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Transplantation of Spermatogonial Stem Cells Suspension into Rete Testis of Azoospermia Mouse Model

Arefeh Jafarian', Niknam Lakpour?, Mohammad Reza Sadeghi®, Sheida Salehkhou?, Mohammad Mehdi Akhondi**

Purpose: The loss of spermatogonia following chemo-or radiotherapy leading to temporary or permanent infertil-
ity of the patient is a well known and unwanted side effect of many oncological therapies.

Materials and Methods: In this study, germ cells were isolated from 4 days old mouse testis cells. Busulfan
treatment was used to the eliminate proliferating cells in the testis of recipient mice. The donor cells suspended in
DMEM, were introduced into the rete testis of recipient mice via microinjection method. To distinguish the prog-
eny of the transplanted donor stem cells from endogenous germ cells, BrdU-labeled cells were used. In addition,
real time PCR was performed to determine expression levels of ngn3 and LIN28 (spermatogonia stem cells mark-
ers) before and after transplantation. Western blot analysis was further performed to detect an increase in - ngn3
expression after transplantation.

Results: Transplantations of stem cells into rete testis of the recipients was done. Our results clearly showed a
significant increase in spermatozoa number in epididymal luman Spermatogonial stem cells (SSCs) did not show
alkaline phosphatase activities while ngn3 and LIN28 were clearly expressed. Ngn3 and LIN28 expression were
reduced after busulfan treatment compared to untreatmented mice. However, the expression of ngn3 and LIN28
increased after transplantation . BrdU-labeled testis cells were successfully transplanted into rete testis of recipient
mice. These cells remained in rete testis of all recipient mice up to two months after transplantation.

Conclusion: The present study clearly confirme that a regeneration after cytotoxic treatment was based on mor-
phological criteria. We demonstrated the increase in stem cell numbers during regeneration and after transplanta-
tion.. Transplantation of spermatogonial stem cells suspension by the injection of cells via the rete testis of recipi-
ent azoospermia model considerably enhances the efficiency of this procedure.

Keywords: rete testis; spermatogonial stem cells; transplantation.

INTRODUCTION
erm cell transplantation technique has tremen-

dous applications in a wide range of species. It
was used to study spermatogonial stem cells (SSCs)
biology, production of valuable transgenic animals and
restore fertility in different animal species. Although
recent progress in spermatogonial stem cell transplan-
tation has been shown to restore fertility in sterile ani-
mals". Some major problems are associated with stem
cells enrichment, freezing methods and transplantation.
To date, differentiation of SSCs into mature spermato-
zoa has not been demonstrated in vitro culture systems,
and new strategies in germ cell transplantation has not
been successful to produce enough mature sperm®. It
has been reported in previous studies,SSCs culture be-
fore transplantation into recipient testes could increase
the number of mature sperm production. SSCs trans-
plantation is a promising strategy to preserve sterility,
especially in pre pubertal boys treated with anti-cancer
therapy”. Isolating and cryo freezing of SSCs in a boy
with cancer is an important theoretical way to restore

reproductive potential. This strategy, has been suc-
cessful in animal models systems, however, it has not
yet been applied in humans yet Spermatogenesis is a
complex biological process that takes place in seminif-
erous tubules where diploid spermatogonial divided by
mitosis, meiosis and spermiogenesis process to produce
mature sperm. The period required for spermatogenesis
is different between various species. It takes approxi-
mately 74 days in human, 52 days in rat and 35 days in
mice®. The process of spermatogenesis is divided into
three different phases: spermatocytogenesis, meiosis
and spermiogenesis. During the spermatocytogenesis,
type A spermatogonia are divided mitotically to pro-
duce type B spermatogonia that rest on the basement
membrane. In meiosic phase the primary spermatocytes
undergo first meiotic division and become secondary
spermatocytes and then the spermatid cells produced
by second meiotic division. During spermiogenesis,
the spherical and haploid spermatids develop into final
product, spermatozoa. Spermatozoa are released into
the lumen of the seminiferous tubule and carried to-
ward the epididymis to achieving motility and become
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Figure 1. Spermatogonial stem cell culture and labeling

