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Abstract

Background: Testicular Leydig cells are the cells who
responsible or testosterone hormone production which in turn
is the principle male sex hormone and is responsible for
reproductive growth and development in male 2 nd ry sexual
characters.

Leydig cells depletion may result from different issues
may be congenital, acquired as a result of trauma, radiation,
chemotherapy and others which result in low testosterone
level.

Transplantation of Leydig cells which obtained from
Mesenchymal stem cells differentiation by effect of gonado-
tropins has become a main treatment modality in patients with
low testosterone levels.

Aim of Study: In this study, Wharton's jelly MSCs were
isolated and induced to differentiate into leydig cells as
promising tool for transplantation.

Material and Methods: The Leydig differentiation was
induced using gonadotropins and evaluated by secretion of
testosterone were determined using immunoassay and the
results were compared between the experimental and control
groups.

Results: Wharton's jelly MSCs induced with gonadotropins
successfully differentiated to leydig cells that secret testoster-
one.

Conclusion: The present study showed that Wharton's
jelly MSCs can differentiated in vitro to leydig cells as future
therapy of male infertility.

Key Words: Mesenchymal stem cells — Wharton's jelly —
Gonadotrophins — Testosterone.

Introduction

INFERTILITY has been recognized as a public
health problem worldwide by the World Health
Organization (WHO), [1]. Infertility has been as-
sociated in patients with low testosterone levels,
and has serious effects on patients' mental and
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social well-being [2]. Though numerous testosterone
formulations have been developed, none are fully
capable of replicating the physiological patterns
of testosterone secretion from within the testes [3].

Testosterone is a necessary hormone that is
required for normal male physiologic growth. It
plays a role in the growth of genital organs in utero
and initiates spermatogenesis, as well as the devel-
opment of secondary sexual characteristics during
puberty [4] . Low testosterone known as hypogo-
nadism can result from a primary defect within the
testes or secondarily from a disruption in the hy-
pothalamic-pituitary-gonadal (HPG) axis [5].

Leydig cells are the site of synthesis and secre-
tion of testosterone [6] . Gonadotropic hormones
are the primary managers of postnatal Leydig cell
development. Human luteinizing hormone (LH)
and chorionic gonadotropin (hCG) are glycoprotein
hormones regulating development and reproductive
functions by acting on the same receptor (luteiniz-
ing hormone chorionic gonadotropin receptor)
(LHCGR). Although they share similar molecular
structures, the two hormones have defined physi-
ological roles [2].

Transplantation of Leydig cells has become a
main treatment modality in patients with low tes-
tosterone levels [7,8].

Mesenchymal stem cells (MSCs) are multipo-
tent cells have properties of self-renewal and have
the ability of differentiating into adipogenic, oste-
ogenic, chondrogenic, endothelial and neural cells.
With these multiple capabilities [9].

A large amount of these cells can be found in
several regions of the human umbilical cord (HUC
[10].
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Many advantages of HUC over other stem cell
tissue sources. First, HUC is seen as biological
waste and discarded after birth. Its use [12]. Third,
HUC cells have an increased proliferative capacity
[13].

There are two current directions for stem cell
therapy in male hypogonadism. The first method
involves differentiating stem cells of various origins
from bone marrow, adipose, or embryonic sources
to adult Leydig cells. The second method involves
isolating, identifying, and transplanting stem Leydig
cells into testicular tissue [14].

In this study, hormone-induced method was
used for differentiation of Wharton jelly mesen-
chymal stem cells to Leydig cells as promising
therapy for hpogonadism.

Subjects and Methods

The study involved 25 pregnant females coming
for delivery, for umbilical cords collection and for
umbilical cord serum collection during the period
from October 2016 to December 2017. Samples
were aseptically collected from patients, after
obtaining their consent, females with known history
of hepatitis, infectious diseases, DM, severe hy-
pertension, abortions or bad obstetric history were
excluded.

The Umbilical cords were collected aseptically
from full-term cesarean section patients. Cords
were collected in sterile 0.9% Nacl solution and
were transported immediately to Clinical Pathology
lab at room temperature.

