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Abstract: The etiology of testicular dysgenesis syndrome is multifactorial and involves abnormalities in the anatomi-
cal structures and endocrine factors. Several studies have shown that the abnormal development of the gubernacu-
lum may affect testicular descent, and the insulin-like factor 3 (INSL3) appears to play an important role in develop-
ment of the gubernaculum have been proved. INSL3 binds its specific receptor (Relaxin family peptide 2, RXFP2),
which was highly expressed in gubernaculum, to produce a crucial effect in the first transabdominal descent stage,
but its mechanism still remain unclear. In this study, in order to explore how does INSL3 regulate its receptor RXFP2,
we cultured mouse gubernaculum testis cells in vitro, which was treated by INSL3, and examined the expression of
RXFP2 in mouse gubernaculum testis cells. The results displayed that INSL3 changed RXFP2 expression, and we
found that low dose INSL3 can increase RXFP2 expression, the mechanism of above-mentioned might be related

with the hormesis of INSL3.
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Introduction

Cryptorchidism is the most common disorder of
sexual differentiation in humans, with a 3.5%
incidence in term newborns [1]. It can result in
infertility and is associated with an increased
risk of testicular cancer [2]. Cryptorchidism is
the failure of the testis to descend into the
scrotum, testicular descent is an complex pro-
cess in testes development, and the gubernac-
ulum plays an essential role in the complex
mechanism of testicular descent [3].

Normal testicular descent has been described
as two phases, transabdominal and inguino-
scrotal migration phases. The migration
involves the regression of the cranial suspen-
sory ligament and the development of the
gubernaculum. INSL3 has been proved to have
a direct stimulatory effect on fetal gubernacu-
lar growth, especially in transabdominal testic-
ular descent [4]. RXFP2, previously known as
Great or Lgr8, is the only receptor for INSL3 [5],

and the RXFP2 receptor is high expressed in
the gubernaculum®. Bilateral cryptorchidism in
INSL3- and RXFP2- deficient mice is due to
impaired development of the gubernaculum [6,
71. These findings clearly demonstrate the role
of INSL3/RXFP2 signaling in the process of tes-
ticular descent and the gubernacular growth.

However, the mechanisms by which INSL3 and
RXFP2 respective modulate the development of
gubernaculum testis cells and how they interact
together remain elusive. The goal of the present
study was to evaluate the influence of RXFP2 by
its ligand INSL3, and explore the mechanism of
testicular descent further.

Materials and methods
Primary cell culture

Kunming mice were mating that were main-
tained at the Center of Animal in the Medical
College of Shantou University. After born, 3
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Figure 1. The staining of HE displayed the culture cells were fibroblast-like and highly homogeneous in morphology

(scanning for x 100, x 200, x 400 respectively).

Table 1. Expression of RXFP2 mRNA (n = 3,
X +S)

Groups RC value (RT-PCR)
20 ng/ml 0.0425+0.0016
2 ng/mi 0.0441+0.0003
0.2 ng/ml 0.1020+0.0038
0.02 ng/ml 0.4581+0.0141"

Normal (nothing) 0.0596+0.0086

“P < 0.01 vs. group of normal. RC means relative coef-
ficient = samples value/beta actin value.

days neonatal mice were Killed by decapitation
and its gubernaculum tissue was collected. The
tissue were removed under an operating mag-
nifierand placed into phenol red-free Dulbecco’s
modified Eagle’s medium (DMEM) supplement-
ed with 1 mg/ml type | collagenase for 1 hour.
Cells were grown under 5% CO, and 95% air in
phenol red-free DMEM containing 5% charcoal
dextran-treated fetal bovine serum (FBS).

Treatment and grouping of INSL3

The subcultured cells were randomly divided
into different groups treated with different con-
centrations of INSL3 (Phoenix, USA). The
groups including normal (nothing), and experi-
mental groups (treated INSL3 at 20, 2, 0.2, and
0.02 ng/ml, respectively). Treatment 48 hours,
the gubernaculum cell for following experi-
ments.

