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Abstract

More than half of ADAM (a disintegrin and metalloprotease) family members are expressed in mammalian male reproductive organs such as
testis and epididymis. The ADAM19 gene identified in mouse is a member of the ADAM family and is highly enriched in testes of a newborn
mouse. The present study was performed to determine its expression pattern in whole mouse testes in vivo as well as its in vitro action and
regulation in testis cells from 2-day-old mice. Reverse transcriptase polymerase chain reaction (RT-PCR) detected ADAM19 mRNA from
15.5 days postcoitum (dpc) to 21 days postpartum (dpp), with high expression during the perinatal period. Immunohistochemistry demonstrated
ADAM19 protein localization to the seminiferous cords at both embryonic and postnatal ages examined (from 15.5–19.5 dpc to 2 dpp). In
particular, we obtained new evidence that a neutralizing antibody to ADAM19 had no influence on the proliferation of 2 dpp testis cells cultured in
serum-free medium when compared to controls. Interestingly, it inhibited the 2 dpp testis cell proliferation elicited by stimulation with 10% FCS
(Pb0.01) or FSH (Pb0.05). Lastly, using a model of 2 dpp testis cell cultures and RT-PCR procedures, we demonstrated that follicle stimulating-
hormone (FSH) reduced the levels of ADAM19 mRNA in a time-dependent manner. Taken together, these results indicate that the expression of
ADAM19 may be subject to regulation by FSH during mouse testis development. Furthermore, ADAM19 can act to regulate the proliferation of
perinatal testis cells in the perinatal period.
© 2006 Elsevier Inc. All rights reserved.
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Introduction

The ADAM (a disintegrin and metalloprotease) protein family,
which includes over 36 membrane-anchored, glycosylated, Zn2+-
dependent proteases, is a rapidly growing family of cell surface
proteinswith gene expression specifically or predominantly in testis
(Blobel, 2005). TheADAMproteins possess a signal domain, a pro-
domain, a metalloprotease domain, a disintegrin domain (a putative
integrin ligand), a cysteine-rich region, an epidermal growth factor-
like domain, a transmembrane domain, and a cytoplasmic tail (Seals
and Courtneidge, 2003; Primakoff and Myles, 2000). ADAMs on
the cell surface are proposed to have potential protease activity via
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their metalloprotease domain and potential adhesion activity via
their disintegrin domain. Previous studies have demonstrated that
ADAMs are involved in diverse processes such as development,
cell–cell interactions, protein ectodomain shedding and EGFR
signaling (Blobel, 2005; Yagami-Hiromasa et al., 1995).

ADAMs were initially identified from sperm (Wolfsberg et al.,
1995). Messages for several ADAMs including ADAM2, 18, 20,
21, 24, 25, 26, 27, 29, 30 and 34 were found solely in the testes,
suggesting potential roles for these proteins in spermatogenesis,
fertilization, gamete interaction and membrane fusion in mammals
(Bolcun et al., 2003; Choi et al., 2004).

ADAM19, also called meltrin β, was initially identified in
muscle cells and much progress has been made in the study of
ADAM19 since it was first isolated in 1998 (Inoue et al., 1998).
ADAM19 was later found to be present in several other tissues,
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most prominently in the heart, lung, and brain (Wei et al., 2001).
Furthermore, ADAM19 has been clearly demonstrated to have
essential roles in heart development, as shown in null-mice
(Kurohara et al., 2004), and to be a suitable marker for human
monocyte-derived dendritic cells (Fritsche et al., 2003). In
addition, Kyoko Shirakabe and his colleagues reported that
ADAM19 participated in the proteolytic processing of the β-type
neuregulin isoform (Shirakabe et al., 2001), whichwas involved in
neurogenesis and synaptogenesis.

