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ABSTRACT
OBJECTIVES: The ependymal lining of the human brain ventricular system displays distinct structural 
differences and functional heterogeneity among individual ependymal cells (ECs). To date, multi-ciliated ECs 
(E1 cells), bi-ciliated ECs (E2 cells), uni-ciliated ECs (E3 cells), ECs without cilia, and ECs with cytoplasmic 
protrusions have been described in human brain ventricles.
METHOD: Using scanning electron microscopy (SEM), we evaluated ependymal samples from 6 defi ned 
regions of the third ventricle from 9 human brains. These regions were strictly defi ned according to the 
periventricular structures they neighbour with. 
RESULTS: We observed different structures on the apical surface of the ECs. Various ECs differed from each 
other by the presence of microvilli, secretory bodies, and a variable number of cilia, which led us to divide the 
ECs into several exactly specifi ed types according to their apical morphology. 
CONCLUSION: We found all types of ECs in every examined region with a predominance of particular types 
of apical surface of ECs in the individual areas (Tab. 4, Fig. 7, Ref. 22). Text in PDF www.elis.sk.
KEY WORDS: human central nervous system, third brain ventricle, ependymal areas, surface of ependymal 
cells.
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Introduction

Ependymal cells (ECs) form the lining of the walls of the brain 
ventricles. They are special glial cells of the central nervous sys-
tem. In humans as well as animals, ECs originate from the sub-
population of radial glial cells and differentiate at the exact time 
of development (1‒4). 

In general, mature ECs display a squamous, cuboidal, or co-
lumnar shape, a regular round slightly hyperchromatic nucleus 
(granular chromatin), and an inconspicuous nucleolus. They ex-
hibit morphological and functional polarity. The apical portion 
of cells’ cytoplasm lodges numerous mitochondria. On the api-
cal surface of ECs many microvilli, cytoplasmic protrusions, and 
clusters of motile cilia are present in most of the cells. The ECs 
are in direct contact with the environments of different physical 
properties. The apical side of ECs is in contact with the cerebrospi-
nal fl uid (CSF) while the basal portion borders various structures 

of the underlying nerve tissue (neurons, nerve fi bres, glial cells, 
blood vessels, and others) (5‒8).

When considering the apical surface of ECs, three types of 
cells were classifi ed in the brain ventricles of human and in mice 
(9, 10). The most common type are multi-ciliated ECs (E1) with 
numerous motile cilia exhibiting a typical 9+2 microtubule struc-
ture. Bi-ciliated ECs (E2) with one or two motile cilia also exhibit 
the 9+2 microtubule structure, but they differ from E1 cells by 
the presence of specifi c basal bodies. These basal bodies exhibit 
raceme-like appendages and cytoskeletal fi laments from their 
sidewall. Uni-ciliated ECs (E3) represent the third type of ECs. 
They contain one primary non-motile cilia with a 9+0 arrangement 
of microtubules and a centriole which is orthogonally positioned 
to the basal body. A different distribution of ECs was detected in 
the third ventricle of mice and humans. While the mouse’s ventral 
part of the third ventricle is covered exclusively with E2 and E3 
cells and the dorsal part is covered with E1 cells and the border 
between them is sharp, human ependymal cells do not occupy such 
defi nite locations (9, 10). 

Studies in rats using SEM revealed the presence of cilia, mi-
crovilli, cytoplasmic protrusions, supraependymal nerve fi bres, 
and supraependymal cells of various shapes on the apical surface 
of ECs of the third ventricle (11, 12). The ciliary arrangement with 
20-30 cilia per EC in the dorsal two thirds of the third ventricle 
was described as continuous or in tufts. In the ventral third of the 
third ventricle, ECs mainly possessed microvilli and were mostly 
devoid of cilia or they displayed scattered solitary cilia. At the 
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edge of the apical cell surfaces, the microvilli formed a delicate 
mosaic pattern while non ciliated cells resembled pebbles. The base 
of the third ventricle (mainly the infundibular recess) contained 
numerous spherical blebs (also known as cytoplasmic protrusions, 
apical extrusions, or spheroid formations). In the lower portions 
and the base of the third ventricle supraependymal nerve fi bres 
were most commonly observed randomly running over the apical 
surfaces of tanycytes and often contained varicose enlargements 
(13, 14). Supraependymal cells (including neurons, glial cells, 
and brain phagocytic cells) were mostly seen in the ventral part of 
the third ventricle; they can also be present in the dorsal part, but 
they are not visible through the thick ciliary cover (12). The tran-

