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Abstract

Aim: To immunolocalize the c-mos gene product and to investigate its spatial and temporal expression in mouse testis
during postnatal development. Methods: Semi-quantitative reverse transcription-polymerase chain reaction (RT-
PCR) and in situ hybridization techniques were used to examine c-mos mRNA and indirect immunofluorescence was
used to localize c-Mos protein in mouse testis on postnatal days 14, 21, 25, 28, 30, 35, 49 and 70. Results: c-mos
mRNA remained low on postnatal days 14-21, increased abruptly from day 25 and peaked on day 30. Its levels
decreased a little on day 35 and became almost stable thereafter until day 70. c-mos mRNA was localized in the
nucleus and cytoplasm of the spermatocytes and round spermatids. The nuclear staining was much stronger than the
cytoplasmic staining. Using a polyclonal anti-c-Mos antibody, Western blotting detected a single band at 43 kDa in
testis lysate. c-Mos protein was exclusively localized to the elongating spermatids and was first detected on postnatal
day 30. The number of c-Mos-positive spermatids increased progressively till day 49 and stabilized thereafter.

Conclusion: The c-mos gene displays a spatial and temporal expression pattern in the mouse testis during postnatal
development at both the mRNA and protein level. This suggests that c-mos might play important roles in spermatogenesis.
(Asian J Androl 2008 Mar; 10: 277-285)
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1 Introduction germ cells. The expression of specific genes in unique

spatial and/or temporal patterns is believed to be impor-

Proto-oncogenes, such as c-abl [1] and int-1 [2], tant in regulating development and differentiation. The

are expressed in a developmentally regulated pattern in cellular and stage specificity of expression of these genes

suggests that their gene products might function during
germ cell development.
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has also been detected in undifferentiated teratocarcinoma
cells [4]. Interestingly, c-mos transcripts decrease in
teratocarcinoma cell lines stimulated to differentiate into
embryo-like tissues. These observations suggest a role
for c-mos in mammalian reproduction and in very early
stages of development.

c-mos product accumulates during postnatal develo-
pment in the skeletal muscle and exhibits protein kinase
activity [5], suggesting that c-mos might play a role in
skeletal muscle development.

Research of c-mos function has recently been fo-
cused on the process of oocyte maturation. As a protein
kinase, it plays an important role in upregulating mitosis
promoting factor (MPF) activity at various stages of fi-
nal oocyte maturation. The c-mos-MPF system is asso-
ciated with important features of the last stages of oo-
cyte maturation and cell cycle control [6]. In contrast,
its function in male reproduction is poorly understood.
A 60-kDa Mos protein has been identified from the testis
of the anuran amphibian, Rana esculenta, and it was
proven to exert a new role associated with the regulation
of spermatogonial proliferation [7]. The purpose of the
present study is to localize the c-mos gene and to inves-
tigate its temporal and spatial expression pattern in mouse
testis during postnatal development. The results are then
discussed with regard to the possible functions of the c-
mos gene during spermatogenesis.

2 Materials and methods

2.1 Animals

Intact male BALB/c mice were obtained from the
Animal Center of the Chinese Academy of Sciences
(Shanghai, China), and were divided into eight groups
according to their postnatal age (14, 21, 25, 28, 30, 35,
49 and 70 days after birth). The testes were removed
immediately after the animals were killed by cervical
dislocation. The tissues were either homogenized for
Western blot assay, stored in RNAlater (Ambion, Austin,
TX, USA) for reverse transcription-polymerase chain re-
action (RT-PCR), or fixed in 4% paraformaldehyde or in
Bouin’s solution for in situ hybridization or indirect
immunofluorescence, respectively.