Duringmouse embryogenesis, ADAM19mRNA ismarkedly
expressed in cranial and dorsal root ganglia (DRG) and in the
ventral horns of the spinal cord and heart of mice from
embryonic day (dpc) 8.0 to 16.5 (Kurisaki et al., 1998). Many
non-reproductive tissues including the heart, lung, skeletal
muscle, and intestine express ADAM19 mRNA transiently, and
a pivotal role for ADAM19 in the development of these tissues
has been implicated using the ADAM19 gene knockout mice
(Kurohara et al., 2004; Zhou et al., 2004). However, little data
about the developmental expression, action, and regulation of
ADAM19 in testes has been reported. In mouse testes, real-time
PCR revealed a high level of ADAM19 gene expression in
newborn mice (Nuttall et al., 2004), and faint expression during
the embryonic stage between 12.5 and 14.5 dpc (Menke and
Page, 2002; Bouma et al., 2004). This implies that the expression
of ADAM19 in mouse testes might also be developmentally
regulated, as its expression in other tissues including the muscle
and heart. This hypothesis prompted us to examine the
developmental expression of ADAM19 in mouse testes in
vivo and its action and regulation in vitro.
Fig. 1. RT-PCR analysis of ADAM19 transcripts in developing testes. A; Representat
PCR products was 429 bp for ADAM19 and 459 bp for β-actin. Lane 1–11: marker;
testes (dpc=days postcoitum; dpp=days postpartum). B: Statistical analysis of relativ
relative intensity was determined by the ratio of ADAM19 mRNA to β-actin mRNA
mean between the 15.5 dpc and the other stages. Compared to 15.5 dpc, ⁎Pb0.05.
Materials and methods

Reagents and animals

Dulbecco's Modified Eagle Medium (DMEM) and Ham'F
(F12) were obtained from GIBCO (Invitrogen Corporation).
Other reagents were purchased from Sigma Chemical Co. (St.
Louis, MO, USA) unless otherwise indicated.

Adult (virginal; 22–25 g) mice of the outbred Kunming white
strain were purchased from the Experimental Animal Center,
Institute of Zoology, Chinese Academy of Sciences, and raised at
25 °C in a consistent photoperiod (14 h light:10 h dark cycle). The
Guidelines for the Care and Use of Animals in Research were
followed. The mice were allowed free access to water and food.
Virgin femalemicewerematedwith fertilemales of the same strain.
Plug date was considered to be 0.5 days postcoitum (0.5 dpc). Birth
was defined as 0 day postpartum (0 dpp), and generally occurred
during the night between 19 and 20 dpc. Pregnant mice were killed
and fetuses were removed at 12.5, 13.5, 14.5, 15.5, 16.5, and
18.5 dpc (n=3–4 pregnant animals/timepoint). For the postnatal
time points, neonatal mice were killed on 1, 3, 4, 7, 14, 21, and
60 dpp (n=3–6 animals/timepoint). Testes were quickly removed
and processed by one of the two methods: 1) tissues collected for
RT-PCR and immunoblotting were snap-frozen in liquid nitrogen
and stored at −80 °C until further processing; 2) tissues collected
for immunohistochemical analysis were fixed in 4% paraformal-
dehyde for 6–18 h, transferred to 70% ethyl alcohol at 4 °C, and
were then processed for histological evaluations. Tissues were
embedded in paraffin and serially cut sagittal into 5 μm sections.
ive RT-PCR products of ADAM19 and β-actin (internal control). The size of the
15.5 dpc; 16.5 dpc; 18.5 dpc; 0 dpp; 3 dpp; 4 dpp; 7 dpp; 14 dpp; 21 dpp; 60 dpp
e levels of ADAM19 mRNA in the testes at different stages of development. The
as measured by densitometry (n=4). Data acquired by RT-PCR are shown as the



Fig. 2. ADAM19 protein expression in the testes between 13.5 dpc and 60 dpp. A: Immunohistochemistry detection of ADAM19 localization in 13.5 dpc (a), 15.5 dpc
(b), 17.5 dpc (c), 0 dpp (d), 2 dpp (e), 7 dpp (f ), and 14 dpp (g) testes. From 15.5 dpc to 2 dpp, strong ADAM19 staining is detected within the seminiferous cords (C).
No ADAM19 staining is detected on the adjacent serial sections to 2 dpp sections when preimmune IgG is utilized as primary antibody (h). Whole-embryo sections
from 12.5 dpc mice (i) show specific staining for ADAM19 in the heart (H) and lung (L). Bar, 100 μm. B: Immunoblotting analysis of ADAM19 expression, showing
the presence of a 115-kDa immunoreactive band that reacts to the same antibody as used for immunolocalization, which represents the ADAM19 protein present in
testes during perinatal period. Lanes: M, molecular weight marker; 2 dpp, 2 days postpartum; 17.5 dpc, 17.5 days postcoitum; 15.5 dpc, 15.5 days postcoitum.
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Isolation and culture of 2 dpp testis cells

