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Abstract:

This research was conducted to investigate the potential of mouse embryonic stem (ES) cells to
differentiate into gonadotropes. In vitro studies used RT-PCR, Western blotting and immunohistochemistry
to analyze gene expression of gonadotrope markers in developing embryoid bodies (EBs) derived from ES
cells. Hesxl, Lhx3, Propl, GATA2, follicle stimulating hormone beta (FSHB) and luteinizing hormone beta
(LHB) mRNAs were detected at Day 6 and maintained throughout the culture to Day 56. FSHP and LHP proteins
were expressed in EBs from Day 6 onward. Immunofluorescent labeling of FSHP and LHB showed that specific
staining was restricted to the cytoplasm of some differentiated EB cells. With EB development, the number
of positive cells increased significantly. They aggregated mainly within EBs and spafsely distributed
among the outermost cells surrounding EBs. In vivo studies with implanting Day 6 EBs under the kidney
capsule of 5-week-old male BALB/c nude mice exhibited clusters of cells positive for FSHB and LHP in the
graft at 4 weeks post—transplantation. These results indicate that mouse ES cells can give rise to mature
gonadotrope—like cells following their differentiation into EBs. It also shows that EBs may serve as an
excellent model system to study the development and function of gonadotropes.
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Introduction:

The anterior pituitary consists of six specific hormone—producing cell types derived from a common
primordium [1, 2]. Gonadotropes, one of the principle groups of cells, synthesize and secrete FSH and
LH, both of which act in synergy to regulate reproduction and are structurally related glycoproteins
composed of a common o subunit and a hormone—specific B subunit [3, 4]. Gonadotropin production requires
the normal development and function of the pituitary gonadotropes. Many genes are involved in gonadotrope
development [5]. Although abnormalities in these genes are known to result in gonadotropin deficiency,
the cellular and molecular mechanisms for gonadotropin deficit remains unclear due to the lack of good
model systems to study gonadotrope development and differentiation. Establishing a developmental model
able to understand these mechanisms is imperative for the correct diagnosis and better treatment of
reproductive disorders. ES cells are expected to become a powerful model system due to their capability
of self-renewal and totipotency and the ability of EBs derived from ES cells to mimic a developing embryo[8,
7). In this study, we investigated the potential of ES cells to undergo gonadotrope differentiation.
Materials and Methods:
cell culture

Undifferentiated mouse ES cells (129/sv strain, Cell and Molecular Technologies, Philipsbrug, NJ, USA)
were maintained on mitomycin C~inactivated STO fibroblasts in ES cell media. To induce formation of EBs
after dissociation with 0.05% trypsin-EDTA (GIBCO), ES cells were suspended in differentiation media by
the hanging drop method (600 cells/30 ul-drop). After 5 days (indicated as Day 6), EBs were transferred
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to non—treated dishes and cultured with gentle shaking to prevent attachment for another 3-50 days.
RI-PCR

Total RNA was extracted from mouse ES cells, EBs, STO cells, pituitaries at embryonic day 12 (E12),
and week 6 using RNeasy Mini Kit (QIJAGEN, Valencia, CA, USA). The RNA was reverse transcribed into cDNA
using SuperScriptIl first-strand synthesis system with oligo (dT) (Invitrogen, Carlsbad, CA, USA). PCR
was performed using Ex Taq DNA polymerase (Takara, Otsu, Shiga, Japan) in a MyCycler™ Thermal Cycler
(Bio—Rad, USA).
Hestern bl/otting

EBs, mouse adult pituitary and liver were lysed on ice in lysis buffer with protease inhibitors. Proteins
(10 pLg) were separated by 5-15% SDS-polyacrylamide gel electrophoresis, and then transferred to a
nitrocellulose membrane. The membrane was blocked in phosphate-buffered saline (PBS, PH 7.4) containing
3% serum (Funacoshi, Tokyo, Japan) of the same species as secondary antibodies, a_\nd then probed with rabbit
anti-mouse FSHP polyclonal immunoglobulin (Ig) (1:3000, Biogenesis, Kingston, NH, USA) or goat anti-rat
LHPB polyclonal IgG (1:1000, Santa Cruz Biotechnology, California, USA). Primary antibodies were visualized
by the addition of horseradish peroxidase (HRP) goat anti-rabbit IgG (1:1000) or rabbit anti-goat IgG
(1:500, Bio—Rad, Hercules, CA, USA) and developed by 3,3 diaminobenzidine tetrahydrochloride (DAB, Wako,
Tokyo, Japan).
Transplantation of EBs under kidney capsule

