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Abstract. Pituitary endocrine cells are supplied by Sox2-expressing stem/progenitor cells in the anterior lobe of
the adult pituitary gland. These SOX2-positive cells are maintained in two types of microenvironments (niches): the
marginal cell layer (MCL)-niche and the parenchymal-niche. Recently, we isolated dense SOX2-positive cell clusters
from the parenchymal-niche by taking advantage of their resistance to protease treatment as parenchymal stem/
progenitor cell (PS)-clusters. In the present study, by analyzing these isolated PS-clusters, we attempted to identify
novel structural characteristics of pituitary stem/progenitor cell niches. Quantitative real-time PCR showed that tight
junction-related genes were distinctly expressed in the isolated PS-clusters. Immunocytostaining showed that the
tight junction molecules, ZO-1 and occludin, were localized in the apical membrane facing the pseudo-follicle-like
structure of the isolated PS-clusters regardless of the expression of S71008, which distinguishes the sub-population
of SOX2-positive cells. Furthermore, immunohistochemistry of the pituitary glands of adult rats clearly demonstrated
that ZO-1 and occludin were densely present in the parenchymal-niche encircling the pseudo-follicle, while they
were observed in the apical membrane in the MCL-niche facing the residual lumen. Collectively, these tight junction-
related proteins might be involved in the architecture and maintenance of the plasticity of pituitary stem/progenitor

cell niches.

he pituitary gland is an important endocrine tissue composed of

three lobes: the anterior, intermediate, and posterior lobes. The
anterior lobe has five endocrine cell types that produce six hormones,
and other non-endocrine cells. Some of the non-endocrine cells play
roles in the support and supply of endocrine cells [1, 2]. Recent studies
have demonstrated that cells expressing the sex-determining region
Y-box 2 (Sox2) play important roles as stem/progenitor cells in the
adult pituitary gland in vitro [3] and in vivo [4]. S100F-expressing
cells, which are typical non-endocrine cells that perform multiple
functions in the anterior lobe [5], may harbor stem/progenitor cell
characteristics [6].

Several studies have demonstrated that SOX2-positive cells form
two types of niches (stem/progenitor cell microenvironments): the
marginal cell layer (MCL)-niche facing the residual lumen of Rathke’s
pouch and the parenchymal-niche composed of SOX2-positive cells
scattered in the parenchyma of the adult anterior lobe [2, 7, 8]. Chen et
al. showed that epithelial-mesenchymal transition (EMT) is preceded
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by alteration of apical membrane localization of the coxsackievirus
and adenovirus receptor (CAR, a protein closely associated with tight
junctions) to the basolateral membrane, followed by migration to the
parenchyma and the formation of dense SOX2-positive clusters that
encircle the pseudo-follicle [6, 7]. The dense SOX2-positive stem/
progenitor cell clusters termed as “parenchymal stem/progenitor cell
(PS)-clusters” have previously been isolated by taking advantage of
their resistance to protease treatment [9]. Moreover, using the anterior
lobe of S100B/green fluorescent protein-transgenic (S1003/GFP-TG)
rats, PS-clusters have been classified into GFP-, mixed-GFP-, and
null-GFP-clusters based on S1003-GFP signals exhibiting different
proliferation and differentiation properties [9, 10]. Hence, PS-clusters
provide a clue to elucidate the regulatory mechanism of pituitary
stem/progenitor cell niches.

Notably, specific topographic affinities for adherens junctions,
gap junctions, and tight junctions between pituitary endocrine and
non-endocrine cells are known [11, 12]. E-cadherin is expressed in the
pituitary adherens junction in S100B-positive and SOX2-positive cells
[3, 13, 14], while gap junctions are present in most S100B-positive
cells and are assumed to play important roles in the anterior lobe
[15, 16]. The tight junction, a topical structure of epithelial and
endothelial cells, is important for cell-to-cell adhesion, acts as a
barrier for cell migration, and separation of apical and basolateral
fluid compartments by polar localization [17]. Two types of tight
junction-related proteins are known namely, integral transmembrane
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proteins [ 18] and tight junctional plaque proteins [19]. The former type
forms homo- and heterophilic interactions with occludin (a member
of claudin), junction adhesion molecules (JAMs), and other cortical
thymocyte markers in the Xenopus (CTX) subfamily [18]. The latter
type may link the cytoplasmic domains of transmembrane proteins
with the actin cytoskeleton or cellular signaling molecules, including
zonula occludens (ZO)-1, ZO-2, ZO-3, cingulin, and a-catenin. In the
anterior lobe, the expression of claudin-4 and claudin-2 and -5 are
observed in S100B-positive cells and endothelial cells, respectively
[20]. More recently, Higashi et al. reported that claudin-9 is specifically
expressed in S100B-positive cells [21]. However, whether tight
junction-related proteins exist in the pituitary stem/progenitor cell
niches remains unclear.

