
Middle East Fertility Society Journal (2012) 17, 243–249
Middle East Fertility Society

Middle East Fertility Society Journal

www.mefsjournal.org
www.sciencedirect.com
ORIGINAL ARTICLE
Trial evaluation of bone marrow derived mesenchymal

stem cells (MSCs) transplantation in revival

of spermatogenesis in testicular torsion
Mohammad Ali Sabbaghi
a,1
, Ahmad Reza Bahrami

a,b,*, Behzad Feizzade
c
,

Seyed Mehdi Kalantar d, Maryam M. Matin a,b, Mahmood Kalantari e,

Abbas Aflatoonian f, Morvarid Saeinasab a
a Department of Biology, Faculty of Sciences, Ferdowsi University of Mashhad, Mashhad, Iran
b Cell and Molecular Biotechnology Research Group, Institute of Biotechnology, Ferdowsi University of Mashhad, Mashhad, Iran
c Department of Urology, Ghaem Medical Center, Mashhad University of Medical Sciences, Mashhad, Iran
d Reproductive and Genetic Unit, Research and Clinical Centre for Infertility, Yazd Medical Sciences University, Yazd, Iran
e Department of Pathology, Ghaem Medical Center, Mashhad University of Medical Sciences, Mashhad, Iran
f Research and Clinical Centre for Infertility, Yazd Medical Sciences University, Yazd, Iran
Received 21 March 2012; accepted 5 June 2012
Available online 29 August 2012
*

Sc

+

E-
1

bi

D

Pe

11

ht
KEYWORDS

Mesenchymal stem cells

(MSCs);

Testicular torsion;

Oct4;

Vasa;

c-Kit;

Trial experiment
Corresponding author at:

iences, Ferdowsi University

98 511 876 2227.

mail address: ar-Bahrami@u

Current address: Departm

ology, Faculty of Biology,

iagonal, 643, 08028 Barcelon

er review under responsibilit

Production an

10-5690 � 2012 Middle East

tp://dx.doi.org/10.1016/j.mef
Departm

of Ma

m.ac.ir (

ent of

Universi

a, Spain.

y of Mid

d hostin

Fertility

s.2012.06
Abstract Defective spermatogenesis due to the failure in germ cell proliferation and differentiation

is the major sign of male infertility pathogenesis; and male factor is involved in up to half of all

infertile couples. Testicular torsion is an acute vascular event causing the rotation of the vascular

pedicle of the testis, thereby impeding the blood flow to the testis and the scrotal contents. Azoo-

spermia caused by torsion in testis is a common source of impotency, which has not been touched

by this approach, yet. Here, we use the capacity of mesenchymal stem cells (MSCs), as multipotent

adult stem cells, to revive spermatogenesis in torsion-induced azoospermia. For this purpose, MSCs

were extracted from rat bone marrow, cultured and transplanted into torsioned testis. Germ cell
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specific markers (Oct4, Vasa and c-Kit) were monitored for the differentiation of MSCs after trans-

plantation into the torsion azoospermed testis. This study is a trial evaluation of mesenchymal stem

cells in rat torsion testis to follow up the regenerative capacity of stem cells in spermatogenesis revi-

val. These approaches can provide the powerful tools to investigate the basic biology of stem cells

for reproductive engineering and infertility treatment.

� 2012 Middle East Fertility Society. Production and hosting by Elsevier B.V. All rights reserved.
1. Introduction

Mesenchymal stem cells (MSCs) are widespread in adult

organisms and may be involved in tissue maintenance and re-
pair, as well as in the regulation of homeostasis and immuno-
logical responses (1,2). Bone marrow derived mesenchymal

stem cells (BM-MSCs) are different from other somatic stem
cells in that they differentiate not only into the same mesoder-
mal lineage but also into other lineages with different embry-

onic origins such as bone marrow, muscle, liver, lung, and
skin (3–5).

