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Introduction
n the rat brain, neuroepithelial cells form
ependymal cells (ECs) before day 10 of
embryonic development and

Health, University of Tasmania, Australia

Tanycytes are highly specialized ependymal cells (ECs) that line the regions of circumventricular
organs (CVOs) where the blood-brain barrier is absent. These cells show tight junctions (TJs) that
form a blood—cerebrospinal fluid barrier at the regions of these organs, thus modulating the
transport mechanisms between the cerebrospinal fluid and the brain capillaries.

To investigate the presence of TJs between ECs of the sulcus medianus organ (SMO) in the floor of
the 4t ventricle in comparison to the region of the median eminence (ME) of the hypothalamus, a
known CVO in the brain.

Ten adult male rats (Rattus Norvegicus Albinus) aged 3-6 months were used to study the general
histological morphology of ECs at the SMO and ME regions by H. and E. stain, and to explore the
immunofluorescence labelling of these cells for TJs using anti-ZO1 FITC.

The ECs were arranged in 2-3 layers in the depth of the median sulcus (MS) at the SMO region as
seen with H. and E. stain. Immunofluorescent labelling with anti-ZO1 FITC revealed the presence of
TJs between ECs of the SMO in a way similar to that reported between tanycytes of the ME.

The SMO contained tanycytes or tanycyte-like cells that exhibited TJ complexes. This unique cell
population added a strong evidence for the presence of a CVO in the rostral part of the MS to link
CVOs on both sides of the cerebral aqueduct.

Tanycytes, circumventricular organs, sulcus medianus organum, tight junctions
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was first formed on day 16 of embryonic
development but reported that it was not
completed in some regions until the second
postnatal week. In addition, the bulk of
common ECs within the cerebral ventricles
form on embryonic days 16-18, however, the
specialized tanycytic epithelium is generated
mainly postnatally.

Horstmann () was the first to describe that the
elongated bipolar ependymal cells lining the
infundibular recess of the 3™ ventricle had

start to

proliferate after the neural plate formation (%),
Altman and Bayer (»3) observed that ependyma

their proximal pole in the ventricular wall and
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the distal pole contacting the pituitary portal
vessels. Because of their shape, Horstmann
called these cells “tanycytes” (Greek tanus,
“elongated”). Tanycytes that line the 3™
ventricle do not comprise a homogenous cell
population; four different types of tanycytes
have been described based on their location,
morphology, cytochemistry, ultrastructure, and
function ©®). Tanycytes have been reported on
the floor of the 4% ventricle as well as on the
walls and floor of the 3" ventricle, but few data
are available regarding tanycytes of the
cerebral aqueduct (©.

Circumventricular organs (CVOs) are small
structures bordering the median ventricular
cavities in the brain which share common
morphological and endocrine-like
characteristics that distinguish them from
other parts of the nervous system. Some of
their unique features are cellular contacts with
two fluid compartments, blood and
cerebrospinal fluid (CSF), in addition to neural
connections with strategic brain nuclei to form
circuits for communications throughout the
neural pathways 7). These specialized areas are
points of integration between the blood, the
brain parenchyma, and the CSF ),

Most of the brain’s CVOs (median eminence
(ME), neurohypophysis (NH), vascular organ of
the lamina terminalis (OVLT), subfornical organ
(SFO), pineal gland (Pi), subcommissural organ
(SCO), are located at various positions in the
wall of the 3™ ventricle, while the area
postrema (AP) is situated in the wall of the 4t
ventricle ),

The most fascinating part of the vascular
morphology in CVOs is the capillary vessels
having fenestrated endothelial cells in all CVOs
aside from the SCO 19, Thus, the blood-brain
barrier (BBB) is lacking in all except one: the
SCO and, unlike many regions of the brain,
there can be bidirectional movement of polar
particles between the blood and the neural
environments of the CVOs. Nevertheless, there
are variations in the barrier properties of each
of the CVOs, with the ME and AP expressing
less proteins related to endothelial tight
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junctions than SFO, OVLT and SCO (1%-13) thus
allowing more access of circulating polar
particles into and out of the interstitium. The
mammalian CVOs subdivided into two groups.
One group, comprised of the SCO and choroid
plexus, is characterized by modified or
vascularized ECs. The second group, comprised
of the SFO, OVLT, NH, ME, Pi, and AP, is
characterized by subependymal elements,
which differ from the ECs. This second group
has been further categorized into sensory (SFO,
OVLT, and AP) and secretory CVOs (NH, ME,
and Pi) 7).

