
Archives of Urology V3 . I2 . 2020 1

Introduction
Following the birth of 1st in vitro fertilization ( IVF) child 
in 1978, with artificial reproductive technology( ART) 
era initiated nearly 8million children got conceived 
as well as born with ART. [1] As far as men with 
azoospermia /oligozoospermia, are concerned, ART 
is a good option. Nevertheless, for the men who have 
the inability of forming a mature sperm secondary to 

congenital disorders, acquired diseases/ gonadotoxic 
therapies, there are no fertility options existing. 
Currently infertility research is focusing on innovative 
methods getting discovered as well as refining them 
for utilizing them in future for aiding these men in 
attaining an offspring. Despite none has managed 
to enter clinically, their outcomes in mammals have 
been assuring. Here we review experimental stem 
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Abstract
After reviewing the role of very small stem cells role in both male and female fertility with regards to oncofertility, 
here we tried to explore what can be done with regards to more problems in relation to male infertility say 
cases of azoospermia, in cases of transgender males, especially oncofertility where prepubertal boys are 
concerned. Here we have reviewed work done on testicular tissue preservation and transplantation in both 
adult and prepubertal boys, more so research that has been successfully conducted in animals and whatever 
is the latest research on humanbeings. We conducted a systematic review utilizing pubmed search engine, 
google scholar, embase, Cochrane library, web of science and looked for MeSH terms like Spermatogonial Stem 
Cells; cryopreservation; males undergoing therapy for malignancies both prepubertal and adults; transgender 
females; kline felter syndrome; azoospermia with maturation arrest; testicular tissue cryopreservation; 
testicular tissue immature; mature testicular tissue; autologous transplantation; xenografting; various animal 
species like nonhuman primate studies; rodent; from 1990-2020 till date. We found a total of 1250 articles 
out of which we selected 100 articles for this review. No meta-analysis was conducted. Once safety has been 
achieved after animal studies time has come for this to reach the clinical scenario. The best that has been 
achieved in humans is cryopreservation of immature testicular tissue in prepubertal boys although till now no 
successful sperm production in humans has been reported. We are waiting for the day when even males having 
round spermatids might be utilized and how we can utilize SSC’s, VSEL’s present in niche around the sertoli cells 
as reviewed earlier and hopefully that day is not far. 

Keywords: Spermatogonial Stem Cells; cryopreservation; transgender females; immature testicular tissue 
cryopreservation; Cell Suspension; Xenografting; Aoutologous transplantation. 
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cell as well as testicular tissue –based methods with 
infertility in mind as well as detail further work 
required for these methods to ultimately to be of use 
clinically. 

Spermatogonial Stem Cells as Well as 
Spermatogenesis
Spermatogonial Stem Cells (SSCs), represent the 
maximum primitive kind of Spermatogonia, are 
observed on the basement membrane (BM) of 
seminiferous tubules as well as have the properties of 
self renewal as well as differentiation. For sustainance 
of Spermatogenesis continuously right throughout life 
span appropriate functioning of SSCs is needed [2]. In 
the basal compartment of the seminiferous tubules 
a population of Spermatogonia, that can be further 
broken up into type A intermediate as well as B 
subpopulation. In cases of primates, undifferentiated 
type A Spermatogonia, that possess all SSCs, get 
further subdivided into A dark (Ad) as well as Apale (AP) 
subtypes [3]. For a considerable time it was thought 
that both Ad as well as AP represented morphologically 
as well as histologically 2 separate populations of cells 
having distinct parts, i)reserve Stem Cells (Ad) as well 
as active Stem Cells (AP) which undergo self renewal 

as well as differentiation, for sustainance of steady 
Spermatogenesis in case of adult testis[4]. Nevertheless, 
current work has pointed that a minimum of certain 
(Ad) as well as (AP) cells are rather than from same 
populations but at various stages from the same stages 
of the cell cycle[5]. Differentiation as well as renewal 
of SSCs in the seminiferous tubules get controlled 
through the surrounding stem Cells niche (figure1) 
[6], a dynamic microenvironment made up of sertoli 
cells as well as the testicular interstitial cells as well as 
generate molecular signals to modulate SSCs function 
[7]. In view of relatively few SSCs present within 
testis as well as absence of definitive SSCs markers, 
isolating the exact anatomic placing of the niche has 
proved problematic [8,9]. Nevertheless, earlier mouse 
studies have pointed that the SSCs placement along the 
basement membrane of seminiferous tubules might be 
concentrated in areas next to the blood vessel’s as well 
as surrounding interstitium [10], pointing that blood 
borne substances, vascular endothelial cells (VEC’s), 
as well as paracrine products of different interstitial 
cells kinds (that include leydig cells, peritubular cells 
as well as macrophages) are essential for normal SSCs 
working [7]. 

