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ARTICLE INFO ABSTRACT
Keywords: Spermatogonial stem cells (SSCs) are very sensitive to chemotherapy and radiotherapy, so male infertility is a
Human spermatogonial stem cells great challenge for prepubertal cancer survivors. Cryoconservation of testicular cells before cancer treatment can
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preserve SSCs from treatment side effects. Different two-dimensional (2D) and three-dimensional (3D) culture
systems of SSCs have been used in many species as a useful technique to in vitro spermatogenesis. We evaluated
the proliferation of SSCs in 2D and 3D culture systems of platelet-rich plasma (PRP). testicular cells of four brain-
dead patients cultivated in 2D pre-culture system, characterization of SSCs performed by RT-PCR, flow cytom-
etry, immunocytochemistry and their functionality assessed by xenotransplantation to azoospermia mice. PRP
prepared and dosimetry carried out to determine the optimized dose of PRP. After preparation of PRP scaffold,
cytotoxic and histological evaluation performed and SSCs cultivated into three groups: control, 2D culture by
optimized dose of PRP and PRP scaffold. The diameter and number of colonies measured and relative expression
of GFRal and c-KIT evaluated by real-time PCR.

Results indicated the expression of PLZF, VASA, OCT4, GFRal and vimentin in colonies after 2D pre-culture,
xenotransplantation demonstrated proliferated SSCs have proper functionality to homing in mouse testes. The
relative expression of ¢c-KIT showed a significant increase as compared to the control group (*: p < 0.05) in PRP-
2D group, expression of GFRal and c-KIT in PRP scaffold group revealed a significant increase as compared to
other groups (***: p < 0.001). The number and diameter of colonies in the PRP-2D group showed a considerable
increase (p < 0.01) as compared to the control group. In PRP- scaffold group, a significant increase (p < 0.01) was
seen only in the number of colonies related to the control group.

Our results suggested that PRP scaffold can reconstruct a suitable structure to the in vitro proliferation of SSCs.

1. Introduction treatment such as life quality and infertility are of grown importance
(van Dorp et al., 2012). Spermatogonia are very sentient to chemo-

According to the American Cancer Society, the annual incidence rate therapy and radiotherapy, so male infertility is prevalent among survi-

of childhood tumors aged birth to 19years old is 186.6 per 1 million vors of childhood malignancy (Romerius et al.,, 2011). Because
adolescents (Ward et al., 2014). Regarding the improvement in life ex- spermatogenesis does not begin up to pubescence, cryoconservation of a
pectancy through the efficient medical procedures, side effects of testicular tissue in prepubertal patients before cytotoxic therapies has
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been recommended (Nickkholgh et al., 2014). It has been estimated the
percentage of undifferentiated spermatogonia in mice and human are
about 0.3 % and 22 % of germ cells, respectively. This limited amount of
SSCs necessitates the in vitro proliferation and enrichment of SSCs
(Fayomi and Orwig, 2018).

The microenvironment or niche of spermatogonial stem cells (SSCs)
has critical roles in self- renewing and differentiation of SSCs in semi-
niferous tubules (Kostereva and Hofmann, 2008). In conventional 2D
culture systems, the dishes are covered by collagen, matrigel, gelatin
and other materials. While physical support for SSCs, microstructure and
spatial pattern of the in situ seminiferous tubules provided by
three-dimensional (3D) culture systems. 3D culture systems expanded
our knowledge of the interactions between somatic cells and germ cells,
extracellular matrix and germ cells, as well as the influence of in-
teractions in the spermatogenesis. Artificially formed 3D constructions
such as collagen gels (Lee et al., 2006), calcium cross-linked alginate
molecules (Chu et al., 2009), soft agar culture system (Elhija et al., 2012)
and methylcellulose culture system (Stukenborg et al., 2009) increased
the proliferation of testicular cells, also directed the differentiation of
SSCs. These findings recommending that viability, gene expression, cell
morphology and differentiation of germ cells efficiently supported by
communications in 3D culture systems. 3D culture condition organized
cells into densely arranged clusters and provided useful structures which
probably promoted the transfer of nutrients, oxygen, and growth factors
that are crucial for clonal expansion and differentiation of SSCs
(Huleihel et al., 2015). PRP clinically utilized from the 1970s as its tissue
healing features, that is associated with its great level of secretory pro-
teins and growth factors (Mei-Dan et al., 2011). Diverse growth factors
including transforming growth factor bl (TGF-b1), vascular endothelial
growth factor (VEGF), platelet-derived growth factor (PDGF) and
fibroblast growth factor (FGF), released from the a-granules of platelets
after PRP activation (FEom et al., 2014). These factors stimulated a series
of responses such as cell proliferation and cryoprotection, chemotaxis,
production of collagen, angiogenesis, cellular migration and differenti-
ation (Salamanna et al., 2015). The molecular mechanism of PDGF and
its receptors was demonstrated on its ability to regulate the development
of testis (Basciani et al., 2002). The mitochondrial cytochrome c/caspase
pathway regulated by IGF-1, this signaling pathway increased cell pro-
liferation (Li et al., 2003). IGF-1 significantly decreased sperm DNA
damage (Susilowati et al., 2015). VEGF was found to activation of the
nuclear factor erythroid 2-related factor 2 (Nrf2) pathway and conse-
quently inhibited oxidative stress during spermatogenesis (Nakamura
et al., 2010). Anti-inflammatory features of TGF-b led to a significant
increase in concentration and motility of sperm (Sharkey et al., 2016).
Activation of PRP by CaCl; solidified the plasma and forming the fibrin
network. Fibronectin, fibrin and other proteins founded in PRP, act as
adhesion molecules that can promote cell migration and fibrin network
structure within the PRP can hold cells in a 3D organization. Conse-
quently, Cell-PRP interaction may enhance stemness and increase the
cell survival rate (Tobita et al., 2015). Since there is no available data on
the proliferative effect of PRP on SSCs, this research focused on the
self-renewing of adult human SSCs in two-dimensional and
three-dimensional culture systems of PRP.

