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1 | INTRODUCTION

1.1 | Development of fetal and adult Leydig cells in

mammals

Abstract

Background: In mammals, two distinct Leydig cell populations, fetal Leydig cells
(FLCs) and adult Leydig cells (ALCs), appear in the prenatal and postnatal testis, re-
spectively. Although the functional differences between these cell types have been
well described, the developmental relationship between FLCs and ALCs has not been
fully understood. In this review, | focus on the cellular origins of FLCs and ALCs as
well as the developmental and functional links between them.

Methods: | surveyed previous reports about FLC and/or ALC development and sum-
marized the findings.

Main findings: Fetal Leydig cells and ALCs were identified to have separate origins in
the fetal and neonatal testis, respectively. However, several studies suggested that
FLCs and ALCs share a common progenitor pool. Moreover, perturbation of FLC de-
velopment at the fetal stage induces ALC dysfunction in adults, suggesting a func-
tional link between FLCs and ALCs. Although the lineage relationship between FLCs
and ALCs remains controversial, a recent study suggested that some FLCs dediffer-
entiate at the fetal stage, and that these cells serve as ALC stem cells.

Conclusion: Findings obtained from animal studies might provide clues to the causa-
tive mechanisms of male reproductive dysfunctions such as testicular dysgenesis

syndrome in humans.
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analyses of the rat testis revealed that FLCs have numerous lipid
droplets, while lipid droplets are not abundant in ALCs.? Moreover,
several genes are expressed in ALCs but not in FLCs,® and recent

transcriptomic analyses have extended this knowledge by showing

Androgens play pivotal roles in the development as well as homeo-
stasis of male reproductive functions. Although both major steroi-
dogenic tissues, the adrenal gland and testis, produce androgens,
testicular Leydig cells are well known as the main source of physi-
ologically active androgens. In mammals, at least two types of Leydig
cell, fetal Leydig cells (FLCs) and adult Leydig cells (ALCs), sequen-
tially develop in the fetal and adult testis, respectively,! and show
distinct characteristic features. For example, electron microscopy

distinct gene expression profiles in FLCs and ALCs.* In particular,
17B-hydroxysteroid dehydrogenase type 3 (HSD17B3) is expressed
in ALCs but not in FLCs, and therefore, FLCs produce androstenedi-
one, while ALCs produce testosterone.®

As FLCs rapidly decrease in number after birth, FLCs are supposed
to die or degenerate and be replaced by newly developed ALCs in the
postnatal testis.»® However, morphometric analyses of the fetal and

postnatal testis suggested that FLCs persist even in the adult testis.”°
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Several researchers recently waded into this controversy by adopt-
ing a lineage tracing technique and clearly revealed that FLCs persist
in the postnatal testis, at least in mice. 1112 Although these analyses
clarified the fate of FLCs, the origins of FLCs and ALCs remained a
matter of debate. Intensive studies have identified progenitor cells for
FLCs and ALCs in the fetal testis and neonatal testis, respectively,*>*°
and these results suggested that FLCs and ALCs have distinct origins.
However, a recent study instead suggested that FLCs and ALCs share
a common origin,16 and also that perturbation of FLC differentiation
in the fetal period affects ALC differentiation later in puberty. These
results suggested that the development and function of ALC are
closely associated with those of FLCs. Although the lineage relation-
ship between FLCs and ALCs is still controversial, Shima et al recently
performed rigorous lineage tracing of FLCs by using the FLC-specific
regulatory region (Fetal Leydig Enhancer, FLE) of the Nr5al gene to
specifically label FLCs. Their results strongly suggested that some
FLCs dedifferentiate at the fetal to neonatal stages and that these
dedifferentiated cells serve as ALC progenitor cells.’

In this review, | focus on the cellular origins of FLCs and ALCs
and present an overview of recent knowledge about the relationship
between FLCs and ALCs.