Semiquantitative reverse transcriptase PCR

Total RNA of gubernacular cells were extracted
by Trizol reagent (Invitrogen, USA) and quanti-
fied by UV spectrophotometry. The mRNA was
reverse-transcribed to cDNA in a total volume
of 20 uyl with random primers (Sangon,
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Shanghai, China). The PCR program consisted
of an initial denaturation at 94°C for 2 minutes,
followed by 30 cycles of denaturation at 94°C
for 30 seconds, annealing for 30 seconds,
elongation at 72°C for 60 seconds, and a final
elongation at 72°C for 5 minutes. B-actin was
amplified simultaneously as internal control.
The primers: RXFP2 upstream, 5 TACCTGT-
TCTCCGTGGGCGTCTT 3’, and downstream, 5’
CCGATGTGGCTCCTCACTTCTGC 3’ (amplifica-
tion length, 494 bp) and B-actin upstream, 5’
GAGACCTTCAACACCCCAGC 3’, and downstre-
am 5’ CCACAGGATTCCATACCCAA 3’ (amplifica-
tion length, 446 bp). The primers were designed
using the Primer Premier 5.0 software and were
synthesized by Shanghai Sangon Biological
Technology Co., Ltd. (Shanghai, China).

Flow cytometry analysis

Gubernacular cells were collected after treat-
ment 48 hours by INSL3, fixed with 70% alcohol
at 4°C for overnight, washed in PBS and cen-
trifugation sedimentation, Cells were incubated
overnight at 4°C with a goat polyclonal antibody
against mice RXFP2 (1:100, Santa Cruz, USA)
followed by incubation with fluorescein isothio-
cyanate (FITC)-labeled rabbit anti-goat IgG
(1:50, Boster China) for 2 hour at indoor tem-
perature. Cell suspension was detected by flow
cytometry (BD, USA).

Statistical analysis

All of the data are expressed as the mean +
standard deviation, The results were analyzed
by an analysis of variance (ANOVA) test using
SPSS 13.0 software. The bands from RT-PCR
and the histogram from FCM were semi-quanti-
fied with BandScan 5.0 and WinMDI 2.9 soft-
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group was upregulated (P <
0.01), and there were no sig-
nificant difference in the 20
ng/ml, 2 ng/ml, 0.2 ng/ml
groups (P > 0.05). (Table 1;
Figure 2A, 2B).

Effects of INSL3 treatment on
protein expression of RXFP2

The results showed that
INSL3 changed the protein
expression of intracellular
- RXFP2. Compared with the

20ng/ml 2ng/ml 0.2ng/ml 0.02 ng/ml

Groups

Figure 2. Expression of RXFP2 mRNA after treatment with different concen-
trations of INSL3 (A, B). RC means relative coefficient = samples value/beta
actin value. The INSL3 groups were given 20 ng/ml, 2 ng/ml, 0.2 ng/ml, and
0.02 ng/ml respectively (P < 0.01 vs. normal group).

Table 2. Expression of RXFP2 protein (n = 3,
X +S)

Groups Fl value (FCM)

20 ng/mi 21.9233+2.4567
2 ng/mi 25.4933+3.1160
0.2 ng/ml 24.6267+2.0067

0.02 ng/ml 86.5667+1.9912"
Normal (nothing) 21.3667+2.1000

“P < 0.01 vs. group of normal; FI means fluorescence
index = fluorescence intensity of samples-fluorescence
intensity of blank control.

ware, respectively. P < 0.05 was considered to
indicate a statistically significant difference.

Results

Hematoxylin and eosin staining of gubernacu-
lums cells

HE staining revealed that the cells were highly
homogeneous in morphology. The gubernacu-
lums cells were mainly fibroblasts-like, a conflu-
ent monolayer of fibroblasts formed which were
interspersed with a few epithelioid cells (Figure
1).

Effect of INSL3 treatment on expression of
RXFP2 mRNA

Compared with the normal group, the expres-
sion of RXFP2 mRNA in 0.02 ng/ml INSL3
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control group, there were no
significant differences in the
20 ng/ml, 2 ng/ml, 0.2 ng/ml
groups (P > 0.05), but the pro-
tein expression of RXFP2 in
0.02 ng/ml INSL3 group was
upregulated significantly (P <
0.01) (Table 2; Figure 3A, 3B).

Normal

Discussion

Cryptorchidism is a common congenital anom-
aly of the urogenital tract in human males, it is
the absence of one or both testes from the
scrotum. The testes begin as an immigration of
primordial germ cells into testicular cords along
the gonadal ridge in the abdomen of the early
embryo. It has been proposed that movement
occurs in two phases, transabdominal and
inguinoscrotal migration phases. The migration
involves the regression of the cranial suspen-
sory ligament and the development of the
gubernaculum [8, 9]. Due to the special ana-
tomic location of gubernaculum contiguous to
the testes, gubernaculum is crucially involved
in testicular descent and development [10, 11].
The etiology of cryptorchidism is multifactorial
and might involve abnormalities in the anatomi-
cal structures and endocrine factors.