2. Materials & methods
2.1. Preparation of human testicular tissues

Human testes samples taken from four brain-dead donors at 17, 21,
25, and 26 years old from November 2018 to September 2019. Approval
from the family of each donor was acquired by the Organ Procurement
Unit (OPU) of Imam Khomeini Hospital affiliated to Tehran University of
Medical Science for donate of the patient testes in a research protocol
after necessary consent, the Ethics Committee of the Tehran University
of Medical science (IR.TUMS.VCR. REC.1397.1125) authorized this
research. Testicular samples used in this research revealed normal
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spermatogenesis as proven by histology (data not shown) and Patients
had no history of cancer chemotherapy or radiotherapy. The samples
were placed in tissue bag containing phosphate-buffered saline (PBS;
Gibco, Life Technologies, Grand Island, NY, USA) and 100 U/mL pen/
strep (Gibco, Life Technologies, Grand Island, NY, USA). The samples
were conveyed to the cell culture laboratory of Tehran University of
Medical Sciences, washed three times with PBS, tunica albuginea
removed and divided mechanically into small pieces.

2.2. Human testicular cells isolation

Isolation of testicular cells done according to the previously
described protocol (Mirzapour et al., 2017), using two steps of enzy-
matic digestion protocol. Summarily, the fragmented testicular tissues
transferred to the sterile 15 mL conical tube including first digestion
mixture (Dulbecco modified Eagle medium (DMEM; Gibco, Life Tech-
nologies, Grand Island, NY, USA) supplemented by pen/strep, 1 mg/mL
collagenase type I (Gibco, Life Technologies, Grand Island, NY, USA),
1 mg/mL trypsin, 0.05 mg/mL DNase and 1 mg/mL hyaluronidase (all
from Sigma-Aldrich St. Louis, MO, USA)). After that, conical tube placed
in a shaker incubator at 37 °C with 150 cycles per minute for 40 min,
centrifuged for 4 min at 1100 rpm and cell plate washed with DMEM
medium. For the second digestion step, cell plate obtained from the first
enzymatic digestion suspended in another sterile 15mL conical tube
comprising the second digestion mixture. The second digestion protocol
similar to the first digestion performed for 30 min. Collected cells
filtered by a 40 pm nylon filter and washed three times by PBS supple-
mented by 100U/mL pen/strep. A hemocytometer was used to calculate
the number of obtained cells and cell viability investigated by 0.04 %
Trypan blue (Sigma-Aldrich St. Louis, MO, USA). Differential planting is
a widely-used procedure for the separation of germ cells from somatic
cells because Sertoli cells adhere to the culture plate quicker than SSCs.
Isolated testicular cells were incubated overnight in uncoated plates
with DMEM/F-12 (Gibco, Life Technologies, Grand Island, NY, USA)
supplemented by 10 % fetal bovine serum (FBS; Gibco, Paisley, Uk), 100
U/mL pen/strep at 35°C, nonattached cells were centrifuged at
1000 rpm for 5 min and cultured on the new uncoated flasks.

2.3. 2D pre-culture and proliferation of testicular cells

The floating cells obtained from differential plating method were
cultured for 3 weeks in the basic culture medium including DMEM/F-12
medium supplemented by 100 IU/mL pen/strep, 40 pg/mL gentamycin
(Invitrogen, Carlsbad, CA, USA), 20 ng/mL glial-derived nerve growth
factor (GDNF; G1777, Sigma-Aldrich St. Louis, MO, USA), 10 ng/mL
basic fibroblast growth factor (bFGF; F0291, Sigma-Aldrich St. Louis,
MO, USA), 10 ng/mL leukemia inhibitory factor (LIF; L5283, Sigma-
Aldrich St. Louis, MO, USA), 5% FBS, 5% knock-out serum replace-
ment (KSR; Invitrogen, Carlsbad, CA, USA) and then maintained at 35 °C
in a humidified atmosphere with 5% CO,, the medium replaced every 2
days. Cells were passaged with Trypsin-EDTA 0.25 % (25200; Invi-
trogen, Carlsbad, CA, USA) in several new uncoated flasks when they
became 80 %-90 % confluent. The proliferation of Sertoli cells and
formation of SSCs colonies was assessed by an inverted microscope
(Zeiss, Jena, Germany), the cultured cells harvested for further charac-
terization after the third week.

2.4. Confirmation of SSCs

2.4.1. RT-PCR analysis

To prove the existence of SSCs in our experimental groups, the
expression of human SSCs genes such as VASA, OCT4, PLZF and the
Sertoli cells specific gene including Vimentin assessed after two steps of
enzymatic digestion and after the 2D pre-culture of testicular cells were
evaluated by RT-PCR, all evaluations were performed in three replica-
tions. Total RNA extracted according to the manufacturer’s



F. Khadivi et al.

recommendations using giazol reagent (Qiagen, Hilden, Germany) from
samples. Isolated RNA concentration evaluated by utilizing spectro-
photometry (Eppendorf, Hamburg, Germany). To eradicate the
contamination of genomic DNA, DNase I treatment (Fermentas, Wal-
tham, MA, USA) performed. cDNA synthesis made by using 1pg of
isolated RNA, oligo (dT), random hexamers and first-strand cDNA syn-
thesis kit (Fermentas, Waltham, MA, USA) according to the manufac-
turer’s protocols. In Table 1, the sequences of primers are shown. The
PCR cycles were set as denaturation stage at 95 °C for 30s, annealing
stage at 59—70 °C for 45, extension stage at 72 °C for 45 s, final poly-
merization at 72 °C for 10 min. The PCR products exposed to 1.5 % (w/
v) agarose gel electrophoresis containing ethidium bromide (10 pg/mL).
Eventually, gels were visualized by gel documentation system, with UV
Transilluminator.

2.4.2. Flow cytometry

The purification rate of SSCs evaluated by flow cytometrical analysis
using the PLZF marker, this is one of the most appropriate markers for
the undifferentiated SSCs isolation. Flow cytometry technique per-
formed after two steps of enzymatic digestion and after the 2D pre-
culture and more than 10° cells were used in each run. Briefly, after
fixation with 4% paraformaldehyde (PFA, Merck KGaA, Darmstadt,
Germany), 0.4 % Triton X100 (Sigma-Aldrich St. Louis, MO, USA) were
used for permeabilization. After that, 10 pl of primary antibody (mouse
monoclonal anti-PLZF antibody, 1:100, ab104854, Abcam, Cambridge,
MA, USA) added to the approximately 10° cells at room temperature
overnight. After twice washing with PBS, anti-mouse secondary anti-
body conjugated with FITC (1:200; ab97022, Abcam, Cambridge, MA,
USA) was added at 4 °C, all experiments were performed in three rep-
lications. Stained cells evaluated by flow cytometry (Partec AG, CH-
4144 Arlesheim, and Switzerland) equipped with a 15-mW argonion
laser at an excitation wavelength of 488 nm and unstained cells (without
primary antibody staining) considered as negative controls.