A: a) SSCs proliferation, b) SCs colonization

B: SSCs were positive with monoclonal anti-BrdU antibody in cul-
ture media. a) Single SSCs b) Negative control ¢) Colony of SSCs.
Magnification: 20

capable of fertilization. A relationship between Sertoli
cells in somniferous epithelium has an important role in
regulation of SSCs self renewal and spermatogonia op-
timal number®. Growth factors produced by the Sertoli
cells have regulatory roles in induction or inhibition of
self renewal and differentiation of germ cells”*. One of
the important advantages of germ cell transplantation is
diagnosis of colons that is created from a single cell®.
The most important cells that affected in radiation or
chemotherapy are undifferentiated population of sper-

Figure 2. Alkaline phosphatase reactivity

matogonia with mitotic activity. Recent studies have re-
vealed that LIN28 and NEUROGS3 are expressed by un-
differentiated stem cells and progenitor spermatogonia,
including Asingle, Apaired, and Aaligned 4-16"%'".
LIN28 expression is associated with gluripotency and
is not expressed in adult mouse testis''”. Ngn3 is a class
B bHLH transcription factor that have main function
in the early steps of spermatogenesis"”. Therefore,
LIN28 and ngn3 could have ideal factors for transplan-
tation assessment.Transplantation of male germ line
stem cells opens another exciting strategy for fertility
preservation''”, Potential clinical applications of germ
cell transplantation includes restoration of fertility in
patients who undergo sterilizing treatments for malig-
nancy or genetic defects in testicular somatic cells!?.
Efficient germ cells transplantation is dependent on the
number of SSCs number, cell survival and hormonal
regulation”. Spermatogonial cell transplantation is
an efficient technique that can help to study of SSCs
multiplication and renewal leading to to restoration of
spermatogenesis'®. In a previous study, we reportsuc-
cessful transplantation of neonatal mouse donor testis
cells into recipient seminiferous tubules"”. While, in
the present study, we used rete testis transplantation to
increase the efficiency of SSCs transplantation. There-
fore, the aim of this study is to evaluate the effect of rete
testis transplantation on postnatal testicular germ cell
proliferation following stem cell transplantation.

MATERIALS AND METHODS

Cell isolation and culture

C57BL/6 mice were purchased from the Pasteur Insti-
tute (Tehran, Iran) and were kept in conditions con-
sistent with requirements of the local commission for
ethical matters of animal experimentation. Testis were
isolated from neonatal mice (2 to 4 days old afterde-
capsulation under a dissection microscope, cells were
suspended in DMEM Minimum containing; 0.5 mg/ml
collagenase/dispase, 0.5 mg/ml trypsin and 0.05 mg/ml
DNase supplemented with 14 mM NaHCO, (Sigma),
non-essential amino acids, 100 TU/ml penicillin, 100
pg/ml streptomycin and 40 pg/ml gentamycin (all from

a. The colony did not show alkaline phosphatase reactivity. Control groups including b. blood neutrophils cells; ¢. mouse intestine was
alkaline phosphatase positive and d. Negative control. Magnification: x 20.
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Figure 3. : Immunostaining of cytokeratin and ngn3

A) a) Cytokeratin was detected in the neonatal Sertoli cells
b) Negative control.

B) B) ngn3 immunoreactivity was positive for the SSCs.
Magnification: x 20

b) ngn3 immunoreactivity was positive for the SSCs. a)
SSCs with HRP - conjugated anti mouse IgG as secondary anti-
body, b) SSCs with FITC - conjugated anti mouse IgG as second-
ary antibody, c¢) Colony of SSCs, d) Negative control. Magnifica-
tion: x 20

Invitrogen, Carlsbad, Calif, USA). They were incubat-
ed for 45 min at 37 °C with shaking and gentle pipet-
ting. Then the supernatant containing the Leydig cells
was removed and the cells were incubated in DMEM
medium containing collagenase (1.5 mg/ml), hyaluro-
nidase (1.5 mg/ml), trypsin (0.5 mg/ml), and DNase
(1 pg/ml) for 20-30 min at 37°C and 5% CO2. Sub-
sequently, the cells were cultured at 32 °C in 5% CO,
at a concentration of 10x106 cells/dish. After trypsin
digestion the cells washed and seeded onto new dishes
with DMEM medium for transplantation into recipient
testes. Total cell number and viability were determined
before transplantation!®. The schematic flowchart of
methods is shown in Figure 1.