In CVOs where exchange between the
specialized neurons and the blood needs to be
maintained (neuropeptide secretion to blood;
chemosensitivity to monitor blood
composition), the capillary endothelium is
permeable, but these regions do not form a
‘leak’ across the BBB, by virtue of tight
junctions between specialized ECs in CVOs, and
between the processes of tanycytes and
astrocytes glia that isolate the CVOs from brain
parenchyma (14,

The specialized ECs (tanycytes) of these brain
areas, are connected by tight junctions (TJs)
between their apices, near their ventricular
surface. The hemal milieu of the perivascular
spaces and the CSF-milieu of the ventricle are
here distinctly separated by the apical Tls of
the tanycytes (1),

The TJs protein zonula occludens-1 (ZO1) is
expressed by ECs as opposed to fenestrated
endothelial cells, suggesting that the barrier
has been shifted from the vascular to the
ventricular side. Therefore, blood-CSF barrier
(BCSFB) is composed of the choroid plexus
epithelial cells (ependyma) while the
endothelial BBB is composed of the highly
specialized central nervous system (CNS)
microvascular endothelial cells. These barriers
prevent paracellular diffusion of destructive
elements into the CNS by presence of highly
complex TJs of the BCSFB and BBB, which
maintain brain homeostasis (16:17),

Collins 8 in 1989 was the first to describe a
CVO in the region of the median sulcus (MS) of
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the 4™ ventricle in the rabbit where she
designated it as the sulcus medianus organum
(SMOQ). Since then, little attention was paid for
the investigation of this organ. The ECs cells in
this region are predominantly nonciliated. The
apical surface of each cell has characteristic
microvillous projections with pinocytotic
vesicles. The cell body is elongated, with basal
process. The general morphology of the cells is
similar to tanycytes found in other CVOs.
However, no immunohistochemical studies
were done on the SMO to demonstrate Tls
complexes between ECs of this region to add
an evidence for the existence of a CVO in the
rostral part of the MS.

This work targets the immunohistochemical
proof for the presence of tanycytes or
tanycyte-like cells in the region of the SMO.
General histological staining and fluorescence
immunohistochemical labelling were used to
achieve this goal.

Methods

Animals and tissue preparation

A sample of 10 adult male rats (Rattus
Norvegicus Albinus) aged 3-6 months were
taken from the animal house of the High
Institute for Infertility Diagnosis and Assisted
Reproductive Technologies — Al-Nahrain
University during the years 2015-2016 on basis
of being apparently active and healthy, with
300 * 50 g body weight. Animals were kept on
fresh trefoil diet for 2 weeks prior to dissection.
Animals were euthanized with chloroform
impregnated cotton wool in an air tight
chamber for 5 minutes. Then, skull dissection
was done to deliver the brain into and fixed in
10% neutral buffer formalin (NBF) (Fisher
scientific®) for 36 hours in preparation for
dissection into two parts under dissecting lens,
one part contained the ME and the other part
included the cerebellum, 4% ventricle and
SMO.

Standard  processing  procedures  were
performed with Analar® materials and 5 pm
thickness section were cut from the regions of
the SMO and ME with a Richert-Jung®, 2030
MOT Biocut microtome.

Hematoxylin and Eosin (H. & E.) staining

Harris modified hematoxylin (Riedel-de Haen®)
and Eosin-Y (Fisher scientific®) were prepared
according to Suvarna et al. (9),

Immunohistochemical staining:

Antigen retrieval

Hydrated slides were processed for antigen
retrieval as follows: Slide were put in a Coplin
jar containing sodium citrate buffer (antigen
retrieval solution) which was prepared
according to Shi et al. (29);

e Solution A: (10.505 g) of Citric acid
monohydrate dissolve in 500 ml of distilled
water (0.1 M)

e Solution B: (14.704 g) of Sodium citrate
dissolve in 500 ml of distilled water (0.1 M)
Mix 9 mL of solution A + 41 mL of solution B.
Then the Coplin jar was transferred to an
autoclave (120 °C, 1.2 Bar) for 30 minutes and
left to cool down to room temperature for 20
minutes. Slides were washed in running tap
water for 5 minutes, distilled water for 5
minutes, Tris buffer-Tween 20 for 5 minutes

and finally rinsed 3 time with Tris buffer.