Generation of germ cells from uncommon sources, such
as mesenchymal stem cells has been of particular interest

in recent years due to their significant clinical applications.
Recent studies have shown the ability of both embryonic
(6,7) and adult stem cells (8,9) to differentiate into primor-

dial germ cells and further mature gametes. By day 6 after
birth, primordial germ cells (PGCs), the origin of male germ
cells that arise from proximal epiblast, migrate to the base-

ment membrane of the seminiferous tubules and become
spermatogonial stem cells (SSCs) (10). SSCs are responsible
for maintaining the spermatogenesis process throughout the

life time (11–13). A key step in investigation of male infertil-
ity is the appropriate classification of impaired spermatogen-
esis (14,15). Testicular torsion, the twisting of the spermatic
cord, which cuts off the blood supply to the testicle and sur-

rounding structures within the scrotum, is a true urologic
emergency and must be differentiated from other complaints
of testicular pain because a delay in diagnosis and manage-

ment can lead to loss of the testicle (16–18). Torsion of sper-
matic cord is the main cause of testicular torsion that
constitutes a surgical emergency affecting newborns, chil-

dren, and adolescent boys. Studies have shown that between
16% and 42% of boys with acute scrotal pain have testicular
torsion (19–22). Surgery is usually required and should be
performed as soon as possible after symptoms begin. If sur-

gery is performed within 6 h, most testicles can be saved
(17,18).

Mesenchymal stem cells possess the capacity to trans-differ-

entiate into epithelial cells and lineages derived from the neu-
ro-ectoderm, and in addition, these cells can migrate to the
sites of injury, inflammation, and to tumors. These properties

of mesenchymal stem cells make them promising candidates
for use in regenerative medicine (23,24).

This study aims to investigate the regenerative potency of

CM-DiI labeled bone marrow derived-mesenchymal stem cells
(BM-MSCs), implanted into the torsion rat testis. This capacity
was monitored using different germ cell specific markers includ-
ing Oct4, Vasa and c-Kit by immunohistochemistry analysis.

This trial experiment and long time follow up studies can help
to introduce novel therapeutic approaches in patients suffering
testicular torsion.
2. Methods and materials

2.1. Isolation and expansion of bone marrow derived-

mesenchymal stem cells

Mesenchymal stem cell derivation was done using the previ-
ously well established protocol (25,26). Briefly, MSCs were col-
lected by flushing the femurs of 4–6 week old male rats. Cells

were cultured in 25 cm2 flasks in Dulbecco’s modified Eagle’s
medium (DMEM) (Gibco, Scotland) supplemented with
15% fetal bovine serum (FBS) (Gibco, Scotland), 100 ll/ml
penicillin, and 100 mg/ml streptomycin (Gibco, Scotland).

Non-adherent cells were eliminated by a medium change at
day 2 and after confluency, the adherent cells were detached
by trypsinization and replated using a 1:3 passage. MSCs ex-

panded normally with a spindle appearance and were readily
grown in vitro by successive cycles of trypsinization, seeding
and culture, every 3 days. According to the fact that fibroblast

cells will be eliminated during trypsinization in consequent
passages, we considered these fibroblasts-like cells as MSCs.

2.2. CM-DiI labeling of BM-MSCs

Prior to injection, the MSCs were labeled with the fluorescent
marker 1,10-didodecyl-3,3,30,30-tetramethylindocarbocyanine
perchlorate (CM-DiI) (Invitrogen�, c7000). CM-DiI is a lipo-

philic dye that labels cells by means of lateral diffusion
through the plasma membrane, with an absorbance wave-
length of 480 nm and emission at 565 nm. The labeled cells

were then visualized by fluorescence microscopy (Olympus,
IX70). For this purpose, 50 lg of CM-DiI was dissolved in
50 ll dimethyl sulfoxide (DMSO) as the stock solution.