Figure1. Courtesy reference number -6- The adult spermatogonial stem cell niche. Spermatid formation occurs 
within the seminiferous tubules. Spermatogonial stem cells and other undifferentiated spermatogonia associate 
with the basal seminferous tubule epithelium in close proximity to Sertoli cells, Leydig cells, blood vessels, and 
other interstial cells, together providing the necessary microenvironment for spermatogonial differentiation. This 

process occurs in the luminal compartment, which is separted from the basal layer by tight junctions.
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Fertility Preservation in the Male 
A lot of situations as well as their correlated therapies 
might reduce SSCs function or the Stem Cells niche, 
ultimately landing up in subfertility or infertility. Though 
oncology patients serve as best e. g’s a lot of patients 
that include those receiving immunosuppressive 
agents as well as transgender persons might have 
advantage with Fertility Preservation (FP) [11]. 

Once the cancer survival rates as well as parallel 
survivorship in reproductive age, FP has become a 
necessary part of oncology treatment [12]. Rapidly 
proliferating cells like Spermatogonial cells in the 
testis have sensitivity to the cytotoxic actions of 
radiation as well as particular chemotherapies 
(especially alkylating or platinum based agents-as 
per a lot of cancer treatment regimens can cause 
impairment in fertility [13]. Of the childhood survivors 

of cancers, 48% documented infertility with 52% had 
a sperm count <15million /ml in long term follow up 
examinations [14]. Due to this, the American Society 
of Clinical Oncology, American Academy of Pediatrics, 
as well as American Society of reproductive Medicine 
(ASRM), all advocate pre treatment FP counselling 
in patients that are going to undergo gonadotoxic 
therapies [12,15]. 

Inspite of this high prevalence of treatment -stimulated 
infertility, only 29% of male cancer patients 
documented discussing FP with their oncologists, along 
with 11% going on to sperm banks [16]. Knowledge 
of the gonadotoxic properties of many nononcologic 
immune therapies like hydroxyurea or siromilus as 
well as hormonal or surgical treatment for gender 
dysphoria FP, needs to be taken into account for these 
patient populations also [17]. Methods of FP need to 
be based on a patients sexual maturity level. 

Figure2. Courtesy reference number -6-Current experimental therapies for male infertility. (A) If semen or extract 
sperm cells are available, intrauterine insemination, in vitro fertilization, and intracytoplasmic sperm injection 
are possible. (B) When obtaining sperm is not possible (e.g., infertility after chemotherapy), testicular tissue can 
be obtained via testis biopsy. Tissue that is enzymatically digested can be used to form a spermatogonial stem 
cell culture that can be reimplanted into the testis to allow for natural fertility. Heterogeneous cell suspensions 
can also undergo de novo testicular morphogenesis to form functional seminiferous tubules that allow for sperm 
production and subsequent intracytoplasmic sperm injection. Whole testicular tissue may be autologously grafted 
or xenografted into mice to produce functional sperm. Alternatively, testicular tissue can be cultured in a specialized 

medium to produce sperm in a process known as in vitro spermatogenesis.
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Adult

The best method that has got recognition as well as is 
preferred for FP in case of postpubertal males is the 
cryopreservation of the ejaculated semen received 
via masturbation, that usually 90% of the patients 
can manage of those looking for FP [18]. Despite the 
protocols for various institutions differ, but classically 
2-3 samples are collected either in office or at home, 
with 48h abstinence periods among collections [19]. 
Semen can continue to be cryopreserved or frozen 
as well as can be utilizable for yrs, with multiple live 
births, documented for over 20 yrs following the initial 
recovery [20] as well as one live birth (LB) from a 
sample that had been preserved for >40yrs[21]. A huge 
meta analysis conducted on 801 patients displayed a 
49% LB success rate for the men who preferred to 
utilize cryopreserved sperm [22]. Long periods of 
storage of sperms did not have any adverse action on 
live birth rates ( LBR), with similar rates observed at 
5, 10 live birth 15yrs of cryopreservation[23]. 