Table 1
The sequence of designed primers used for real-time PCR and RT-PCR analysis.

Product
size (bp)

Gene name  Sequences Annealing
temperature (°

C)

F:5'- ATCAACCCTCATCTGTCTTCC-
3
VASA RS- 196 60
TATTACACTCACCACCATCTCT-3'
F:5'-
L
OCT 4 E'C;?GTGATACTTGAGTGAGAGA 3 135 60
GGAGGTTGGAGTGAGCTGAGA-3'
F:5'-
GTTGGAGTGAGATGAAGGAAGG-3’
PLZF R:5'- 262 60
AAGGTATGGGTGAAGGAAGGAGA-
3
F:5'-
_a/
VIMENTIN ;.CS/}GAATATGAAGGAGGAAATG 3 156 60
AGGGAGGAAAAGTTTGGAAGAG -3’
F:5°
CATGAGAAGTATGACAACAGCCT-
GAPDH 3 113 60
R:5%
AGTCCTTCCACGATACCAAAGT-3
F:5‘- TTCAGCAAGTGGAGCACATTC-
3
GFRal R:5‘- GGTTGCAGACATCGTTGGAC- 141 60
3
F:5- AACACGCACCTGCTGAAATG-
c-KIT 3 179 60
R:5‘- GTCTACCACGGGCTTCTGTC-3'
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2.4.3. Xenotransplantation of human SSCs

Isolated human testicular cells after 2D pre-culture were trans-
planted into the seminiferous tubules of recipient immunodeficient
male, National Medical Research Institute (NMRI), mice which were
mature (n = 10; 6-8 weeks of age) weighing between 27.7 and 31.9 g to
approve the attendance of functional SSCs in our experimental groups
(Kubota and Brinster, 2018). Mature mice nurtured in the Razi labora-
tory of Tehran, Iran, kept to the Tehran University of Medical Sciences
with suitable animal conditions (food and water ad libitum). All animal
care and experimental procedures approved according to the rules
presented by the Ethics Committee of Tehran University of Medical
Sciences. To destroy the endogenous spermatogenesis, the recipient
mice were given intraperitoneally single dose 40 mg/kg of busulfan
(Sigma- Aldrich, Deisenhofen, Germany) 8 weeks before donor cell
transplantation. The cultured cells were labeled with Dil (Invitrogen,
Cergy Pontoise, France) according to the manufacturer’s protocol. The
recipient mice were deeply anesthetized with an intraperitoneal injec-
tion of ketamine and xylazine (with the ratio of 10/1) (Serva Feinbio-
chemica, Heidelberg, Germany). Transplantation was done through
retrograde injection into the ductus efferentes. Approximately, 10° cells
from the 2D pre-cultured in 10 pl DMEM injected into the left seminif-
erous tubules of every recipient mouse and right testis considered as
internal control. Nearly, 70-80 % of the seminiferous tubules visualized
and followed by exerting trypan blue in the injection media of sper-
matogonial cells. The mice were sacrificed 8 weeks after transplantation,
both testes were removed and fixed in 10 % neutral-buffered formalin.
To assess the presence of Dil-labeled SSCs, the serial-sections from left
testis were obtained. Finally, sections were counterstained with 4, 6-dia-
midino-2-phenylindole (DAPI; 1 pg/mL; Sigma-Aldrich St. Louis, MO,
USA) to prove the results. The presence and proliferation of injected cells
investigated through fluorescent microscope (Olympus BX51TRF,
Tokyo, Japan) and equipped with a digital camera (Nikon, 191 Tokyo,
Japan).

2.4.4. Characterization of SSCs colonies by immunocytochemistry

To identification of human SSCs colonies after 2D pre-culture for
three weeks, expression of PLZF and GFRal assessed by immunocyto-
chemistry. Human testicular cells cultured in 24-well culture plates,
fixed with 4% PFA for 15 min at room temperature, permeabilized with
0.5 % Triton X-100 for 30 min. Nonspecific adhesion sites blocked with
10 % goat serum (Sigma-Aldrich St. Louis, MO, USA). The plates were
incubated with primary antibodies (anti-PLZF antibody (D-9): sc-28319,
a mouse monoclonal IgGl PLZF antibody, 1:100, anti-GFR alpha-1
antibody (E-11): sc-271546, a mouse monoclonal IgGl GFRa-1 anti-
body, 1:100) for 2h at 37 °C (primary antibodies acquired from Santa
Cruz Biotechnology). After washing with PBS, anti-mouse secondary
antibody conjugated with FITC (1:200; ab97022, Abcam, Cambridge,
MA, USA) was added for 3 h at room temperature. The primary antibody
removed for control cells and nuclei counterstained with DAPI. Conse-
quently, the fluorescent images were taken by a fluorescence microscope
(Olympus BX51TRF, Tokyo, Japan) equipped to a digital camera (Nikon,
191 Tokyo, Japan).

2.5. PRP preparation and dosimetry

PRP prepared by the Iran blood transfusion organization (Tehran,
Iran) from the complete blood of healthy candidate. The PRP attained in
a bag containing Citrate Phosphate Dextrose Adenine Solution (CPDA;
C4431 Sigma-Aldrich St. Louis, MO, USA) as anti-coagulant. To remove
erythrocytes entirely and minimize their interference, care was taken.
The platelet count measured by an automatic counter (Sysmex, XS-800i,
Kobe, Japan). Since no study has been done on the proliferation of SSCs
in 2D culture system of PRP, the viability of testicular cells at different
concentrations of PRP investigated by Methylthiazolyldiphenyl-
tetrazolium bromide (MTT) (Sigma-Aldrich St. Louis, MO, USA) assay
at days 3, 7 and 14 to determine the optimal dose of PRP.
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Cells cultured by 4 different doses of PRP for 2 weeks:

1) Cells cultured in basic culture medium+ 1% PRP,
2) Cells cultured in basic culture medium+ 2.5 % PRP
3) Cells cultured in basic culture medium-+ 5% PRP,
4) Cells cultured in basic culture medium+ 10 % PRP

On the third, seventh and fourteenth days, cells transferred into a 96-
wells culture plate at a density of 10° cells per well and incubated in
DMEM medium containing 0.05mg/mL Methylthiazolyldiphenyl-
tetrazolium bromide (MTT) for 4 h at 37 °C in a 5% CO, incubator, all
experiments were carried out in five replications. After that, cells lysed
and purple formazan crystals dissolved by adding 100 pl dimethyl sulf-
oxide (DMSO; 1.4M; D8418 Sigma-Aldrich, Germany), per well for
30 min at room temperature. Finally, a microplate reader (EONTM,
BioTek, USA) used to measure the optical density (OD) of each well at
570 nm wavelength.