In the present study, we attempted to identify a novel characteristic
structure of pituitary stem/progenitor cell niches using gene expression
analysis and immunostaining of isolated PS-clusters. Collectively,
we demonstrated that tight junction-related proteins were present and
might be involved in the architecture and maintenance of plasticity
of pituitary stem/progenitor cell niches.

Materials and Methods

Animals

Wistar-crlj S100B/green fluorescent protein-transgenic rats (S100p/
GFP-TG rats), that were generated by fusing the S700p promoter
to the reporter gene Gfp [22] (male, 8—16 weeks), were housed
individually in a temperature-controlled room under a 12-h light/12-h
dark cycle. The rats were euthanized under anesthesia. This study
was approved by the Institutional Animal Care and Use Committee
of Meiji University and complied with the NIH Guidelines for the
Care and Use of Laboratory Animals.

Pituitary cell dispersion and isolation of PS-clusters
Cell dispersion of the anterior lobe of the rat pituitary and isola-

Table 1. List of primer sets for quantitative real-time PCR

tion of PS-clusters were performed according to a previous report
[9]. Briefly, excised anterior lobes of the pituitaries from S100p/
GFP-TG rats were treated with 0.2% collagenase (Sigma-Aldrich,
St. Louis, MO, USA) for 15 min at 37°C. After removal of the
collagenase solution, collected cells were incubated with 10 mM
HEPES-100 mM NaCl (pH 7.5; HEPES buffer) containing 0.25%
trypsin (Sigma-Aldrich), and 5 mM EDTA (Dojindo Laboratories,
Kumamoto, Japan) for 10 min at 37°C and dispersed by vigorous
pipetting. The cell suspension was plated on a non-adhesive 35-mm
dish (AGC Techno Glass, Shizuoka, Japan), and PS-clusters were
immediately collected manually using pipettes, under a microscope
(Leica DM IRB, Leica, Wetzlar, Germany).

cDNA library preparation and quantitative real-time
polymerase chain reaction (PCR)

c¢DNA libraries were prepared according to a previously reported
method [10] with slight modifications. Briefly, cDNA was synthesized
from isolated GFP-clusters, null-GFP-clusters, and whole cells of the
anterior lobe, and three independent experiments were performed
[23] using SuperScript II Reverse Transcriptase (Thermo Fisher
Scientific, Waltham, MA, USA) and KAPA HiFi HotStart ReadyMix
(NIPPON Genetics, Tokyo, Japan). The synthesized cDNA was
purified using AMPure XP (Beckman Coulter, Brea, CA, USA).
Quantitative real-time PCR was performed using SYBR Green
Real-Time PCR Master Mix Plus (Toyobo, Osaka, Japan) and 0.6
uM of specific primer set for nine genes (Table 1), and analyzed
using the Applied Biosystems StepOnePlus Real-Time PCR system
(Applied Biosystems, Foster City, CA, USA). Hprtl (hypoxanthine
phosphoribosyltransferase 1) was used as an internal standard and
fold change was calculated by comparing the expression levels
relative to those of whole cells. Data are presented as the mean +
SEM (n = 3). The DNA sequence of the PCR product from each
sample was confirmed by nucleotide sequencing (data not shown).
One-way analysis of variance (ANOVA) followed by Tukey’s test for

Gi bol i
Protein name CHe Mo Sequence (5'—3") LBGUTIRTD Accession number
Gene name (bp)

Tipl F d ct tagtgatgt,

70-1 e , orward - cigageccectagleatele 149 NM_001106266.1
Tight junction protein 1 Reverse  acagaaacacagttggctccaac -
Tjp2 F d t: tt t

702 e _ orward - atgeggticeaatcaaage 134 NM_053773.1
Tight junction protein 2 Reverse  ctcttectegggatcactge -
Tjp3 F d tgggtcat; t