Blood samples collected from patients were
left at room temperature for clotting then centri-
fuged for 15min at 3000rpm, and then sera were
collected in a single sterile falcon 50ml for heat
inactivation by incubation at 56°c for 20min then
frozen for future use.

Wharton's jelly was cut into small pieces of
about 1.5-2.5mm. Tissue culture plastic flasks
25cm? (Corning®) were prepared for culture by
adding 5ml DMEM-LG with L-glutamine, cord
blood serum (100 gg/mlL), Penicillin streptomycin
(100U/ml penicillin and 100 gg/mlistreptomycin)
(10 gamil), Fungizone (0.25 gg/mll) Wharton's

jelly pieces were divided and distributed on tissue
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culture plastic flasks, the amount was added in
each flask to be covered completely with media.
The flasks were incubated in a horizontal position
in in a humidified incubator at 37°c and 5% CO2.
At day 7, the tissue removed by changing the
medium. The flasks were washed extensively twice
with warm media, and the adherent cells (MSCs)
were kept in culture and were fed with fresh com-
plete nutrient medium for 1 weeks later. These
cells were kept until the outgrowth of fibroblast-
like cells. At day 14, cells were examined micro-
scopically to ensure 60-70% confluence.

Then, the leydig differentiation was induced
by Gonadotropins for 21 days. The leydig cells
were evaluated by post induction level of testoster-
one in the supernatant.

Testosterone assay:

The level of testosterone in the supernatant was
measured in the experimental group as well as the
control group by Immunoassay (Day 7 and 21).
Results of induced testosterone production in vitro
were compared between the both groups under
study.

Statistical analysis: Analysis was performed
using IBM SPSS Statistics version 20. Data was
expressed into descriptive which include mean
value, and standard Deviation (SD). Analytic which
include Student's #-test and the Mann-Whitney test,
Wilcoxon signed ranked test and F-test (one way
ANOVA test).

Results

Morphological identification of MSCs:

From Umbilical cord Wharton's jelly: Attached
cells were observed at 10-14 days after the initial
plating. These cells then gradually reached 60% -

70% confluence at about 14 days (Fig. 1).

Detection of testosterone after MSCs induction
to Leydig cells:

The cells in the experimental group give higher
levels of testosterone in comparison to the control
group; the highest value was obtained on the 7 st
and 21 st day after induction, and the experimental
group showed an increase in testosterone level
with an increase in time, while the control group
did not show any significant change.

Table (1): Comparison between the testosterone level in the supernatant fluid in the flasks of the experimental
group and control group at day 7 and day 21 from the induction of differentian.

Experimental group (ng/million cell)

Control group (ng/million cell)

Variable (%) . -

Min-Max. Mean£SD. Median Min-Max. Mean=SD. Median
Testosterone D7 0.5-1.60 1.01£0.35 1.00 0.6-0.9 0.4£0.2 0.3
Testosterone D21 4.20-5.70 5.00£0.45 5.00 0.3-0.9 0.5+0.3 0.7
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Fig. (1A): Inverted microscope image x 100 of the adherent fibroblast-like cells grew as spindle shaped cells at 60%-70%
confluence at about 14 day. (B) Inverted microscope with phase contrast image x 100 of the adherent fibrobl ast-
like cells grew as spindle shaped cells at 60%-70% confluence at about 14 day.

Discussion

Infertility affects 10-15% of couples, in human
it accounts for 40-50% of infertility it affect ap-
proximately 7% of all men. Male infertility is
commonly due to deficiencies in semen count and
quality [15].

Leydig cells are located between the seminif-
erous tubules of the tedtis, synthesize and secrete
the hormone testosterone. Testosterone plays an
important role in spermatogenesis when production.
While numerous testosterone formulations have
been developed, none are yet fully capable of
replicating the physiological patterns of testosterone
secretion [16] .

Multiple stem cell therapies to restore andro-
genic function of the testes are under investigation.
Leydig cells derived from bone marrow, adipose
tissue, umbilical cord, and the testes have shown
promise for future therapy for hypogonadism [14].