Patient‘s 
number

Age 
(years) Sex Cause of death

1 51 male generalised kidney tumour
2 64 female perforated duodenal ulcer
3 80 male multiple organ failure
4 78 female myocardial infarction
5 61 male oesophageal tumour
6 72 female hepatic failure
7 73 female cardiac failure
8 70 male cardiorespiratory failure
9 69 male cardiorespiratory failure

Tab. 1. Characteristics of the individuals whose third brain ventricles 
were analysed.

Fig. 1. Frontal sections (1 ‒ 5) of human third ventricle with designated regions (see red rectangles) of examined ependymal lining (see Table 2).

1 2

3 4

5
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sition between an area with high ciliary density and a non-ciliated
ependyma may progress as a gradual change (15, 16) and is often 
designated as a transitional zone with a decreased number of cilia 
and an abundance of microvilli and miniblebs (17). 

Since the ependyma displays many structural variations within 
the ventricular system (11, 17), it is extremely important to deter-
mine the exact location of ependyma for tissue sampling so that 
the samples from different brains can be compared in a relevant 
way. Because the labelling of individual ependymal areas is not 
uniform, rather than designating the ependymal areas according 
to the morphology of cells, we prefer to do so according to the 
periventricular structures they border (18). Human brain atlases 
describe 30‒35 periventricular structures bordering the third ven-
tricle (19, 20). In our previous study, we used 15 periventricular 
structures to designate individual ependymal areas of the third 
ventricle (21). With the help of SEM, we examined the apical sur-
face of 6 defi ned areas, each of which was examined in 3 brains 
of different patients. This allowed us to compare the individual 
regions and to defi ne apical surface of ECs.

Material and methods

In this study, we used tissue from 9 human brains of men and 
women aged 51 to 80 without any pathological evidence of the 
central nervous system (Tab. 1). Tissue sampling was performed 
in accordance with the Health Care Surveillance Authority and the 
Ethical Committee of the Faculty of Medicine, Comenius Univer-
sity and Bratislava University Hospital (number EK 62/2019).

The brains were sliced within 24 hours post mortem in the 
auxiliary device to obtain frontal brain slices of equal thickness 
(0.5 cm). The slices were numbered 1 to 19. The fi rst slice was 
performed at a distance of 2 cm from the frontal pole of the brain. 
The distance of each following frontal slice from the previous one 
was 0.5 cm and the last (19th) slice was at a distance of 11 cm 
from the frontal pole of the brain. The third ventricle was included 
in 5 (frontal) sections (Figs 1, 2), beginning in the region of the 
chiasma opticum. The exact regions of sampling, i.e. parts of the 
third brain ventricle walls, were defi ned in relation to periventricu-
lar structures as reference nerve tissue (18). We used atlases of 
the human brain for the terminology of individual periventricular 
structures, (19, 20) (Tab. 2) (Figs 1, 2) and the previously published 
suggestion for the labelling of individual ependymal areas (18). 
The labelling consists of: 1) the designation of the third ventricle 
(3v), 2) the letter E (as ependyma), and 3) the abbreviation of 

the Latin name of the periventricular structure bordering the area 
of interest in the frontal slice. For example, the labelling of the
ependyma over the chiasma opticum is 3v-E-CHO. The fi nal desig-
nations of the 6 examined ependymal areas are listed in Table 2.

