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Abstract

Thirty New Zealand rabbits of vari-
ous ages were used for this investi-
gation. DMRT1 and STRA8 genes
expression was recorded by RT
PCR, completed by histological sec-
tions of testes in studied ages.
DMRT1 and STRAS8 genes have dis-
tinct roles during spermatogenesis in
mammals. The present study hy-
pothesized that the change in the
level of specific genes expression
during spermatogenesis could be re-
lated to the change in the comple-
ment of germ cell types. Distinct ex-
pression patterns were observed for
DMRT1 reached the maximum level
(peak or plateau) just before sper-
matogenesis process at age of 6.5
week and testicular STRA8 reached
the maximum level at 6 months. The
two genes expression patterns are
consistent with their specific roles
during spermatogenesis. The pur-
pose of the present study was to de-
termine the expression of DMRT1
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and STRAS8 genes throughout post-
natal New Zealand rabbit testis that
would serve as a reference for ex-
pression pattern of the studied
genes.

Keywords: expression, testes,
DMRT1, STRAS, postnatal, spermat-
ogenesis, rabbit.

Introduction

The rabbit is an excellent model
used in a variety of biomedical
research fields including neu-
roscience, oncology, embry-
onic development, cardiovascu-
lar studies, dermatology, and
reproduction (Ewuola & Equni-
ke, 2010; Asano et al., 2011
and Guo et al.,, 2012). Rabbit is
an attractive species for making
gonad studies due to easily iden-
tification of the morphological
changes of the seminiferous
epithelium cycle (Ewuola and
Equnike, 2010). The period of
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pre-spermatogenesis ex-
ceeds that of other laboratory
animals such as rat. This par-
ticular characteristic ma-kes
the development of rabbit
closer to that of human (Wu et
al., 2003; Vigueras et al., 2006
and Culty, 2009).
Spermatogenesis is a complexly reg-
ulated process and any genetic dis-
turbance in it leads to male infertility.
The adult mammalian testis is
among the body’s most proliferative
tissues, producing millions of highly
specialized gametes, or spermato-
zoa each day. Spermatogenesis is
carefully regulated, ensuring that
spermatozoa are produced at a con-
stant rate (Endo et al., 2015).

Double-sex and mab-3-related tran-
scription factor1 (DMRT1) acts as
the ‘gatekeeper’ that prevents un-
controlled entry of spermatogonia to
meiosis (Don et al., 2011). DMRT1 is
required for spermatogenesis as it is
critical to maintain the balance be-
tween mitotic and meiotic germ cells.
In addition, it has a prominent role in
testicular differentiation in all verte-
brates (Zarkower, 2012). DMRT1 is
essential in spermatogonia to restrict
retinoic acid responsiveness and di-
rectly repress STRAS8 transcription,
thereby preventing meiosis and pro-
moting spermatogonial development
by coordinating spermatogonial de-
velopment and mitotic amplification
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with meiosis, as a result, DMRT1 al-
lows abundant and continuous pro-
duction of sperms (Matson et al.,
2010). In mice, DMRT1 is expressed
in all mitotic spermatogonia, but the
expression decreases with the onset
of spermatogonial differentiation and
disappears at the initiation of meiosis
(Matson et al., 2010). Moreover, Don
et al. (2011) stated that DMRT1 is
highly expressed in undifferentiated
spermatogonia, less abundantly ex-
pressed differentiating spermatogo-
nia, and absent from preleptotene
spermatocytes or other meiotic or
postmeiotic cells.

Stimulated by retinoic acid gene 8
(STRA8) protein plays roles for the
progression of meiosis (Choi et al.,
2010). Additionally, the gene STRA8
is essential for meiotic initiation, also
promotes (but is not required for)
spermatogonial differentiation (Endo
etal., 2015). In mice, STRA8 expres-
sion begins immediately before sper-
matogonial differentiation as well as
STRAS8 expression begins in late un-
differentiated spermatogonia and
persists in differentiating spermato-
gonia (Endo et al., 2015). Addition-
ally, STRAS8 expression is increased
in preleptotene spermatocytes (premei-
otic cells) as well as in undifferentiated
spermatogonia (Zhou et al., 2008
and Mark et al.,, 2015). Because
STRA8 promotes spermatogonial
differentiation and is required for
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meiotic initiation, precisely timed in-
creases in STRA8 expression might
coordinate both transitions, ensuring
their co-occurrence in stages of
spermatogonial differentiation and
meiotic initiation (Endo et al., 2015).
To the best of our knowledge, this is
the initial reference to analyze the
expression pattern of rabbit DMRT1
and STRAS8 genes during cellular de-
velopment, using spermatogenesis
as a model system.