In this study, 25 umbilical cord sampleswere
used for isolation of MSCs and induction of their
differentiation to leydig cells. 25 umbilical cord
samples were used in order to isolate MSCs and
to obtain cord blood serum. The successratein
isolating and culturing of MSCs were 64% (16/25).
Failure was due to contamination.

Umbilical cord was used as source of MSCs as
it easily obtained, no ethically concept and give
large numbers of MSCs [17]. UC-M SCs have lower
immunogenicity than BM-M SCs, have immuno-
suppressive functions and can inhibit proliferation
of T cells.

The explant method that we used was agreed
by alot [18], however it was reported that there are

limitations for the isolation of UC-MSCs for clinical
use. For cord lining M SCs, the isolation methods
are extremely time-consuming [10] .

We used low glucose DMEM and this was
associated with good isolation of MSCs [19,20] , it
was reported that use of low glucose DMEM is
better than high glucose for isolation of MSCs [20].
Also DMEM with low glucose concentration
(DMEM-LG) supported M SCs growth and main-
tained population doubling time up to 10 passages
[21].

We used human cord blood serum (CBS) and
it gave better isolation results, asit isrich in growth
factors needed for the cells and was able to increase
numbers of MSC from different sources like bone
marrow and cord blood as well as from different
species. Also CBS free of zoonotic pathogens and
proteins [10].

UC-MSCs cell exhibit fibroblast-like morphol-
ogy after ten days. These cells gradually reached
50%-60% confluence at about 14 days [22], freshly
isolated WJ-M SCs normally demonstrate fibroblast-
like appearance during the first culture period 10-
15 days and require 2-4 week until fibroblast-like
adherent cells reach 80%-90% confluence [3].

In this study WJ-M SCs induced with Gonado-
tropinsto differentiate to leydig cells [1,25].

After 14 days of culturing in vitro, the MSCs
exhibited the characteristics of Leydig cellsand
displayed the ability to secrete testosterone [7,1,25].

Thelevel of testosterone secretion was meas-
ured by immunoassay, the cellsin the experimental
group give higher levels of testosterone in compar-
ison to the control group; the highest value was
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obtained onthe 2 1 day [17] differentiated UC-
M SCs secreted significantly more steroidogenic
hormones including testosterone and cortisol. Also
it was revealed that testosterone in the experimental

group increased with time, while the control group
did not change significantly [1].

On the basis of our results, we conclude that:
(1) Wharton jelly mesenchymal stem cells can be
easly isolated and cultured in vitro and, (2) Gona-
dotropin induce the differentiation of Leydig cells
and establish the cellular model. MSCs may be
therapeutic potential for the clinical treatment of
patients who have complete loss of endogenous
Leydig cell due to chemotherapy or radiation.
They may find long-term success with the trans-
plantation of cells with more regenerative capacity.

Refer ences

1- HOUL,,DONGQ., WU Y.J,SUNY.X.,,GUOY.Y. and
HUQYH C.: Gonadotropins facilitate potential differen-
tiation of human bone marrow mesenchymal stem cells
into Leydig cellsin vitro. Kaohsiung Journal of Medical
Sciences, 32: 1€9, 2016.

2- CHOI J. and SMITZ J.: Luteinizing hormone and human
chorionic gonadotropin: Origins of difference. Mol. Cell.
Endocrinol., 383 : 203-13, 2014.

3- LEVINEG.N.,D'AMICO A.V., BERGER P., CLARK
P.E., ECKEL R.H., KEATING N.L., MILANI R.V., SA-
GALOWSKY A.l., SMITH M.R. and ZAKAI N.: Andro-
gen deprivation therapy in prostate cancer and cardiovas-
cular risk: A science advisory from the American Heart
Association, American Cancer Society, and American
Urological Association: Endorsed by the American Society
for Radiation Oncology. CA. Cancer. J. Clin., 16; 121
(6): 833-40, 2010.