2.2 Materials

An RNA easy extract kit was purchased from Qiagen
(Hilden, Germany). rTaq DNA polymerse, gel extrac-
tion kit, T vector and T4 DNA ligase were from Takara
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(Dalian, China). The first strand cDNA synthesis kit, the
restriction endonucleases and the expression vector
pET28a(+) were from Promega (Madison, WI, USA).
Isopropylthio-B-D-galctopyrano-side (IPTG), Escheri-
chia coli host DH16B and competence E. coli BL21 were
from Tiangen (Beijing, China). Freuds adjuvant and
FITC-labeled goat anti-rabbit IgG were from Sigma (St.
Louis, MO, USA). The IgG purification kit was from
Millipore (Billerica, MA, USA). Horseradish peroxidase
(HRP)-labeled goat anti-rabbit IgG was from DingGuo
(Shanghai, China). Protein molecular weight markers were
from Fermentas (Burlington, Ontario, CA, USA). All
other chemicals were of analytical grade.

2.3 Extraction of RNA

Total cellular RNA was extracted from normal BALB/c
mouse testis using RNA easy extract kit according to the
manufacturer’s protocol. DNase was added to eliminate
genomic DNA contamination. The purity of RNA was
confirmed by formaldehyde denaturing agarose gel
electrophoresis, and the concentration of RNA was de-
termined with a spectrophotometer (ND-1000, NanoDrop,
Wilmington, DE, USA).

2.4 Semi-quantitative RT-PCR

One microgram total RNA was reverse-transcribed us-
ing the First Strand cDNA Synthesis system (Pro-mega,
Madison, WI, USA) according to the instructions. Two
microliters of the RT reactions were used for PCR amplifi-
cation of the c-mos ¢cDNA in the presence of 0.25 mmol/L
dNTPs, 0.2 umol/L forward (5'-GCGGA TCC CAA GTC
ATC TAC GGT GCCA-3') and reverse (5'-GC AAG CTT
GGT CCC TTT GGA GCA GTT-3") primers and 1 unit of
Taq DNA polymerase in 1 x reaction buffer (Takara,
Dalian, China). For housekeeping control, 2 pL of the
same RT reaction was amplified using primer pairs
(forward: 5'-TGT GAT GGT GGG AAT GGG TCA G-3;
reverse: 5-TTT GAT GTC ACG CAC GAT TTC C-3")
specific for mouse B-actin. The RT-PCR products were
analyzed by electrophoresis in a 1.2% agarose gel.

2.5 Bacterial expression of a recombinant histidine-c-
Mos protein and generation of polyclonal antiserum

A 6 x histidine-c-Mos fusion protein (Hiss-c-Mos)
was synthesized using a bacterial expression system.
Briefly, the c-mos PCR product amplified from the cDNA
of a 70-day-old mouse was subcloned into the T Easy
vector. The BamHI/HindIII fragment of this vector was
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then subcloned into the pET28a(+) vector, resulting in
the c-mos cDNA fragment linked to a 6 x His affinity tag
coding sequence. A Hise-c-Mos fusion protein was ex-
pressed in E. coli BL21 induced by isopropyl B-D-1-
thiogalactopyranoside (IPTG). The supernatant and the
precipitate were separated by centrifugation after the
bacterial pellet was ultrasonically disrupted. The mo-
lecular mass and output of c-Mos were checked by SDS-
PAGE. The expressed c-Mos was purified by Ni-NTA
affinity chromatography (Pierce, Rockford, IL, USA).
After the eluted Hise-c-Mos protein was extensively
dialyzed, rabbits were immunized with it for polyclonal
antibody production.

Antibody titer was determined by ELISA and all anti-
sera were purified with protein A (Millipore, Billerica, MA,
USA).

2.6 Western blot analysis

Proteins from mouse testis were prepared by ho-
mogenization of the testis in lysis buffer, which com-
ponents as described by Nakamura et al. [8]. Purified
recombinant c-Mos protein and extracted testicular to-
tal protein were run on 12% SDS-PAGE in parallel fol-
lowed by transfer to nitrocellulose membrane. After
blocking, the membrane was incubated with the puri-
fied rabbit antiserum (1:800) at 4°C overnight. Control
blot was incubated with preimmune serum. After
washing, the membrane was incubated with HRP-con-
jugated goat anti-rabbit IgG (H + L) (1:4 000). Then,
protein bands were visualized using ECL western blot-
ting detection reagent.