While semen sample retrieval through masturbation, is 
best, certain men are either too unwell or are not ready 
to provide a sample in this way. Men with anorgasmia 
or anejaculation following neurologic or separate 
medical problems, pelvic or retroperitoneal surgery, 
or psychogenic reasons might have advantage by other 
methods of retrieval of sperms. Both electroejaculation 
as well as penile vibratory stimulation represent 
noninvasive methods for collection of semen in such 
patients [24]. Surgical testicular sperm extraction is 
just preferred for azoospermic patients or men who 
fail following less invasive methods [25,26]. 

Adolescent/Peripubertal 

Basic principle of FP in Adolescent boys are Basically 
similar to that in Adults, while keeping certain extra 
points in mind. A lot of younger peripubertal patients 
are sexually novice, in which tough discussions among 
patients, parents live birth providers might occur [27]. 
Thus, talking to both patients as well as parents, at 
individual level or together, are essential for tackling 
this problem with success [28]. Ethical problems 
particular to Adolescent, like, parents versus patients 
ability to be able to make decisions, might occur, 
that brings in the role of a medical ethicist [29]. 
Nevertheless, arriving at a decision FP should be done 
fast, with high success rates, with upto 65% of patients 
between 11-13yrs while 80% among 14-17yrs age 

can successfully cryopreserve sperms[30]. For those 
Adolescent patients having inability to collect or are 
not ready to produce a semen sample, Testicular 
sperm aspiration (TESA) or testicular biopsy are good 
methods. 

Prepubertal

 When patients are prepubertal and thus have no 
initiation of Spermatogenesis, only experimental 
methods are present for cryopreservation of testicular 
tissue retrieved by testicular biopsy or orchiectomy. 
Despite successful restoration of fertility following 
cryopreservation, has not yet been shown in humans, 
various centres across world have managed to collect 
as well as cryopreserved testicular biopsied testicular 
tissue [31, 32], with the anticipation of experimental 
stem cell as well as testicular tissue –based methods 
would make this feasible in future. 

Testicular Material Cryopreservation

Even in 1776 the idea of sperm cryopreservation 
was realized 1776 by the Italian scientist Lazzaro 
Spallanzani observed that sperms became motionless 
on cooling in snow [33]. More research during 
mid-20th century, markedly advanced regards to 
cryoprotectants like glycerol got evaluated as well as 
used for livestock artificial insemination techniques. 
For cryopreservation to be of success, is based on 
freezing to temperatures which halt the cellular 
metabolism, although these temperatures further 
result in escalated reactive oxygen species(ROS), injury 
to organelle, as well as caspase –mediated apoptosis 
that reduces the sperm fertility potential[34]. Rest 
few studies have shown stat significant decrease in 
post thaw morphology [35], motility[36] as well as 
DNA integrity [37]. Hence, it demands key research 
for finding the ideal protocols for cryopreservation 
for getting the highest success in sperm retrieving as 
well as function. 

Very little work has been done regards to contrasting 
the post thaw actions of different cryoprotectants 
in humans. Though some newer substances have 
been evaluated as well as displayed appreciation 
[38], dimethyl sulfoxide continues to be standard 
cryoprotectants in a lot of Ameriacan as well as 
European FP centers [39] for prepubertal boys. 
Both slow freezing as well as vitrification protocols 
have been compared as well. Vitrification utilizes 
various cryoprotectants amounts as well as ultrarapid 
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cooling for avoiding ice crystals generation. A meta-
analysis recently compared these 2 protocols [40], 
demonstrated enhanced post thaw parameters in 
the cohort belonging to Vitrification. Rest of the 
studies have confirmed this observation [38, 40], 
as well as the 1st LB following intracytoplasmic 
sperm injection (ICSI) utilizing Vitrified sperms has 
been recently documented [41]. Nevertheless, just 2 
trials small in nature have evaluated the possibility 
of Vitrification for immature testicular tissue, thus 
reducing its clinical application in this setting [42]. As 
per these studies a lower amount of cryoprotectant in 
Vitrification protocols might reduce organelle, as well 
as membrane injury, as well as ultimately enhance 
sperm survivalness. 