Existing techniques (Cupp et al., 2000) were used to achieve
a testicular culture from postpartum day 2 (2 dpp). Briefly, the
2 dpp testes were subjected to enzymatic treatment at 37 °C with
0.125% trypsin, 0.1% EDTA, and 0.02 mg/ml DNase for 15–
20 min in PBS. The enzymatic digestion was stopped by
transfer to DMEM/F-12 medium containing 10% fetal calf
serum (FCS). The samples were triturated with a pipette tip and
washed twice in 1 ml DMEM/F-12 medium. Finally, the cells
were plated out into 6-well dishes (Nunclon) at equal plating
densities (5×105 cells/ml) with viability estimated at 80–90%
by Trypan Blue exclusion. For morphology assays cells were
plated at a 25% confluence in 24-well plates and were treated
with follicle stimulating-hormone (FSH, F4021, Sigma) for
24 h. After culture, morphological changes were photographed
by phase contrast microscopy. For regulation experiments the
cells were allowed to settle overnight in DMEM/F-12 serum-
free medium. Medium was replaced the next day and cells were
treated for 4–24 h with 25 IU/l FSH.

RNA isolation and reverse transcription-PCR

Total RNA from whole testes and cells was obtained using
TRIzol (Invitrogen, Life Technologies, Gaithersburg, MD, USA).
RT-PCR was conducted according to the previously described
protocols (Wang et al., 2004). Specific PCRprimerswere designed
based upon the GeneBank sequence of ADAM19 (NM009616)
using the EMBL database, and the following sense and antisense
primers were used: sense, 5′-GGCTGGTGAT GACTGGAA-3′;
Antisense, 5′-GCTTGAAAGTTGGGTTGG-3′. The amplified
range was nt 1907–2335 comprising approximately 429 bp. For
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positive control,β-actinwas amplified using the following primers:
sense, 5′-GGCCCAGAGCAAGA GAGGTAT-3; antisense, 5′-
ACGCACGATTTCCCTCTCAGC-3′. The amplified rangewas nt
251–710 comprising approximately 459 bp. The optimal ranges of
PCR amplification observed were 33 cycles for ADAM19 and 30
cycles for β-actin. The PCR reaction was carried out by denaturing
at 94 °C for 45 s, annealing at 56 °C for 45 s and extending at 72 °C
for 45 s. Several control reactions were performed to confirm the
quality of the RT products and to exclude genomic contamination.
Amplification ofβ-actin gene transcriptswas used to confirmRNA
integrity and efficiency. The purified PCR products were cloned
into pGEM@-T Easy vector (Promega Corp., Madison, WI, USA)
and confirm sequence identity (Sangon Corp., Shanghai, China).

Immunohistochemistry

Tissue sections were deparaffinized, rehydrated, and rinsed
with PBS. After that they were microwaved in 10 mM citric acid
(pH 6.0) for 15 min at 92–100 °C for antigen retrieval, then
cooled to room temperature. After washing in PBS containing
0.1% BSA, nonspecific binding was blocked in 10% normal goat
serum in PBS with 0.1% BSA for 1 h. The sections were then
incubated with a goat anti-mouse ADAM19 polyclonal antibody
[Santa Cruz Biotechnology (sc)-25986] overnight at 4 °C in a
humidified chamber. The antibody was diluted 1:400 in PBSwith
1% BSA. After incubation with the primary antibody, the tissues
were washed in PBS with 0.1% BSA and were subsequently
Fig. 3. Effects of anti-ADAM19 antibody on 2 dpp testis proliferation as measured by
24 h. (B): Morphological appearance of cells cultured in serum-free medium containin
10% FCS, 25 IU/l FSH, 10 μg/ml anti-ADAM19 antibody, anti-ADAM19 antibody
control and represent three individual experiments in triplicate. Compared to contro
incubated with biotin-conjugated secondary rabbit anti-goat
antibodies (Jackson Immunoresearch Laboratories, 1:200 dilution
in PBS) for 1 h at 37 °C. The sections were washed in PBS and
incubatedwith alkaline phosphatase streptavidin for another 1 h at
37 °C. After a final rinsing in PBS, the primary antibody binding
was visualized with an AP Red kit (VECTOR, SK-5100) accor-
ding to the manufacturer's instructions. Tissues were thenwashed
with water. Counterstaining was done with hematoxylin. To
ensure antigenic specificity, parallel experiments were performed
using goat preimmune IgG as a negative control.

