to exon 21 encodes the TR-Kit.
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Kit/Kitl-Dependent Mechanisms  
during Spermatogenesis

Four pathways are known to be activated in 
response to Kit/Kitl activation in the Spg. The 
PI3K pathway results in cell survival (via AKT 
and BAD regulation), adhesion (via c-JUN 
and c-FOS activation) and proliferation (via 
AKT and p70S6K). The PI3K/AKT pathway 
appears to be critical exclusively in postnatal 
stage spermatogenesis. Mice with a mutant 
form of Kit are incapable of PI3K recruiting 
and are sterile caused by reduced proliferation 
and increased apoptosis in the Spg.42 Through 
PI3K pathway, Kit/Kitl facilitate the upregula-
tion and nuclear accumulation of cyclin D3 as 
well as Spg proliferation suggesting that cyclin 
might be one of the targets of Kit/Kitl path-
way within the testis.37,43 Secondly, the SRC 
pathway involves the association of SRC fam-
ily proteins with the intracellular juxtamem-
brane domain of Kit and affects cell migration 
and AKT phosphorylation in mice PGCs.44 
Thirdly, Tr-Kit activated PLCG through the 
PLCG pathway, mediates the resumption 
of meiosis of the fertilized eggs.45 Lastly, the 
MAPK cascade is activated by RAS with the 
binding of Kit and GRB2. MAPK directly 
mediates gene transcription in PGCs and pro-
liferation in Spg.37,44,46

Roles of c-kit in Embryonic  
and Neonatal Spermatogenic Cells

c-kit and spermatogenic cell proliferation 
and restoration. In mouse, at around 7.2 dpc, 

somatic signals earmark a small cohort of proximal epiblast cells 
as potential germ cell precursors.47 This group of cells moves 
into the extraembryonic tissue at the base of the allantois, where 
a second round of selection occurs which results in a group of 
about 45 cells specified to be germ cell precursors or PGCs. After 
specification, the germ cells become transcriptionally silent at  
9.5 dpc and are subject to an extensive reprogramming of their 
genomes by histone modifications and alterations in the state of 
DNA methylation.48 C-kit mRNA is first detected in the PGCs 
at 6.5–7 dpc and persists during their subsequent proliferation 
and migration to the genital ridge (7.5–13.5 dpc).49,50 In the mean 
time, the somatic cells along the migratory pathway and geni-
tal ridges synthesize Kitl.16,17,51,52 In the absence of either Kit or 
Kitl, mice are sterile and with a reduced number of PGCs.17 Kitl 
secreted by the somatic cells seems to be an attractant for germ 
cells migration and are required for their adhesion, proliferation, 
migration and survival prior to 10 dpc after which downregula-
tion of Kitl is associated with switching on the intrinsic apop-
totic pathway in ectopic germ cells.16,44,53 We wonder if Kit/Kitl 

one; whereas in the Spg quiescent stage, the soluble form domi-
nates. Actions of Kit/Kitl system include stimulation of PGC 
migration, enhancement of proliferation of PGCs/Spg and 
anti-apoptosis of PGCs.4 However, the down-stream signaling 
pathways involved on Spg proliferation and anti-apoptosis seem 
to be different. In vitro addition of Kitl to A1-A4 Spgs results 
in a transient activation of Erk1/2 and PI3K which lead to Spg 
proliferation.37 Kitl existed in the seminal plasma in human 
significantly correlate with the sperm count.38 Mutation in 
Kitl in human has significant association of idiopathic male 
infertility.39 Together with the soluble growth factors includ-
ing GDNF and FGF2, Kitl might contribute to construct the 
potential niche which stimulates stem cell divisions.40 Kitl 
is also found to be able to increase the percentage of sperm 
undergoing acrosome reaction when cultured in vitro.41