2.7 In situ hybridization

The digoxigenin-labeled c-mos probe was designed
and synthesized by Boster (Wuhan, China). The proce-
dure was carried out according the manufacturer’s
protocol. Briefly, freshly dissected tissues were fixed by
immersion in phosphate-buffered 4% paraformaldehyde
(pH 7.0) at room temperature for 24 h. Tissues were
dehydrated through graded ethanol solutions and embed-
ded in paraffin. Paraffin sections were cut at 4 um, ad-
hered to polylysine-coated slides and dried at 60°C
overnight. Paraffin was removed by xylene at 64°C for
30 min, and the sections were rehydrated through graded
ethanol to water. H>O, treatment (3%, room tempera-
ture for 10 min) was used to eliminate endogenous per-
oxidase activity. The slides were rinsed three times with
water, incubated at 37°C in pepsin for 15 min, rinsed
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three more times with phosphate buffered saline (PBS)
(0.02 mol/L phosphate; 0.5 mol/L NaCl) for 5 min each
time, and finally rinsed once in water for 5 min.
Prehybridization was performed at 40°C for 4 h in moist
chambers with the prehybridization buffer provided in
the kit. No washing was needed and hybridization was
done for 16 hat 42°C. The slides were thoroughly washed
sequentially in 2 x SSC (0.3 mol/L NaCl; 0.03 mol/L
CsHs0-Nas) for 30 min at 37°C with agitation, 0.5x SSC
for 15 min and 0.2 x SSC for 15 min. Then, the slides
were incubated with blocking buffer for 30 min at 37°C.
For detection of hybridization signals, the slides were
incubated with biotinylated anti-digoxigenin at 37°C for
90 min followed by three 5-min PBS washes. Sections
were incubated sequentially with anti-biotin protein at
37°C for 20 min, and peroxidase conjugated biotin for
20 min at 37°C. Diaminobenzidine (DAB) was then added
as substrate. After color was observed, the reaction was
stopped by dipping slides in water. The sections were
stained with hematoxylin if necessary.

2.8 Indirect immunofluorescence

The testes were fixed in Bouin’s solution for 10—
18 h, embedded in paraffin, cut into 6 wm sections and
mounted onto polylysine-coated slides. After deparaf-
finization and rehydration, sections were washed for
5 min in PBS and incubated in 10% goat serum for 60 min
at room temperature. Purified anti-c-Mos antiserum (1:
400) was applied overnight at 4°C. After three 5-min
PBS washes, the sections were incubated with FITC-
conjugated goat anti-rabbit IgG (1:100) for 1 h in the
dark at room temperature. Finally, the tissues were
washed again and mounted in glycerol/PBS (75% glyc-
erol in PBS). Control sections were incubated with ei-
ther pre-immune serum or the purified anti-c-Mos anti-
serum that had been previously incubated with the Hise-
c-Mos protein following the same procedure with the
primary antibody. Digital photographs of fluorescent
sections were taken using a laser scanning confocal
microscope (LSM-510, Carl Zeiss, Jena, Germany).
Thereafter, these sections were re-stained with hema-
toxylin/eosin (HE) for morphological observation.

3 Results
3.1 Preparation of recombinant c-Mos protein

Both the soluble and particulate fractions of the soni-
cated bacterial lysate were analyzed for the presence of
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Figure 1. Expression of c-Mos recombinant protein and purifi-
cation. (A): Proteins were separated on 12% acrylamide gel and
stained with Coomassie blue. Lane M, molecular mass markers;
Lane 1, cells carrying the vector with the insert before Isopropylthio-
-D-galctopyranoside (IPTG) induction; Lane 2, total cellular pro-
tein after IPTG induction; Lane 3, supernatant protein inducted by
IPTG after centrifugation; Lane 4, insoluble protein in the inclu-
sion inducted by IPTG after centrifugation. (B): c-Mos recombi-
nant protein purified with Ni-NTA affinity chromatography. Lane
M, molecular mass markers; Lane 1, affinity chromatography pu-
rified c-Mos recombinant protein.