Alkaline phosphatase (AP) activity

After 3 days cultured cells were fixed in 4% paraform-
aldehyde at room temperature for 1 min and washed
twice with PBS then stained with Alkaline phosphatase

C d

Figure 4. Testis histology and the regeneration of spermatogenesis
after busulfan injection

Busulfan is a chemotherapeutic agent that induced azoospermia,
testicular atrophy and depletion in spermatogenic cells a) Wild-
type C57Bl/6 mouse testis (control), b) Busulfan treated testis at a
dose of 30 mg/ kg 35 days after injection, ¢) Busulfan-treated testis
at a dose of 30 mg/ kg 70 days after injection d) Busulfan- treated
testis at a dose of 30 mg/ kg 100 days after injection, e) Capsular
thickness in normal testis, f) Capsular thickness in azoospermia
mouse testis. The results showed that testis capsular thickness was
increased after busulfan treatment, g) Changes in testis size after
injection of busulfan. Busulfan decreased the testis size and de-
pleted spermatogenesis. a) Normal testis, b) Neonatal mouse testis,
¢) Busulfan treated mouse testis Magnification: x 20

substrate solution (Sigma) for 30 min at 37°C. Then
AP-activity was detected colorimetrically by visual
analysis of the stained cells red bright color indicating
expression of alkaline phosphatase against a yellow
background. Tissue cryosections was used as a positive
control?,

Figure 5. BrdU staining following spermatogonial stem cell transplantation
(a) Spermatogonial stem cell detection in transplanted testis cryosection staining. (b) Negative control of BrdU Staining in testis tissue.

Magnification: x 40
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Figure 6. qRT-PCR analysis of ngn3 and LIN28 in azoospermia mouse SSCs
A) The ngn3 was exclusively expressed in testis cells of adult mouse, 3-6 days old mice testis but decreased busulfan treated
mouse testis after transplantation its expression increased. P value < 0.05
B) LIN28 expression decreased in adult busulfan treated mouse testis. Results revealed that LIN28 expression increased after

transplantation. . P value < 0.05

Immunohistochemical localization of Cytokeratin
Sertoli cells were studied using an antibody to Cytoker-
atin-18 (CK-18). Isolated cells were centrifuged at 30 x
g for 5 min in a Cytospincentrifuge (Shandon, Cheshire,
UK) and fixed in 4% paraformaldehyde (PFA) in PBS
(pH 7.4) for 20 minutes. Then the cells washed 3 times
with PBS containing 0.5 % Triton X- 100 and 10%
rabbit serum. Unspecific site was blocked with 10%
sheep serum in PBS for 30 min at room temperature.
Subsequently, the cells were incubated at 37 °C for 1
hr with 1:100 dilution of mouse primary monoclonal
anticytokeratin Pan (Boeringer-Mannheim, Germany)
antibody. The cells were washed and incubated with
FITC-coupled (1:50) anti mouse IgG as secondary an-
tibody (Sigma) for 45 min.. The slides were visualized
under a fluorescence microscope (Nikon.US). All ex-
periments were repeated at least two times®”,

Immunocytochemical staining of ngn3

The cells were fixed in 4% paraformaldehyde (PFA) in
PBS (pH 7.4) for 20 minutes and washed 3 times with
PBS containing 0.5 % Triton X- 100 and 10% rabbit
serum. Unspecific site was blocked with 10% sheep
serum in PBS for 30 min at room temperature. Subse-
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Figure 7. Serum level of testosterone and germ cells numbers

quently, the cells were incubated at 37 °C for 1 hr with
1:100 dilution of mouse primary anti ngn3 monoclonal
antibody (Santa Cruz Biotechnology, Santa Cruz, CA,
USA). Then the cells were washed in PBS and incu-
bated with 1:50 dilution of Horse Radish Peroxidase
(HRP) - conjugated anti mouse IgG as a secondary an-
tibody (Sigma) for 45 min. After washing with TBS/
BSA the color was developed by the addition of 3,
3’-Diaminobenzidine (DAB; Sigma) for 8-10 min and,
the slides were assessed with an optical microscope®”.