Antibody labelling

Tissue sections were then “ringed” using wax
pen, rinsed 3 times in Tris buffer and incubated
in a humid chamber with the primary
antibodies for 2 hours at room temperature
(25 °C). The primary antibodies were diluted
(1:200) in Tris buffer. Rabbit anti-Zol primary
antibodies were pre-conjugated with FITC
(Biorbyte®) where they needed no further
labelling procedure.

Controls

Negative control was prepared by staining
sections from the regions of SMO and ME, in
addition to kidney sections in the same staining
producer except for the omission of the
primary antibody.

Positive control was prepared by using kidney
sections stained with anti-ZO1 antibodies in the
same producer.




Examination of slides

Examination of slides stained with H&E was
done under light microscope (Richert-Jung®
Polivar) with 4X, 10X and 40X objective lenses
and photographed with Nikon D3000°® digital
camera.

Those slides labelled with (anti-ZO1-FITC) were
examined with fluorescent microscope (AXIO-
ZEISS®). Two UV filters were used: FITC filter
(519 nm), and DAPI filter (435 nm) for bright
green, and blue fluorescence, respectively.

Ethical statement

All applicable international, national, and/or
institutional guidelines for the care and use of
procedures

animals were followed. All
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performed in studies involving animals were in
accordance with the ethical standards of the
institution or practice at which the studies
were conducted.

Results

General morphology with H. & E. staining
Median eminence

The ME, located at the ventral side of the 3™
ventricle, was lined with a single layer of ECs
similar to those lining the cerebral ventricles
elsewhere. The nuclei of these cells stained
blue-violate in color while their cytoplasm
stained pink. No specific features could be
identified with H. & E. staining to mark these
ECs as tanycytes (figures 1 and 2).

Figure 1. ME lining of ependymal cells in rat. Coronal sections. H. & E. stain. (A) 40X. (B) 100X.
3V: 3" ventricle. LV: lateral ventricle. ME: median eminence. ARH: arcuate hypothalamic nucleus
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Figure 2. Ependymal lining of the 3rd ventricle walls (arrows). H. & E. stain. 400X. 3V: 3™
ventricle. ME: median eminence. ARH: arcuate hypothalamic nucleus

Sulcus medianus organum

The SMO was seen as a median longitudinal
cleft in the rostral part of the floor of 4th
ventricle. This furrow was lined with a single
layer of ECs except at the deepest part of the
furrow where a double layer of these cells was
observed. Their nuclei stained blue-violate and
the cytoplasm stained pink with H. & E. stain
(figures 3-5).

Immunofluorescence labelling

Median eminence

Anti-ZO1 immunolabelling was seen as green
fluorescence surrounding tanycytes of the ME.

This labelling of TJs was clearly seen on the
apical surface and lateral borders of these
tanycytes (figures 6 and 8). An internal
negative control is seen in figures 7 and 9.

Sulcus medianus organum

Findings of TJs labelling in ECs of the SMO were
similar to those seen in tanycytes of the ME.
This labelling of TJs was clearly seen on the
apical surface and lateral borders of these
tanycytes-like cells (figures 10 and 11). An
internal negative control is seen in figure 12.




Iraqi JMS 2017; Vol. 15(1)

Figure 3. Sagittal section through the 4" ventricle (4V) and SMO (arrows). H. & E. stain. 40X

Controls

Positive controls for TJs between cells of renal
tubules were labelled with ZO1 antibodies
(figure 13). Negative controls were prepared by
following the same immunohistochemical
labelling procedure except for the omission of
the primary antibodies (figure 14).

Discussion

Morphological considerations with H. & E.
stain

Median eminence

The neurohypophysis is organized into three
parts, the ME (infundibulum), the infundibular
stem, and the neural lobe (infundibular
process). The neurohypophysis contains
tanycytes and pituicytes which are specialized

glial cells besides nerve terminals and vessels
(21)

The ME is considered to be one of the CVOs in
the brain that is located in the wall of the 3™
ventricle where tanycytes have been identified
and the morphology of these cells has been
thoroughly explored by means of photonic
observations as well as by TEM and SEM
electron microscopy 2.