After excision the samples (of up to 50 mm3) were fi xed at 
room temperature by the solution of 3 % glutaraldehyde in an 0.2 
M phosphate buffer for 4 hours. After a triple wash with a 0.05 M 
phosphate buffer, the samples were post-fi xed by a 1 % solution 
of osmium tetroxide, dehydrated in a graded ethanol series to 100 
% ethanol, dried at critical point of CO2 using the BAL-TEC CPD 
030, sputter coated with a 15 nm gold layer in LEICA EM ACE 
200, and examined with a SEM ZEISS EVO LS 15. 

Results

With the help of SEM, we studied the apical surface of ECs in 
6 examined areas (Tab. 2). Each area with a surface of 0.25 mm2 
(which corresponds to apical surfaces of approximately 2500 ECs) 
was examined in 3 different patients. We focused on the shape and 
size of the apical membrane of the ECs and the presence of micro-
villi, cilia, short processes, and secretory bodies. We detected the 
presence of cilia, 0.3 μm in width and of various lengths. Those 
longer than 3 μm were designated as long cilia, while those equal 
to or shorter than 3 μm were designated as short cilia. Cytoplasmic 
processes with a thickness of 0.3 μm and a length less than 1 μm 

Frontal section 
of the 3rd ventricle Wall Periventricular structure Abbreviation Labelling of ependyma Number of examined patient

1 vw columna fornicis CF 3v-E-CF 2, 3, 5
chiasma opticum CHO 3v-E-CHO 4, 7, 8 

2 vw infundibulum I 3v-E-I 7, 8, 9 
3 vw corpus mammillare CM 3v-E-CM 3, 6, 8 
4 lw nucleus paraventricularis thalami T 3v-E-T 3, 4, 5 
5 lw nucleus ruber NR 3v-E-NR 1, 3, 8 

Tab. 2. Designation of examined ependymal regions of the 3rd ventricle of fi ve frontal slices defi ned in accordance with neighbouring periven-
tricular structures (vw – ventral wall, lw – lateral wall).

Fig. 2. Sagittal section of third ventricle with designated regions (see 
red rectangles) of examined ependymal lining, 1 ‒ 5 correspond to 
frontal sections of the third ventricle (AI – adhesio interthalamica, 
CA – commissura anterior, CHO – chiasma opticum, CM – corpus 
mammillare, NR – nucleus ruber, for explanation of abbreviations 
also see Table 2).
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were designated as short. We also detected the presence of micro-
villi with a thickness of 0.1 μm and a length up to 1 μm. Based on 
the number and length of cilia present on the apical surface, we 
categorised the ECs into 13 different groups (Figs 3, 4, 5 and Tab. 
4). We observed the surface area of 50 x 50 of neighbouring ECs. 
When we detected within this area any of 13 ependymal types, 
we marked its presence as positive (+) into the table. If a specifi c 
ependymal type was present 10 and more times within a cluster of 
100 neighbouring ECs, we marked its presence as increased (++). 
Our fi ndings are summarised in Tables 3 and 4.

6 distinct areas – results of SEM observations

Area 3v-E-CF was evaluated in patients 2, 3, and 5 (Tab. 1) 
The apical surface of ECs in 3v-E-CF displayed a hexagonal, 

slightly elongated shape with dimensions of 11 μm x 8 μm (Fig. 
6A). A comparison of the apical portions of ECs among the cohort 
of brains of three patients did not reveal the predominance of any 
type of cell in this specifi c area. The number of secretory bodies 
in all three brains of patients indicates that the secretory activity 
of ECs in this area was low.

Area 3v-E-CHO was evaluated in patients 4, 7, and 8 (Tab. 1). 
The apical surface of ECs in this area had a hexagonal shape 

Fig. 3. A: ependymal cell (EC) without cilia (type 1), only microvilli 
are present B: EC with short cilium (˂3 μm in length) (type 2) C: on 
the bottom of the image - EC with one long cilium (≥3 μm in length) 
(type 3) and on the top ‒ EC with two short cilia (type 4) D: on the 
right side - EC with two long cilia (type 5), on the left side – EC with 
one short and one long cilium (type 6).