Cell Suspension vs Testicular Tissue 

2 approaches are present for long term preservation 
of SSCs i) cryopreservation of Testicular tissue (TT), 
or Testicular cell Suspension. cryopreservation of TT 
fragments utilizing Vitrification or slow - freezing 
protocols depends on permeable cryoprotectant, might 
result in cellular injury. Moreover use of macroscopic 
testicular tissue samples, like in TT, adds heat as well 
as mass transfer at the time of freezing, which results 
in ununiform cooling rates as well as later alterations 
in cell-cell crosstalk [43]. Such biophysical transfer 
processes are Significantly decreased on utilizing 
microscopic SSCs storage. 1 main advantage of TT, 
never is storage of SSCs niche architecture, that might 
enhance, post thaw SSCs viability as well as function 
[44].

In humans Testicular cell Suspension preservation/
storage has not been that well evaluated in human 
beings (45], with only Yango et al. [46], talked about 
the possibility of this technique for prepubertal fetal 
Testicular cells. Appropriate preparation of Testicular 
cells Suspensions need mechanical separation, 
enzymatic digestion, as well as cellular filtering to 
provide Testicular cells [47]. Minimal comparative 
research presence, one cant at present find the ideal 
method of utilizing Testicular tissue vis a vis cell 
Suspension. Nevertheless, freezing Testicular tissue 
as such intact stores both the availability of either 
tissue -dependent or cell – dependent therapies in the 
future. cryopreservation of Testicular cell Suspension 
removes the option of tissue -dependent treatment in 
the future, like Testicular tissue grafting or Testicular 
tissue organ culture. Oncology patients, serve as 

a potential population that might get advantage 
from SSCs Suspension-based FP. In mice studies 
demonstrated that transplant of just 20 leukaemic 
cells was sufficient to initiate malignant relapse [48]. 
Obviously these studies can’t be conducted in humans, 
thus a threshold has not been found. Once SSCs 
transplantation arrives at the clinical stage, it would be 
essential to make sure that malignant cells do not get 
transplanted as well, that might be feasible with SSCs 
Suspension. Variety of groups have detailed technique 
for removal of malignant contamination from human 
Testicular cell Suspension [49]. Nevertheless, other 
populations without malignant problems like those 
with sickle cell disease getting hydroxyurea, might 
be the best candidates for SSCs transplantation, since 
there is no risk for malignant contamination as well 
as transfer. 

Sperm Generation Restoration

Autologous Methods

After Brinster as well as Zimmermann [50], 1st detailed 
successful SSCs transplantation into the seminiferous 
tubules of busulfan-sterilized mice during 1994, 
a lot of extra approaches as well as methods for 
Restoration of fertility have been shown. The chosen 
technique for SSCs transplantation in larger animals is 
via USG guided injection into the rete testis in view of 
easy accessibility as well as nearness to seminiferous 
tubules [51]. Homologous species transplantation of 
SSCs has yielded a live birth in larger mammals like goat 
as well as sheep [52]. Hermann et al. [53], documented 
in 2012 that recovery of Spermatogenesis following 
Autologous or allogenic SSCs transplantation into 
nonhuman primates who had infertility secondary 
to alkylating chemotherapy. Donor -obtained sperms 
had the capability of fertilizing eggs, resulting in 
preimplantaion embryo formation. Spermatogenesis 
further got restored in mice following SSCs 
transplantation, that had been cryopreserved for 
>14yrs [54], showing that cryopreservation does not 
impact SSCs function. 

Till now, only 1 publication is there regarding 
Autologous SSCs transplantation in case of human 
males. 12 men had Testicular tissue removed as well 
as Testicular cell Suspension cryopreserved prior to 
gonadotoxic cancer treatment regards to Hodgkins 
lymphoma. Of these 7 of the men had their testicular 
cells injected into their testicular cells reinjected into 
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their Testis following total treatment finishing for their 
initial primary disease [51,55]. No follow up outcome 
was documented, to our misfortune. 

One probable factor that limits SSCs transplantation, 
is the total amount of SSCs cells being little that might 
be observed in testis biopsies from prepubertal boys. 
Stem along with progenitor Spermatogonia, make up 
0. 3 % of germ cells in mouse Testis as compared to 4% 
germ cells in monkeys as well as 22% of germ cells in 
human Testis [5, 56-]. Hence, the rare amount of SSCs 
might be lesser of a challenge in humans as compared 
to rodents. However, one can anticipate that escalating 
quantity of transplanted SSCs associates with is linked 
with higher engraftment as well as restoration of 
Spermatogenesis [44, 57]. 