recombinant c-Mos protein. The target protein with an
apparent molecular weight of 27 kDa was found pre-
dominantly in the insoluble fraction (Figure 1A). After
the insoluble inclusion was lysed using lysis buffer
(100 mmol/L NaH,PO4, 10 mmol/L Tris-HCI, 8 mol/L
Urea, pH 8.0) and purified by Ni-NTA affinity chroma-
tography, only one single band was detected. When the
purified protein was detected with His monoclone anti-
body (data not shown), the result demonstrated that the
fusion protein was in-framed with the His-tag and its
molecular weight was consistent with what we calcu-
lated in advance.

3.2 Generation of polyclonal antibody against recombi-
nant c-Mos protein

The ELISA data indicated that the antibody titer was
ideal, demonstrating that absorbance values at 405 nm
using anti-c-Mos antibodies in three rabbit sera were
higher than that of pre-immunized serum (control), with
the titer reaching 1:102 400 (data not shown). Western
blot analysis showed that purified c-Mos protein and
extracted testicular protein of male BALB/c mice both
reacted with anti-c-Mos antibodies. Only a single pro-
tein band was detected with the molecular weight of
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Figure 2. Western blot analysis. Lane 1, purified c-Mos recombi-
nant protein reacted with anti-c-Mos antibodies (1:800); Lane 2,
purified c-Mos recombinant protein did not react with pre-im-
mune serum (1:800); Lane 3, protein sample obtained from the
testes of male BALB/c mice reacted with anti-c-Mos antibodies
(1:800); Lane 4, protein sample obtained from the testes of male
BALB/c mice did not react with pre-immune serum (1:800).

43 kDa in the testes, which was consistent with the
molecular weight of testicular c-Mos protein reported
previously [9]. In the control blots, where pre-immune
sera and natural rabbit IgG were used as primary antibody,
the band was not shown (Figure 2). The reproducibility
in the sera of three rabbits making the antibody is available.
Those results guarantee the quality and specificity of the
antibody against recombinant c-Mos, which made the
indirect immunofluorescence results credible.

3.3 c-mos mRNA expression in postnatal testes
3.3.1. Semi-quantitative RT-PCR

Semi-quantitative RT-PCR was performed to deter-
mine whether or not c-mos mRNA displayed an age-de-
pendent expression pattern. One pair of primers, which
could amplify a 505-bp-long c-mos fragment, was cho-
sen to perform RT-PCR. The results showed a remark-
able age-dependent change of c-mos mRNA expression.
c-mos mRNA was detected in the same low level on day 14
as day 21. The expression of c-mos mRNA increased
abruptly on day 25, and it soon reached a peak on day 30.
A slight drop was observed from day 30 to 35, ¢-mos
mRNA remained stable at this level afterward with the
development of the mouse until day 70 (Figure 3).
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Figure 3. Semi-quantitative reverse transcription-polymerase chain
reaction results of c-mos mRNA expression in postnatal testes.
Upper lane, amplification of c-mos gene from the total RNA of
testis; lower lane, amplification of B-actin gene as constitutive con-
trol from the total RN A of testis; M lane, DNA marker DL.2000; 14 d,
21d,25d,30d,35d, 49 d, 70 d lane, mice of 14, 21, 25, 30, 35, 49,
70 days after birth, respectively.

3.3.2. In situ hybridization

After c-mos mRNA was confirmed to display an
age-dependent expression pattern by semi-quantitative
RT-PCR, in situ hybridization was used to determine:
(1) what kinds of cells in the seminiferous tubules tran-
scribe c-mos mRNA; (ii) the relationship between the
cells that transcribe c-mos mRNA and express c-Mos
protein; and (iii) whether ¢-mos mRNA age-dependent
expression tendency was consistent with the semi-quan-
titative RT-PCR result. A specialized c-mos mRNA probe
was designed to perform in sifu hybridization. The re-
sults showed that c-mos-positive stain localized in the
nuclear and cytoplasm of the spermatocytes and round
spermatids. The cytoplasmic stain was not as clear as
the nuclear stain. On day 14, c-mos positive cells were
detected in the early spermatocytes. The number of posi-
tive cells was very small, because the spermatocytes just
began to appear at this time. To day 21, c-mos positive
cells, which were still localized in spermatocytes,
increased. With the proliferation of spermatocytes and
appearance of round spermatids, c-mos positive cells in-
creased dramatically and began to stain round sperma-
tids on day 25. Then, both the number of positive cells