2.6. Preparation of PRP scaffold and reconstitution of testicular cells on it

To make the PRP scaffold, we mixed PRP (obtained from the com-
plete blood of healthy candidate by the Iran blood transfusion organi-
zation) with Calcium chloride (CaCly; Catalog no: 102382, Merck KGaA,
Germany) at a 9:1 ratio in 12-wells plates. The mixture was incubated at
37°C and 5% CO; for 15 min to create the hydrogel (Xie et al., 2012).
Due to the addition of CaCl,, a flexible fibrin scaffold formed within a
few minutes. This bioactive structure applied for cell seeding and could
be manipulated into different shapes. Then, cells (1.3 x 10%) per 200 pl
of culture medium (DMEM/F-12 medium containing 100 IU/mL pen/-
strep, 40pg/mL gentamycin, 20ng/mL GDNF, 10ng/mL bFGF,
10 ng/mL LIF, 5% FBS, 5% KSR) seeded in a 12-wells plate on PRP
scaffold and incubated at 37 °C and 5% CO3 for 4 weeks to perform
further analysis.

2.6.1. Cytotoxicity analysis of PRP scaffold

The cytotoxicity of the PRP scaffolds evaluated by MTT colorimetric
assay. PRP scaffolds (n=>5, each experiment was carried out in five
replications) made at a 96-wells culture plate, 10° cells per well cultured
on each scaffold and MTT assay were done 24h and 48h after cell
seeding, according to the protocol mentioned above. To eliminate the
probable formazan production by the platelets, MTT was also done for
cells without PRP scaffolds as a blank.

2.6.2. Scanning electron microscopy (SEM)

SEM observations were performed for the evaluation of scaffold
structure and SSCs colonies after cell culture. PRP scaffolds fixed with
2.5 % glutaraldehyde (Sigma-Aldrich St. Louis, MO, USA) at pH 7.4 for
2h, dehydrated by increasing concentrations of ethanol for 15 min in-
tervals. The dried specimens were then covered with gold sputter-
coating and seen under an environmental scanning electron micro-
scope (SEM, CamScan, MV2300, UK). SEM micrographs analyzed by the
ImageJ software (ImageJ, free Java software provided by the National
Institute of Health, Bethesda, Maryland, USA) for measuring the pores
size of scaffold, the number and diameter of SSCs colonies in each field
(Schindelin et al., 2015).

2.6.3. Histological evaluation of PRP scaffold

Hematoxylin/eosin (H& E) staining performed to verify the histo-
logical structure of the PRP scaffold and evaluating the SSCs colonies on
the PRP scaffold after the first week.

Scaffolds primarily were fixed in 10 % neutral buffered formalin,
dehydrated through increasing concentrations of ethanol, after clearing
by xylene and embedding in paraffin wax, sectioned at a thickness of
5pm. Sections deparaffinized, rehydrated, stained with H& E and
mounted in entellan (all from Merck, Germany). Tissue analysis per-
formed using light microscopy (Olympus CH30, Japan) (Khadivi et al.,
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2020).

2.6.4. Biodegradation and hydration test

1 mL Trypsin-EDTA (25200; Invitrogen, Carlsbad, CA, USA) added to
PRP-scaffolds (n=>5, five replications for biodegradation test) and
incubated at 37 °C for 3 days. To prevent the loss of enzymatic activity,
the trypsin substituted daily with a fresh solution. The PRP-scaffolds
weighed before trypsin administration and at the end of the third day.
The rate of enzymatic degradation measured by subtracting the start
weight and end weight of the scaffolds.

To evaluation of hydration test, the water content measured. Water
content calculated by subtracting overnight dried and freshly prepared
scaffolds (n =5, five replications for hydration test) weight.

2.7. Experimental design

SSCs cultured for four weeks at 3 groups including 1) control group
(2D culture of SSCs in basic culture medium), 2) 2D culture of SSCs in
basic culture medium and the selected dose of PRP, 3) 3D culture of SSCs
on the PRP scaffold

Cell culture performed with 10° cells for each group on a 12-wells
plate and further analysis done. According to the different groups,
several small clusters were observed on top of the monolayer from
testicular cells, approximately after 10 days.

2.8. Gene expression evaluation by quantitativeReal-time PCR

The relative expression levels of GFRal, involved in the preservation
of the undifferentiated state and c-KIT were assessed by real-time PCR,
the specific primers are listed in Table 1. The RNA of the cells extracted
by using the Trizol reagent kit (Ready Mini Kit, Qiagen, Hilden, Ger-
many) and the manufacturer’s instruction. The purity and concentration
of RNA determined using ND-3800 spectrophotometer (Nano-drop
Technologies, Hercuvan, Malaysia). Total RNA (2 pg) applied for cDNA
using a Prime Script RT reagent kit (Takara Bio Inc, Tokyo, Japan) ac-
cording to the manufacturer’s protocols. Real-time PCR carried out in 40
reaction amplification cycles by a qPCR machine (Applied BioSystems,
Foster City, USA) and the SYBR Premix Ex Taq Kit (Tli RNaseH Plus).
Analysis of melting curve made after every run to identify the existence
of primer dimers and nonspecific PCR products. As an internal control,
all samples normalized against glyceraldehyde-3-phosphate dehydro-
genase (GAPDH). The relative quantification of gene expression was
investigated through the comparative CT method (AACT).

2.9. Cell proliferation and morphological evaluation of colonies

Four weeks after cell seeding, the viability and proliferation of SSCs
at different groups evaluated by MTT assay. As well as, the number of
colonies and the diameter of each colony determined at different groups.
The inverted microscopic images (Zeiss, Jena, Germany) and SEM mi-
crographs were used to define the number of colonies, experimental
evaluations were carried out in five different fields and three replicates
for each group. Image J software was applied to measure the diameter of
each colony.