Twenty-four hours before injection, 2 ll of the solution was di-
luted in 1 ml phosphate buffered salin (PBS) to prepare a
working solution. The medium was then replaced by CM-

DiI solution and incubated at 37 �C for 5 min, followed with
incubation at 4 �C for 10–15 min. After this time, normal med-
ium was added to the cells and incubated at 37 �C until trans-
plantation. Before transplantation, the cells were washed with

PBS, trypsinized, counted, and injected as explained below.

2.3. Surgical process and cell transplantation

To follow up the regenerative potency of MSCs, we divided 42
male Wistar rats into two groups of control (left testis torsion/
detorsion, n = 7), and treatment (left testis torsion/detor-

sion + CM-DiI labeled cells, n = 7) to be analyzed at three
time points (2, 45 and 95 days, since we had technical limita-
tion for using CM-DiI dye no longer than 100 days) following

transplantation. In both groups, the right testis was considered
as positive control. All surgical procedures were performed
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under the xylazine/ketamine anesthesia using sterile condi-
tions. The scrotum was entered through a midline incision.
The tunica vaginalis was opened up, and the left testis was

delivered to the surgical weld. This testis was rotated 720�
clockwise direction and maintained in this position for 2 h
by fixing the testicle to the scrotum with a 4-0 silk suture

(27–30). The testicle was then detorsioned and fixed by 4-0 silk
suture. After all the surgical procedures, the incision was
closed with the silk suture. MSCs were transplanted into the

detorsioned testis via rete testis. Cell concentration for trans-
plantation was 5–10 · 106 cells/ml and approximately 10 ll
of the cell suspension was transplanted according to Nayernia
et al. (31). Throughout the experiments, the treated animals

were monitored histopathologically and no obvious teratoma
development, transplantation rejection and inflammatory reac-
tions from the implanted cells were observed.
2.4. Sample preparation and histopathological studies

The animals were sacrificed and their testes were removed, and

fixed in formaldehyde (37%), in time courses of 2, 45 and
95 days post transplantation. The fixed samples were then
embedded in paraffin (56 �C, Merck) and sectioned (4 lm
thick) on gelatin precoated slides. They were further deparaff-
inized, stained with Hematoxylin–Eosin, and observed under a
light microscope (Olympus, IX70).
Figure 1 Bone marrow derived-mesenchymal stem cell growth and

micrographs and their merged image with CM-DiI labeled cells sh

seminiferous tubules 2 days (a1–a3), 45 days (b1–b3) and 95 days (c1–

control (d), negative control (e), and the CM-DiI labeled BM-MSCs i
2.5. Immunohistochemistry

To perform immunohistochemical analysis, the paraffin-
embedded samples were sectioned (4 lm thick) and placed
onto the poly lysine treated (P9155, Sigma) slides. The samples

were deparaffinized with xylol and permeabilized with 0.5%
triton X-100 in a PBS solution containing 1.44 g NaH2PO4,
0.2 g KCl, 0.24 g KH2PO4 and 8 g NaCl (pH 7.4). These sam-
ples were then blocked in a blocking solution (1% bovine ser-

um albumin (BSA)). In next step, tissues were incubated with
primary antibodies of Oct-4, Vasa and c-Kit (Santacruz Bio-
technology, Inc.) at 1:500 dilutions (in PBS) overnight at

4 �C. Samples were then washed with PBS three times. The
secondary mouse IgG-FITC (Sigma) anti bodies were used
for 30 min and then washed with PBS and observed with a

fluorescent microscope (Olympus, IX70).

3. Results

3.1. Derivation of bone marrow MSCs

During primary cell culture, the attached cells expanded nor-
mally with a spindle like appearance, as expected. These adher-
ent cells were readily grown in vitro by successive cycles of
trypsinization, seeding and culture, every 3 days, for 4 passages

without visible morphological changes. As it is known, during
maintenance in testis 95 days post transplantation. DAPI stained

owed maintenance and localization of the transplanted cells in

c3) post transplantation. The last column represents the positive

n vitro (f).
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trypsinization and in consequence passages, fibroblast cells
would be eliminated (32). Thus, we designated these fibro-
Figure 2 Spermatogenesis was not recovered in testicular torsioned ra