20 EBs were harvested from hanging drop cultures after 5 days and then transplanted under the kidney
capsule of 5—week-old male BALB/c nude mice (Charles River Japan, Yokohama, Japan). The recipients were
examined for donor EB survival and differentiation in vivo using immunofluorescence at 4 weeks
post—transplantation. All animal experiments were conducted in accordance with Guide for the Care and
Use of Laboratory Animals (National Institutes of Health, 1996).
Immunocytochemistry
Single immunof/uorescent label of gonadotropes

EBs and control mouse pituitary were routinely fixed in 4% paraformaldehyde and embedded in paraffin.

After deparaffinization and rehydration, 5—pum thick sections were microwaved in 10 mM sodium citrate buffer
(pH 6.0) for antigen retrieval, blocked with 3% host serum of secondary antibodies in PBS (pH 7.4) to
reduce non-specific binding, then incubated with rabbit anti-mouse FSHB polyclonal Ig (1:2000) or goat
anti-rat LHB polyclonal IgG (1:100). Primary antibodies were detected using Alexa fluor 488 conjugated
with goat anti-rabbit IgG or donkey anti-goat IgG (1:200, Molecular Probes, Eugene OR, USA).

Double /abel of gonadotropes

In the colocalization experiment of FSHP and LHB, first, paraffin—embedded sections were reacted with
goat anti-rat LHB polyclonal IgG (1:100) and detected using donkey anti-goat IgG conjugated with Alexa
fluor 488 (1:200). Then, they were subjected to rabbit anti-mouse FSHB polyclonal Ig (1: 2000) and
visualized by goat anti-rabbit IgG conjugated with Alexa fluor 568 (1:200, Molecular Probes, Eugene OR,
USA). Specimens were examined using a confocal laser scamning microscope.

Results: '

EB differentiation was recorded by phase—contrast microscope (Figl). EBs in A, B, C and D were harvested
at Day 6, 9, 12, and 56 respectively. With the prolongation of EB culture, there was an obvious increase
in EB size due to cell multiplication, although the degree of multiplication among EBs varied. The period
of EBs’ expansion continued for 12-14 days after they were collected from hanging drops and the volume

of EBs remained unchanged thereafter. The out layer of EB was the visceral endoderm indicated as arrows.
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RT-PCR analyses
B-Actin was employed as the endogenous control and detected in all the samples. Fetal pituitary was

used as the positive control for Hesxl, Lhx3 and Propl, while adult pituitary provided positive control

for GATA2, FSHP, LHP and Pitl. Undifferentiated ES cells expressed only Hesxl, but EBs from Day 6 onward

expressed all of these gene transcripts except Pitl. No bands were exhibited in STO cells [Fig. 2].

Western blot analyses

Both FSHP (mass 14919) and LHP (mass 15028) proteins were detected in western blots of all EB samples
and adult pituitary, but not in liver (Fig 3).

Immunocytochemical analyses

Few ceils were found to be positive for both FSHP and LHP on Days 6, 9, 15, and 21. Only a_small number
of FSHP (Fig. 4A) or LHP (Fig. 4B) positive cells were detected at this stage. Cells labeled for FSHf
only (Fig.4C) or LHP only (Fig. 4D) significantly increased in Day 35 and 56 EBs. Cells double-stained
for FSHB and LHP similarly increased during the same period (Fig. 4E aﬁd F). These positive cells were
clustered together within the EBs or were sparsely scattered in the outermost cells surrounding them.
In control pituitary, positive staining was only observed in those specific cells of the anterior lobe,
but not in the posterior (neural) lobe at all (Fig. 4G). Control EBs failed to show specific labeling
when primary antibodies were omitted (Fig. 4H). Teratoma formed and exhibited clusters of cells positive
for FSHB and LHB (Fig. 5) at 4 weeks post—transplantation.

Conclusion: '

These results indicate that mouse ES cells can give rise to mature gonadotrope—like cells in EBs. It
also shows that EBs may serve as a novel model system to study the development and function of gonadotropes.
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