2.10. Statistical analysis

The SPSS (Version 22.0. IBM Corp, Armonk, New York) software was
used for data analysis. All data expressed as mean =+ standard deviation
of the mean (mean + SD); Kolmogorov-Smirnov test applied to deter-
mine the normal distribution of data, for multiple comparisons of data,
One- Way ANOVA used. Statistical significance between control and
experimental groups calculated by one-way analysis of variance
(ANOVA) followed by Tukey’s test. P < 0.05 was considered statistically
significant.



F. Khadivi et al.

3. Results

3.1. Isolation and identification of human SSCs and Sertoli cells by RT-
PCR

The viability of freshly isolated cells after enzymatic digestion was
more than 80 %, as evaluated by the dye exclusion test (0.04 % trypan
blue solution) (data not shown).

RT-PCR performed to evaluate the expression of PLZF (spermato-
gonial specific marker), VASA (germ cell marker), OCT4(stemness
marker), and Vimentin (a marker for Sertoli cells) after two steps of
enzymatic digestion and after the 2D pre-culture of testicular cells. All
samples expressed PLZF, OCT4, VASA, and Vimentin. GAPDH was also
used as a housekeeping gene. After 2D pre-culture of testicular cells a
significant increase in expression of OCT4, Vimentin, and VASA
observed in comparison to after digestion (p < 0.01) (Fig. 1). No sig-
nificant increase observed in the expression of PLZF after 2D pre-culture
of testicular cells. Collectively, these data recommend that the isolated
cells phenotypically are human SSCs.

3.2. Evaluation of the purification of SSCs by flow cytometry

Flow cytometry analysis using thePLZF marker carried out on the
supernatant after two steps of enzymatic digestion and after the 2D pre-
culture to assess the purity of SSCs. Our results indicated that 16.2 % of
all cells were positive for PLZF after enzymatic digestion (Fig. 2B).
Whereas after the 2D pre-culture significantly increased the purity of
SSCs to 80.2 % (Fig. 2D).

3.3. Analysis of recipient mouse testes after xenotransplantation

In histological sections from the normal seminiferous tubules of
mice, the intact arrangement of seminiferous tubules associated with the
spermatogenic cells seen (Fig. 3A). Distortion and atrophy in the
germinal epithelium, also reduction in the diameters and thickness of
seminiferous tubules seen in Busulfan treated mice (Fig. 3B). Structural
investigation of seminiferous tubules under the fluorescent microscope 8
weeks after xenotransplantation was done. The result indicated that
labeled cells transplanted on the seminiferous tubules basement mem-
brane in recipient testes as an individual cell and didn’t create a cluster
(Fig. 3C). This is a morphological distinction of undifferentiated sper-
matogonia that proved the existence of SSCs after 2D pre-culture and
evaluate the homing and colonization of SSCs in the recipient testis. The
non-transplanted right testis considered as the control group (Fig. 3D).

A

After two steps of enzymatic digestion

After 2D pre-culture

GAPDH

VASA

OCT4

PLZF

Vimentin
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3.4. Immunocytochemistry evaluation of colonies

Single-cell suspensions obtained after enzymatic digestion of human
testicular tissues proliferated in basic culture medium for three weeks.
As shown in Fig. 4, we identified the expression of PLZF and GFRal by
immunocytochemistry on human SSCs colomies.

3.5. PRP dose selection

To determine the optimized dose of PRP for SSCs culture, we per-
formed MTT assay at 4 different doses of PRP on the third, seventh and
fourteenth days. Higher viability and proliferation of SSCs observed at
culture medium with 5% PRP (Fig. 5). When we used 10 % PRP, we
interestingly observed greater colonies that exhibited the appearance of
human embryonic stem cell-like colonies. The germ line stem cell col-
onies introduced as an aggregation of individually obvious cells while
the embryonic stem cell-like cells colonies were compact and sharply
edged.

3.6. Cytotoxic evaluation of PRP scaffold

We used MTT assay to assess cell viability on the PRP scaffold in the
first and second days after cell seeding (Fig. 6). The proliferation rate
and viability of the SSCs on PRP scaffolds showed a striking time-
dependent increase (***: p < 0.001), (**: p < 0.01) as compared to
only PRP- scaffold.

3.7. Components and physical properties of PRP scaffold

According to the SOP of the Iran blood transfusion organization,
every plasma bag should contain at least 55 x 10° platelets. The average
PRP platelet count was 638 x 10° platelets/ul. SEM images obtained
from the PRP scaffold exhibited the porous structure (Fig. 7A), the re-
sults of image j analysis indicated the mean of pores size was
46.87 +6.77, and the content of water (gr) after overnight incubation
was 4.738 + 1.15. Degeneration of scaffolds after 3 days and following
the application of trypsin was 0.706 + 0.23. After the formation of the
PRP scaffold by calcium chloride, PRP commenced cross-linking and
slowly made a clear, elastic hydrogel. The fresh PRP scaffolds were semi-
transparent, light yellowish, easy to slicing and could be exerted in
different shapes. Histological sections from PRP scaffolds stained by
H&E revealed cross-linked fibrin in pink (Fig. 7B) these randomly ori-
ented fibrils organizations appeared to present an efficient microstruc-
ture for human SSCs to adhere and colonization.

B

O after digestion ® after 2D pre-culture

*k

15

Relative gene expression

Vimentin

Fig. 1. Molecular definition of SSCs and Sertoli cells at the RNA level by RT- PCR. A) RT-PCR was utilized to determine the expression of specific spermatogonia and
Sertoli cell markers in isolated testicular cells after two steps of enzymatic digestion and after 2D pre-culture. GAPDH was also applied as a housekeeping gene and all
evaluations were performed in three replications. B) Expression of the spermatogonia and Sertoli cells specific genes including VASA, OCT4, and Vimentin increased
significantly after the 2D pre-culture of SSCs, values expressed as means + SD (**: p < 0.01) in comparison to after two steps of enzymatic digestion.
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Fig. 2. Flow cytometry identified the SSCs purity percentage with PLZF marker, approximately 10° cells were utilized for each measurement. A, B) after two steps of
enzymatic digestion, C, D) after the 2D pre-culture, data were analyzed and presented by Flowjo software. A and C are control cells that primary antibody was
eliminated. M1: PLZF-negative cells, M2: PLZF-positive cells.