complete depletion of the seminiferous tubules from endogenous sperm

(a), 45 days (b), 95 days (c) and 180 days (d) post transplantation did n

shown by asterisk in negative controls (e) but not in positive controls

Figure 3 The transplanted BM-MSCs express Oct4 protein in rat te

labeled cells showed Oct4 expression 45 days (a1–a3) and 95 days (b1–

(d) are included here.
blasts-like cell populations as bone marrow derived mesenchy-
mal stem cells (Fig. 1, F, the upper small box).
ts 95 days after BM-MSC transplantation. Arrows indicate almost

atogonial cells. Staining of tubules by Hematoxylin–Eosin 2 days

ot show signs of spermatogenesis recovery. Signs of apoptosis are

(f).

stis, as examined by immunohistochemical analysis. The CM-Dil

b3) post transplantation. Positive control (c), and negative control



Figure 4 The expression status of Vasa after CM-DiI labeled cell transplantation. Micrographs prepared from testicular torsion samples

showed no expression of Vasa 45 days post transplantation (a1–a3). Vasa expression was detected 95 days post transplantation (b1–b3).

Positive control (c), and negative control (d) are included here.

Figure 5 Evaluation of c-Kit expression after cell transplantation in testicular torsion. Immunostained cells showed no c-Kit expression

45 days (a1–a3) and also 95 days (b1–b3) post transplantation in comparison to positive control (c). Negative control (d) is also included.

Arrow heads show small number of labeled cells in samples 95 days post transplantation without the expression of c-Kit.

Trial evaluation of bone marrow derived mesenchymal stem cells (MSCs) 247
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3.2. CM-DiI labeled bone marrow derived-mesenchymal stem
cells growth and maintenance in testis after 95 days post
transplantation

The extracted mesenchymal stem cells were grown up to pas-

sage 4 in vitro, and labeled with CM-DiI prior to transplanta-
tion (Fig. 1, F). The testis injected cells were proven to last for
a long period of time post transplantation. Fluorescence
microscopy confirmed that CM-DiI labeled cells were main-

tained in the testis after 2 days (Fig. 1, a1–a3). Furthermore,
the transplanted cells started to migrate into the basement
membrane of seminiferous lumens 45 days after transplanta-

tion (Fig. 1, b1–b3). Similarly, we observed the same results
95 days post transplantation (Fig. 1, c1–c3). Hematoxylin–Eo-
sin staining of the microscopic sections, prepared from the tor-

sion testis showed that tubules were empty of sperm even after
95 days post transplantation. Although we could not find any
obvious differences between the micrographs of the testis

2 days post transplantation (Fig. 2, a) in comparison to the
control group, we did not observe complete spermatogenesis
revival in testicular torsion after 45 and 95 days post trans-
plantation (Fig. 2, b and c).

3.3. Oct4, Vasa and c-Kit expression evaluation 45 and 95 days

post transplantation

Immunohistochemical analysis was performed to evaluate the
expression of Oct4, Vasa and c-Kit in torsioned samples, trans-
plantedwith the labeled BM-MSCs.Weobserved the expression

of Oct4 (Fig. 3, a1–a3) 45 days after transplantation, while Vasa
and c-Kit (Figs. 4 and 5, a1–a3, respectively) did not show
detectable expression levels during this time. After 95 days post
transplantation, we could detect the expression of Oct4 (Fig. 3,

b1–b3) and Vasa (Fig. 4, b1–b3), but c-Kit expression remained
undetectable (Fig. 5, b1–b3). With the expression of Oct4 and
Vasa during 95 days, CM-DiI labeled cells showed signs of

differentiation in the base of the seminiferous tubules.

4. Discussion

In present study, we followed up the capacity of bone marrow
derived-mesenchymal stem cells (BM-MSCs) transplantation
into the testicular torsion rats after 95 days. To our knowl-

edge, this is the first trial experiment in this field to investigate
the regenerative potency of stem cells, especially MSCs in this
model.