MTT test

The proliferation of testis cells was estimated by supravital
staining as described previously (Puglianiello et al., 2004). Cells
were seeded at an initial number of 20×103 into 96-well plates
and allowed to settle overnight in serum-free medium. Medium
was replaced the next day, and cells were treated for 24 h with
different reagents. Medium was removed after a 24-h treatment
period, and medium containing dye thiazolyl blue (MTT, 0.5%)
was added to the cell cultures and allowed to remain for 4 h. After
4 h of labeling, culture medium was discarded and replaced with
150 μl DMSO. The absorbance at 595 nm was used as a measure
of the number of live cells in the cultures. There was a linear
correlation between the number of living cells from 10 to 60×103

per well in 96-well plates and recorded 595 nm absorbance units
(data not shown in the present study).
MTT. (A): Morphological appearance of cells cultured in serum-free medium for
g FSH for 24 h. Bar, 100 μm. (C): 2 dpp testis cells were treated with or without
+FCS or anti-ADAM19 antibody+FSH. Results are presented as percentage of
l, ⁎Pb0.05, ⁎⁎Pb0.01; compared to single treatment respectively, #Pb0.05.



Fig. 4. Effects of FSH on ADAM19 mRNA levels. (A): Representative RT-PCR
products of ADAM19 and β-actin (internal control). The cultured testis cells
obtained from 2 dpp were treated with FSH (25 IU/l) for 4–24 h. Total cellular
RNA was then extracted, and RT-PCR analysis was performed as described in
Materials and methods. (B): Statistical analysis of relative levels of ADAM19
mRNA in the testes at different stages of development. The relative intensity was
determined by the ratio of ADAM19 mRNA to β-actin mRNA as measured by
densitometry (n=4). Data acquired by RT-PCR are shown as the mean of
between the control group (no treatment) and the different timepoint group
(n=3/treatment). Compared to control, ⁎Pb0.05.
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Immunoblotting

Immunoblotting was performed according to the standard pro-
cedures. Protein samples were subjected to SDS-polyacrylamide
gel electrophoresis under reducing conditions and transferred onto
nitrocellulose membranes (Amersham, UK). After blocking for
2 h in 5% dry milk in 50 mM Tris–HCl (pH 7.4)/0.15 M NaCl
(TBS), the primary antibody against ADAM19 was incubated
with the blots overnight at 4 °C. After three washes in TBS, the
blots were incubated with anti-goat secondary antibody conjugat-
ed to horseradish peroxidase at 1:3000 for 1 h. After three washes
in TBS and three additional washes in water, detection was carried
out using the ECL system.

Statistical analysis

The relative intensity of the PCR products was determined by
densitometric analysis of band intensities. The bands were
analyzed using the MetaView Image Analyzing System (Version
4.50; Universal Imaging Corp., Downingtown, PA, USA). The
relative level of ADAM19 mRNA normalized to β-actin mRNA
was calculated. Data were analyzed with the JMP 3.1 statistical
analysis program (SAS Institute, Cary, NC, USA). All values are
expressed as the mean±SEM. Statistical analysis was performed
using one-way ANOVA. Significant differences were determined
using the Dunnett test for comparison to controls and using the
Tukey–Kramer honestly significant difference tests for multiple
comparisons. Statistical difference was confirmed at Pb0.05.

Results

Developmental expression of ADAM19 gene as determined by
RT-PCR

To determine whether ADAM19 is developmentally regulated,
we first examined the time course of ADAM19 gene expression
during male gonad development by semiquantitative RT-PCR. In
mice, the first morphological difference between the male and
female gonads appears at 12.5 days postcoitum (dpc) in terms of
the seminiferous cord (Menke and Page, 2002). From this period
through 14.5 dpc, ADAM19 RNA levels were not examined (data
not shown). The levels of mRNA for ADAM19 were first
examined at 15.5 dpc and continued to increase until parturition
(Fig. 1). After birth, ADAM19 expression started to decrease from
7 dppon, and noADAM19mRNAwas detected at 60 dpp (Fig. 1).