Incorporation of 5-Bromo-2 deoxyuridine (BrdU)
in spermatogonial stem cells

To trace the transplanted cells, the cells were incor-
porated with 5-bromo-2"-deoxyuridine (BrdU, Sigma)
before transplantation. After reaching approximatly
70% confluency, BrdU incorporation was performed
by adding 0.1 mM BrdU to the culture medium for 24
hr. Then, the BrdU incorporated cells were centrifuged
at 500g for 4 min. After fixation in ice-cold acetone, the
cells were washed in PBS containing 1% BSA, 0.05%
Tween 20, and 0.1% sodium azide. DNA denaturation
was done by 2N HCI for 30 minutes at 37 °C. Mono-
clonal anti BrdU antibody (Sigmal:500) was added to
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Two months after transplantation A) Testosterone level and B) Number of haploid cells percent were shown to have an increase in trans-

planted mice in compared to the control group (p < 0.0005)
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Figure 8. Serum level of testerone and germ cells numbers.

the cells for 2 hr at 37 °C. Subsequently, the cells were
incubated for 45 min with Horse Radish Peroxidase
(HRP)-conjugated anti mouse IgG (1:50) as a second-
ary antibody. Then, 10% DAB solution was applied for
10 min. The BrdU positive cells were observed under
inverted phase contrast microscope.

Preparation of Recipient mice

Busulfan was used to deplete endogenous germ cells
and degeneration of spermatogenesis in order to prepare
recipients. Adult male C57Bl/6 mice (6 weeks of age)
were kept at stable temperature (22 °C) and light—dark
cycle of 12 h light/12 h darkness with free access to
food and water. Busulfan (Sigma Chemical, Dorset,
UK) was dissolved in dimethyl sulphoxide (DMSO;
Sigma), and an equal volume of sterile distilled water
was added to provide final concentrations of 30 mg/ kg.
Adult mice received a single intraperitoneal injection
of busulfan"®.

Transplantation and Testicular Tissue Collection
The donor spermatogonia and Sertoli cells in suspen-
sion were suspended in a volume of approximately 15
ul of DMEM/ FCS (fetal calf serum) and transplanted
into rete testis of recipient mice with a microinjection
needle. The recipient mice were anesthetized for trans-
plantation. Transplantation was carried out a week after
culturing. For testicular injections, the cells (1x 106)
were maintained on ice and then microinjected into
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Figure 9. ngn3 detection by western blot in mouse testis
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the rete testes using glass needle in one of the testes of
each recipient mice; and another testis was used as an
internal control. The testes of the recipient mice were
collected and fixed in 10% neutral buffered formalin
(Merck, Darmstadt, Germany) or kept in —80 °C for par-
affin sections and spermatogenic markers were detected
immediately after the injection at 4 and 8 weeks. For
evaluation of spermatogonial stem cell colonization,
recipient mice testes were analyzed with BrdU stain-
ingThe transplanted testis sections with 5 um thickness
were immunostained with a primary anti-BrdU in order
to visualize the donor-derived spermatogenesis.