Materials and Methods

Animals

The current study was carried out on
30 male New Zealand rabbits of var-
ious ages (0 dpp, 2w, 4w, 6w, 6.5w,
7w, 7.5w, 3m ,4m & 6m), three ani-
mals for each age were used to ob-
tain their testes.

Histology

The animals were slaughtered ac-
cording to guidelines of animal care
committee of Faculty of Veterinary
Medicine, Benha University. Testes
were obtained from rabbits, fixed in
Bouin's solution then dehydrated in
graded ethanol. Tissues were then
infiltrated and embedded in paraffin.
Five micron sections were mounted
onto gelatin-coated slides and
stained with Haematoxylin & Eosin
for general histological structures
and periodic acid Schiff (PAS) for
mucopolysaccharide using standard

J. Vet. Anat.

Khalil et. Al,

methods (Drury and Walington,
1980).

Quantitative RT-PCR

Rabbit testicular tissues were ob-
tained and total RNA was extracted
using total RNA Purification Kit fol-
lowing the manufacturer protocol (iN-
tRON Biotechnology, easy-REDTM
Total RNA Extraction Kit). cDNA was
synthesized from 5 ug of total RNA
using M-MuLV Reverse Transcrip-
tase enzyme following the manufac-
turer protocol (Thermo Scientific,
Fermentas, # EP0451). Quantitative
PCR was performed using 2X Max-
ima SYBR Green/ ROX qgPCR Mas-
ter Mix following the manufacturer
protocol (Thermo scientific, USA, #
K0221). The results were analyzed
by the delta-delta CT method using
H2AFx gene as an internal refer-
ence. Results were plotted as per-
centage of maximum expression+/-
SE.

RT-PCR primer sequences were as
following:

Gene

Reverse
primer
(/5 ------ /13)

Forward primer
(/5 -—--- 13)

DMRT1

STRAS8

H2AFx

GGAGCCTCCCAGCACCTTAC TGCATCCT
GTACTGC
GAACTCA
TGATCTG-
CAC-
GTAGAGC
TGAAAC
CGCCCAG-
CAGCTT-
GTTGAG

GACAACAATGAGGCTCCAAATG

ACCTGACGGCCGAGATCCT
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Results

Histological observations:
Histological analysis of (Odpp-
4weeks) old rabbit testes revealed
that the testicular cords contained
two types of cell populations, a large
number of dark polygonal cells with
irregular nuclei, Sertoli cells, and a
small number of large, light, round
cells with relatively round nuclei, pre-
spermatogonia or undifferentiated
spermatogonia (Figs.1 A, B & C). To-
ward the end of the period of pre-
spermatogenesis (6 - 6.5weeks),
germ cells appeared large with pale
cytoplasm and large vesicular nuclei
with clear nucleoli, late undifferenti-
ated spermatogonia (Figs.1D, E).

At 7-7.5weeks old rabbit testis, sper-
matogenesis began at which the late
undifferentiated spermatogonia un-
derwent maturation and transformed
to spermatogonia. The latter were
spherical or ovoid with clear cyto-
plasm and large round nuclei with
condensed chromatin island periph-
erally seated and their nuclei were
eccentric or central and vesicular
(Fig.1F,2B).

Histological examination of 3
months-old rabbit testis revealed the
appearance of primary spermato-
cytes in some seminiferous tubules
(Fig.2B). Spermatids were first seen
at 4-months- old rabbit testis that re-
acted positively to PAS stain
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(Fig.2C). All stages of spermatogen-
esis were evident at 6-months old
rabbit and spermatozoa appeared in
the tubular lumen at this stage
(Fig.2D).