70-3 S , orward - BHIEEEICAIEEEasealoR 110 NM_001108073.1
Tight junction protein 3 Reverse ttctcagggectcatgettg -

. . Cgn Forward tccaagcccggatcaaatce

Cingulin X . 138 XM _017591315.1
Cingulin Reverse  atgcaatggatgaggggtcg -
Ocl F d tgaat

Occludin on- DEWERE SERRSESARAsISaiacsats 139 NM 0313292
Occludin Reverse atcgttgetgetgtaccgag -

JAMI Jaml .(F 11r) . Forward  gaccctgtgtcagectttga 143 NM 053796.1
Junctional adhesion molecule 1 Reverse  agtgttaccaggacagctge -
Jam?2 F d tetgtt 1

JAM2 ams , orward - aacteigligegcatcgcag 107 NM_001034004.1
Junctional adhesion molecule 2 Reverse  gcagaaatgacgaaggccac -
Jam3 F d t t tetgetgt;

JAM3 ams _ orward - feacaatgggeateiectete 126 NM_001004269.1
Junctional adhesion molecule 3 Reverse  caccctcttcacttgtcegg -
Cxadr Forward aaccaagtccccagtgaaga

CAR . . 93 NM_053570.1
Coxsackievirus and adenovirus receptor Reverse  aatgccatcggtcaggtaag -

HPRT1 Hprtl . . Forward ctcatggactgattatggacaggac 123 NM 0125832
Hypoxanthine phosphoribosyltransferase I ~ Reverse  gcaggtcagcaaagaacttatagce -
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multiple comparisons was performed using Prism Ver. 7 (GraphPad
Software, San Diego, CA, USA).

Immunocytostaining of isolated PS-clusters

To attach PS-clusters onto eight-well chamber slides (Thermo Fisher
Scientific) and recover cell surface proteins, isolated PS-clusters were
transferred into wells of Matrigel-coated glass slides using growth
factor-reduced Matrigel diluted 1:10 with DMEM/F-12 serum-free
medium (BD Biosciences, San Jose, CA, USA) and incubated for
4-7 h in a humidified atmosphere of 5% CO, and 95% air. After
attachment, PS-clusters were fixed with 4% paraformaldehyde (PFA)
in 20 mM HEPES (pH 7.5) for 30 min at 20-25°C. Samples were
antigen-retrieved using ImmunoSaver (0.05% citraconic anhydride
solution, pH 7.4; Nisshin EM, Tokyo, Japan) for 1 h at 80°C. Cells
were incubated with 10% (v/v) fetal bovine serum and 0.4% (v/v)
Triton X-100 in HEPES buffer (blocking buffer) for 60 min at room
temperature. The primary antibody reaction was performed in block-
ing buffer overnight at 4°C using goat IgG against human SOX2
(GT15098; 1:500, Neuromics, Edina, MN, USA), rabbit IgG against
human ZO-1 (SA243690; 1:20,000, Thermo Fisher Scientific), rabbit
IgG against human occludin (RG235307; 1:2,000, Thermo Fisher
Scientific), and chicken IgY against jellyfish GFP (GFP-1020; 1:500,
Aves Labs, Tigard, OR, USA). After the immunoreaction, cells were
incubated with secondary antibodies in blocking buffer for 2 h at 4°C
using Cy3-, Cy5-, or FITC-conjugated AffiniPure donkey anti-goat,
rabbit IgG, and chicken IgY (1:500; Jackson ImmunoResearch,
West Grove, PA, USA). Cells were washed and incubated with
VECTASHIELD mounting medium (Vector Laboratories, Burlingame,
CA, USA) with 4',6-diamidino-2-phenylindole dihydrochloride
(DAPI). Immunofluorescence was observed using the DMI6000 B
inverted microscope (Leica, Wetzlar, Germany).

Immunohistochemistry

The pituitaries of male S100B/GFP-TG rats were fixed with 4% PFA
overnight at 4°C, followed by immersion in 30% trehalose in 20 mM
HEPES to cryoprotect the tissues. They were embedded in Tissue-Tek
0O.C.T. compound (Sakura Finetek Japan, Tokyo, Japan) and frozen
immediately. Frozen sections (6-um thick) from the coronal planes
of the pituitaries were prepared. The sections were antigen-retrieved
using ImmunoSaver (Nisshin EM) for 1 h at 80°C. After washing,
the sections were incubated with primary antibodies (as described
above) in blocking buffer overnight at 4°C. After the immunoreaction,
the sections were incubated with secondary antibodies (as described
above). The sections were washed and then stained with DAPI (Vector
Laboratories). Immunofiuorescence was observed using the BZ-8000
fluorescence microscope (Keyence, Osaka, Japan).