2 | MORPHOLOGICAL AND FUNCTIONAL
DIFFERENCES BETWEEN FETAL AND ADULT
LEYDIG CELLS

2.1 | Morphology of fetal and adult Leydig cells

Leydig cells were initially described in 1850 as testicular interstitial
cells containing characteristic lipid droplets.!® Since then, numerous
researchers have observed Leydig cells using electron microscopy;
these cells were identified as the testicular interstitial cells, which
have abundant smooth endoplasmic reticulum and lipid droplets, mi-
tochondria with tubular cristae, and crystals of Reinke.'? Most of these
morphological features of Leydig cells match those of other steroido-
genic cells such as adrenocortical cells, and one study supported the
hypothesis that Leydig cells are the main source of androgens.?°
Most morphological studies of the testis have used the rat as a
model animal, and some of these studies demonstrated that FLCs
have numerous lipid droplets whereas ALCs contain a small num-
ber of them. However, this morphological difference between these
two cell types was not apparent in the case of mice. Therefore, re-
cent studies attempted to identify the genes that show distinctive
expression patterns between FLCs and ALCs, and to date, several

molecular markers of FLCs and ALCs have been reported.

2.2 | Androgen production in fetal and adult
Leydig cells

Androgens produced by FLCs induce masculinization of the fetus:
the development of external genitalia such as the scrotum and penis;
the development of the accessory sex organs such as the epididymis,
deferent ducts, and seminal vesicles; and male-specific neuronal

network formation in the brain. Testosterone, the most potent andro-
gen in mammals, is synthesized from cholesterol via multiple reactions
mediated by a set of steroidogenic enzymes. FLCs express most of
these enzymes such as steroidogenic acute regulatory protein (StAR),
cholesterol side-chain cleavage P450 (P450SCC or CYP11A1), 3p-hy-
droxysteroid dehydrogenase/A5-A4 isomerase (3p-HSD or HSD3B),
and 17B-hydroxylase/17,20-lyase P450 (CYP17A1). However, 17p-hy-
droxysteroid dehydrogenase type 3 (HSD17B3), an enzyme that me-
diates the final reaction of testosterone synthesis, is not expressed in
FLCs.?! Therefore, the major androgen produced by FLCs is not tes-
tosterone but androstenedione. Although Sertoli cells are accepted as
nonsteroidogenic cells, they express HSD17B3 only in the fetal period.
Shima et al examined the activities of steroidogenic enzymes in FLCs,
fetal Sertoli cells, and ALCs, with the obtained results supporting the
conclusion that androstenedione produced by FLCs is transferred to
fetal Sertoli cells and then converted to testosterone, whereas ALCs
are capable of producing testosterone by themselves because they
express HSD17B3 as well as other steroidogenic enzymes.’

There are multiple subtypes of 17p-HSD in both mouse and
human, one of which, 17p-HSD type 1 (HSD17B1), plays a central
role in ovarian steroidogenesis in mice.?? Recently, Hakkarainen et al
reported that HSD17B1 is expressed in the fetal and neonatal Sertoli
cells in mice; moreover, male mice with Hsd17b1 gene knockout
showed morphologically abnormal spermatozoa and compensated
upregulation of HSD17B3, suggesting that HSD17B1 contributes to
testosterone synthesis in the fetal and neonatal testis.?®

There are also multiple subtypes of 3p-HSD in both mouse and
humans. Interestingly, 33-HSD type 1 (HSD3B1) is expressed in both
FLCs and ALCs, whereas 3p-HSD type 6 (HSD3B6) is expressed only
in ALCs in mice. Therefore, most previous studies used HSD3B6 as an
ALC-specific marker. Recently, Yokoyama et al generated HSD3B1-
specific antibody and performed double immunostaining of the adult
mouse testis with this antibody and a previously generated HSD3B6-
specific antibody.?* They showed that there are three distinct Leydig
cell populations in the adult testis: HSD3B1(+)/HSD3B6(-) cells,
HSD3B1(+)/HSD3B6(+) cells, and HSD3B1(-)/HSD3B6(+) cells.®
Although these results suggested that ALCs consist of heterogeneous
subpopulations, it seems certain that FLCs do not express HSD3B6.

2.3 | Actions of LH and androgen on fetal and adult
Leydig cells

Luteinizing hormone (LH) is secreted from the pituitary gonado-
trope and stimulates testicular Leydig cells to produce testos-
terone. Lack of LH or LHR has been shown to result in markedly
reduced testosterone production and the arrest of postnatal
sexual development in male mice, indicating that androgen pro-
duction in ALC is solely dependent on LH.?°?® However, the
disruption of LHp or LHR did not affect fetal masculinization, sug-
gesting that androgen production in FLCs does not depend on LH,
although LHR starts to be expressed in the FLCs at embryonic day
16 (E16)?° and fetal testes are capable of responding to LH stimu-
lation and produce testosterone.*°
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Androgens exert their physiological actions by binding to andro-
gen receptor (AR). Ar gene mutation or disruption leads to the failure
of ALC functional maturation, and these mice fail to produce enough
testosterone to induce puberty and sperm maturation.®3! Ar gene
mutation in humans induces androgen insensitivity syndrome (AIS).
AIS patients exhibit symptoms quite similar to those of mice with
Ar gene disruption, such as female external genitalia, female breast
development, blind vagina, and undescended testes. These obser-
vations provide evidence that AR plays an essential role in postnatal
masculinization in both mice and humans.