Figure 4. In situ hybridization pictures of c-mos mRNA expression in mouse postnatal testes. Paraffin sections of testes were hybridized
with c-mos specific probe. (A)—(G): c-mos mRNA expressed in postnatal testes of 14, 21, 25, 30, 35, 49, 70 days, respectively; the
positive signals were specifically detected from the nucleus and cytoplasm of the spermatocytes (black arrow in D) and round spermatids
(red arrow in D). The insert of B and (H), negative control sections of postnatal day 21 and 35, respectively, were done without c-mos

probe. Bar =50 um.
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Figure 5. Indirect immunofluorescence staining pictures of c-Mos protein expression in postnatal testes. (A): Testicular section of
postnatal day 28 stained with anti-c-Mos antiserum, c-Mos was not expressed at this stage; (B)-(E): Testicular section of postnatal day 30, 35,
49, 70, respectively, stained with anti-c-Mos antiserum. The positive stain was specifically detected from elongating spermatids (indicated
by red arrow in C). The insert of B and (F), negative control sections of testis of postnatal day 30 and 70, respectively. Bar = 20 um.

Figure 6. Indirect immunofluorescence staining of c-Mos protein in elongating spermatids of different stages. The c-Mos-positive cells in
sections (A), (C) and (E) are elongating spermatids of stage XI, II-11II, VIL respectively. (B), (D) and (F): The same sections to A, C and
E, restained by HE after immunofluorescence staining. Bar = 50 um.
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and the intensity of positive staining reached a plateau on
day 30 when almost all seminiferous tubules appeared c-
mos-positive cells (Figure 4D). From day 35 to day 70,
the stain intensity of c-mos positive cells decreased slightly
in contrast with day 30, and maintained stable. Because
other cells, such as Sertoli cells, spermatogonia, elon-
gating spermatids and spermatozoa were all stainless, we
confirmed that the positive stain in spermatocytes and
round spermatids was specific to c-mos mRNA and was
not caused by hybridizing with genomic DNA.

3.4 c-Mos protein expression in postnatal testes

The testis immunofluorescence results revealed that
c-Mos protein was expressed in a stage-specific and age-
dependent manner during spermatogenesis, which was
highly restricted and was found only in the elongating
spermatids. In mouse testis, no Mos-positive cells could
be detected from day 14 to 25 (data not shown). On
day 28, c-Mos was still not identified in whole testis.
On day 30, c-Mos was first detected in the elongating
spermatids, whereas only a few seminiferous tubules were
c-Mos positive at this time. c-Mos-positive cells in-
creased dramatically from day 35 to 49 because of the
proliferation of the elongating spermatids, and more se-
miniferous tubules were c-Mos positive. From day 49
to 70, the number of c-Mos-positive cells was almost
stable (Figure 5).

A detailed analysis of the seminiferous epithelium in
various stages of spermatogenesis showed that c-Mos
protein was first detected in the early elongating sperma-
tids of Stage X, reached maximal levels in the elongating
spermatids of Stage XII, and then decreased obviously
in the elongating spermatids of Stages II-III. c-Mos
protein had almost completely disappeared by late stage
elongating spermatids (Stage VII). No c-Mos protein
was detected in the Sertoli cells, spermatogonia, sper-
matocytes and round spermatids (Figure 6). The speci-
ficity of the c-Mos antiserum for the c-Mos protein was
demonstrated using two methods. The positive staining
pattern of c-Mos protein was specifically blocked when
the antibody was pre-incubated with the Hiss-c-Mos
protein(data not shown). The testis sections incubated
with the pre-immune serum were c-Mos-negtive.