Localization of ADAM19 protein as determined by immuno-
histochemistry

To determine the cellular localization of the ADAM19 protein,
immunohistochemistry was conducted on testes collected at
13.5 dpc, 15.5 dpc, 17.5 dpc, 0 dpp, 2 dpp, 7 dpp, 14 dpp,
21 dpp, and 60 dpp of testis development. Only background
staining for ADAM19 protein was detected at 13.5 dpc (Fig. 2Aa).
At 15.5 dpc (Fig. 2Ab), 17.5 dpc (Fig. 2Ac), 0 dpp (Fig. 2Ad), and
2 dpp (Fig. 2Ae), positive staining for the ADAM19 protein was
detected within the seminiferous cord including Sertoli cells and
germ cells and no specific signal was detected in the interstitial
cells, including the Leydig cells. By 7 dpp (Fig. 2Af ), only
background staining forADAM19was detected. From14 dpp (Fig.
2Ag) to 60 dpp, no ADAM19 protein was detected (sections from
21 dpp to 60 dpp not shown). In addition, no ADAM19 staining
was detected on adjacent serial 2 dpp sections when preimmune
IgG was utilized as primary antibody (Fig. 2Ah). Whole-embryo
sections from 12.5 dpcmice (Fig. 2Ai) showed specific staining for
ADAM19 in the heart (H) and lung (L).

Developmental expression of ADAM19 protein as determined
by immunoblotting

To see a band at the correct size and strengthen the specificity
of the immunohistochemistry, immunoblotting experiments
were performed. The immunoblots of 2 dpp testes, 17.5 dpc
testes and 15.5 dpc testes showed the 115-kDa forms of the
ADAM19 protein (see Fig. 2B). The ADAM19 protein bands
were not detected in the other stages of testes including 7 dpp,
14 dpp, 21 dpp and 35 dpp (data not shown), in accordance with
the immunohistochemical results.
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Effects of anti-ADAM19 antibody on perinatal testis cell
proliferation

Effects of anti-ADAM19 antibody on 2 dpp testis cell proli-
feration were investigated through MTT assay. This stage of
development was selected due to the highest amount of both
mRNA (Fig. 1) as well as protein for ADAM19 (Fig. 2). Mixed
populations of 2 dpp testis cells were treated without (Fig. 3A) or
with the most effective doses of the proliferation factors-FSH
(Fig. 3B) and 10% FCS, while additional 2 dpp testis cell cultures
were treated with the antibody alone or with the same positive
regulators of 2 dpp testis proliferation. The antibody alone did not
significantly alter the proliferation of testis cells in serum-free
medium when compared to controls. However, it inhibited FSH
and 10% FCS-stimulated proliferation (Fig. 3C). Therefore,
ADAM19 might mediate the action of proliferation factor-sti-
mulated proliferation in 2 dpp testis cultures (i.e., FSH and 10%
FCS) and may be a potential regulator of testis proliferation
during this perinatal period. No significant effects were found in
control preimmune IgG-treated groups (data not shown).

Regulation of ADAM19 gene expression by gonadotropin

Because the ADAM19 protein was shown to be present in
Sertoli cells, we next sought to investigate the possible regulation
of the ADAM19 gene by FSH using RT-PCR. The cultures were a
mixed population of Sertoli and Leydig cells. To strengthen the
argument of Sertoli cell expression and regulation, the effects of
luteinizing hormone (LH) on ADAM19 mRNA levels were also
investigated. As shown in Fig. 4, FSH (25 IU/l) affectedADAM19
mRNA levels in a time-dependent manner, as FSH reduced
ADAM19 mRNA levels after 8 h of exposure, with maximal
inhibition observed at 16 h (Pb0.01) (Fig. 4). However, LHhad no
effects on ADAM19 mRNA levels (data not shown).

Discussion

In the testes, a series of radical remodeling events occurs during
development. The testes are composed of twomain compartments:
the interstitium, containing the steroidogenic Leydig cells, and the
seminiferous tubules, composed of germ cells, Sertoli cells and
peritubular cells (Willerton et al., 2004).MouseADAM19, initially
cloned by Hirohata and his colleagues, was subsequently mapped
to theA5-B1.1 region of chromosome 11 (Hirohata et al., 1998). To
our knowledge, three studies (Nuttall et al., 2004;Menke and Page,
2002; Bouma et al., 2004) have reported the expression of
ADAM19 mRNA in mouse testes, but this report is the first
detailing the temporal and spatial expression of ADAM19 during
mouse testes development. In this study, ADAM19 mRNA was
first found at 15.5 dpc, and exhibited a continued presence during
the later embryonic and neonatal periods. These findings are
consistent with previous references, demonstrating that ADM19
mRNA is highly expressed in testes of newbornmice (Nuttall et al.,
2004). These findings also indicate that the expression of
ADAM19 in mouse testes is temporally restricted, and that it is
down-regulated during later developmental stages, similar to the
patterns found in skeletal muscle (Kurohara et al., 2000). Such
transient expressionmay provide amethod of functional control for
this membrane-bound metalloprotease.