Mouse SSCs cultures was initially detailed by Kanatsu-
Shinohara etal. [58], in 2003. They deposited Testicular 
cells on plates that were coated with gelatine. The 
Testicular somatic cells immediately stuck to the plate 
whereas floating germ cells could get aspirated as well 
as plated onto secondary plates. There was a double 
reason of this differential planting strategy of enriching 
SSCs, but higher significance is it deleted Testicular 
somatic cells which could fast overgrow the culture. 
Following 2 rounds of differential planting, floating 
cells got plated onto mouse embryonic fibroblast 
feeder cells in low serum medium that had been 
enriched with glial cell line-obtained neurotrophic 
factor (GDNF), fibroblast growthfactor2( FGF2), 
epidermal growth factor (EGF), as well as leukemia 
inhibitory factor( LIF). Functional SSCs expansion 
got corroborated when cultured cells regenerated 
Spermatogenesis following transplantation into 
infertile recipients as well as generating sperms which 
were competent enough to achieve fertilization as 
well as generate offspring [58]. This general method 
with several manipulations has been reproduced in 
multiple labs in mice as well as rats [59,60]. 

Sadri-Ardekani et al. [61] were the 1st who documented 
longterm culture of adult human SSCs, substances to 
a protocol quite the same to the situation detailed by 
Kanatsu-Shinohara etal. [58], for mouse SSCs cultures. 
Various plating got utilized to decrease somatic cells 
contamination, as well as the floating cells got passaged 
onto plates coated with human placental laminin n 
Stem Pro medium that had been enriched with GDNF), 
fibroblast growth factor (FGF2), epidermal growth 
factor (EGF), as well as leukemia inhibitory factor 

(LIF). They documented that human SSCs could get 
sustained for a lot of mths in culture with an 18, 000 
times escalation in the population of transplantable 
SSCs >64days of culture. The researchers evaluated 
that successful SSCs transplantation needed only 110 
times enhancement, depending on the biopsy size as 
well as effectiveness of colonization. The same group 
ultimately documented success prolongation of a 
culture with SSCs procured from prepubertal boys 
[62]. 

As per Murdoch et al. [63], on reviewing they 
observed >20 publications of human SSCs culture, 
that includes lots, which used conditions same as 
that initially by Kanatsu-Shinohara etal. [58], in mice 
as well as Sadri-Ardekani et al. [61], in humans. Few 
of these studies documented a significant expansion 
of human Spermatogonia in culture [64], whereas 
rest documented a fast decrease in the amount of 
human Spermatogonia utilizing these situations[65]. 
The altercation in these results can be reasoned by 
variations in the initiating cell populations and partly 
by various strategies utilized for evaluation of culture 
results, but conclusion is that more work is required 
with regards to human SSCs robust culture system 
development. As far as phenotype of human SSCs is 
concerned there exists minimum knowledge, which 
complicates the evaluation of culture results. Single 
cell sequencing studies done recently have developed 
a transcriptional atlas of germ cells as well as somatic 
atlas in human testis which might help in tackling this 
gap in knowledge [66]. 