4 Discussion

c-mos proto-oncogene encodes Mos proteins whose
molecular weight vary in different tissues because of post-
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transcription modification. Ovary c-Mos protein is
39 kDa, whereas testis c-Mos protein is 43 kDa [9].
Although the significance of the post-transcription modi-
fication of the c-mos mRNA has yet to be determined, it
is perhaps related to their specialized functions in differ-
ent tissues.

The transcripts found in testis RNA are estimated to
be approximately 1.7 kb by Northern analysis [10].
Analysis of purified populations of spermatogenic cell
types detected c-mos RNA in the earliest haploid
postmeiotic germ cell, the round spermatid [11]. An-
other investigation showed that 1.7 kb c-mos RNA was
detected in pachytene spermatocytes and in early
spermatids. Goldman ef al. [11] reported that the c-mos
transcript was detected in total cellular RNA of 35 days
old but not 20- or 6-day-old mouse testes. A Northern
blot study showed that c-mos transcript was detected
beginning at day 25, with the more sensitive S1 nuclease
assay revealing that very low levels of c-mos mRNA were
detectable in testis as early as 1 day after birth [3]. In
addition, there is controversy in the literature concerning
the time of c-Mos protein expression, premeiotic or
postmeiotic [12]. Therefore, expression of c-mos gene
in the mouse testis remains to be clarified.

Here, for the first time, we localized c-mos mRNA in
spermatocytes and round spermatids with in situ
hybridization, which is in agreement with the result of
spermatogenic cell separation and blot hybridization re-
ported by Mutter et al. [13]. For separating spermato-
genic cells, different methods applied resulted in varia-
tion of cell purity and inevitable damage of cells, which
might be the reason of controversial expression of c-mos
in previous studies. c¢-mos mRNA was localized in both
cytoplasm and nucleus, even the stain in the nucleus was
stronger. However, mRNA was thought to normally lo-
calize in the cytoplasm. c-mos gene is a small gene, just
1 176 bp long, which is transcribed as a whole exon in
the nucleus but no intron needs to be spliced in the pro-
cess of post-transcription modification in the cytoplasm;
that is, the precursor of c-mos mRNA in the nucleus is
quite like its mature formation in the cytoplasm. The
probe could detect both forms of mRNA; this is prob-
ably the reason why the nucleus and the cytoplasm were
both stained. Sufficient precursor mRNA was transcribed
to prepare for the translation of c-Mos protein, whereas
perhaps only a small part of precursor mRNA was trans-
ported to the cytoplasm to become mature mRNA; the
rest was stored as a reservation in the nucleus, thus the
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stain of nucleus was stronger than that of cytoplasm.
Both in situ hybridization and RT-PCR demonstrated
that c-mos mRNA could be detected at low levels on
day 14 in mouse testis. At this stage, only spermatogo-
nia and spermatocytes appeared in the seminiferous tu-
bules [14]. On day 21 to 25, the quantity of c-mos mRNA
increased gradually with the appearance of round
spermatids, which was confirmed by in situ hybridiza-
tion results. c-Mos protein was first detected by indi-
rect immunofluorescence staining on day 30 when elon-
gating spermatids began to emerge. These results sug-
gest that a delay exists between c-mos gene transcrip-
tion and translation. Similar delays between transcrip-
tion and translation are found for certain testis-specific
proteins. Cres mRNA is mainly transcribed in round
spermatids, whereas the protein is synthesized in elon-
gating spermatids [15]. CKLFSF2 mRNA is localized in
the pachytene primary spermatocytes, not wholly con-
sistent with the protein that is localized in meiotic and
post-meiotic germcells [16]. The c-mos mRNA increased
dramatically from day 25 to 30, whereas the predomi-
nant increase of c-Mos protein occurred from day 35 to
49. These results reconfirmed the transcription-transla-
tion delay. c-mos mRNA reached a peak on day 30 when
c-Mos protein began to be synthesized, whereas at the
time of c-Mos protein increasing dramatically from
day 35 to 49, the c-mos mRNA decreased a little com-
pared with the level of day 30 and became almost stable.
This is probably because sufficient c-mos mRNA is tran-
scribed for preparation of the protein translation before
the protein begins to be synthesized, but when the quan-
tity of c-Mos protein is sufficient to function, the tran-
scription of c-mos mRNA may decrease to a level that
can maintain the protein function. Cellular mRNAs con-
taining a complex 5' untranslated regions (UTR), whose
translational efficiency can be very specifically regulated
by their 5' UTR, provide post-transcriptional regulation.
The 5' UTR of c-mos may regulate its protein expression
in a spatial-temporal manner [17]. Translational control
of c-mos mRNA by cytoplasmic polyadenylation is nec-
essary for normal oocytes maturation, which requires
three cis-elements in the 3' UTR: the polyadenylation
hexanucleotide AAUAAA and two U-rich cytoplasmic
polyadenylation elements located 4 and 51 nucleotides
upstream of the hexanucleotide [18]. However, it is not
clear whether it is also the case in the spermatogenic
cells. The mechanisms for regulation of c-mos mRNA
and c-Mos protein expression need to be elucidated
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further.