The formation of the cord during the embryonic period is one
of the crucial morphogenetic events that must occur for the
development of mouse testes (Willerton et al., 2004). Previous
reports suggest that overexpression of ADAM19 causes mor-
phological changes during cardiovascular morphogenesis (Kur-
ohara et al., 2004; Zhou et al., 2004). However, no experimental
results detail the effects of ADAM19 on testis morphogenesis, as
ADAM19 expression was not detected in this period. After cord
formation, the ADAM19 gene starts to express (first detected at
15.5 dpc) and this expression continues to increase throughout the
later embryonic stages (16.5–18.5 dpc). This time period
corresponds to one of the earliest male-specific characteristics
of the development of adult testes: a period of dramatic growth.
Based on the timing of ADAM19 expression in embryonic and
postnatal life, it is hypothesized that ADAM19 might play a key
role in the testis growth including protein cleavage and integrin
interactions. The proliferation effect has been demonstrated by
our proliferation experiments. The anti-ADAM19 antibody
inhibited significantly the proliferation stimulated by both FSH
and FCS. Therefore, ADAM19 might mediate the action of
proliferation factor-stimulated proliferation in 2 dpp testis cultures
(i.e., FSH and 10% FCS) andmay be a potential regulator of testis
proliferation during this perinatal period.

The observation that ADAM19 is important for stimulating the
proliferation of testis cells in the perinatal period is significant
because of the importance of cell proliferation in the newborn for
adult testis size and fertility. Hormone such as FSH is the most
active agent found to promote testis growth and particularly
Sertoli cell proliferation, yet little is known about the underlying
molecular mechanism. ADAM19 is one of the transmembrane
metalloproteinases that are distinct from the MMPs in that it also
has an extracellular disintegrin domain and a cytoplasmic domain
that can associate with intracellular proteins (Shirakabe et al.,
2001). Now that blocking the action of ADAM19 by its antibody
caused a dramatic inhibition of the proliferative effect of FSH on
2 dpp testis cells, it is possible thatADAM19might be involved in
the local mediation of FSH action. Further analyses will be
necessary to clarify the downstream signalmolecules thatmediate
the proliferation effects of ADAM19 on 2 dpp cells.

Previous studies report that the 5′-upstream region of the
ADAM19 gene contains two types of regulatory regions: a
distal region that works as a negative regulatory region, and a
proximal one containing a positive regulation cis-element
(Kurohara et al., 2000). Considering the expression pattern of
the ADAM19 gene during testes development, it is conceivable
that the positive regulatory region is involved in later embryonic
and early neonatal periods, whereas the negative region is
involved in adult stages. As this study demonstrated that the
expression of ADAM19 had a tendency to decline with the
aging of testes, it is also possible that signaling molecules
present in the testes might down-regulate the expression of the
ADAM19 gene. After determining the kinetics of the untreated
testis cells, or those treated with FSH, our data revealed that
transcripts of the ADAM19 gene were strongly down-regulated
in 2 dpp testis following exposure to FSH. Since FSH regulates
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ADAM19, one could hypothesize that the ADAM19 protein is
expressed by Sertoli cells. Then, the decrease in the mRNA
levels of ADAM19 during ontogenesis could be accounted for
by an increase in FSH levels and/or a dilution of Sertoli cell
number because of the dramatic increase in the germ cell
number in the testis during this period. In addition, our results
also indicated that LH had no effect on ADAM19 levels. The
result further strengthened the argument of Sertoli cell
expression and regulation.

Although we have identified one signaling molecule that
regulates the expression of ADAM19, namely FSH, it is
reasonable to assume that other signaling molecules also exist,
enhancing ADAM19 expression and contributing to coordinat-
ed hematotesticular reformation. The identification of such
factors stimulating ADAM19 expression is currently under
investigation in our laboratory.

In summary, the current study demonstrates the changes in
expression and cellular localization of ADAM19 in the
embryonic and postnatal testis. In addition, results substantiate
first data that ADAM19 is likely one of the mediators involved
in cellular proliferation stimulated by FSH as well as FCS
occurring during perinatal testis development, with its primary
function being to influence cellular proliferation and not mor-
phogenesis. Proliferation of the testis cells during the
embryonic and early postnatal stages of testis development is
crucial to normal testis function and successful spermatogen-
esis. Therefore, further experiments are necessary to correlate
the action of ADAM19 with cellular growth and proliferation
during embryonic and perinatal testis development by organ
culture.
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