4- ARAUJO A.B., DIXON JM., SUAREZ E.A., MURAD
M.H., GUEY L.T. and WITTERT G.A.: Clinica review:
Endogenous testosterone and mortality in men: A system-
atic review and meta-analysis. J. Clin. Endocrinol. Metab.,
96 (10): 3007-3019, 2011.

5- YEAPB.B.,HYDE Z., ALMEIDA O.P., NORMAN P.E.,
CHUBB SA., JAMROZIK K., FLICKER L. and
HANKEY G.J.: Lower testosterone levels predict incident
stroke and transient ischemic attack in older men. J. Clin.
Endocrinol. Metab., 94: 2353-2359, 2009.

6- HAIDER S.G.: Cell biology of Leydig cellsin the testis.
International Review of Cytology, 233 : 181-241, 2004.

7- RICCETTI L., DE PASCALI F., GILIOLI L., POTIF,
GIVA L.B,, MARINO M., TAGLIAVINI S,, TRENTI T.,
FANELLI F., MEZZULLO M., PAGOTTOU, SIMONI
M. and CASARINI L.: Human LH and hCG stimulate
differently the early signalling pathways but result in
equal testosterone synthesisin mouse Leydig cellsin
vitro. Reproductive Biology and Endocrinology, 15: 2,
2017.

8 MAKELAJA. TOPPARI J, RIVERO-MULLER A, VEN-
TELAS.: Reconstruction of mouse testicular cellular

Role of Gonadotropins in Differentiation of Sem Cells

microenvironments in long-term seminiferous tubule
culture. PLoS One., 9: 90088, 2014.

9- CAPLAN A.: Mesenchymal stem cellsin Regenerative
medicine. Handbook of Stem Cells, 2: 493-502, 2013.

10-WATSON N., DIVERSR., KEDAR R., MEHINDRU A.,
MEHINDRU A., BORLONGAN M.C. and BORLON-
GAN C.V.: Discarded Wharton's Jelly of the Human
Umbilical Cord: A Viable Source for Mesenchymal Stem
Cdlls. International Society for Cellular Therapy, 17 (1):
18-24, 2015.

11- BATSALI A.K., KASTRINAKI M.C., PAPADAKI H.A.
and PONTIKOGLOU C.: Mesenchymal Stem Cells De-
rived from Wharton's Jelly of the Umbilical Cord: Bio-
logical Properties and Emerging Clinical Applications.
Current Stem Cell Research and Therapy, 8 (2): 144-155,
2013.

12- CHO P.S., MESSINA D.J,, HIRSH E.L., CHI N., GOLD-
MAN SN., LOD.P,, HARRISI.R., POPMA SH., SACHS
D.H. and HUANG C.A.: Immunogenicity of umbilical
cord tissue-derived cells. Blood Journal, 111 (1): 430-
43 8, 2008.

13- CONCONI M.T., DI LIDDO R., TOMMASINI M.,
CALORE C. and PARNIGOTTO P.P.: Phenotype and
Differentiation Potential of Stromal Populations Obtained
from Various Zones of Human Umbilical Cord: An Over-
view. The Open Tissue Engineering and Regenerative
Medicine Journal, 4: 6-20, 2011.

14- PEAK T.C., HANEY N.M., WANG W., DELAY K.J. and
HELLSTROM W.J.: Stem cell therapy for the treatment
of Leydig cell dysfunction in primary hypogonadism.
World J. Stem. Cells, 8 (10): 306-3 15, 2016.

15- INHORN M.C. and PATRIZIO P.: Infertility around the
globe: New thinking on gender, reproductive technologies
and global movementsin the 21 st century Hum. Reprod
Updeate, 201 (21): 411-426, 2015.

16- HAIDER S.G.: Céll biology of Leydig cellsin the testis.
Int. Rev. Cytol., 23 3 : 181-241, 2004.

17-WEI X., PENG G., ZHENG S. and WU X.: Differentiation
of umbilical cord mesenchymal stem cells into steroidog-
enic cells in comparison to bone marrow mesenchymal
stem cells. Cell. Prolif., 45: 101-110, 2012.