A B

C D

A B

C D

Fig. 4. A: on the right side of the image - ependymal cell (EC) with 
3‒7 cilia (type 7), on the left side - EC with 8‒15 cilia (type 8) B: ECs 
with more than 15 cilia (type 9 – multi-ciliated ECs) C: on the right 
side EC with very short processes (type 11) D: on the right side ‒ EC 
with short processes (<1 μm in length) in combination with short cilia 
(<3 μm in length) (type 12).

A B

C D

Fig. 5. A: ependymal cell (EC) with short processes (<1 μm in length) 
and long cilia (≥3 μm in length) (type 13) B, C, D: presence of secre-
tory vacuoles of different sizes on the ependymal surface.

Labelled ependymal area
Characteristics of apical surfaces of ependymal cells

Shape of apical cell membrane Dimensions of apical cell membrane
Obvious secretory bodies (sb) on the apical cell surfaces

sb ≤ 2 μm sb ˃ 2 μm
3v-E-CF hexagonal 11 x 8 μm P3+ P2+ P5+ P3 ˗ P2+ P5 ˗ 
3v-E-CHO hexagonal 10 x 8 μm P8+ P4+ P7+ P8+ P4+ P7+ 
3v-E-I hexagonal 9 x 9 μm P8++ P9++ P7++ P8+ P9+ P7+
3v-E-CM hexagonal 6 x 5 μm P8+ P6++ P3+ P8˗ P6+ P3+
3v-E-T hexagonal 8 x 8 μm P3+ P5+ P4++ P3+ P5+ P4++
3v-E-NR hexagonal 10 x 9 μm P8++ P1++ P3++ P8++ P1+ P3+

Tab. 3. Characteristics of apical surfaces of ECs in the examined patients (P) observed with a SEM in marked ependymal areas of the third 
human brain ventricle (+ positive presence, ++ elevated incidence).
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with dimensions of 10 μm x 8 μm. Based on the observations of 
brains of all three patients, we characterised the apical surface of 
ECs from this area as non-ciliated with short processes or con-
taining few cilia (types 1‒7, 11, and 12 in Table 4) (Fig. 6B). The 
secretory activity of these cells was minimal. 

Area 3v-E-I was evaluated in patients 7, 8, and 9 (Tab. 1). 
The apical membrane of ECs in this area was of a hexagonal, 

sometimes irregular shape with dimensions of 9 μm x 9 μm. Nu-
merous secretory bodies were present on the surface of ECs com-
ing from the depth or originating from the lateral or apical surface 

Labelled ependymal area
Apical membrane of ependymal cells 
according to the number and type of cilia 3v-E-CF 3v-E-CHO 3v-E-I 3v-E-CM 3v-E-T 3v-E-NR

without cilia, only microvilli are present
(type 1)

P3 P2 P5
++ ++ +

P8 P4 P7 
++ ++ ++

P8 P9 P7
++ ++ ++

P8 P6 P3
++ + +

P3 P5 P4
 + ++ ++

P8 P1 P3
++ ++ +

1 short cilium
(type 2)

P3 P2 P5
++ ++ +

P8 P4 P7 
++ ++ ++

P8 P9 P7
++ ++ ++

P8 P6 P3
++ + +

P3 P5 P4
 + ++ ++

P8 P1 P3
++ ++ +

1 long cilium
(type 3)

P3 P2 P5
++ ++ +

P8 P4 P7 
++ ++ ++

P8 P9 P7
+ ++ ++

P8 P6 P3
++ + +

P3 P5 P4
 + ++ ++

P8 P1 P3
+ ++ +

2 short cilia
(type 4)

P3 P2 P5
+ + +

P8 P4 P7 
++ ++ ++

P8 P9 P7
+ ++ +

P8 P6 P3
++ + +

P3 P5 P4
 + ++ ++

P8 P1 P3
+ + +

2 long cilia
(type 5)

P3 P2 P5
+ + +

P8 P4 P7 
++ ++ ++

P8 P9 P7
+ ++ +

P8 P6 P3
 + + +

P3 P5 P4
 + ++ ++

P8 P1 P3
+ + +

1 short and 1 long cilium
(type 6)