Results

Gene expression of tight junction-related proteins in isolated
PS-clusters

To identify novel structural characteristics of pituitary stem/
progenitor cell niches, we examined gene expression in isolated
PS-clusters (Fig. 1A and 1B) by qPCR. Based on our previous
report that CAR (encoded by Cxadr) is expressed in pituitary stem/
progenitor cell niches [7, 24], we focused on tight junction-related
molecules. First, significant expression of CAR in both GFP- and
null-GFP-clusters was confirmed (Fig. 1C). We then analyzed the
expression of junctional plaque proteins such as, ZOs (ZO-1, ZO-
2, and ZO-3 encoded by Tjpl, Tjp2, and Tjp3, respectively), and
cingulin (encoded by Cgn; a scaffold protein). qPCR demonstrated
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Fig. 1. Expression of tight junction-related genes in isolated GFP- and
null-GFP-clusters from the anterior lobe of adult S100p/GFP-TG
rats. Immunocytostaining was performed for SOX2 and GFP in
the isolated GFP-cluster (A) and null-GFP-cluster (B). SOX2
visualized with Cy3 (red), GFP with FITC (green), nuclear staining
using DAPI (blue), and phase-contrast (PC) are shown. Bars
indicate 20 pm. Quantitative real-time polymerase chain reaction
(PCR) was performed to estimate the mRNA levels of CAR (C),
tight junction proteins, ZO-1 (D), ZO-2 (E), ZO-3 (F), cingulin
(G), occludin (H), and junctional adhesion molecules (JAMI: I,
JAM2: J, and JAM3: K), using total RNA isolated from whole
cells of the anterior lobe (whole), isolated GFP-clusters (GFP), and
null-GFP-clusters (null). Hypoxanthine phosphoribosyltransferase
1 (Hprtl) was used as an internal standard, and fold change was
calculated by comparing the expression levels relative to those
of whole cells. Data are presented as the mean £ SEM (n = 3
biological replicates per condition). Statistical significance was
determined by one-way ANOVA followed by Tukey’s test for
multiple comparisons. * P <0.05, ** P <0.01.

that ZO-1, ZO-2, ZO-3, and cingulin were significantly expressed
in both GFP- and null-GFP-clusters compared to whole cells (Fig.
1D-1G). Furthermore, genes encoding occludin (encoded by Ocin;
a transmembrane protein) and JAM1 were significantly expressed in
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both GFP- and null-GFP-clusters compared to whole cells, while no
significant differences were observed in genes encoding JAM2 and
JAM3 (Fig. 1H-1K). In addition, JAM1 was significantly expressed
in GFP-clusters compared to null-GFP-clusters (Fig. 11).

Immunocytostaining for ZO-1 and occludin in isolated
PS-clusters

To confirm the results of gene expression profiling of the isolated
PS-clusters, we performed triple immunocytostaining for the rep-
resentative tight-junction molecules, ZO-1 or occludin, with SOX2
and GFP (for detection of S100p), using isolated PS-clusters. The
results demonstrated that immuno-positive signals for ZO-1 (Fig.
2A, 2B) and occludin (Fig. 2C, 2D) were similarly detected in the
apical and basolateral membranes of isolated PS-clusters. These
Z0-1 immuno-positive signals were detected in all the examined
PS-clusters including, GFP-clusters (100 clusters, Fig. 2A) and
null-GFP-clusters (22 clusters, Fig. 2B). Similar results were obtained
for occludin immunocytostaining in both GFP-clusters (104 clusters,
Fig. 2C) and null-GFP-clusters (12 clusters, Fig. 2D).

Immunohistochemistry for ZO-1 and occludin in the anterior
lobe of pituitary gland of adult rats

Next, we performed immunohistochemistry for ZO-1 and occludin
in the pituitary gland of adult S1008/GFP-TG rat. Triple immunos-
taining for ZO-1 or occludin with SOX2 and GFP demonstrated
intense immunopositive signals for ZO-1 (Fig. 3) and occludin
(Fig. 4) in SOX2-positive cells in the parenchymal-niche (yellow
arrow). These immuno-positive signals for ZO-1 or occludin in the
parenchymal-niche were detected in both GFP/SOX2-double positive
(Fig. 3D, 4D) and GFP-negative/SOX2-positive cells (Fig. 3E, 4E),
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corresponding to the results obtained from immunocytostaining of
isolated PS-clusters (Fig. 2).