Previous studies have demonstrated that crypt-
orchidism may frequently be associated with
mutations in the genes for INSL3 and its recep-
tor RXFP2. These genes seem to have an
important role in testicular descent without
apparently affecting the spermatogenic and
endocrine components of the testis itself,
INSL3 and RXFP2 proteins seem to act as
ligand and receptor respectively, and to play a
prominent role in gubernaculum development
involved in testicular descent [12, 13]. Insulin-
like factor 3 (INSL3), a peptide belonging to the
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Figure 3. The red-tinted region and gray region represent the fluorescence intensity of samples and normal control
respectively (A). Protein expression of RXFP2 after different concentrations INSL3 treated (B). FI means fluores-
cence index = fluorescence intensity of samples-fluorescence intensity of blank control. The INSL3 groups were
given 20 ng/ml, 2 ng/ml, 0.2 ng/ml, and 0.02 ng/ml respectively (“P < 0.01 vs. normal group).

insulin-relaxin family and also known as Leydig
cell-derived insulin-like factor [13]. Mice
mutants for INSL3 exhibit bilateral cryptorchi-
dism and developmental abnormalities of the
gubernaculum [14]. Relaxin family peptide 2
(RXFP2), previously known as Great or Lgr8, ini-
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tially discovered as a low-affinity relaxin recep-
tor, has now been characterized as the INSL3
special receptor [15]. Similarly to INSL3, the
disruption of the RXFP2 gene leads to a cryptor-
chid phenotype in RXFP2-mutant mice [7, 16].
INSL3 acts by binding to its specific receptor

Int J Clin Exp Pathol 2015;8(11):14806-14811
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RXFP2, how to interact together? There are still
no reports.

To investigate the effects of INSL3 regulate its
receptor RXFP2, we cultured mice gubernacu-
lum testis cells in vitro and treated by single
factor (INSL3) to avoid the interference of other
factors. In present study we selected multiple
dosages of INSL3 from 0.02 to 20 ng/ml to
observe the change of RXFP2 in mouse guber-
naculum cells after treated by INSL3. The date
demonstrated that there were no significant
difference in the 20 ng/ml, 2 ng/ml, 0.2 ng/ml
groups compared with the normal group (P >
0.05), but the expression of RXFP2 in 0.02 ng/
ml INSL3 group was upregulated (P < 0.01).
These results show that low dose INSL3 can
increase RXFP2 expression, the mechanism of
above-mentioned might be related with the
hormesis of INSL3. Additionally, there are some
studies reported SOX9 might play a significant
role in regulating RXFP2 activity [17, 18], but its
specific mechanism is unknown and need fur-
ther study. Nevertheless, these low levels of
INSL3 may suffice to mediate the specific
RXFP2 signaling in target tissues.

The present study provided novel evidence that
INSL3 have direct mediate RXFP2 in gubernac-
ulum testis cells, we speculate the synergistic
effects of low dose INSL3 to its receptor RXFP2
in mouse gubernaculum testis cells provide an
insight into the role of INSL3 in the etiology of
cryptorchidism.

Acknowledgements

This study was funded by the grants from the
National Natural Science Foundation of China
(Grant No. 81170555, 81341099, 81373745)
and the Natural Science Foundation of
Guangdong Province (Grant No. 815150310-
2000029).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Jianhong Li,
Department of Pediatric Surgery, The Second
Affiliated Hospital of Shantou University Medical
College, Shantou, Guangdong, China. Tel: 86 754
88915793; Fax: 86 754 88346543; E-mail: jian-
hongli2013@163.com; Dr. Shuhua Ma, Department
of Radiology, The First Affiliated Hospital of Shantou
University Medical College, Shantou, Guangdong,

14810

China. Tel: 86 754 87833333; Fax: 86 754
87833033; E-mail: shuhuama2014@126.com

References

[1] Elder JS. The undescended testis. Hormonal
and surgical management. Surg Clin North Am
1988; 68: 983-1005.

[2] Zhang X, Li JH, Duan SX, Lin QJ, Ke S, Ma L,
Huang TH, Jiang XW. G protein-coupled estro-
gen receptor-protein kinase A-ERK-CREB sig-
naling pathway is involved in the regulation of
mouse gubernaculum testis cells by diethylstil-
bestrol. Arch Environ Contam Toxicol 2014; 67:
97-103.