In this study, examination of sections stained
with H. & E. under light microscope showed
cuboidal or irregular cells lining the floor and
walls of the 3™ ventricle where cilia were
difficult to be identified. Akmayev 3 reported
that the floor and ventrolateral walls of the 3™
ventricle were characterized by tanycytic
ependymal cells with intimate topographical
relationships to hypothalamic neurons and to
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blood vessels of hypothalamus and pituitary.  ventricle, immediately caudal to the optic
Also, Petrov et al. ?¥ reported that ependyma  chiasm, were irregular in shape (generally
at the ME that form the floor of the 3™ flattened) and lack cilia.

Figure 4. Coronal section of the floor of the 4th ventricle (4V) at the region of SMO (arrow). H. &
E. stain. (A) 40X. (B) 100X
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Figure 5. Coronal section of the floor of the 4" ventricle (4V) at the region of SMO. Ependymal

cells (arrows) line the region of SMO. The median sulcus is lined with a single layer of ependymal
cells (arrows). The deepest part of the sulcus shows two layers of cells similar to ependymal cells
elsewhere in the walls of the cerebral ventricles. H. & E. stain. (A) 400X. (B) 1250X SMO: sulcus

medianus organum
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Figure 6. Coronal section at the ME showing TJs as green fluorescence around tanycytes
(arrows). DAPI nuclear counterstaining appears as blue fluorescence.3V: 3 ventricle. 400X

Figure 7. Coronal section at the region of the ME showing ZO1 FITC internal negative control. No
labelling is seen along tanycytes of the 3rd ventricle ependymal lining. DAPI nuclear
counterstaining is seen as bright blue fluorescence along the nuclei of 3rd ventricle ependyma
(arrows). 3V: 3" ventricle. 400X
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Figure 8. Coronal section showing TJs as green fluorescence around tanycytes of the ME
(arrows). TJs are seen on the apical surface and borders of these cells. DAPI nuclear
counterstaining is seen as blue fluorescence. 3V: 3™ ventricle. 400X

Figure 9. Coronal section at the region of the ME showing ZO1 FITC internal negative control. No
labeling is seen along tanycytes of the 3rd ventricle ependymal lining. DAPI nuclear
counterstaining is seen as bright blue fluorescence along the nuclei of 3rd ventricle ependyma
(arrows). 3V: 3" ventricle. 400X
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Figure 10. Coronal section showing TJs as green fluorescence around tanycytes of the SMO
(arrows). TJs are seen on the apical surface and borders of these cells. DAPI nuclear
counterstaining is seen as blue fluorescence. The ependymal cells of roof are negative with ZO1
(head arrows). 4V: 4" ventricle. 400X

25 pm
2

Figure 11. Higher magnification of the inset shown in figure 10. TJs between tanycytes of the

SMO are seen as green fluorescence between the cells and on their apical surfaces (arrows).

DAPI nuclear counterstaining shows cells nuclei as bright blue fluorescence. 4V: 4t ventricle
630X
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Figure 12. Coronal section at the region of the SMO showing ZO1 FITC internal negative control.
No labelling is seen along tanycytes of the 4th ventricle ependymal lining. DAPI nuclear
counterstaining is seen as bright blue fluorescence along the nuclei of 4th ventricle ependyma
(arrows). 4V: 4t ventricle. 200X

Figure 13. ZO1 positive control in kidney section. Renal tubules show intense green
immunofluorescence at TJs between their cells. DAPI nuclear counterstaining is seen as bright
blue fluorescence at cell nuclei. 200X
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Figure 14. ZO1 negative control in kidney section. Renal tubules do not show TJs
immunofluorescent labeling between their cells. DAPI nuclear counterstaining is seen as bright
blue fluorescence at cell nuclei. 200X

Sulcus medianus organum

On light microscopic examination, the
epithelium of the SM is pseudostratified with
the apical surface of the cells is covered with
microvilli; only a few cilia clumps are present
(18) Most literatures investigate the caudal part
of the SM where the AP is framed by process-
bearing ECs that connect the ventricular and
fenestrated vessels  compartments, as
portrayed in the ME (2%, Researchers, however,
did not elaborate on the rostral part of the SM
where little attention is paid for the presence
of the SMO as one of the CVOs.

Examination with H. & E. stain showed aligned
cuboidal or short columnar cells each with a
single round nucleus and no identifiable cilia at
their surfaces that line the floor of 4th
ventricle. It is interesting to note that
ependymal cells at the depth of the SM in the
region of the SMO were seen to be “crowded”
in 2-3 layers compared to the single layer
ependyma on the MS banks and the floor of
the 4™ ventricle. This condensation of cells at
the SMO may be due to the presence of supra-
ependymal cells on the ventricular aspect of

ependyma CVOs 18, or it can be a reflection of
the presence of tanycytes or tanycyte-like cells
in the region of the SMO.