In relation to the MCL-niche, immunohistochemistry demonstrated
that intense immuno-positive signals for ZO-1 (Fig. 3) and occludin
(Fig. 4) were detected only in the apical membrane of SOX2-positive
cells in both the anterior and intermediate lobes (Fig. 3, 4, white
arrows).

In addition, immuno-positive signals for ZO-1 and occludin were
also detected in some SOX2-positive cells (Figs. 3, 4, arrowheads). In
contrast, weak immuno-positive signals for ZO-1 (Fig. 3, asterisks)
and occludin (not shown in Fig. 4, but confirmed in other fields) were
detected in the apical membrane of cells located in the perivascular
space of the anterior lobe.

Discussion

Recent studies have proposed that SOX2-positive stem/progeni-
tor cells of the adult anterior lobe form two types of niches, and
demonstrated that dense SOX2-positive PS-clusters can be isolated
from the parenchymal-niche by taking advantage of its tight structure
and resistance to protease treatment [9]. In the present study, by
analyzing isolated PS-clusters, we attempted to identify novel structural
characteristics of the pituitary stem/progenitor cell niches.

E-cadherin is known to act as a cell-to-cell adherens junction
molecule that anchors pituitary stem/progenitor cells, in contrast to
N-cadherin, which is localized in endocrine cells [9, 13, 14]. The
present study showed that adherens junctions via E-cadherin and
tight junction-related proteins exist in both the pituitary niches. In
the anterior lobe, using freeze-fracture electron microscopy, tight
junctions have been observed mainly in non-endocrine cells [16].

Fig. 2. Immunocytostaining for ZO-1 and occludin using isolated PS-clusters from the anterior lobe of adult S100B/GFP-TG rats. Immunocytostaining
was performed for ZO-1 using isolated GFP-cluster (A) and null-GFP-cluster (B). ZO-1 visualized with Cy3 (red), SOX2 with CyS5 (white), GFP
with FITC (green), merged images, and phase-contrast (PC) are shown. Immunocytostaining was performed for occludin using isolated GFP-
cluster (C) and null-GFP-cluster (D). Occludin visualized with Cy3 (red), SOX2 with Cy5 (white), GFP with FITC (green), merged images, and

phase-contrast (PC) are shown. Bars indicate 20 pm.



TIGHT JUNCTIONS IN PITUITARY STEM CELLS 229

/ISOX2/GFP

null-GFP

.
o ] sox2

BRI
BEECED

!

Fig. 3. Immunohistochemistry for ZO-1 using the anterior lobe of the pituitary. Immunohistochemistry for ZO-1, SOX2, and GFP was performed using
4% PFA-fixed frozen sections of the anterior lobe of adult S1008/GFP-TG rats. Merged images of ZO-1 visualized with Cy3 (red), SOX2 with Cy5
(white), and nuclear staining using DAPI (blue) (A) or GFP with FITC (green) (B), are shown. (B) Merged images of ZO-1 (red), SOX2 (white),
and GFP with FITC (green) are shown. The areas in the boxes in (A) and (B) are enlarged in (C). Immunohistochemistry for ZO-1, SOX2, and
GFP in S100B/GFP-positive (D) and S1008/GFP-negative (E) parenchymal-niches are shown. AL, anterior lobe; IL, intermediate lobe. White and
yellow arrows indicate the MCL-niche and parenchymal-niche, respectively. Arrowheads indicate ZO-1-positive cells in SOX2-positive cells.
* indicates the perivascular space of the anterior lobe. Bars indicate 50 pm (A, B) and 20 pm (C, D, and E).