RNA Extraction and Quantitative Real-Time RT-
PCR

Total RNA was extracted from fresh testis tissues using
Trizol (Invitrogen) according to the manufacturer’s in-
structions. The first strand cDNA was synthesized with
50 ng of total RNA by random hexamer priming using
high capacity cDNA synthesis kit (iNtRON, Korea)
at 42°c for 60 min and at 70°c for 5 min. Quantitative
real-time PCR was performed with a SYBR-Green kit
(Takara, Korea) according to the manufacturer’s in-
structions and using the ABI Light Cycler (ABI step
one) in a total reaction volume of 10ul to analyze the
expression of ngn3 and LIN28. All reactions were
performed in triplicate and results were normalized to
GAPDH (internal control) to correct RNA input in re-

Recipient

Western blot analysis detected presence of ngn3 protein in the normal testis. Busulfan treatment caused complete depletion of germ cells,
and after transplantation ngn3 expression was showed in recipient mouse testis.
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actions. The following primers were used for RT-PCR:
Lin28 primers: AGACCAACCATTTGGAGTGC
and AATCGAAACCCGTGAGACAC;ngn3primers:
GTTGGTGAGCCCCTGGAGACCATAT and CT-
GGCCCCTGGCCCCTGGGCAC  ;GAPDHprimers:
AAGGTCATCCCAGAGCTGAAand CTGCTTCAC-
CACCTTCTTGA.

Determination of Testosterone levels and Germ
cells Number

For measurement of testosterone, the mice were anaes-
thetized with 0.64 mg/ kg xylazin (Alfasan, Woerden,
and the Netherlands) and 20 mg/ kg ketamine (Alfasan).
Serum testosterone level was measured by a chemilu-
minescence analyser (Diasorin kit; Italy). The blood
of animal was collected by cardiac puncture. The se-
rum after separation was stored at 20 °C for testoster-
one level detection. For DNA flow cytometry, freshly
harvested testicular tissue was separated and placed in
phosphate-buffered saline (PBS). Enzymatic digestion
of testicular tubules was performed after testicular tis-
sue dissection according to the technique of Dym et al.
with minor modifications . To remove residual cells,
tissue fragments were washed twice with phosphate
buffer. Then, 1 ml of cold 70% ethanol was added drop
by drop to the obtained sediment. After centrifugation
(10 min in 500 g), the supernatant was discarded. Then,
0.5 ml of nucleic acid staining solution consisting of 8.5
ml of staining buffer (0.1% BSA in PBS), 0.1% RNase
(Sigma) and 0.5 ml of stock solution of propidium io-
dide (1 ng/ ml; Sigma) was added to the pellet. DNA
histograms were obtained by a flow cytometer (Bec-
ton-Dickinson, FAC scan, San Jose, CA, USA), and
analysis was performed by CELL QUEST programs
(Becton-Dickinson) (15).

SDS-PAGE and Western Blotting

Proteins were extracted from the testis of 6 weeks old
mice (control) and busulfan-treated mice using Radi-
oimmunoprecipitation assay (RIPA) buffer containing
10mM Tris-HCI (PH = 8.0), 1% NP-40, 10% Glycerol,
0.1% SDS,ImM EDTA and 100mM Nacl with protease
inhibitor cocktail (Roche Diagnostic, GmbH, Germa-
ny). 50 pg of total protein was heated to 95°C for 5
min and separated by 12% sodium dodecyl sulfate-pol-
yacrylamide (SDS-PAGE) gel and blotted on to a poly-
vinylidene fluoride (PVDF) membrane (Amersham Bi-
osciences). Protein binding sites were blocked for 2 hrs
in 3% nonfat skim milk in Tris-buffered solution with
0.1% Tween 20 (TBST) at room temperature (RT). The
membrane was incubated overnight at 4 °C in 1 % BSA
solution containing 1:300 dilution of primary antibody
(ngn3 monoclonal antibody, Santa Cruz) the membrane
was diluted with 1:10,000 HRP conjugated rabbit anti
mouse immunoglobulins (Sigma) lhr at room temper-
ature after 3 times of washing with TBST, bands were
visualized using enhanced chemiluminescence (ECL)
reagent (Ariyatous Biotech, Iran) according to the man-
ufacturer’s instructions and were compared with o-ac-
tin.

Statistical analysis

The values are presented as the mean = SEM. Results
were analyzed by one-way ANOVA and Bonferroni’s
post-hoc test was used for comparison of experimen-
tal groups with control by Graph pad Prism5 software.
P-value less than .05 was considered statistically sig-
nificant.