Figure 3. Summary of Kit/Kitl signaling during spermatogenesis. The c-kit+ PGCs lose c-kit 
expression and turn into the undifferentiated Spg which characteristically express Plzf, 
Nanos, Bcl6b, Oct3/4, neurogenin3 and Sox3. Most of those undifferentiated Spg will go into 
c-kit- mitotic arrest (G0/G1 stage) under control of meiosis-inhibiting factor Cyp26b1. Un-
differentiated Spg arrested during mitosis can return to normal spermatogenesis triggered 
by various differentiation signals. The lack of c-kit negative mitotic arrest disorders will lead 
to teratomas. RA, FSH and BMP4 may facilitate Spg differentiation as well as the activation 
of the Kit/Kitl signal pathway. Active RA acts on Sertoli cells through the RARα to stimulate 
the synthesis of growth factors Kitl, which bind to Kit to activate kit/Kitl/PI3K pathway. ALK3, 
receptor of BMP4, is specifically expressed in the mitotic Spg during the first week after birth. 
BMP4 action is mediated by a rapid nuclear translocation of Smad4 and Smad5 which make 
the Spg start to express c-kit. Mutations of c-kit (resulting in self-activation of Kit) at post-mi-
gration stage of Spg will cause bilateral testicular germ cell tumors. Differentiated Spg will go 
into meiosis after the activation of Kit/Kitl signaling. Dazl is a competence factor for meiosis 
initiation and germ cells start to express Stra8, Dmc1 and Sycp3 once get into meiosis.
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Sertoli cells through the activation of Kit/Kitl system when they 
are induced by RA.11,13,69-71 In vitro experiment has proved that 
the addition of RA to the Kit expressing Spg will induce the onset 
of spermatogenesis but not the Kit negative Spg.70 Kit/Kitl activa-
tion causes a transient activation of ERK1/2 and PI3K-dependent 
AKT kinase. These events are followed by a rapid nuclear redistri-
bution of cyclin D3 and accumulation of cyclin E that promotes 
cell cycle progression via the PI3K/p70 S6 kinase pathway.37,43 
Hyperphosphorylation of retinoblastoma protein Rb by cyclin  
E/cdk2 is followed by the release of Rb-associated transcrip-
tion factor E2F, which elicits a timely induction of other genes 
required for S-phase progression.72 Silencing c-kit expression 
by siRNA in the Spg induces cell cycle arrest thus confirming 
the role of Kit on meiosis entrance.73 Transcriptome analysis 
of the Spg treated with Kitl indicates that Kitl stimulates their 
entrance of meiotic program by upregulating the G

1
/S transition 

inhibitors and G
2
/M promoters and by downregulating the G

1
/S 

promoters.74

Kit and mature sperm. c-kit gene translates to two kinds of 
proteins, Kit and Tr-Kit, during spermatogenesis. Tr-Kit protein 
is expressed during human spermiogenesis and maintained in 
human spermatozoa. Tr-Kit begins to be expressed in the post-
meiotic haploid germ cells.30,31 Cytometric analysis of several 
human sperm samples from volunteer donors, showed variable 
degrees of the Tr-Kit-specific immunolabeling, and a signifi-
cant inverse correlation of the Tr-Kit positivity with markers of 
sperm damage, i.e., DNA fragmentation, as revealed by TUNEL 

pathway may facilitate SSCs survival by sup-
pressing apoptosis as that in the ES cells.54

Unlike in the female where kit expression in 
oogonia continues into meiosis, the male PGCs 
arrest in G

0
/G

1
 of the mitotic cycle around 

13.5 dpc and resume mitosis around 3 days 
post partum (dpp) during which Kit expres-
sion is markedly reduced in mice (Fig. 3).49 At 
around 3 dpp, expression of Kit is still low when 
the male PGCs actively proliferate again. The 
transition from c-kit independent type to c-kit 
dependent type occurs at about 5 dpp when the 
competence to enter meiosis is reached.12,55,56 
Expression of Kit (3 dpp) is before the expres-
sion of Kitl (6–8 dpp) and their expression is 
closely coordinated.57-59