Analysis of Gene expression:

The data obtained from RT- PCR re-
vealed a significant (P<0.05) gradual
increase in the expression level of
the DMRT1 gene in testis of rabbit
from the day of the birth (Odpp) till
reach the maximum level (peak or
plateau) at age of 6.5W (Fig. 3). Fol-
lowing 6.5W, the expression de-
clined gradually till reached the age
of 3M. After that, the expression be-
came very low but still present. The
highest significant up-regulation was
at age of 6.5W, while the lowest
down-regulation was seen at age
6M.

The data obtained from RT- PCR re-
vealed a significant (P<0.05) gradual
increase in the expression level of
the STRA8 gene in testis of rabbit
from the day of birth (0OD) till reached
the maximum level (peak or plateau)
at age of 6M (Fig. 4). Unlike DMRT1
gene, the highest significant up-reg-
ulation in STRA8 gene was noticed
at age from 3M to 6M, while the low-
est down-regulation was seen at age
from Odpp to 6W.

Discussion
Previous studies showed strong cor-
relation between the two genes
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(DMRT1, STRAS8) and spermatogen-
esis (Kim et al., 2007; Mark et al.,
2008; Choi et al., 2010; Maston et al.,
2010; Don et al., 2011 and Endo et
al., 2015).

The current investigation showed the
expression analysis at histo-logical
level as gene expression was
associated with precise stages of the
seminiferous epithelium cycle. To
begin our survey of DMRT1 and
STRA8 expression in rabbit testis,
we used RT-PCR to investigate the
level of MRNA production for the two
genes in total testis samples from
rabbit at various ages (0 dpp, 2w, 4w,
6w, 6.5w, 7w, 7.5w, 3m, 4m & 6m).

The present work analyzed DMRT1
expression level which was gradually
increased immediately after birth
(Oday) to (4w) which might be due
to gradual increase in mitosis, which
suggested that DMRT1 may play
role in mitotic process. This was in
accordance with Kim et al. (2007).
The present study indicated that the
period of pre-spermatogenesis was
mitotically active. This was in agree-
ment with that mentioned by lczkow-
ski et al. (1991). Contrastingly, Gon-
dos et al. (1973) stated that, the pe-
riod of pre-spermatogenesis was a
quiescent period during which germ
cell mitosis ceases followed by a
second postnatally mitotic stage just
before the onset of spermatogene-
sis. However, in rat, cessation of mi-
tosis occurred between day 18 and
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day 19 in the fetus, and division did
not resume until one week later, 4
days after birth, before spermato-
genesis (Huckins and Clermont,
1968).

According to Gondos et al. (1973)
and Iczkowski et al. (1991) who no-
ticed increasing of mitosis just before
the onset of spermatogenesis pro-
cess, the current study revealed that
the expression of DMRT1 was dra-
matically increased at 6w and
reached peak at 6.5w which sug-
gested that this increase might be
due to sharp increase of mitosis just
before the onset of spermatogenesis
process. Noticeable, the increase of
gene expression coincides with the
appearance of late undifferentiated
spermatogonia in seminiferous cord.
This proves that DMRT1 was re-
quired to allow mitotic amplification
before spermatogenesis and there-
fore, providing large numbers of
spermatogonia that enter meiosis al-
lowing abundant, continuous produc-
tion of sperms. This coincides with
that mentioned by Maston et al.
(2010) and Don et al. (2011). The re-
sults presented here establish
DMRT1 as a key regulator of the mi-
tosis.

It is worth to mentioning that, sper-
matogenesis begins in New Zealand
rabbits at 7-8week and when we in-
vestigated the level of mRNA pro-
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duction for DMRT1 gene at this pe-
riod; the expression of the gene was
decreased. This proves that by onset
of spermatogenesis, the expression
of DMRT1 was decreased. As men-
tioned before, the expression de-
creased with the onset of spermato-
gonial differentiation (Matson et al.,
2010). Dissimilar situation has been
reported in the rainbow trout
(Marchand et al., 2000), where
DMRT1 expression was found to be
highly expressed throughout sper-
matogenesis. Notably, at the level of
histological analysis, the present
study found that the late undifferenti-
ated spermatogonia underwent mat-
uration and transformed to spermat-
ogonia at 7-8weeks postnatally. On
the other hand, examination of ex-
pression of DMRT1 revealed de-
crease in expression at that stage.
This result can be interpreted by that
DMRT1 was less abundantly ex-
pressed in differentiating spermato-
gonia as reported by Don et
al.(2011)

Furthermore, the histological exami-
nation of 3 months-old rabbit testis
revealed the appearance of primary
spermatocytes in some seminiferous
tubules and when following the gene
expression, the expression was de-
creased than the previous age. This
result can be interpreted by absence
of DMRT1 expression in primary
spermatocytes. This was in agree-
ment with that mentioned by Maston
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et al. (2010) and Don et al. (2011) by
in situ-hyperdization study.