Immunohistochemical characterization of TJs
complexes at tanycytes

Mullier et al. ©® studied the expression and
distribution of important three tight junctional
proteins which have essential functional roles
in CNS diffusion barriers. These proteins are
the Z0O1, occludin, and claudinl. ZO1 and
occludin immunolabeling was detected at the
cells that line the 3rd ventricle and the AP of
the 4% ventricle, in other words, those
specialized ECs forming the ventricular walls of
the CVOs (5,

Since these CVOs lack an endothelial BBB, they
serve neurohemal or neurosecretory functions.
Capillaries within the CVOs are fenestrated
allowing free diffusion of proteins and solutes
between the blood and the CVOs. Specialized
ECs (tanycytes), which connect by TJs, form a
complex network that seal the CNS from the
CVOs, creating a distinct BCSFB (26),




The TJs protein ZO1 is expressed in the special
ECs of the CVOs as opposed to the fenestrated
endothelial cells suggesting that the barrier has
been shifted from the vascular to the
ventricular side (7),

Inspection of Immunofluorescence Reaction in
the ME

The ME of the hypothalamus is one such CVO
that typically contains a rich capillary plexus
with a fenestrated endothelium 8. It also
contains tanycytes that constitute the
specialized ependyma-glial cellular sheet that
lines the floor and the basolateral walls of the
third ventricle. A dominant feature of tanycytes
is their marked polarization: tanycyte cell
bodies are located in the ventral border of the
3rd ventricle, but they also send processes to
the vascular walls, where they make contact
through “end feet” specializations (29,

In tanycytes located at the ME, previous
studies showed that ZO1 immunoreactivity was
organized around the cell bodies in a
continuous belt, giving rise to a honeycomb-
like shape. In contrast, tanycytes lining the
region of the ventricle adjacent to the arcuate
hypothalamic nucleus exhibited a diffuse
pattern of ZO1 and occludin immunoreactivity
in the apical region of the cells. Similar to
tanycytes of the ME, an organized pattern of
Z01 and occludin labelling was observed in ECs
dorsal to the arcuate hypothalamic nucleus ©).
In this study, it could demonstrated that
immunofluorescent labelling for TJs and Als
between ECs lining the 3™ ventricle at the
region of the ME. This detection of TJs with
rabbit anti-ZO1 primary antibodies conjugated
with FITC was used as an internal control to
validate the results of immunofluorescent
labelling of ECs at the region of the SMO. Our
results, however, were more in a diffuse rather
than a honeycomb pattern, partly because of
the fluorescence microscope resolution
capacity, and probably because of the type of
antibodies used in this study being directly
conjugated.
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Immunofluorescence  labelling of TIs
complexes in the region of SMO

The work of Langlet et al ?®, and before that
Collins 18 revealed the presence of tanycyte-
like cells in the floor of 4% ventricle, suggesting
that the SMO is another CVO. However,
immunohistochemical methods were not used
to characterize cell population in that region. In
this study, it was aimed to label ECs in the MS
with anti-ZO1 antibodies to explore TIs
complexes between these cells.

Anti-ZO1 immunolabeling in the SMO region
was confined to its cell lining, sparing other
cells in the ependymal roof of the 4™ ventricle.
This finding proved that ECs of the SMO
contain TJs, which give them special features of
tanycytes or tanycyte-like cells and make them
different from the remaining ependyma of the
4t yentricle.

In addition, cells in the depth of the MS at the
SMO region showed higher intensity of
immunofluorescence to the examining eye.
This may support our observation with H. & E.
staining that ECs in the depth of the furrow
were arranged in more than one layer, leading
to emission of more fluorescence than the
single-layered ependyma of the 4% ventricle.

In context of the aforementioned observations,
this study suggests that the presence of
tanycytes in the region of the SMO could
explain the reason beyond the existence of the
hypothesized CVO at this location as it can
bridge the gap between the AP and the
rostrally located CVOs, i.e., on either side of
the cerebral aqueduct, where non-neuronal
signal transmission may occur through CSF-
contacting tanycytes that reach the deeply
seated brainstem nuclei.
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