Even though its activation represents the 
start of differentiation in Spg, c-kit is an 
important stem cell marker for many types of 
stem cells such as hematopoietic stem cells.60 
Expression of Kit in the SSCs is contradic-
tory. In the early studies, Kit expression in the 
adult testis is detected by immunohistochemi-
cal analysis and in situ hybridization in the dif-
ferentiating type A (A1–A4), intermediate, and 
type B spermatogonia, as well as preleptotene 
spermatocytes and interstitial Leydig cells, but 
not in the undifferentiated spermatogonia and 
Sertoli cells.6,9 Hence, activation of the Kit/
Kitl signaling pathway is not required for SSCs self-renewal.20,61 
More recent studies demonstrate that both Kit- and Kit+ cells 
showed comparable levels of stem cell activity after germ cell 
transplantation.3,20,62 As SSCs can change their phenotype 
according to their microenvironment, Kit+ cells might be an 
intermediate state during SSCs self-renewal.20 Izadyar et al. fur-
ther characterized the Kit+ SSCs and find that the POU5F1+/Kit+  
subset of mouse SSCs generates cell lines that express pluripotent 
ES markers and can differentiate into multiple lineages. But in 
vivo testes regeneration assay shows that only the POU5F1+/Kit-  
SSCs will regenerate the spermatogenesis of the recipient tests.63 
Inactivation of c-kit by Imatinib caused an impairment of Spg 
self-renewal.64 Therefore, Kit seems not to affect SSCs self-
renewal directly, instead, it might affect the size of SSCs pool by 
playing a role during the phenotypic transitions of SSCs (Fig. 4).  
Intriguingly, Kit is expressed by SSCs such as A

s
, A

pr
 and A

al
 

even though activation of the Kit/Kitl signaling pathway is not 
required for their self-renewal which demonstrates the comlex 
dynamics of spermatogonial differentiation.20,61,65-67

Role of c-kit in onset of meiosis. Activation of Kit signaling 
before meiosis and inactivation of Kit after meiosis are important 
for proper spermatogenesis. Synthesis of c-kit mRNA and protein 
is concordant with the first appearance of differentiating Spg, 
and persists at relatively lower levels in meiotic pachytene sper-
matocytes.15 Followed by c-kit activation, early meiotic markers 
such as Dmc1 and Scp3 are activated.68 It has been demonstrated 
that the timing of meiosis entry is indirectly controlled by the 

Figure 4. c-kit and phenotypic transition of SSCs during spermatogenesis. There are two 
kinds of SSCs including the Kit+ and Kit- SSCs in the early stage of postnatal spermatogen-
esis in mice. The Kit- SSCs is the performer of normal spermatogenesis. In order to complete 
self-renewal, Kit- SSCs change their phenotype to Kit+ SSCs according to their microen-
vironment. Unlike the Kit- SSCs, Kit+ SSCs have limited pluripotence and cannot re-enter 
spermatogenesis after in vivo transplantation to the recipient mice.



www.landesbioscience.com	 Spermatogenesis	 191

animals via mechanisms that involve the suppression of BMP4 
expression.89 Receptors of BMP4 (ALK3 and BMPIIR) are 
specifically expressed in mitotic Spg during the first week after 
birth. BMP4 action is mediated by a rapid nuclear translocation 
of Smad4 and Smad5, where the Smad4/Smad5 complexes are 
able to recruit the transactivating factor CBP and to bind Smad-
responsive DNA sequences.

Another member of the TGFβ-BMP superfamily growth fac-
tor is BMP8b which stimulate both PGCs and Spg to proliferate. 
BMP8b-/- mice show impairment of PGC commitment, defects 
of Spg proliferation and spermatocyte apoptosis.90,91

FSH. FSH, LH and the testis androgen are involved in the 
process of orchestrated control of spermatogenesis. FSH is not 
essential for spermatogenesis but is required for quantitatively 
normal sperm production in both mice and human.92-96 FSH 
works directly on Sertoli cells via FSHR. Kitl is expressed by 
Sertoli cells under FSH stimulation. So, the Sertoli cells of the 
genetic mutant mice lacking FSH receptor will produce less 
Kitl. These mutant mice exhibit reduced testis, epididymis, and 
seminal vesicle as well as low levels of testosterone. A significant 
increase in the percentage of c-kit positive Spg and non-germ cells 
and a significant decrease in the percentage of elongated sper-
matids are observed in these mice. The increase in the percent-
age of c-kit-positive cells and decrease in the testosterone values 
of FSH receptor mutant mice may be due to the reduced levels 
of Kitl available for intercellular communication in the absence 
of FSH receptor signaling.97 In the Sertoli cells, FSH can regu-
late transcriptional function of the RARα, thus controlling cell 
proliferation and differentiation.98 Therefore, it appears that it is 
FSH that determines the expression of c-kit in the Spg via Sertoli 
cell factors including Kitl and RARα.