P3 P2 P5
+ + +

P8 P4 P7 
++ ++ ++

P8 P9 P7
+ ++ +

P8 P6 P3
 + + +

P3 P5 P4
 + ++ ++

P8 P1 P3
+ + +

3‒7 cilia
(type 7)

P3 P2 P5
+ + +

P8 P4 P7 
+ ++ ++

P8 P9 P7
+ + +

P8 P6 P3
 + + +

P3 P5 P4
 + ++ ++

P8 P1 P3
+ + +

8‒15 cilia
(type 8)

P3 P2 P5
+ ++ ++

P8 P4 P7 
+ + ++

P8 P9 P7
+ + ++

P8 P6 P3
 + + +

P3 P5 P4
 + + +

P8 P1 P3
+ ++ +

more than 15 cilia
(type 9)

P3 P2 P5
+ ++ ++

P8 P4 P7 
+ + ++

P8 P9 P7
+ + ++

P8 P6 P3
 + + +

P3 P5 P4
 + + ++

P8 P1 P3
+ ++ +

short and long cilia
(type 10)

P3 P2 P5
+ + +

P8 P4 P7 
+ + +

P8 P9 P7
+ + +

P8 P6 P3
 + + +

P3 P5 P4
 + + +

P8 P1 P3
+ ++ +

short processes only
(type 11)

P3 P2 P5
++ ++ +

P8 P4 P7 
++ ++ ++

P8 P9 P7
++ ++ ++

P8 P6 P3
++ + +

P3 P5 P4
 + ++ +

P8 P1 P3
++ + +

short processes with short cilia 
(type 12)

P3 P2 P5
+ + +

P8 P4 P7 
++ + +

P8 P9 P7
+ + +

P8 P6 P3
++ + +

P3 P5 P4
 + + +

P8 P1 P3
 + + +

short processes with long cilia 
(type 13)

P3 P2 P5
+ + +

P8 P4 P7 
+ + +

P8 P9 P7
+ + +

P8 P6 P3
 + + +

P3 P5 P4
 + + +

P8 P1 P3
 + + +

Tab. 4. Incidence of various types of ECs in the examined patients (P) according to the presence of cilia and various sized processes on the api-
cal surface of ECs in the examined areas of the third human brain ventricle (+ positive presence, ++ elevated incidence).

A B

C D

Fig. 6. A: hexagonal shape of ECs (3v-E-CF) B: area with rare inci-
dence of cilia (3v-E-CHO) C: secretory body protruding from the EC 
lateral surface (3v-E-I) D: ependymal surface with obvious secretory 
activity (3v-E-I).

A B

C D

Fig. 7. A: supraependymal cell in 3v-E-CM B: apical surfaces of ECs 
with little or no cilia and with the presence of secretory bodies in 3v-E-
T C: presence of cilia, microvilli and secretory bodies on apical surface 
in 3v-E-NR D: ciliated ependymal surface in 3V-E-NR.
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(Fig. 6C). Thus, we designated this area as having high secretory 
activity (Fig. 6D). The ECs displayed a smaller number of cilia 
(types 1, 2, and, 11 in Table 4). The ventricular surface of patient 
7 was slightly folded with ECs with a higher number of cilia domi-
nating on ridges, while less ciliated cells occupied the grooves.

Area 3v-E-CM was evaluated in patients 3, 6, and 8 (Tab. 1).
Based on the study of the apical surface of ECs in 3v-E-CM, 

the ECs in all three examined patients had the dimensions of api-
cal surfaces of 5 μm x 6 μm, which is less in comparison to 3v-
e-CF, 3v-e-CHO, 3v-e-I, 3v-e-T and 3v-e-NR. This seems to be 
due to the higher density of ECs in this area. In brains of all three 
patients, there were locations with ECs which showed a large 
number of cilia on its apical surface (EC types 8, 9, 10 according 
to Tab. 4) and locations with little or no cilia (ECs type 1, 2, 3, 4, 
11). The ratio of more to less ciliated locations varied in individual 
patients. Secretory bodies were more or less present in brains of 
all three patients. In patient No. 3, the surface of the ventricular 
wall in 3v-E-CM was slightly folded, and ECs in elevated areas 
of ridges displayed less cilia, compared to deeper areas of grooves 
which possessed numerous cilia on the apical surfaces of the ECs. 
We also observed the presence of supraependymal cells (Fig. 7A).