In addition, some claudins are expressed in certain S100B-positive
cells and endothelial cells [20]. Corresponding to these reports,
we observed intense and weak immuno-positive signals for tight
junction molecules in some S100B-positive cells and endothelial cells,
respectively. Notably, our immunohistochemical analysis demonstrated
that intense immuno-positive signals observed for the representative
tight-junction molecules, ZO-1 and occludin, were also distinctly
detected in SOX2-positive cells comprising the parenchymal- and
MCL-niches. In the parenchymal-niche as well as isolated PS-clusters,
immuno-positive signals for ZO-1 and occludin were observed in the

apical and basolateral regions, whereas the signals in the MCL-niche
were mainly observed on the apical surface facing the residual lumen
(Figs. 3, 4). These distinct localizations of tight junction proteins
between the MCL (apically facing residual lumen) and parenchymal
(densely apicobasal-facing pseudo-follicle) niches may contribute
to the difference in resistance to protease treatment. Moreover, our
previous reports demonstrated that GFP- and null-GFP-clusters
exhibit different proliferation and differentiation properties [9, 10].
Gene expression and immunochemical analyses revealed no distinct
differences in the expression of tight junctions in this study. Further
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Fig. 4. Immunohistochemistry for occludin using the anterior lobe of the pituitary. Immunohistochemistry for occludin, SOX2, and GFP was performed
using 4% PFA-fixed frozen sections of the anterior lobe of adult S1008/GFP-TG rats. Merged images of occludin visualized with Cy3 (red), SOX2
with Cy5 (white), and nuclear staining using DAPI (blue) (A) or GFP with FITC (green) (B), are shown. The areas in the boxes in (A) and (B)
are enlarged in (C). Immunohistochemistry for occludin, SOX2, and GFP in S1008/GFP-positive (D) and S1008/GFP-negative (E) parenchymal-
niches are shown. AL, anterior lobe; IL, intermediate lobe. White arrows and yellow arrows indicate the MCL-niche and parenchymal-niche,
respectively. Arrowheads indicate occludin-positive cells in SOX2-positive cells. Bars indicate 50 pm (A, B) and 20 pm (C, D, and E).

investigation is required to elucidate the mechanism underlying the
difference between GFP- and null-GFP-clusters.

The formation of rosette structures via tight junctions has been
observed in the mouse neural stem cell niche [25, 26] and in human
and mouse ES cells [27]. Martin et al. showed that tight junctions act
as suppressors of cell migration [17]. Notably, knockdown of ZO-1
in neural stem cells in vitro decreased the expression of neural stem
cell markers, Nestin and Sox2 [28], indicating that tight junction
proteins are involved in the maintenance of stemness. Elucidation of
the mechanism of EMT in the anterior lobe is also an intriguing issue,
since the migration of pituitary stem/progenitor cells from the MCL-

niche to the parenchyma is important for the maintenance of anterior
lobe cell compartment. Previously, we demonstrated that CAR in the
MCL-niche changes its localization from apical to basolateral during
the process of EMT, and the stem/progenitor cells in the MCL-niche
migrate to form the parenchymal-niche [7, 9]. The disassembly of
epithelial cell-to-cell contacts (e.g., tight junctions, adherens junctions,
desmosomes, and gap junctions) and cell polarization are the first steps
in EMT. Notably, the EMT inducer SNAIL1, directly represses the
expression of occludin [29] and E-cadherin [30]. Considering these
reports, tight junction-related proteins in the pituitary stem/progenitor
cell niches might be involved in the maintenance of stemness and
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migration from their niches, accompanied by differentiation into
endocrine cells. Further research is required to elucidate the role of
tight junction-related proteins in pituitary stem/progenitor cell niches.

SOX2-positive cells are highly polarized, which is another
characteristic feature of pituitary stem/progenitor cell niches. In
addition to ZO-1 and occludin, immunohistochemical analysis showed
that several molecules such as, CAR [7], ephrin-B2 [24], EphB3,
and filamentous actin [31] showed polar localization in the apical
membrane of both niches. Importantly, these molecules contain a PDZ
(PSD-95, Dlg, ZO-1)-binding domain that interacts with multiple
proteins containing PDZ domains, such as tight junction-associated
proteins. Moreover, in the adult neural stem cell niche, apicobasal
polarity of neural stem cells is important for their asymmetric division
[32]. While asymmetric division of stem/progenitor cells has not
been fully demonstrated in the pituitary, further studies regarding
apicobasal polarity in the pituitary niches might reveal the significance
of asymmetric division for migration and differentiation.

In summary, we demonstrated that tight junction-related proteins
characteristically exist in two types of pituitary stem/progenitor
cell niches. Further analysis of the molecular functions of the tight
junctions in these niches might provide insights into the regulation
of stemness, migration, and differentiation related to the supply and
renewal of anterior pituitary cells.
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