18- MAJORE I., MORETTI P.,, STAHL F., HASSR. and
KASPER C.: Growth and Differentiation Properties of
Mesenchymal Stromal Cell Populations Derived from
Whole Human Umbilical Cord. Stem. Cell. Rev. and Rep.,
7:17-31, 2011.

19- DEOROSAN B. and NAUMAN E.: Therole of glucose,
serum, and three-dimensional cell culture on the metabo-
lism of bone marrow-derived mesenchymal stem cells.
Dev. Cell, 16: 209-221, 2011.

20- AYATOLLAHI M., SALMANI M., GERAMIZADEH
B., TABEI S.Z., SOLEIMANI M. and SANATI M.H.:
Conditions to improve expansion of human mesenchymal
stem cells based on rat samples. World J. Stem. Cells, 26,
4 (1): 1-8, 2012.

21- PAL R, HANWATE M., JAN M. and TOTEY S.: Pheno-
typic and functional comparison of optimum culture
conditions for upscaling of bone marrow-derived mesen-
chymal stem cells. J. Tissue. Eng. Regen. Med., 3 (3),
163-174, 2009.



DaliaH. Abouelela, et al.

22- KOLIAKOSI., TSAGIASN. and KARAGIANNIS V.
Mesenchymal cellsisolation from Wharton's jelly, in
perspective to clinical applications. Journal of Biological
Research-Thessaloniki, 16: 194-201, 2011.

23- NAGAMURA-INOUE T. and HE H.: Umbilical cord-
derived mesenchymal stem cells: Their advantages and
potential clinical utility. World J. Stem. Cells., 26, 6 (2):
195-202, 2014.

24- GUO J,, MA X., WANG C.Q.,GEY.F.,LIAN Q.Q., et
al.: "Effects of luteinizing hormone and androgen on the

801

development of rat progenitor Leydig cellsin vitro and
invivo." Asian. J. Androl., 15 (5): 685-91, 2013.

25- LUE Y., ERKKILA K., LIUPY., MA K., WANGC,,
HIKIM A.S,, et a.: Fate of bone marrow stem cells
transplanted into the testis: Potential implication for men
with testicular failure. Am. J. Pathol., 170: 899e908, 2007.

26- XING X.,ZHANG Z., ZHONG L., JU G., ZOU X., ZHU
Y. and SUN J.: Differentiation of human umbilical cord
mesenchymal stem cellsinto steroidogenic cellsin vitro.

Experimental and Therapeutic Medicine, 12: 3527-3534,
2016.

Aatugh Ate dand) LS jabed (B (03999309201 193 (a-1E5
Atasil Leydig LS )

LS Cined o (ggiall Jiluall b ali Sale dann Jlall e plally dypunil] Ll dag) i Jan Sgin pie 32 Jlo,l ic alall
oSl e Lia¥ 1y adll paill e 8yl clonl€a] aly oypinsiondl] o b colisioe (alAS] e ysilay il oudyall bl

13gls ol yuadl (2l pal pd o Las pgilim Jlsho f (ygm i Tolealill il it (ya (ysilas Coaill s yall Aol ligo gl 30!l

ot ple Jl dalay agd

Sa5SA sa spll i o503 g3 Cugpiieuginaill (505 £ ] e Ugbenall WAL & Luadll b uags Al Teydig LA a5

Al 4, sSall eliall e Llially Glai¥ e Jyposall sl

st gl (gsios (alias] Leydig Lola s

AUR] e b Tl Bl s Cpg sisalisall Suelians Tseasl] diedall LAl n (ajoles Leydig Lok del ) coasal ily
LA iiay Lnaae Lopslgssh ol b Spmgpti¥ 1) b oLt LT LoLATT el e 46T gy wcapsie il (ysa 50

stinll Eatally ¥ waansl B Sine Asny Ledall

Leydig Ly 1) 5ulall Ledall LYAN Luad 5 el pall sia 81 Jasd) (o ag)

ik ce B Al G il (5058 (s5ime gubid 3oyl e Leydig LA I Lasul Liedall WA e e JY sl a3y

g Lsmall ALl Tl 2



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5