Area 3v-E-T was evaluated in patients 3, 6, and 8 (Tab. 1).
The shape of the apical membranes of ECs in this area was 

regular and hexagonal with a diameter of approximately 8 μm. 
When considering the results of 3v-E-T from brains of all three 
patients, that was characterised by the presence of secretory bod-
ies with a diameter smaller as well as larger than 2 μm (Fig. 
7B), which could indicate a high secretory activity. Although in 
general, ECs with a small number of cilia dominated in this area 
(types 1‒7, 11 according to Tab. 4), the folded surface of patient 
No. 3 contained alternating locations of high number (especially 
in grooves) and low number of cilia. 

Area 3v-E-NR was evaluated in patients 1, 3, and 8 (Tab. 1).
The shape of the apical surfaces of ECs in this area was slightly 

elongated and hexagonal with dimensions of 10 x 9 μm. Numerous 
secretory bodies were present in all three examined patients, which 
could indicate high secretory activity (Fig. 7C). Large groups of 
ECs with a very small number of cilia were mostly identifi ed, but 
there were also locations rich in cilia. The border between these 
various groups of ECs was more pronounced in comparison with 
other areas examined by us, where the areas with a smaller and 
greater density of cilia also alternated (for example 3v-E-T). In 
patient 3 we observed a folded ependymal surface, while EC types 
with a greater number of cilia (types 7‒10 and 13 according to 
Tab. 4) prevailed in recesses, and ECs with little or no cilia or with 
short processes prevailed on the elevated surface (types 1‒6, 11 
and 12 according to Tab. 4) (Fig. 7D). 

Discussion

It is obvious from our study that the nature of the ependymal 
lining surface is heterogeneous. In order to be able to relevantly 
compare the results of studies of ECs, the location from which 
the sample of examined ependyma was taken must be precisely 
defi ned. We marked the examined ependymal regions of the third 

human brain ventricle based on the presence of periventricular 
structures (Fig. 1, 2, Tab. 2) (7, 21).

Using SEM, we examined the apical surface of ECs of the third 
human brain ventricle in six precisely designated locations, and 
examined them in brains of three patients (Tabs 1 and 2). We ob-
served cilia, microvilli, very short processes and secretory bodies 
on the surface of ECs. We also occasionally observed supraepen-
dymal nerve fi bres and cells which we did not specify. 

The cilia of individual ECs varied in number and length (Tab. 
4), had a smooth surface and the same diameter of 0.3 μm through-
out their entire length. Mirzadeh et al (10) defi ned three basic 
groups of ECs according to their apical surface morphology: E1 
cells – multi-ciliated ependymocytes with motile cilia (we labelled 
them as type 9), E2 cells – bi-ciliated ECs with one to two motile 
cilia (we divided these according to cilia length and labelled them 
as types 4, 5, 6), and E3 cells – uni-ciliated ECs with primary cilium 
(which we labelled according to the length of the cilium as types 
2 and 3). E2 and E3 cells contain a long basal process thanks to 
which various signals reach more distant locations in the brain. 
The cilia of E2 and E3 cells most probably have a sensory func-
tion for CSF metabolites; they are responsible for the capture and 
transduction of various extracellular signals and contribute to the 
regulation of the progenitor activity of hypothalamic neurons con-
trolling the energy balance (22). Cilia of multi-ciliated ECs help 
with the fl ow of the CSF. We subdivided the multi-ciliated ECs 
into ECs with 3‒7 cilia (type 7), ECs with 8‒15 cilia (type 8) and 
ECs with more than 15 cilia (type 9). We also found ECs with no 
cilia, where only microvilli were present (we labelled them as type 
1). Certain ECs with no cilia showed very short processes with a 
thickness of approximately 0.3 μm and up to 1 μm in length on 
the surface. Using SEM, these structures were also observed by 
Bruni et al (15) in the infundibular recess (IR) of rabbits and in 
the third brain ventricle of humans and were marked as “knob-like 
protrusions”. We observed ECs with short processes in all exam-
ined locations and labelled them as type 11 (Tab. 4). We observed 
them more frequently in locations with a smaller number of cilia. 
However, in the area with denser ciliary cover, this may signifi -
cantly impair the observation of smaller apical structures such 
as short processes, microvilli, and small secretory bodies. Short 
processes on the apical surface of the ECs were also observed in 
combination with short or long cilia and were labelled as types 12 
and 13. In Table 4 we summarized the overview of all ECs types 
according to the presence of the various number of cilia, micro-
villi, and short processes and their presence in the six examined 
regions within the third brain ventricle in three examined patients.