Interestingly, FLCs do not express AR, and fetal masculinization is
not affected by systemic Ar gene mutation or disruption in mice. Shima
et al recently generated mice with FLC-specific Ar gene disruption,
which can be used to analyze the cell-autonomous roles of AR in FLCs.
Their results reconfirmed that FLC differentiation does not depend on
AR and moreover that FLCs persist as an AR-independent cell popula-
tion even in the adult testis.** Although AR is not expressed in FLCs,
the interstitial cells surrounding FLCs express AR.*1%2 As these intersti-
tial cells are supposed to be Leydig cell progenitors, it can be assumed
that androgen signaling might play an important role in maintaining the
Leydig progenitor population in the fetal testis. Kilcoyne et al hypothe-
sized that the AR-positive interstitial cells in the fetal testis serve as ALC
progenitor cells, and they actually showed that low androgen exposure
at fetal stages resulted in a decreased number of Leydig progenitor cells

and the functional failure of ALCs in adulthood.®
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FIGURE 1 Nrb5al gene regulationin
FLCs and ALCs. Shima et al proposed a
model of Nr5al gene regulation in FLCs
and ALCs based on their observations.!”
Fetal Leydig enhancer (FLE) of the Nr5al
gene induces NR5A1 expression in the
FLC progenitor cells, which differentiate
into FLCs. Thereafter, FLCs undergo
dedifferentiation at the fetal to neonatal
stages. NR5A1 is downregulated in

the dedifferentiated cells, although

the mechanism behind this is unclear.
The dedifferentiated cells start to
redifferentiate at the prepubertal stage,
and eventually contribute to ALCs in
adult testis. FLE is essential for Nr5a1
gene expression in both FLCs and ALCs.
However, since FLE induces Nr5al

gene expression only in FLCs,™ it was
suggested that other regulatory element(s)
of the Nr5al gene (adult Leydig enhancer,
ALE) might be involved in the Nr5al gene
expression in ALCs
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2.4 | Nr5al gene regulation in fetal and adult
Leydig cells

NR5A1 (also known as Ad4BP or SF-1) is an orphan nuclear receptor
expressed in various tissues such as the ventromedial hypothalamus,
pituitary gonadotrope, adrenal cortex, spleen, as well as testis and
ovary. Systemic disruption of the Nr5al gene resulted in complete
gonadal and adrenal agenesis, indicating that this factor is essential
for the development of the adrenal gland and gonad.®*%° This fac-
tor was initially identified as a transcriptional activator of steroido-
genic genes,36 and accordingly, NR5A1 is strongly expressed in the
adrenocortical cells, testicular Leydig cells, and ovarian theca cells.?’
Buaas et al generated mice with steroidogenic cell-specific Nr5al
gene disruption by mating Cypllal-iCre mice and Nr5al flox mice
38, the phenotypes of these mice reconfirmed the functional impor-
tance of NR5A1 in steroidogenic cells including FLCs and ALCs.%?
Nr5al gene expression in each tissue is strictly regulated by tis-
sue-specific enhancer. Transgenic analyses have revealed that the
Nr5al gene promoter induces reporter gene expression in the undif-
ferentiated gonad.*® In addition, intensive transgenic studies have
identified the enhancers for fetal adrenal cortex,*! ventromedial hy-
pothalamus,42 pituitary gonadotrope,43 and FLCs.** Identification of
the FLE (FLC-specific enhancer of Nr5al gene) was followed by an-
other study which confirmed that FLE induces reporter gene expres-
sion in FLCs but not in ALCs,'! and simultaneously suggested that
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Nr5al gene expression in ALCs is regulated by other enhancer(s).
Intriguingly, the deletion of FLE resulted in the complete disappear-
ance of FLCs as well as ALCs,17 indicating that FLE is essential for
Nr5al gene expression in both FLCs and ALCs. Taking these lines of
evidence into consideration, Shima et al proposed a putative model
of Nr5al gene regulation in FLCs and ALCs'’ (Figure 1).