In rat testis, it has been reported that western immuno-
blot analysis revealed the presence of a 43-kD c-Mos pro-
tein in pachytene spermatocytes, but not in postmeiotic
cell [12], which was not consistent with our result that c-
Mos protein was detected in mouse postmeiotic haploid
cells. The discrepancy is possibly owing to species
differences. The functions of c-Mos in the spermato-
genesis might be diverse due to various species. c-Mos
protein was identified from spermatogonia of anuran
amphibian and was proven to be involved in the regula-
tion of spermatogonial proliferation [7].

In spite of a failure to find a spermatogenic pheno-
type in c-mos knockout mice [19], we still cannot con-
clude that there is no effect of c-mos ablation in spermato-
genesis. One possibility for the lack of a detectable phe-
notype is that the phenotype of the knockout effect was
not apparent or not detectable in the assays used. An-
other possibility is that a redundant protein replaces the
Mos funtion and masks the effect of c-mos ablation.
Because Mos is a MEK kinase, other activators of MEK
might compensate for its absence. If c-mos is knocked-
down in the adult mice with siRNA interference
technology, the spermatogenic phenotype might be ob-
served before the compensation is established.

Indirect immunofluorescence also revealed that al-
though the number of Mos-positive cells varied a lot at
different ages, the stain intensity was mainly dependent
on developmental stages of the germ cells themselves
rather than the age of the mouse. Both in situ hybridiza-
tion and immunofluorescence experiments showed that
within the testis the c-mos mRNA and c-Mos protein were
expressed in a stage-specific manner. c-Mos protein ap-
peared in early elongating spermatids of Stage X, whereas
completely disappeared by late elongating spermatids of
Stage VII, which shows that c-Mos protein functions at
the stage of elongating spermatids. At this stage, a pro-
cess of metamorphosis from a conventional cell to a
unique cell capable of motility occurred. The age-depen-
dent and stage-specific expression pattern of the c-mos
gene strongly suggested its involvement in spermato-
genesis. In mice, it is more prone to, as indicated by our
results, function in the process of spermiogenesis rather
than in the meiosis, because c-Mos protein expression
corresponds approximately with the onset of spermatid
elongation.

In conclusion, the ¢-mos proto-oncogene shows a
specific spatial and temporal expression pattern in mouse
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testis on both the mRNA and protein level, which might
reveal its functions during spermatogenesis. More ef-
forts should be made to elucidate the molecular mecha-
nism of c-Mos protein function.

References

1 Iwaoki Y, Matsuda H, Mutter GL, Watrin F, Wolgemuth DJ.
Differential expression of the proto-oncogenes c-ab/ and c-
mos in developing mouse germ cells. Exp Cell Res 1993; 206:
212-9.