Roles of Kit/Kitl Pathway and Related Genes  
in Spg Maintenance

Genes involved in Spg maintenance. Plzf, Nanos, Bcl6b, Oct3/4, 
neurogenin3 and Sox3 are markers of the undifferentiated Spg. 
The DNA sequence-specific transcriptional repressor, Plzf, is 
considered to be involved in stem cell maintenance. Loss of Plzf 
function shifts the balance between spermatogonial stem cell 
self-renewal and differentiation toward differentiation at the cost 
of self-renewal and leads to an increase of post-meiosis apoptotic 
cells.99,100 It is shown that Plzf directly represses the transcrip-
tion of Kit.101 Nanos encodes for a zinc-finger RNA-binding pro-
tein and shows a translational repression activity requiring the 
interaction with the ubiquitously expressed protein Pumilio. The 
Nanos-Pumilio protein complex binds to NRE in the 3' UTR 
of target mRNAs and represses their translation.102 It has been 
indicated that Nanos3 is required to prevent PGCs from under-
going apoptosis during migratio.103 Overexpression of Nanos3 
causes an increase of G

1
 stage undifferentiated Spg. RA signifi-

cantly decreases the expression of Nanos3 in the undifferentiated 
Spg.104,105 So, Nanos3 is important for maintaining the undiffer-
entiated stage of Spg. Nanos2 suppresses meiosis by preventing 
stra8 expression. Nanos2-/- male PGCs go into apoptosis at 16.5 
dpp and are completely lost before birth.106 Oct3/4 is the stem cell 

analysis and the intense clusterin positivity. So, the maintaining 
of Tr-Kit in the haploid spermatogenic cells appears to correlate 
with the next stage spermatozoa DNA integrity.75 Whether Kit is 
present in these haploid germ cells is under debate. Muciaccia et 
al. found that Kit and its coding mRNA was not detected in the 
spermatozoa.75 Feng et al. show that the mature human sperma-
tozoa express Kit and its presence appears to be correlated with 
sperm capacitation and the acrosomal reaction. The percentage 
of sperm underwent acrosomal reaction declined and the per-
centage of head-to-head agglutination increased following block-
ing with Kit antibodies.76

Mechanisms Controlling the Activation  
of Kit/Kitl Pathway

The mechanisms controlling c-kit expression during spermato-
genesis are not very clear. However, several upstream regulating 
factors have been discovered in the studies of PGCs, oogene-
sis and other organisms. Here we will discuss 3 factors which 
directly or indirectly relate to Kit/Kitl pathway activation in the 
Spg.

Vitamin A and its derivatives. Retinoic acid (RA), an active 
metabolite of vitamin A, is a vital signaling molecule for normal 
fetal development, pattern formation, cell proliferation and dif-
ferentiation, and apoptosis.77 RA is synthesized by the mesoneph-
roi to which the gonads are attached.78 ES cells will differentiate 
to PGCs when culture with 2 μM RA for 5 days.79,80 RA may 
regulate proliferation and differentiation of Spg mainly through 
RARα mediated signal pathway. During post-natal develop-
ment, RARα and RXRβ are confined to Sertoli cells, whereas 
RARγ is expressed in Spg followed by a colocalization of RARβ, 
RXRα and RXRγ to the step 7–8 spermatids.81 RA acts to initi-
ate meiosis both in male and in female. In male, exogenous RA 
can induce XY A

al
 staged germ cells in a cultured mouse fetal 

testis to enter meiotic prophase.82 It is not yet known whether 
the action of RA in inducing differentiation and c-kit expression 
is directly, or indirectly via Kitl in the Sertoli cell. It is accepted 
that RA regulates the timing of meiosis indirectly via juxtacrine 
signaling by Sertoli cells.70 Some studies show that RA directly 
act on spermatogenic cells by stimulating Stra8 and c-kit gene 
expression, whereas others show exogenous RA could not stimu-
late c-kit expression in spermatogenic cells but cause apoptosis 
of the A

al
 Spg.83-85 Besides, RA also upregulates Kitl levels in the 

Sertoli cells, resulting in increased levels of the early meiotic cell 
markers. This activation is independent of germ cell viability and 
occurs through the phosphatidylinositol-3-kinases (PI3K) and 
MAP kinase (MAPK) pathways.70