3 | ORIGIN OF LEYDIG CELLS

3.1 | Origin of fetal Leydig cells

The testis originates from the genital ridge, a thickening of the ventral
coelomic epithelium. The genital ridge at the early fetal stage is un-
differentiated and has the potential to develop both testis and ovary.
However, activation of the Sry-Sox9 genetic cascade induces Sertoli
cell differentiation and the male gonad is prompted to develop into the
testis. Sertoli cells surround the germ cells, which have migrated from
the extraembryonic ectoderm through the mesenterium, and the testis
is divided into two compartments: the testis cord and the interstitium.

Sertoli cells produce desert hedgehog (DHH) and platelet-derived
growth factor (PDGF) to induce FLC differentiation,*>*¢ and FLCs ini-
tially appear in the interstitial region at E12.5 in mice. Thereafter, FLCs
increase in number throughout the fetal period. As functionally differ-

24748 it \as assumed that FLC

entiated FLCs are mitotically inactive,
progenitors reside within the interstitial compartment of the fetal tes-
tis, and these progenitor cells continually give rise to FLCs throughout
the fetal period. NR5A1 is essential for steroidogenic cell differentia-

tion'35,49

and this factor is expressed in the adrenogonadal primordium
(AGP), which thereafter divides and gives rise to the adrenal primor-
dium and genital ridge.*” The adrenocortical cells and FLCs commonly
express steroidogenic genes; these two cell populations are consid-
ered to originate from NR5A1-positive cells in AGP. At E12.5 onward,
NR5A1 is strongly and weakly expressed in the FLCs and other inter-
stitial cells, respectively,so and the interstitial cells expressing NR5A1
weakly are expected to include Leydig progenitor cells. Recently,
mRNA-sequence analyses of bulk sorted cells or single-cell transcrip-
tomic analyses of fetal testis identified the interstitial Leydig progen-
itor cells that express NR5A1 weakly.*>? Furthermore, Inoue et al
isolated the interstitial cell population that expresses NR5A1 weakly,
and demonstrated that these cells, at least in part, serve as FLC pro-
genitor cells by performing testis reconstruction experiments.®®

3.2 | Adult Leydig progenitor cells in neonatal testis

The number of FLCs declines after birth and thereafter another Leydig
cell population, ALCs, appears and rapidly increases in number during
the pubertal period. However, once ALCs have occupied the interstitial
space of the adult testis, there is a low rate of ALC turnover. Therefore,
it is difficult to observe differentiating ALCs in the adult testis.

An alkylating reagent, ethane dimethanesulfonate (EDS), has
been identified as a Leydig cell-specific killer. EDS treatment induces
ALC death at 1-3 days after the treatment (Days 1-3), and almost all
of the ALCs have disappeared by Days 7-14. Thereafter, ALCs start

to regenerate from Day 21 to reach the control level by Day 49.>3
Davidoff et al hypothesized that this regeneration process mimics ALC
differentiation in the pubertal period, and closely observed the regen-
erating ALCs. They revealed that vascular pericytes transdifferentiate
into ALCs, suggesting the possibility that the vascular pericytes can
serve as ALC stem cells.>* In contrast, Ge et al hypothesized that ALC
stem cells reside within the neonatal testis, and these cells contrib-
ute to the rapid increase in ALCs at the pubertal stage. They isolated
peritubular cells from the neonatal testis that were HSD3B1-negative,
LHR-negative, and PDGF receptor o (PDGFRa)-positive. These cells
started to express HSD3B1 and produce androgens upon culture
under adequate conditions; moreover, these cells contributed to ALCs
when transplanted into the interstitial space of recipient testis.*> These
results strongly suggested that the peritubular nonsteroidogenic cells
in the neonatal testis serve as ALC stem cells, and subsequent studies
reconfirmed the potential of these peritubular cells to differentiate
into ALCs via in vitro seminiferous tubule culture experiments.>>>¢
Moreover, Li et al reported that the peritubular cells in the neonatal
testis differentiate into ALCs in response to DHH, TGF-p, and FGF2.%7

3.3 | Common progenitor pool for FLCs and ALCs in
fetal testis

As described in previous sections, FLC progenitors and ALC stem
cells were separately identified in the fetal and neonatal testis, re-
spectively; these results suggested that FLCs and ALCs have distinct
origins (Figure 2A). However, several studies have instead raised the
possibility that these two cell types share a common progenitor pool.