Other Autologous transplantation way is de novo 
Testicular morphogenesis, an event by which 
heterologous Testicular cell Suspension possessing 
germ cells, sertoli cells, leydig cells, peritubular 
cells, as well as rest of testicular interstitial cells get 
transplanted with the anticipation that generation 
of functional Testis tissue [67]. Rat testicular cells 
that got cultured on extra cellular matrix gel as well 
as transplanted subcutaneous beneath the skin of 
immune –compromised mice formed structure looking 
like the seminiferous tubules as well as possessed 
Spermatogonia [68]. Following studies, done in pigs 
as well as sheep Testicular cell Suspension, which got 
pelleted as well as from prepubertal rhesus monkeys 
had transplanted beneath the immune –compromised 
nude mice developed normal seminiferous tubules 
possessing total Spermatogenesis [69]. In the same 
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way, Testis cells from prepubertal rhesus monkeys got 
transplantation into the testis of irradiated adult rhesus 
monkeys along with reorganized into seminiferous 
tubules which displayed total Spermatogenesis 
following recovery 9mth following transplantation 
[70]. This method might be especially of utility in case 
of cancer cases who had got exposure to agents as 
well as which interfere with the normal functioning 
as well as testicular structure along with tubular cells. 
It might give an option of deletion of contamination 
from the cancer cells from the cell Suspension prior 
to transplantation. De novo Testicular morphogenesis, 
has not yet been documented in human subjects or 
utilizing human Testis tissues Certain advantage has 
been found utilizing orthotopic or ectopic grafting 
of intact testicular tissue bits in nonhuman species. 
Grafting of testicular tissue (like mouse to mouse ) or 
xenografts (say goat or pig to mouse )got initiated by 
Honaramooz et al., and then perfected [71]. in year 
2002, who showed that immature human testicular 
tissue obtained from mice, goats or pigs could get 
matured for generation of total Spermatogenesis 
following grafting beneath the skin of recipient 
nude mice. Their group subsequently documented 
that Sperms from mouse grafts had the capacity to 
fertilize as well as produce an offspring [72]. Three 
studies further demonstrated that homologous or 
autologously grafting of prepubertal testicular tissue 
in nonhuman primates [73]. Total Spermatogenesis 
was found both from fresh as well as cryopreserved 
testicular tissue that had been grafted in the scrotum, 
but not beneath the skin of the back skin, probably 
secondary to the lesser temperature of the scrotum 
[73]. Function of the Sperms was not evaluated by the 
ability to fertilize as well as produce an offspring in 
these 3 studies. 

In a more current study, the 1st nonhuman primates 
offspring that was secondary to fertilization by 
graft-obtained Sperms has given birth [74]. Here 
prepubertal rhesus monkeys had castration followed 
by cryopreservation of the testicular tissue. Once 
puberty was attained by these monkeys, the testicular 
tissue was thawed and retransplanted beneath the 
skin of the back or the scrotal skin. These monkeys 
started generating Testosterone(T), pointing to 
normal functioning of the Hypothalamic-Pituitary- 
Testosterone (H-P-T) axis inspite of just the presence 
of grafted testicular tissue in the back. All the 

grafts, be it the back sites or scrotal sites started 
generating sperms. Further Sperms obtained via the 
cryopreserved grafts got utilized for intracytoplasmic 
Sperm injection (ICSI), resulting in the healthy female 
offspring getting born. Despite Autologous grafting 
of testicular Tissue has not been evaluated in human 
beings, this study gives significant safety as well as 
probability data for aiding in further translation in 
human fertility centres. 

Strategies Outside the Body 
In certain patient population, who remain at high 
probability of malignant contamination /those who 
will not undergo puberty, extracorporeal strategies 
like testicular Tissue culture / In vitro maturation 
as well as xenografting might give other strategies 
for Spermatogenesis. Sato etal. [75,76], in 2011 
ist documented that took place through primitive 
Spermatogonia in neonatal mouse testicular tssue 
bits that had been culture in serum free media. 
Mouse Spermatozoa retrieved by this technique 
had same degree of DNA fragmentation, chromatin 
condensation, as well as aneuploidy like In vivo 
Spermatozoa, pointing that this event does not seem 
to have any harmful action on nuclear quality [77]. 

In human beings, total In vitro Spermatogenesis from 
SSCs to Spermatozoa has not taken place. Maximum 
differentiated germ cells obtained from immature 
testicular tissue is the spermatid stage [78]. A lot of 
studies have emphasized on the probable methods that 
might aid in overcoming the problems encountered 
during In vivo Spermatogenesis. As per Medano et al. 
[79], it was shown that if immature testicular tissue 
got cultured at a temperature of 340C, it decreased 
the degree of apoptosis rate within the tubules as 
well as caused a slowing of rate of alteration in 
morphogenesis as compared to immature testicular 
tissue cultured at a temperature of 370C. On exposure 
to follicle stimulating hormone (FSH)/luteinizing 
hormone (LH), enhanced amount of undifferentiated 
as well as premeiotic Spermatogonia having enhanced 
survival of sertoli cells, pointing that gonadotropin 
administration might be essential for efficacy in In vitro 
Spermatogenesis. Other trials to simulate the testicular 
niche with extra T, HCG, as well as retinoic acid lead to 
enhanced numbers of premeiotic Spermatogonia, that 
pointed that the supplementation of these might also 
facilitate differentiation of SSCs [80]. 
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One significant process that takes place at the 
initiation of In vivo Spermatogenesis (or puberty is the 
development of the Blood-testis barrier (BTB), that has 
a key part in Spermatogenesis[81]. Mice possessing 
knockouts or mutations in the BTB proteins mostly 
present with aberrations in Spermatogenesis [82], 
as well as it is feasible that humans having similar 
aberrations would also present with subfertility. 
Expression of BTB structural proteins connexion 43 
as well as claudin 11 within In vitro testicular culture, 
pointing that BTB generation even takes place outside 
of natural testis, was seen by De Michaele et al. [83], 
despite that, what it suggest is not clear. 