RESULTS

Cell culture and labeling

Approximately before 1 week several small colonies
were observed on top of the monolayer of testicular
cells (Figure 2a). Isolated SSCs was incubated in me-
dium with 0.1 mM BrdU and the BrdU labeled cells
were used for transplantation. To in vitro detection of
these cells after rete testis transplantation, monoclonal
anti-BrdU antibody was used in culture medium and
BrdU positive cells were observed by optical micscope

(Figure 2b).

Alkaline phosphatase (AP) activity

Cultured spermatogonial stem cells did not show any
alkaline phosphatase activity. Althogh, Alkaline phos-
phatase is highly expressed in the mouse intestine, as
well as blood noutrophil cells that served as a positive
control(Figure 3).

Immunostaining of cytokeratin and ngn3
Immunocytochemical evaluation using an antibody
against cytokeratin showed cytoplasmic localization of
CK-18 in Sertoli cells (Figure 4a). Figure 4b clearly
showes a positive expression of ngn3 in SSCs com-
pared to control.

Recipient mice

Four weeks after the injection of mice with busulfan,
most of the endogenous germ cells were removed (Fig-
ure 5a). Histological analysis showed that 70 and 100
days after injection of 30 mg/ kg busulfan, the regen-
eration of spermatogenesis occurred in a few tubules,
while it was not effective to return fertility in azoo-
spermia mice (p = 0.005) (Figure 5b,c). On the other
hand, evaluation by optical microscopy demonstated
increase in capsular thickness after busulfan treatment
compared to the control group (Figure 5d).

Donor cells in recipient seminiferous tubules
Two months after transplantation of cells into rete tes-
tis, most of the donor cells were observed in tubule
cross-sections of recipient mice as detected by im-
monohistochemistry for BrdU (Figure 6a). No BrdU
positive cells were found in the non-transplanted group
(Figure 6b).

Expression of spermatogenic molecular markers
in recipient testicular tissue

The known molecular markers of spermatogonial stem
cells and spermatogonia ngn3 and LIN28 were detected
in adult (control group), 3-6 days old, busulfan treated
and recipient mice testes as determined by q RT-PCR.
Expressions of ngn3 and LIN28 at relatively high levels
were detected 8 weeks after transplantation in recipient
mice (P <.05) (Figure 7).

Testosterone concentration and cycle analysis
Two months after transplantation, testosterone level
and number of haploid cells percentage were shown to
have an increase in transplanted mice compared to con-
trol group (P = .0005) (Figure 8a, b).

Detection of ngn3 protein level by western blot in
spermatogonial stem cells

Western blot analysis detected the presence of ngn3
protein in the testis. The ngn3 antibody recognized a
single protein band of ~ 23 kDa in normal mice. West-
ern blot results indicated no detectable ngn3 protein in
busulfan treated testis. As a result, busulfan treatment
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caused a complete depletion of germ cells, and thus
these animals were used as recipients for germ cell
transplantation (Figure 9).