The observed secretory bodies of various sizes and unknown 
content indicate a secretory function in some ECs. 3v-E-I and 3v-
E-NR appear to have the highest secretory activity within the ex-
amined regions of the third human brain ventricle. The incidence 
of secretory bodies and the shape and size of the apical surface 
of ECs in the six examined regions are summarized in Table 3.

Scott et al (16) used SEM to analyse the third human brain 
ventricle. The dorsal third was covered by a large number of cilia 
that overlapped other possibly present structures. More ventrally, 
in the central third of the third ventricle, they observed a slight de-
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cline in cilia density and an appearance of microvilli and “rounded 
lucent excrescences”. They characterized the ventral third of the 
third ventricle with an infundibular recess as almost free of cilia 
but with the presence of numerous microvilli and “large lucent 
excrescences”. Our examined areas (3v-E-CF, 3v-E-T a 3v-E-NR) 
correspond with the central third of the third ventricle in the dorsal-
ventral axis (Figs 1, 2). In terms of all three areas, locations with a 
low and high number of cilia alternated here, and in 3v-E-NR the 
transitions between multiciliated and little ciliated locations were 
the most obvious. The “rounded lucent excrescences” correspond 
to secretory bodies in the examined samples. According to our ob-
servations, 3v-E-CF was the least active in terms of secretion in 
contrast to 3v-E-NR, which showed a high secretory activity. In 
general, our results correspond to previous observations (15, 16), 
although we precisely specifi ed and defi ned the observed regions. 
3v-E-CHO, 3v-E-I and 3v-E-CM, which we examined and clearly 
defi ned, correspond to the ventral third of the brain ventricle. In 
general, we noticed the low number of cilia and higher number of 
microvilli in this area; however, if we take into consideration the 
individual examined regions separately, this statement does not 
equally apply for all locations and all patients. For example, we 
also found locations in 3v-E-CM and 3v-E-I with an abundant inci-
dence of cilia. The secretory activity within the ventral third of the 
brain ventricle was most distinctive in 3v-E-I, which corresponds 
to previous observations in humans and animals (15, 16). However, 
according to our observations, the secretory activity derived from 
the number of observed secretory bodies in 3v-E-I was comparable 
with 3v-E-NR in the central third of the brain ventricle (Tab. 3).

When observing the folds of the ventricular surface we re-
peatedly noticed ECs with numerous cilia in grooves and ridges 
that were covered by ECs with little or no cilia. This fi nding was 
independent of the location of the examined ependymal area; we 
found it in 3v-E-I, 3v-E-CM, 3v-E-T, and 3v-E-NR. In our opin-
ion, the numerous cilia in grooves could be related to the increased 
need to prevent liquor fl ow stagnation, while individual cilia on 
the surfaces of ridges could represent a sensory function. Mirza-
deh et al (10) attribute such function to uni- and bi-ciliated ECs.

The apical surface of the ependymal lining of the third brain 
ventricle is extremely heterogeneous. Signifi cant heterogeneity 
was also observed in individual evaluated ependymal regions, 
where we found all types of apical surfaces. The systematic map-
ping of the ventricular surface signifi cantly contributes to the 
clarifi cation of ECs functions in individual locations.
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