Generation of testicular organoids, utilizing three-
dimensional cultures system might even aid in more 
specific replication of the SSCs niche, in a manner that 
can’t be achieved in 2D cultures [81,84]. A biological 
scaffold was engineered by Baert etal. [85], in 2014 by 
managing to decellularize human cadaveric testicular 
tissue. Utilizing testicular tissue from adults as well as 
prepubertal boys for populating this scaffold caused 
a Long-term proliferation of both early as well as late 
Spermatogonia [86]. A different platform as compared 
to the biological scaffold is the three-layer gradient 
system that was posited by Alves-Lopes JP et al. [87], 
that Utilizes two matrigel layers that surrounded a 
matrigel plus testicular cell layer to better reform 
the BTB as well as concentration gradients that are 
observed In vivo. A microwell aggregation system was 
recently documented by Sakib et al. [88], with the idea 
of redeveloping the In vivo relation ships between 
germ cells, sertoli cells as well as interstitial cells. This 
study evaluated utilizing prepubertal testicular cell 
Suspension from humans, primates, pigs as well as mice, 
that got centrifugated in microwells possessing culture 
system, that lead to the generation of the seminiferous 
tubules epithelium as well as interstitium that was 
separated by a basement membrane. The orientation 
of the seminiferous tubules in that particular study 
was inside out, but the system might give a significant 
platform for evaluating testicular morphogenesis or a 
high throughput platform of toxicity testing.

Xenografting of testicular tissue obtained from 
prepubertal mice, pig, goats as well as nonhuman 
primates into immune compromised nude mice lead 
to the generation of sperms having the capacity to 
fertilize as well as produce an offspring [71, 89]. 
Despite simulating work has been conducted in 

humans utilizing fragments of testicular tissue, total 
Spermatogenesi s following Xenografting into nude 
mice has not been seen, probably secondary to the 
phylogenetic variations among humans as well as 
mice [90]. Lately, successful harvest of Spermatozoa 
utilizing Xenografted prepubertal macaque testis tissue 
resulted in LB of a primate [91]. A posit has been given 
that Xenografting of testicular tissue into the mouse 
testis parenchyma as compared to subcutaneously, 
better aided in differentiation of Spermatogonia 
into spermatids as well as Spermatozoa, possibly 
secondary to favouring temperature control as 
well as paracrine support [92]. Still it is not clear if 
an intermediate path towards clinical applicability 
utilizing animal intermediates exists [93], however 
there is a precedent in other ways, as shown by 
Gassei etal. [94]. Moreover in certain cases where 
there is risk regards to malignant contamination of 
the tissue, Xenografting might turn out to be safer 
technique. Testicular tissue Xenografting might also 
be a significant method for transgender females who 
would not undergo male puberty and thus would not 
be able to mature testicular tissue inside their own 
bodies. 

Future Work Needed
All the explained approaches are in different stages 
of experimental programs as well as clinical use. The 
only method that had been tried in humans is the 
Autologous SSCs transplantation [32], but results of 
the trial have not been documented. This technique has 
been evaluated in mammals that include nonhuman 
primates where Spermatogenesis utilizing these 
sperms has been visualized [52, 53]. For Long-term 
SSCs culture, independent protocols are required for 
replication for translation of this technique into the 
clinical scenario [67]. The biggest problem faced with 
this method is the lack of a functional assay for finding 
a molecular marker that is particular to SSCs [95] or 
utilize humans to nude mice Xenografting in the form 
of a functional assay [61-63], [96, 97]. 