2 Shackleford GM, Varmus HE. Expression of the proto-oncogene
int-1 is restricted to postmeiotic male germ cells and the neural
tube of mid-gestational embryos. Cell 1987; 50: 89-95.

3 Propst F, Rosenberg MP, Iyer A, Kaul K, Vande Woude GF.
c-mos proto-oncogene RNA transcripts in mouse tissues: struc-
tural features, developmental regulation, and localization in
specific cell types. Mol Cell Biol 1987; 7: 1629-37.

4 Ogiso Y, Matsumoto M., Morita T, Nishino H, Iwashima A,
Matsushiro A. Expression of c-mos proto-oncogene in undif-
ferentiated teratocarcinoma cells. Biochem Biophys Res
Commun 1986; 140:477-84.

5 Leibovitch SA, Guillier M, Lenormand JL, Leibovitch MP.
Accumulation of the c-mos protein is correlated with post-
natal development of skeletal muscle. Oncogene 1991; 6: 1617—
22.

6  Gebauer F, Richter JD. Synthesis and function of Mos: the
control switch of vertebrate oocyte meiosis. Bioessays 1997;
19:23-8.

7  Ferrara D, Palmiero C, Branno M, Pierantoni R, Minucci S.
Testicular activity of Mos in the frog, Rana esculenta: a new
role in spermatogonial proliferation. Biol Reprod 2004; 70:
1782-9.

8 Nakamura Y, Tanaka H, Koga M, Miyagawa Y, Iguchi N,
Egydio de Carvalho C, ef al. Molecular cloning and charac-

Tel: +86-21-5492-2824; Fax: +86-21-5492-2825; Shanghai, China

10

11

12

13

14

15

16

17

18

19

terization of oppo 1: a haploid germ cell-specific comple-
mentary DNA encoding sperm tail protein. Biol Reprod 2002;
67:1-7.

Nagao Y. Expression of c-mos protein in cultured rat sper-
matogenic cells and evidence that rat testicular 43 kDa c-mos
protein has an elongated amino acid sequence at the N-
terminus. Biochim Biophys Acta 1995; 1245: 130—43.
Propst F, Vande Woude GF. Expression of c-mos proto-oncogene
transcripts in mouse tissues. Nature 1985; 315: 516-8.
Goldman DS, Kiessling AA, Millette CF, Cooper GM. Ex-
pression of c-mos RNA in germ cells of male and female mice.
Proc Natl Acad Sci U S A 1987; 84:4509-13.

van der Hoorn FA, Spiegel JE, Maylie-Pfenninger MF, Nordeen
SK. A 43 kD c-mos protein is only expressed before meiosis
during rat spermatogenesis. Oncogene 1991; 6: 929-32.
Mutter GL, Wolgemuth DJ. Distinct developmental patterns
of c-mos protooncogene expression in female and male mouse
germ cells. Proc Natl Acad Sci U S A 1987; 84: 5301-5.

Katz D, Niederberger C, Slaughter GR, Cooney AJ. Charac-
terization of germ cell-specific expression of the orphan nuclear
receptor, germ cell nuclear factor. Endocrinology 1997; 138:
4364-72.

Cornwall GA, Hann SR. Transient appearance of CRES pro-
tein during spermatogenesis and caput epididymal sperm
maturation. Mol Reprod Dev 1995; 41: 37-46.

Liu G, Xin ZC, Chen L, Tian L, Yuan YM, Song WD, et al.
Expression and localization of CKLFSF2 in human
spermatogenesis. Asian J Androl 2007; 9: 189-98.

van der Velden AW, Thomas AA. The role of the 5' untranslated
region of an mRNA in translation regulation during
development. Int J Biochem Cell Biol 1999; 31: 87-106.
Gebauer F, Xu W, Cooper GM, Richter JD. Translational
control by cytoplasmic polyadenylation of c-mos mRNA is
necessary for oocyte maturation in the mouse. EMBO J 1994;
13:5712-20.

Gross VS, Cooper GM. Functional analysis of sperm from c-
mos(-/-) mice. Mol Reprod Dev 2002; 62: 519-24.

-285-




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