Barsoum et al noticed that not all NR5A1-positive progenitor
cells in the fetal testis differentiate into FLCs, and hypothesized that
these progenitor cells have the potential to differentiate into both
FLCs and ALCs. They reported that constitutive activation of the
hedgehog pathway resulted in an increased number of FLCs as well
as a reduced number of progenitors, and moreover, ALCs were de-
creased in the prepubertal period. They interpreted these results as
evidence that FLCs and ALCs share a progenitor population in the
fetal testis * (Figure 2B). If FLCs and ALCs arise from a common pro-
genitor pool, there should be mechanisms that determine the fate of
each progenitor cell to differentiate into FLC or ALC. Although such
mechanisms remain unknown, several studies have suggested pu-
tative regulators of FLC and ALC differentiation, such as NR5A1,%®
COUP-TFII,>” WT1 expression in Sertoli cells,®® androgen signaling
in Sertoli cells,%! and hedgehog signaling from Sertoli cells to the

Leydig progenitors.6%%°

4 | FATE OF FLCS IN THE POSTNATAL
TESTIS

As Leydig cells show characteristic features such as abundant smooth
endoplasmic reticulum, mitochondria with tubular cristae, and lipid
droplets, this cell type has been subjected to numerous histological
studies. In particular, electron microscopy analyses of the rat testis
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revealed that FLCs contain numerous lipid droplets, whereas ALCs
have a small number of them.? Most researchers focused on the cell
density and serum testosterone concentration, and they concluded
that FLCs completely regress and are replaced by ALCs.>*® In con-
trast, several researchers performed morphometric analyses of FLCs
in the prenatal and postnatal testis, and their results suggested that
FLCs persist in the postnatal testis.>?°

In recent studies, the Cre-loxP system was used to label and trace
the FLCs. Kaftanovskaya et al used mice in which Cre recombinase is
expressed under the control of the Retinoic acid receptor 2 (Rarb) gene
promoter, and reported that FLCs persist in the adult testis.*? In an-
other study, Shima et al generated FLC-specific CreERT mice by using
FLE of the Nr5al gene and crossed these mice with CAG-CAT-EGFP
reporter mice.** Using the double transgenic mice, they labeled FLCs
with EGFP at E14.5 by tamoxifen treatment and analyzed their fate
in the adult testis. The results showed that EGFP-labeled cells per-
sisted in the adult testis, and these cells did not express HSD3B6 and
HSD17B3, marker proteins for ALCs. These lines of evidence strongly
support the conclusion that FLCs persist in the adult testis, at least

in mice.

5 | DEVELOPMENTAL LINK BETWEEN
FETAL AND ADULT LEYDIG CELLS

5.1 | Influence of fetal Leydig cell dysfunction on
adult Leydig cell development

Although FLCs and ALCs have been considered to be independent
cell populations, several studies have reported that FLC dysfunc-
tion resulted in the functional failure of ALC. van den Driesche et
al attempted to suppress androgen production in the rat fetal tes-
tis by treating fetuses with dibutyl phthalate (DBP) and analyzed
the effects at later stages. They found that DBP treatment induced
reduction of anogenital distance (AGD) and compensated ALC
failure. Interestingly, these effects at later stages were observed
when fetuses were treated in a limited time window (they called
this period the masculinization programming window).> In another
study, Su et al eliminated FLCs in the rat testis by EDS treatment at
neonatal stages and analyzed the effect of FLC loss on ALC func-
tion in the pubertal and adult periods. They found that testoster-
one production was dramatically decreased at P56, suggesting that
FLC dysfunction attenuates ALC development in the adult stage.®®
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Kilcoyne et al attempted to obtain mechanistic insights into the
developmental link between FLCs and ALCs by focusing on the
Leydig progenitor cells in fetal testis. Since the Leydig progenitor
cells in fetal testis express AR, they hypothesized that the FLC-de-
rived androgen signal is indispensable for the maintenance of ALC
stem cells. According to their conclusion, ALC dysfunction during
puberty might be attributable to susceptibility to androgen con-
centration in the fetal period.%®

5.2 | Dedifferentiation or degeneration of fetal
Leydig cells in human fetal testis

Most previous animal studies appeared to support the conclusion
that FLCs and ALCs are independent cell populations, and it has
been generally accepted that FLCs do not contribute to ALCs.6768
However, observation of human fetuses conversely suggested the
possibility that FLCs dedifferentiate and contribute to the postnatal
Leydig cell population.