RT-PCR data for DMRT1 of 4
months and 6 months rabbit testis re-
vealed marked low expression near
background. This decrease might be
due to increased meiosis at these
ages. This result was in agreement
with that reported by Maston et al.
(2010). Also, Marchand et al. (2000)
mentioned that, the expression of
DMRT1 decreased in rainbow trout
at spermiation.

From histological view at these ages,
all spermatogenic cells (spermatogo-
nia, spermatocyte, spermatid and
spermatozoa) appeared and when
the gene expression was analyzed,
marked decrease in the level of ex-
pression of DMRT1 was found. This
result can be interpreted by absence
DMRT1 in premeiotic cells and
postmeiotic cells (Maston et al., 2010
and Don et al., 2011). These cells
were the major cell type in seminifer-
ous tubules at this age. Also, John-
sen et al. (2010) mentioned that in
the adult males, abundant dmrt1
mMmRNA was restricted to the periph-
ery of the tubuli, whereas no signal
was identified in the more central re-
gion harbouring the spermatocytes
and mature spermatids. Moreover,
the present study examined the
timing of STRA8 expression during
postnatal testis development.
STRAS8 expression was detected in
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testis soon after birth. However, its
expression appeared to remain
relatively stable from Oday to 4w and
was present in low level comparing
with the following ages which
suggests the low expression of this
gene in the presence of undifferen-
tiating spermatogonia. This interval
revealed the presence of undifferen
tiating spermatogonia by the histo-
gical analysis of testis.

The present study observed that the
expression of STRA8 was relea-
tively increased just before and
during spermatogensis  process
which might suggest that STRA8
may promote spermatogonial differ-
entiation. This result was consistant
was that reported by Endo et al.
(2015).

Interestingly, the histological analy-
sis of rabbit testis at the age of (6-
6.5ws ) revealed the presence of
late undifferentiated sperma-
togonia. At the same time, the
expression level of STRA8 was
releatively increased than the
previous ages which might suggest
that by the appearance of Ilate
undifferentiating spermatogonia, the
expression increased. This result
could be interpreted by that STRAS8
expression also occurs in late undif-
ferentiated spermatogonia in accord-
ance with that reported by Endo et al.
(2015). Also, Oulad-Abdel-ghani et
al. (1996) mentioned that, STRAS8
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expression begins immediately be-
fore spermatogonial differentiation in
mice. Thus, we could conclude that
STRAS8 expression begins in late un-
differentiated spermatogonia.

At 7-7.5weeks age, spermatogene-
sis began at which the late undiffer-
entiated spermatogonia underwent
maturation and transformed to sper-
matogonia. At this stage, the expres-
sion level of this gene was increased
than in the previous ages which
might suggest that by the
appearance of differentiated sper-
matogonia, the expression of gene
increased. This result was consistant
with Oulad-Abdelghani et al.(1996).
This indicated that STRA8 might pro-
mote spermatogonial differentiation
as reported by Endo et al. (2015).

From histogical view of rabbit testis
at the age of 3months, primary
spermatocytes were appeared. At
the same time, the expression level
of STRA8 was increased than in the
previous ages which might suggest
by the appearance of primary
spermatocytes, the ex-pression
increased. As already reported by
Zhou et al. (2008); Endo et al. (2015)
and Mark et al. (2015), STRA8 ex-
pression increased in premeiotic
cells (primary spermatocyte). This
pattern suggests that STRAS8 is re-
quired for meiosis of the primary
spermatocytes and STRAS8 protein

Vol. 11, No. 1, (2018) 15 - 29



Expression pattern of 2 gens in rabbit testes

may be play a role in the premeiotic
phase of spermatogenesis.