BMP4/ALK3/SMAD5 signaling pathway. BMP4, one of the 
TGFβ-BMP superfamily growth factor, is produced by Sertoli 
cells very early in the postnatal life and is downregulated dur-
ing peri-pubertal phase. BMP4 treatment of the PGCs, SSCs and 
Spg increases Kit levels and causes a mitogenic response to Kitl.86-

88 BMP4 expression is significantly upregulated in the testes of 
VAD mice and is downregulated in freshly isolated germ cells 
treated by retinol. This reflects a direct requirement for retinoid 
by germ cells for the resumption of spermatogenesis in VAD 
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spermatocytes in males), Stra8 may play a role in the premeiotic 
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In male mice, Stra8 is expressed postnatally, in the mitoti-
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Spg is induced by RA stimulation, suggesting its role in sper-
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number of preleptotene spermatocytes exhibiting 5-bromo-
2-deoxyuridine incorporation, indicating a more synchronized 
premeiotic DNA replication.124 Mice lacking Stra8 function 
produces no sperm; most spermatogenic cells undergo apoptosis 
at a developmental stage when they normally would have pro-
gressed through meiotic prophase.122 Figure 3 concludes the pos-
sible network of genes controlling the normal Spg differentiation 
towards meiosis.

Conclusion and Prospect of Spg Studies

Mechanisms controlling spermatogenesis is mammals are still 
unclear. So far, we have known that the SSCs proliferate by stim-
ulation of soluble growth factors (GDNF and FGF etc.,) and cell 
structural gene products (Plzf, Nanos, Bcl6b, Oct, Neurogenin 3 
and Sox 3, etc.). Competence of entering of meiosis should be 
obtained (expression of Dazl) before the SSCs could respond the 
meiosis-promoting factors such as Syp3, Dmc1 and Stra8. Meiosis 
is regulated not only by the meiosis-promoting factors, but also 
by meiosis-inhibiting factors (such as Cyp26b1). The prospect 
of Spg researches should be focused on the mechanisms driving 
SSCs differentiation toward a haploid male germ cell which will 
help those infertile men who can’t produce sperm.

Acknowledgments

This work is supported by Hong Kong RGC grant (2140638) to 
Y.B. Han.

and germ line specific marker encoding DNA binding domain 
POU107 and it is also called Pou5f1. When RA binds to RARs, 
expression of Oct3/4 is inhibited. In the germ cell-specific nulls 
of Pou5f1, XX and XY germ cells undergo apoptosis between 
9.5–10.5 dpc, before colonization of the gonad.108

At around 13.5 dpc, germ cells in the testis enter mitotic 
arrest in G

0
 until near birth.109 At this stage, low level expres-

sion of meiosis-associated genes, such as Sycp3 and Dmc1, indi-
cates that all these germ cells are capable of entering meiosis.68 
It is hyphthesized that the mitotic arrest is induced by a testis-
derieved meiosis-inhibiting factor.110-112 Cyp26b1 seems to be one 
of the meiosis-inhibiting factors which regulate the amount of 
RA in the prenatal gonads.113 Germ cells that fail to enter into 
mitotic arrest forms teratomas in the Dnd1 mutant male mice and 
a finely tuned temporal expression of c-kit appears critical for nor-
mal spermatogenesis and surrpession of testicular tumors.114-116

Dazl is a competence factor for meiosis initiation. The 
Dazl gene family encodes potential RNA binding proteins that 
are expressed in prenatal and postnatal germ cells of males and 
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prophase. Expression of Dazl is required for stra8 responses to 
RA stimulation as RA could not stimulate stra8 in Dazl-/- tes-
tis.78,117,118 In male germ cells, Dazl is expressed in the A

al
 to A1 
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a failure of the great majority of the A

al
 Spg to differentiate into 

A1 Spg though most of the A Spg of Dazl-/- mice were positively 
stained for the c-kit protein. Most seminiferous tubules of Dazl-/- 
mice only contain actively proliferating A

s
, A

pr
 and A

al
 Spg, with 

no further successful differentiation due to apoptosis of subse-
quent cell types.120

Stra8, Dmc1 and Sycp3 are meiotic marker genes. Stra8 
is a vertebrate-specific gene that encodes a cytoplasmic protein 
whose expression is induced by retinoic acid.84,121 It is required 
for premeiotic DNA replication, chromosome condensation and 
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