One of the largest differences between rodent FLCs and human
FLCs is LH dependence. As noted in the previous section, FLCs
in mice develop independently of LH throughout the fetal pe-
riod.?¢27? In contrast, human fetuses are exposed to hCG secreted
from the placenta, and the FLC population is dependent on hCG.”°
Serum hCG decreases at the second trimester of pregnancy, and the
number of FLCs decreases in this period accordingly.”* Moreover,
several histological features suggesting FLC degeneration or dedif-
ferentiation, such as cell volume reduction, electron-dense cells,
and lipid droplets in the degenerating cells, were observed.”*7?
Thereafter, the hypothalamic-pituitary-gonadal axis was shown to
be temporarily activated and Leydig cells were found to reappear in
the neonatal testis.”* As this Leydig cell population, neonatal Leydig
cells, shows morphological features similar to FLCs, these cells are
considered to be redifferentiated FLCs.”*”> After a sharpincreasein
serum testosterone, this level decreases again and remains low until
prepubertal ALC differentiation. Although neonatal Leydig cells are
not observed in rodents’ testis, these observations in human testis
might provide clues to clarify the lineage relationship between FLCs

and ALCs in other animals.

5.3 | FLCs dedifferentiate and thereby
redifferentiate to ALCs in mouse testis

Recently, Shima et al adopted the powerful genetic tool lineage trac-
ing analysis to reveal the fate of FLCs in mice. In this analysis, FLE of
the Nr5al gene was used to label FLCs. FLE induced CreER expres-
sion in FLCs, and tamoxifen treatment induced the recombination of
loxP sites in CAG-CAT-EGFP, and resulted in FLC-specific labeling by
EGFP in a limited time window. These analyses clearly revealed that
some FLCs undergo dedifferentiation in the fetal to neonatal period.
Moreover, some FLCs contribute to peritubular myoid cells and vas-
cular pericytes, and consistent with previous studies, FLC-derived
peritubular myoid cells and vascular pericytes showed the poten-
tial to differentiate into ALCs (Figure 2C). They also generated two

mouse models: FLC-specific Nr5al gene-disrupted mice and mice
lacking FLE of the Nr5a1 gene. Both of these mouse models demon-
strated the disappearance of FLCs as well as the marked decline or
complete loss of ALCs, supporting the conclusion that a considerable
proportion of ALCs originate from dedifferentiated FLCs in mice.””

6 | CONCLUDING REMARKS

Since Leydig cells were first described as characteristic testicular
interstitial cells, many researchers have attempted to reveal their
morphological and functional features in the prenatal and postna-
tal testis. These intensive studies revealed morphological and func-
tional differences in FLCs and ALCs as well as the fate of FLCs, and
many researchers are now focusing on the functional link between
FLCs and ALCs. Although progenitor/stem cells for FLCs and ALCs
were distinctively identified in the prenatal and neonatal testis,
respectively, several recent studies suggested that FLCs and ALCs
share a common progenitor pool in the fetal testis. Moreover, sev-
eral studies provided evidence, suggesting that FLCs play pivotal
roles in ALC stem cell maintenance as well as the functional differ-
entiation of ALCs in the pubertal period.

Hutchison et al reported that fetal exposure to DBP induces the
focal dysgenesis of seminiferous tubules and intratubular Leydig
cells in rats, both of which are known as characteristic symptoms
of testicular dysgenesis syndrome (TDS) in humans.”® TDS is known
as one of the causes of male infertility, and epidemiological studies
suggested that its pathogenesis is attributable to a low testosterone
level in the fetal period.”””® Further analyses of animal models might
provide clues to clarify the causative mechanisms underlying the
pathogenesis of TDS in humans.

Finally, the lineage relationship between FLCs and ALCs is still
a matter of debate. Observation of human fetuses suggested that
FLCs dedifferentiate to give rise to postnatal Leydig cells.”? In ad-
dition, recent lineage tracing analyses strongly suggested that FLCs
dedifferentiate and redifferentiate to ALCs also in mice.}” However,
it is still unclear whether all of the ALCs are derived from FLCs or
some of them differentiate from their own progenitors. It is antici-

pated that future studies will resolve this important issue.
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