Adult rabbit testes at age of 4- 6 months
are in waves of meiosis and continue
throughout life, providing a continuous
supply of sperm from spermatogonial
stem cells at the periphery of the testis
cords and sperms appeared in the
center of seminiferious tubules at
this stage. In the current study, RT-
PCR recorded high level of
expression of STRA8 at this stage
and the rabbit testis of 6 months
where the volume of testis increased
and germ cells which required more
miosis increased. This study
revealed that the expression of
STRAS8 reached its peak which might
suggest that STRA8 may play role in
meiosis process. As already said,
STRAS8 is essential for successful
meiosis and normal spermatogene-
sis (Zhou et al., 2008). Also, Daniel-
carlier et al. (2013) mentioned that,
in testes, the STRA8 gene was
clearly expressed when meiosis
started until adulthood.

This data displayed an interesting
trend for STRA8 mRNA levels indi-
cating low level of expression in the
juvenile testis and rising sharply in a
linear fashion to adulthood. This ex-
pression pattern would be in accord-
ance with that STRAS being required
in the initiation of meiosis.
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Fig (1): (A, B & C): Photomicrographs of Odpp, 2w and 4w old New Zealand rabbit testis
respectively showing that: the testicular cords (Tc) contained two types of cell populations;
small number of large, light, round cells with relatively round nuclei, prespermatogonia
(PSg) and a large number of dark polygonal cells with irregular nuclei, Sertoli cells (S).
(D): 6w and (E) 6.5w, the late undifferentiated spermatogonia appeared large with pale
cytoplasm and large vesicular nucleus with clear nucleolus, (LPSg). H&E staining. X
40. Tc. testicular cord, PSg. Prespermatogonia, S. Sertoli cells, LPSg. Late undifferenti-
ated spermatogoni
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Fig (2): (A & B): Photomicrographs of 7w and 7.5 w old New Zealand rabbit testis re-
spectively showing that: The spermatogenesis began at which the late undifferentiated
spermatogonia (LSg) underwent maturation and transformed to spermatogonia (Sg)
which appear spherical with clear cytoplasm and large round nuclei with condensed chro-
matin island peripherally seated and their nuclei were central or eccentric and vesicular.
(B): 3m, the primary spermatocytes (Sp) observed in some seminiferous tubule. (C) 4m,
Spermatids (Sd) were first seen at these stages. (D): 6m, all stages of spermatogenesis
were evident and Spermatozoa (Sz) appeared in the tubular lumen at this stage. (A, B,
D) H&E staining, (C) PAS staining. X 40. St seminiferous tubules, Sg. Spermato-
gonia, S. sertoli cells, Sp. primary spermatocyte, Sd spermatid, Sdr. round spermatid, Sz.
Spermatozoa.
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Expression pattern of 2 gens in rabbit testes Khalil et. Al.,
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Fig (3): Graphical presentation of quantitative real-time PCR analysis of the expression
of DMRT1 gene in rabbit testis from the age of Odpp to 6M.
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Fig (4): Graphical presentation of quantitative real-time PCR analysis of the expression
of STRAS8 gene in rabbit testis from the age of 0D to 6M.
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Animals of this issue

Rabbit (Oryctolagus cuniculus)

&5 / l

Kingdom: Animalia & Phylum: Chordata & Class: Mammalia & Order: Lagomorpha &
Family: Leporidae (in part) & Genus: Oryctolagus

The rabbit's long ears, which can be more than 10 cm (4 in) long, are probably
an adaptation for detecting predators. They have large, powerful hind legs. The
two front paws have 5 toes, the extra called the dewclaw. The hind feet have 4
toes. They are plantigrade animals while at rest; however, they move around on
their toes while running, assuming a more digitigrade form. Wild rabbits do not
differ much in their body proportions or stance, with full, egg-shaped bodies.
Their size can range anywhere from 20 cm (8 in) in length and 0.4 kg in weight
to 50 cm (20 in) and more than 2 kg. The fur is most commonly long and soft,
with colors such as shades of brown, gray, and buff. The tail is a little plume of
brownish fur (white on top for cottontails). Rabbits can see nearly 360 degrees,
with a small blind spot at the bridge of the nose.

Source: Wikipedia, the free encyclopaedia