Autologous grafting of testicular tissue might further 
immediately be prepared for clinical use in humans. 
This method has led to the LB of nonhuman primates 
offspring [74]. 1 of the biggest drawback of this 
method has been the castration of the subjects prior 
to grafting, that obviously is not feasible in human 
looking for FP. Future research pointing to the safety 
as well as efficacy, of testicular tissue grafting in case 
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of primates that are going to act as recipients are 
not castrated prior to the study before we can try 
these type of work in humans. In case of humans for 
conducting testicular tissue grafting, selection criteria 
would need a lot of caution, like those presenting 
with no malignancy or solid tumors, since this would 
decrease the chances of reintroduction of malignant 
cells to the patient. transgender females getting 
hormone treatment would further not get help from 
this strategy since they would not go through male 
puberty. 

Inspite of promising outcomes, the other approaches 
detailed here, it is quite distant from clinic. Prior 
to 2016 one of the biggest problems with regards 
to Xenografting, was the absence of visual Sperm 
generation in case of nonrodent models. Nevertheless, 
Spermatogenesis as well as an offspring with the 
utilization of primates testicular tissue grafted in 
mice has got detailed recently [91]. No report of 
spermatogenesis has been documented utilizing 
Xenografted human functional tissue, thus that is 
needed prior to use in clinical scenario. More work 
will be required to check the risk of Xenogenic virus 
transmission on utilizing Xenograft-obtained sperm. 

There are some inherent benefits in humans with 
regards to In vitro Spermatogenesis, that are it does not 
carry a chance of malignant cells re-entry or retroviral 
infection (like in testicular tissue grafting as well as 
Xenografting respectively). Despite total In vitro 
Spermatogenesis right from SSCs to Spermatozoa has 
been demonstrated in mice, these outcomes could not 
be replicated in case of primates as well as humans. 
Haploid cells at the round spermatid stage have been 
seen utilizing in vitro cultures of immature human 
testicular tissue[78], Nevertheles, the epigenetic/
genetic normalcy along with fertilization ability of 
these cells could not be checked, it might be feasible 
to utilize In vitro generated spermatids or sperms for 
fertilization as well as embryo generation [98, 99]. 
Proper characterisation of these post meiotic germ 
cells as well as checking for their fertility ability in 
primates would be required prior to coming into the 
clinical scenario. 

Conclusions
At present there are no methods that are present 
for men who have inability of Generating mature, 
functional sperm. Nevertheless, some are almost 
prepared for being launched for trials in humans. 

Utilizing the minimal tissues that are there that can 
be utilized; it is probable that one or more of these 
treatments enter the clinical atmosphere by the 
next decade hopefully. Further Braye et al. [100], 
has studied doing cryopreservation of 112 pts 
prepubertal whose tissue is cryopreserved although 
none had tissues retransplanted back, thus we do not 
have the results of upto 16 years of cryopreservation 
in humans. [100] Young boys undergoing gonadotoxic 
treatments are at high risk of spermatogonial stem 
cell (SSC) loss and fertility problems later in life. Stem 
cell loss can also occur in specific genetic conditions, 
eg, Klinefelter syndrome (KS). Before puberty, these 
boys do not yet produce sperm. Hence, they cannot 
benefit from sperm banking. An emerging alternative 
is the freezing of testicular tissue aiming to preserve 
the SSCs for eventual autologous transplantation 
or in vitro maturation at adult age. Many fertility 
preservation programmes include cryopreservation 
of immature testicular tissue, although the restoration 
procedures are still under development. Until the 
end of 2018, the Universitair Ziekenhuis Brussel has 
frozen testicular tissues of 112 patients between 
8 months and 18 years of age. Testicular tissue was 
removed in view of gonadotoxic cancer treatment 
(35%), gonadotoxic conditioning therapy for bone 
marrow transplantation (35%) or in boys diagnosed 
with KS (30%). So far, none of these boys had their 
testicular tissue transplanted back. They have thus 
summarized their experience with cryopreservation 
of immature testicular tissue over the past 16 years 
(2002-2018) and describes the key issues for setting 
up a cryopreservation programme for immature 
testicular tissue as a means to safeguard the future 
fertility of boys at high risk of SSC loss and lets hope 
this opens the pandoras box for this type of help for 
male fertility [100]. 
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