Testicular torsion is well known for its negative impact on
testicular spermatogenesis by depletion of the progenitor reser-
voir. During the torsion, most of the cells in testis, such as tes-
tis stem cells, spermatogonial cells and even mature sperms are

disturbed (18). With ample of experimental evidences regard-
ing the MSC potential in tissue regeneration, this capacity
was also tested in testes depleted from sperms and their pro-

genitors. The primary examinations on the implanted testis
showed that the CM-DiI labeled MSCs maintained well
95 days post transplantation. Interestingly, the transplanted

cells were also migrated to the basement membrane of the tu-
bules 45 days after transplantation (Fig. 1, b3) and remained
there for a long time (95 days) of examination (Fig. 1, c3).

The differentiation capacity of the cells was tested based on
the expression of the germ cell characteristic markers of Oct4,
Vasa and c-Kit, based on the differentiation steps of stem cells
to germ cells. As previously shown, Oct4 is a noticeable marker
of germ cells (33). PGCs are the only cells expressing Oct4, post

gastrulation, which has a role in their totipotent phenotype
(34,35). Forty-five days after transplantation of the labeled
BM-MSCs into the testicular torsion, Oct4 was detectable at

protein level (Fig. 3, a3). This could be considered as a positive
indication of MSCs differentiation toward germ cells, as undif-
ferentiated MSCs do not show detectable level of Oct4 (25).

Also, in different experiments with rat MSCs, in our experi-
ments, we did not notice Oct4 expression at protein level (data
not shown). The Oct4 expressing cells were perfectly over-
lapped with the CM-DiI labeled cells when they were merged

together in micrographs. These data support the notion that
the implanted cells had been signaled toward directional path
of spermatogonial cells by the testicular microenvironment

(Fig. 2, b and c). In addition, the expression of Oct4 was detect-
able in the testis even after 95 days post transplantation (Fig. 3,
b3). Nayernia et al. also showed the Oct4 expression 8–

12 months after cell transplantation in busulfan azoospermed
mice (9). Until this step, we suggest that MSCs may take com-
mitments toward germ cell differentiation.

In the next step, expression of germ cells’ specific markers
was tested in these committed labeled cells. Therefore, we ana-
lyzed the expression of Vasa protein, as an exclusive marker of
germ cells, which is also expressed throughout most of the ani-

mal life. This protein is believed to be required for the develop-
ment of PGCs, their differentiation, and maturation (36,37).
Mutation in Vasa leads to deficiency in proliferation and dif-

ferentiation of the PGCs (38). As we observed, it was expressed
at a later stage, in samples, collected 95 days after cell trans-
plantation (Fig. 4, b3). The final marker, which we used for

detecting the maturation of transplanted cells, was c-Kit.
PGCs express c-Kit at relatively high levels (39,40). Further-
more, mesenchymal stem cells are c-Kit negative (41).

Although CM-DiI labeled MSCs showed initiation of differen-
tiation by expressing Oct4, by Vasa expression, they failed to
express detectable levels of c-Kit and could not regenerate ma-
ture sperms. Previous studies have mentioned three types of

germ cells: (1) Oct4+ cells with little expression of Vasa, called
pre-migratory germ cells; (2) cells expressing Oct4 and Vasa
but not c-Kit, that resemble to early post-migratory germ cells

and gonocytes and; (3) cells that are negative for Oct4 and c-
Kit expression and positive for Vasa expression, that resemble
to post-migratory cells and enter prophase I (42). The technical

limitations forced us to follow up the experiments in the la-
beled cells no longer than 95 days post transplantation. There-
fore, we could not trace our labeled cells after long time, and
the assays were conducted regardless of the labeled marks in

samples. Meanwhile, in predicted positions of the implanted
cells, c-Kit expression was not detectable 180 days after trans-
plantation, and consequently the biopsies did not show any

sperm formation (data not shown). It needs further studies
for confirmation of these findings both at protein and mRNA
levels.
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