Fig. 3. A) The sections obtained from the normal seminiferous tubules of mice stained by H&E displayed by light microscopic images, the normal organization of
germ cells and the regular architecture of the seminiferous tubules can be recognized. B) The sections of seminiferous tubules in the busulfan treated mice stained by
H&E, morphological disorders in the germinal epithelium of seminiferous tubules such as atrophy and disorganization seen, the thickness of the germinal epithelium
and the number of spermatogenic cells significantly decreased. C) Fluorescent microscopic images exhibited the sections of seminiferous tubules in recipient infertile
mice 8 weeks after xenotransplantation, human SSCs labeled with Dil transplanted on the basement membrane of the seminiferous tubules, D) Non-transplanted testis

was regarded as the control group, in order to confirm the results DAPI nucleus staining performed (C, D). Scale bars =200 pm.
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Fig. 4. Immunofluorescent staining of SSCs colonies. Fluorescent microscopic images of human SSCs colonies after 2D pre-culture for 3 weeks displayed SSCs were
positive for PLZF and GFRal, nuclei counterstained with DAPI (blue) (For interpretation of the references to colour in this figure legend, the reader is referred to the

web version of this article).
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Fig. 5. SSCs cultured in culture medium with four
different doses of PRP (1%, 2.5 %, 5%, and 10 %), MTT
assay performed on third, seventh and fourteenth days
to determine the optimized dose of PRP for cell
viability and proliferation. The comparisons were car-
ried out related to control group on each day, five
samples were examined for each group and all evalu-
ations were performed in five replications. Data
expressed as means+SD (***: p<0.001), (**:
p<0.01), (*: p<0.05). As seen, the proliferation of
SSCs in the culture medium including 5% PRP showed
a significant increase in each day.

1th day

2th day

Fig. 6. MTT assay exhibited the cell viability on scaffolds at first and second days after cell seeding. Results presented as means & SD (***: p < 0.001), (**: p < 0.01),

five samples were examined for each group and all evaluations were performed in five replications.

3.8. Gene expression evaluation byReal-time PCR in experimental groups colonies (Fig. 8). Our results showed that the expression of GFRal and c-
KIT in the PRP- scaffold (3D) group significantly increased (p < 0.001)

To confirm the existence of SSCs during the cell culture, the as compared to the control group. In the PRP-2D group, the expression of
expression of GFRal and c-KIT evaluated in spermatogonial-cell-derived GFRal showed no significant difference as compared to the control
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Fig. 7. Scaffold characterization.
A) SEM for determination of the biological and physical features related to the PRP-scaffold.
B) The mesh-like structure of PRP scaffold are seen in light microscopic image stained by H&E.
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Fig. 8. The relative expression of GFRal and c-KIT genes of human SSCs derived from colonies developed in the PRP- 2D culture system and PRP- scaffold (3D group)
analyzed by real-time PCR. Values are expressed as means + SD, five samples were examined for each group and all evaluations were performed in three replications.
A: Expression of GFRal in the PRP scaffold group revealed a significant increase as compared with the control and PRP-2D groups (***: p < 0.001). B: Expression of c-
KIT in the PRP scaffold group showed a significant increase as compared with other groups (***: p < 0.001). In PRP- 2D group, the expression of c-KIT had a
significant increase as compared to the control group (*: p < 0.05).

group (Fig. 8A). The expression of c-KIT in the PRP-2D group signifi- 3.9. Cell proliferation and cluster assay in different groups
cantly increased (p < 0.05) as compared to the control group (Fig. 8B).

Accordance with these findings, PRP has a remarkable outcome on the Phenotypic and morphological characteristics of cells derived from
relative expression of genes involved in the proliferation and differen- human SSCs colonies are seen (Fig. 9). Colonies of human SSCs evalu-
tiation of SSCs. ated by an inverted microscope for the control and PRP-2D groups and

SEM for the PRP scaffold group. As shown, Sertoli cells proliferated and

Fig. 9. Microscopic morphology of human SSCs in experimental groups at the end of the fourth week. A, B) Images obtained from control group C, D) Images taken
from PRP- 2D group by inverted microscope, left arrows displayed the Sertoli cells and right arrows showed the colonies of SSCs made on top of Sertoli cells. E) SEM
image displayed the colonies of human SSCs on the PRP scaffold. F) The light microscopic image exhibited the section of the SSCs on the PRP scaffold after the first
week stained by H&E, arrow indicated the SSCs colony (scale bar for A, C=300 pm, B, D, E, F =50 pm).
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made a cell layer at the bottom of culture plate as a feeder surface; while
SSCs created eminent colonies on Sertoli cells.

For evaluating the cell viability and proliferation of SSCs, we applied
MTT assay at different groups (Fig. 10). Following the cell culture for 4
weeks, the result showed higher viability of SSCs on the PRP scaffold
group in comparison to the control group (***: p < 0.001). Cell viability
in PRP- 2D group also indicated a significant increase compared to the
control group (***: p <0.001), but not as much as the PRP scaffold
group and a significant difference was observed between PRP scaffold
and PRP-2D groups (***: p < 0.001). The number and diameter of col-
onies in the PRP-2D group increased significantly (p <0.01) as
compared to the control group. Interestingly, in the PRP- scaffold group
only the mean number of colonies increased significantly (p <0.01)
related to the control group (Table 2).

4. Discussion

In vitro proliferation of human SSCs remains a basic challenge in
fertility preservation for pre-pubertal boys who were exposed to gona-
dotoxic therapies and non-obstructive azoospermia men. SSCs are scarce
in the seminiferous tubules, thus a tiny portion of immature testicular
biopsy includes a restricted percent of SSCs that by themselves are not
sufficient for repopulation of a total testicular tissue after gonadotoxic
treatment (Oatley and Brinster, 2008). The in vitro proliferation of SSCs
before their autotransplantation is useful to achieve the whole repopu-
lation of a mature testis. In present study, we assessed the adult human
SSCs propagation instead of prepubertal testicular cells. According to
previous researches, in vitro proliferation of SSCs from prepubertal an-
imals such as rat, mouse, hamster and bovine successfully performed in
culture systems similar to that described in our study (Aponte et al.,
2008; Kanatsu-Shinohara et al., 2008, 2005). For the first time, we
evaluated the effect of PRP on proliferation of human SSCs. Endogenous
growth factors of platelets can release from the PRP scaffold, without
cytokine delivery technologies or gene modifications. The randomly
oriented fibrils organization in the PRP scaffold produced a conductive
3D culture system and contact guidance direction that increased cell
proliferation and migration. (Xie et al., 2012). Similar to the findings of
previous researches, the results of trypan blue staining in our study
showed high viability (more than 80 %) rate of SSCs after two steps of
enzymatic digestion (Izadyar et al., 2011; Mirzapour et al., 2015). This
finding confirmed that the SSCs isolation method through the enzymatic
digestion is a suitable and safe process. Cell suspension obtained from
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Table 2

Comparison of colony numbers and diameters between control and experi-
mental groups, Data are expressed as the mean and standard deviation from
three independent measurements, five samples were considered for each group.