DISCUSSION

The germ cell transplantation technique has provided a
new treatment approach in restoration of fertility in on-
cological patient. In this propose, azoospermic mice are
a good model for development of this new technology.
In the past, there was not an appropriate in vitro culture
condition to support proliferation and differentiation
of SSCs for a long time. Although, a complete in vitro
spermatogenesis has not been obtained in any species®".
In the mature testis, 2-3 stem cells exist in 104 testicular
cells. Therefore, in this study we used testes from imma-
ture mice to provide a large number of undifferentiated
SSCs™. Stem cell expansion following busulfan treat-
ment and before transplantation had effective role in
cell population. Before autologous transplantation and
treatment of infertility, expansion of SSCs is necessary.
According to recent reports, c-kit is express in differen-
tiating spermatogonia (Aal16 and possibly Aal8 )and
undifferentiated SSCs are c-kit negative!'***Y. While,
ngn3 and LIN28 are expressed by spermatogonial stem
cells and early steps of spermatogenesis"”. So, we used
ngn3 and LIN28 to characterization of cultured SSCs.
In the present study, germ cell transplantation from rete
testis of azoospermia mouse model copuld lead to an
increase in efficiency of transplantation. The results of
busulfan injection to deplete endogenous germ cells
confirmed the regeneration is based on stem cell expan-
sion after cytotoxic treatment. After busulfan injection
and destraction of primitive germ cells that account
for less than 1% of the total number of testis cells®*®,
nearly all of the differentiated progenitor cells remained
and continued their differentiation with normal kinetics.
However, due to the absence of self-renewal activity in
SSCs they gradually got mature and disappeared by 35
days®". Therefore, as the stem cell numbers contin-
ued to recover, the number of differentiated germ cells
decreased, and the ratio of stem cells to differentiated
germ cells markedly changed during regeneration. Our
results apparently revealed the number of stem cells
decreased and reached the lowest value four weeks af-
ter the injection of 30 mg/kg busulfan. However, stem
cells then started to increase and histological analysis
showed the regeneration of spermatogenesis in a few
tubules between 70 and 100 days after injection of 30
mg/ kg busulfan while, stem cell regeneration was not
effective. Because it has been reported that Busulfan
is a potent agent that can destroy Sertoli cells in testis
environment™. So, abnormal testis environment may
decrease spermatogenesis efficacy. In the present study,
we used neonatal or prepubertal donor testis cells with
most of undifferentiated cells in suspension. So, 25-30
pl of fresh cell suspension (~ 2/5x106 cells/ml) was
slowly injected into the rete testis if azoospermicmouse.
Then, SSCs migration into the niche or basement mem-
brane of seminiferouse tubules and donor derived sper-
matogenesis was detected two month after transplan-
tation. Previouse studies showed spermatogonial stem
cells numbers in donor cell suspension is an important
factor in colonization. An increase in SSCs population
rather than differentiated cells could increase spermat-
ogenesis efficacy. Indeed, cell cycle stages had a main
role in regulating SSC migration to the niche®”. In this
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study, further cell cycle analysis detected the presense
of the most cells in the G2/M phase after transplantation
that showed an success in homing of transplanted cells
and progression into differentiation cycle. Although,
the mechanism that promoteSSCs homing, replicattion
and differentiation into mature spermatoza is compli-
cated®. On the other hand, busulfan treatment induced
stem cell degradation and testis tissue became approx-
imately empty of SSCs. In this regard, two months af-
ter transplantation, the presence of transplanted cells
was investigated by examination of ngn3 and LIN28
expression. Increased expressions of ngn3 and LIN28
could confirm the existence of new cells in testis of
azoospermia mouse model. Based on recent finding,
ngn3 and LIN28 were specifically expressed in the
spermatogonia and busulfan could induce morpholog-
ical damage to undifferentiated SSCs and sperm pro-
duction. In our study, transplanted SSCs into rete testis
of azoospermia mice, could to lead the cell suspension
in near all of the tubules and that revealed by anti-BrdU
staining. It was better to use GFP-donor mice to bet-
ter distinguish testis resettlement, but it was limitations
of our study. Two months after transplantation, an in-
crease in ngn3 and LIN28 expressions revealed the suc-
cess in SSCs homing and beginning of donor derived
spermatogenesis in the recipient seminiferous tubules.
We could success to evaluate SSCs transplantation in
rete testis of azoospermia mouse model by cellular and
molecular analysis. While, we need more time to check
functional sperm in the ejaculate.

CONCLUSIONS

Germ cell transplantation was initially developed in ro-
dents and had great potential and promising initial re-
sults. Number of important factors including isolation
of donor cells, delivery to recipient testes and recipi-
ent animal preparation related to the success rate of the
technique and making this procedure as a viable option
for application. Clinical applications include preserva-
tion of fertility in patients undergoing potentially ster-
ilizing treatments for cancer therapy and rare animals.
In the practice the introduction of genetic modifications
into the germline of domestic animals is most appli-
cations of SSCs transplantation. Rete testis transplan-
tation of germ cells is newer approach that enhances
our understanding of testis function, preserve fertility,
study and manipulates spermatogenesis in a variety of
mammalian specie
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