[3] Hutson JM, Sasaki Y, Huynh J, Yong E, Ting A.
The gubernaculum in testicular descent and
cryptorchidism. Turk J Pediatr 2004; 46 Suppl:
3-6.

[4] Kubota Y, Temelcos C, Bathgate RA, Smith KJ,
Scott D, Zhao C, Hutson JM. The role of insulin
3, testosterone, Mullerian inhibiting substance
and relaxin in rat gubernacular growth. Mol
Hum Reprod 2002; 8: 900-905.

[5] Bogatcheva NV, Truong A, Feng S, Engel W, Ad-
ham IM, Agoulnik Al. GREAT/LGRS8 is the only
receptor for insulin-like 3 peptide. Mol Endocri-
nol 2003; 17: 2639-2646.

[6] Nef S, Parada LF. Cryptorchidism in mice mu-
tant for Insl3. Nat Genet 1999; 22: 295-299.

[7]1 Gorlov IP, Kamat A, Bogatcheva NV, Jones E,
Lamb DJ, Truong A, Bishop CE, McElreavey K,
Agoulnik Al. Mutations of the GREAT gene
cause cryptorchidism. Hum Mol Genet 2002;
11:2309-2318.

[8] Emmen JM, McLuskey A, Adham IM, Engel W,
Grootegoed JA, Brinkmann AO. Hormonal con-
trol of gubernaculum development during tes-
tis descent: gubernaculum outgrowth in vitro
requires both insulin-like factor and androgen.
Endocrinology 2000; 141: 4720-4727.

[9] Hutson JM, Hasthorpe S. Abnormalities of tes-
ticular descent. Cell Tissue Res 2005; 322:
155-158.

[10] Costa WS, Sampaio FJ, Favorito LA, Cardoso
LE. Testicular migration: remodeling of connec-
tive tissue and muscle cells in human guber-
naculum testis. J Urol 2002; 167: 2171-2176.

[11] Soito IC, Favorito LA, Costa WS, Sampaio FJ,
Cardoso LE. Extracellular matrix remodeling in
the human gubernaculum during fetal testicu-
lar descent and in cryptorchidic children. World
J Urol 2011; 29: 535-540.

[12] Foresta C, Ferlin A. Role of INSL3 and LGR8 in
cryptorchidism and testicular functions. Re-
prod Biomed Online 2004; 9: 294-298.

[13] Agoulnik Al Relaxin and related peptides in
male reproduction. Adv Exp Med Biol 2007;
612: 49-64.

Int J Clin Exp Pathol 2015;8(11):14806-14811


mailto:jianhongli2013@163.com
mailto:jianhongli2013@163.com
mailto:shuhuama2014@126.com

(14]

(16]

Insulin-like factor 3 regulate RXFP2 in vitro

Zimmermann S, Steding G, Emmen JM, Brink-
mann AO, Nayernia K, Holstein AF, Engel W,
Adham IM. Targeted disruption of the InsI3
gene causes bilateral cryptorchidism. Mol En-
docrinol 1999; 13: 681-691.

Scott DJ, Fu P, Shen PJ, Gundlach A, Layfield S,
Riesewijk A, Tomiyama H, Hutson JM, Tregear
GW, Bathgate RA. Characterization of the rat
INSL3 receptor. Ann N'Y Acad Sci 2005; 1041:
13-16.

Overbeek PA, Gorlov IP, Sutherland RW, Hous-
ton JB, Harrison WR, Boettger-Tong HL, Bishop
CE, Agoulnik Al. A transgenic insertion causing
cryptorchidism in mice. Genesis 2001; 30: 26-
35.

14811

(17]

(18]

Feng S, Bogatcheva NV, Truong A, Korchin B,
Bishop CE, Klonisch T, Agoulnik U, Agoulnik Al.
Developmental expression and gene regula-
tion of insulin-like 3 receptor RXFP2 in mouse
male reproductive organs. Biol Reprod 2007;
77:671-680.

Zhang L, Zheng XM, Hubert J, Zheng H, Yang
ZW, Li SW. Prenatal exposure to diaethylstil-
bestrol in the rat inhibits transabdominal tes-
ticular descent with involvement of the INSL3/
LGR8 system and HOXA10. Chin Med J (Engl)
2009; 122: 967-971.

Int J Clin Exp Pathol 2015;8(11):14806-14811