Groups Colony numbers Colony diameters
Control 16.25+ 1.96 129.52+ 30.85
PRP-2D 20+ 2.28"" 158.53+ 36.85™"
PRP-scaffold 23.5+ 4.81° 128.52+ 27.44

# Significance difference as compared to the control group (p < 0.01).
Y Significance difference as compared to the PRP scaffold group (p < 0.01).

two steps of enzymatic digestion included different spermatogenic cells
at various stages of spermatogenesis as well as somatic cells. Similar to
previous examinations (Jabari et al., 2020; Kokkinaki et al., 2011;
Langenstroth et al., 2014), we used differential plating as SSCs enrich-
ment method to decrease the number of somatic cells. Unlike our study,
other previous investigations used MACS in order to the enrichment of
human and mouse SSCs (Guo et al., 2015; Kanatsu-Shinohara et al.,
2011; Kokkinaki et al., 2011). To eliminate most of the meiotic cells,
post-meiotic cells and sperm from isolated cells obtained after enzymatic
digestion, the cellular suspension cultivated for 3 weeks in proliferation
basic medium. Basic culture medium including DMEM/F-12, GDNF,
bFGF, LIF, FBS and KSR applied for 2D pre-culture and proliferation of
testicular cells. Results of the previous studies showed KSR facilitated
cell cycle progression and increased SSCs proliferation (Kubota et al.,
2004b). Some of the other well-known growth factors needed for
self-renewal and proliferation of SSCs are GDNF and GDNF family re-
ceptor al (GFRal), GFRaland Ret tyrosine kinase are the effective re-
ceptors for GDNF, the expression of GFRal, Ret and Src family was seen
in SSCs. GDNF through the GFRal activates Ret and kinases from the Src
family. Consequently, activation of PI3K/Akt signaling pathway and
expression of N-myc stimulates the proliferation of SSCs (Hofmann,
2008). bFGF is a crucial factor secreted from Sertoli cells and stimulates
in vitro expansion and proliferation of SSCs, LIF act as an essential
cytokine to in vitro propagation of SSCs, inhibit the apoptosis and pro-
mote the long-term culture of germ cells (Kubota et al., 2004a).

The purification rate of SSCs evaluated by flow cytometrical analysis
using the PLZF marker, results of flow cytometry after 2D pre-culture
reported a significant increase at the purification rate of SSCs in com-
parison with after two steps of enzymatic digestion. In agreement with
our findings, other in vitro studies on human (Jabari et al., 2020), mice

——

control

PRP-2D PRP scaffold

Fig. 10. MTT analysis for assessment of SSCs viability in various experimental groups at the end of fourth week. Data expressed means + SD; (***: p < 0.001), five
samples were examined for each group and all evaluations were performed in five replications.
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(Azizollahi et al., 2016) and bovine SSCs (Izadyar et al., 2002) reported
the efficient basic culture medium made a gradual increase in the purity
rate of SSCs.

Results of RT-PCR displayed after 2D pre-culture of SSCs for 3 weeks,
a significant increase in expression of pre-meiotic genes observed
compared to after two steps of enzymatic digestion. Our findings were
consistent with results of previous studies reported all of the pre-meiotic,
meiotic and post-meiotic genes were expressed in cell suspension ob-
tained after two steps of enzymatic digestion, whereas the expression of
pre-meiotic genes significantly increased after 2D pre-culture of SSCs
(Mirzapour et al., 2015; Mohammadzadeh et al., 2019). Previous pub-
lications have shown there are no distinct biochemical markers for SSCs
(Brinster, 2002; McLean, 2008). For this reason, the expression of
multiple markers such as spermatogonial and germ cell markers were
evaluated. PLZF is a familiar spermatogonial-specific marker in very
species (Hermann et al., 2010), a general marker for stem cells is OCT4
(Ohmura et al., 2004), VASA as a marker of germ cells expressed in
spermatogenic cells and the expression of Vimentin confirmed the
presence of Sertoli cells in testicular tissue because it is the known in-
termediate filament in Sertoli cells (Ohbo et al., 2003).

Another human SSCs identification also performed through immu-
nostaining, our results demonstrated colonies obtained after 2D pre-
culture considerably revealed the expression of PLZF and GFRal. In
agreement with our study, previous investigations reported the expres-
sion of mice and human SSCs specific markers (a6-Integrin, PLZF,
GFRal, GPR125, UCHL1 and THY1) on colony derived from 2D pre-
culture of SSCs (Gholami et al., 2018; Guo et al., 2015; Navid et al.,
2017). In a previous study (Mohammadzadeh et al., 2019) to confirm
the absence of meiotic proteins after 2D pre-culture, the expression of
SCP3, Acrosin and Stra8 genes evaluated by real-time PCR and results
reported that expression of the meiotic markers was not observed 3
weeks after culture. Moreover, other previous investigations by Immu-
nocytochemistry revealed the expression of SCP3 (meiotic protein) and
PROTAMINE 1(post-meiotic protein) was not seen in SSCs colonies after
2D pre-culture of cells (Gholami et al., 2018; Jabari et al., 2020).

There are various markers (ITGA6, GPR125, GFRA1, UCHLI1 and
PLZF) to distinguish human SSCs. Since these markers can also be
recognized in several testicular somatic cells, recommending that they
are not dependable. To determine whether cultured human spermato-
gonial cells are really functional germ cells, the only reliable evaluation
is the transplantation of in vitro-cultured SSCs into a recipient testis. In
this examination, SSCs functional assay of the cluster cells was also done
by xenotransplantation to azoospermia model, in addition to confir-
mation of molecular characteristics. There are no distinct morphological
markers for SSCs and they are the only cells that able to recolonize in the
infertile animals seminiferous tubules (Shinohara et al., 2000). 2D pre
cultured testicular cells transplanted into the efferent ducts of busulfan
azoospermia mouse, to confirm the functionality of SSCs in our culture
system after 3 weeks. Finally, colonization and homing of SSCs in
recipient mouse testes evaluated through a fluorescent microscope.
Similar to findings of previous studies, SSCs observed on the basement
membrane of the cross-sectioned tubules (Nagano et al., 1999; Nick-
kholgh et al., 2014). The present investigation demonstrated that human
SSCs after proliferation are entirely functional, and the culturing process
does not impair the surface characteristics of them

Since there was no study to evaluate the effect of PRP on the pro-
liferation of SSCs, we cultured SSCs by 4 different doses of PRP for 2
weeks and used MTT assay to determine the optimum dose of PRP. When
we applied PRP10 %, we observed the generation of dense and sharp-
edged colonies named ES-like cells colonies. Previous studies sug-
gested in vitro culture conditions for the proliferation of adult human
SSCs may lead to the formation of ES-like colonies. Multipotency char-
acteristics and multilineage differentiation of human SSCs under in vivo
environments were probably prohibited. While, in vitro culture of SSCs
maybe lead to eliminating this prohibition and formation of pluripotent
stem cells (Golestaneh et al., 2009; Mizrak et al., 2010).
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As seen above, 2D and 3D culture systems of PRP could significantly
increase in vitro colony formation, which may be due to the proper cell
to cell and cells to ECM like scaffold interaction (Woo et al., 2007).
Results of our study revealed the number and diameter of colonies in the
PRP-2D group significantly increased as compared to the control group,
while in the PRP scaffold group a significant increase observed only in
the number of colonies. Similar to our findings, another previous
investigation on human SSCs displayed the number of SSCs colonies
significantly increased in soft agar culture system compared to
gelatin-coated plates, whereas the diameter of colonies showed no sig-
nificant difference (Mohammadzadeh et al., 2019). Since the number of
colonies was more abundant in the PRP scaffold group, this illustrates
why the diameter of colonies diminished after SSCs cultivation on the
PRP scaffold. It would be possible that diameter of colonies significantly
increase in long term culture of SSCs. In contrast, Gholami et al. (2018)
reported the number and diameter of colonies significantly increased in
soft agar culture system as compared to control group. The liquid PRP
used in a 2D culture system can be blended with SSCs before it was
activated by CaCl; and create the fibrin clot. Based on these findings the
significant difference between the results of PRP-2D and PRP scaffold
groups is defensible (Kang et al., 2011).

The relative expression of GFRal and c¢-KIT (involved in maintaining
undifferentiated state and progression to differentiated state, respec-
tively) assessed by real-time PCR. As mentioned the relative expression
of these genes in the PRP scaffold group revealed a significant increase
as compared to other groups. Previous investigations have determined
the impacts of different growth factors from the platelets on various
cellular events. PDGF, EGF, bFGF, IGF-1 stimulated cell proliferation,
FGF and IGF-1 also regulated cell differentiation (Salamanna et al.,
2015). Platelets growth factors not only have their specific effects but
also by interacting with other growth factors, stimulated the activation
of gene expression and protein production

(Vaquero et al., 2013). bFGF leads to the generation of GFRal and
GDNF, this factor acted in an autocrine state and leading to a reduction
in cells apoptotic signaling (Lenhard et al., 2002). By adding IGF-1 to the
SSCs culture medium the proliferation of cells increased after 6 weeks,
this finding suggested that SSCs can be modulated by IGF-1. IGF-1
activated the PI3K/Akt and mitogen-activated protein kinase pathways
that stimulated cell proliferation and cell survival (LeRoith and Roberts,
2003), this pathway may interact with the GDNF signaling and likely
promote self-renewal and proliferation of SSCs. In order to long-term
cultures of SSCs, GDNF and FGF2 are well- known growth factors uti-
lized recently. According to results of the previous study, FGF2 and
GDNF through activation of PI3K/AKT and MAPK signaling pathway
lead to enhancement in the number and proliferation of SSCs (Kubota
et al., 2004b). Previous experiments recommended that responsibility of
SSCs to FGF2 enhanced when GDNF used. On the other hand, GDNF
stimulated the expression of fibroblast growth factor receptor-2 (FGFr2)
and we concluded that GDNF could enhance indirectly the effects of
platelet growth factor (Hofmann, 2008; Hofmann et al., 2005). Other
growth factors of PRP such as EGF and PDGF increased the expression of
genes involved in proliferation and differentiation of cells by activation
in ERK signaling pathway (Stevens and Khetarpal, 2019).

SEM observations demonstrated that SSCs attached to a solid scaf-
fold, recommending cells could be motivated efficiently without extra
migration. These capabilities could be very valuable in the proliferation
of SSCs and clonal expansion. In agreement with the previous studies,
our histological findings also revealed the PRP scaffold act as a potential
cell carrier, because of its 3-D mesh-like structure. (Liou et al., 2018;
Tajima et al., 2015). Due to the presence of numerous hydrophilic
groups, the PRP scaffold as a hydrogel has great water content. Great
water content in this 3D culture system promotes the delivery of nutri-
ents and transfer of waste compositions (Jana et al., 2014). Low me-
chanical strength and rapid degradation characteristics of PRP scaffold
can also be associated to the high water content of this hydrogel
(Ahearne et al., 2008). Unlike the soft agar culture system, it isn’t
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possible to observe and evaluate SSCs colonies by inverted microscope,
only micrographs obtained from SEM could provide information around
the proliferation and colonization of human SSCs and this is one of the
most major limitations of the PRP scaffold.

5. Conclusions

Besides the limitations of this research, we have realized PRP is a
simply accessible blood derivative including high concentrations of
growth factors. We have demonstrated the optimal concentration of PRP
plays a principal role in promoting the in vitro 2D proliferation of SSCs.
Besides, our findings indicated the activation of PRP by CaCly and for-
mation of PRP scaffold as a 3D structure increased propagation of SSCs
remarkably. The potential of these platelet-rich preparations is mainly
due to the cytokines, growth factors obtained from platelets and 3D
microstructure of PRP scaffold that mimic the niche of SSCs. These
findings provided convincing proof and useful data for the application of
PRP to infertility treatment and suggested that future clinical studies
should be done to understand PRP mechanisms that affect clinical
outcomes.
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