
455

Article can be used under the CC BY-NC-ND 4.0 International License
© Eco-Vector, 2024

Russian MedicineVol. 30 (5) 2024

DOI: https://doi.org/10.17816/medjrf634587

Microglia and macrophages in the human pineal gland
Dina A. Sufieva, Elena A. Fedorova, Vladislav S. Yakovlev, Igor P. Grigorev, Dmitrii E. Korzhevskii 
Institute of Experimental Medicine, Saint Petersburg, Russia

ABSTRACT
BACKGROUND: Over the past two decades, inflammatory responses in the central nervous system (CNS) have been shown 
to play a role in the etiology of most neurological and psychiatric diseases, as well as in the aging process. Microglia 
and macrophages are the most important immune cells in the CNS. In contrast to the role of microglia and macrophages 
in various parts of the CNS, the human pineal gland has not been studied. 
AIM: To evaluate the morphological characteristics, types and localization of microglial cells in the human pineal gland by 
immunohistochemistry.
MATERIALS AND METHODS: The study was performed using samples of a pineal gland of the human brain obtained in individuals 
between the ages of 16 and 61 years (n=7). Immunohistochemistry was performed on pineal gland sections using antibodies 
against Iba1 and TMEM119, selective markers for microgliocytes. Statistical methods were used to evaluate the frequency 
of immunostained cells.
RESULTS: The majority of phagocytic cells identified by immunohistochemistry were found to be microglia and not macrophages. 
Microglia are represented by both inactive and activated forms. Microglia in the human pineal gland are typically localized 
in connective tissue trabeculae, both near and far from blood vessels. Microgliocytes are also found in the pineal parenchyma 
in the hormone-synthesizing cells of the pinealocytes. The number of Iba1 and especially TMEM119 immunoreactive cells 
decreased significantly with age.
CONCLUSION: This study is the first to evaluate microglia and macrophages in the human pineal gland. The prevalence 
of microglial cells over macrophages was found. The morphological characteristics and localization of the identified microglial 
cell types suggest their involvement primarily in immune defense and probably also in the regulation of pinealocyte functions. 
In addition, there are data suggesting the involvement of microglial cells in the development of inflammation in the human 
pineal gland during aging. 
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Микроглия и макрофаги в шишковидной железе 
человека
Д.А. Суфиева, Е.А. Федорова, В.С. Яковлев, И.П. Григорьев, Д.Э. Коржевский 
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АННОТАЦИЯ
Обоснование. В последние два десятилетия было показано, что воспалительные реакции в центральной нервной си-
стеме (ЦНС) вовлечены в этиологию большинства неврологических и психиатрических заболеваний, а также старе-
ния. Наиболее важными иммунными клетками в ЦНС являются клетки микроглии и макрофаги. На сегодняшний день 
микроглия и макрофаги изучены в различных частях ЦНС, но не в шишковидной железе человека. 
Цель исследования — изучить морфологические особенности, типы и локализацию клеток микроглии эпифиза чело-
века с помощью метода иммуногистохимии.
Материалы и методы. Работа проведена на образцах эпифиза человеческого мозга, взятых от лиц в возрасте 
от 16 лет до 61 года (n=7). На срезах эпифиза проводили иммуногистохимическую реакцию с использованием анти-
тел к Iba1 и TMEM119, избирательным маркерам микроглиоцитов. Частоту встречаемости иммуноокрашенных клеток 
анализировали статистическими методами.
Результаты. Установлено, что большинство выявленных с помощью иммуногистохимической реакции фагоцитирую-
щих клеток относятся к микроглии, а не к макрофагам. Микроглия при этом представлена как покоящимися формами, 
так и активированными. Микроглия в шишковидной железе человека, как правило, локализуется в соединительно-
тканных трабекулах, как у кровеносных сосудов, так и вдали от них. Микроглиоциты также встречаются в паренхиме 
эпифиза среди гормон-синтезирующих клеток пинеалоцитов. Отмечено статистически значимое уменьшение числа 
Iba1- и особенно — TMEM119-иммунореактивных клеток при старении.
Заключение. Настоящее исследование представляет собой первую работу, в которой изучали клетки микроглии и ма-
крофаги в шишковидной железе человека. Установлено превалирование микроглиальных клеток над макрофагами. 
Морфологические особенности и локализация выявленных типов клеток микроглии свидетельствуют об их участии 
преимущественно в иммунной защите, а также, вероятно, в регуляции функций пинеалоцитов. Кроме того, получены 
данные, свидетельствующие об участии микроглиальных клеток в развитии воспаления в эпифизе человека в ходе 
старения. 
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BACKGROUND
The pineal gland (also known as the pineal body 

or epiphysis cerebri) is a small unpaired neuroendocrine 
organ located in the posterior part of the third brain 
ventricle between the posterior commissure and the dorsal 
habenular commissure. It is one of the largest structures 
of the epithalamus [1]. The main hormone of the pineal 
gland is melatonin, which is synthesized cyclically (with 
a peak level at night). This determines the role of the pineal 
gland in the regulation of various body systems and 
processes (such as a sleep/wake cycle), its neuroprotective 
and antioxidant activities and effects on the reproductive 
and immune systems [2]. The pineal gland in humans has 
a lobular structure; parenchyma, bounded by connective 
tissue trabeculae, is predominantly follicular or, less 
commonly, insular. Pinealocytes, neurosecretory cells that 
produce melatonin, are the main cells contained in the pineal 
gland. The pineal gland is composed of a local population 
of glial cells which include astrocyte-like cells and microglia. 
Mast cells can also be found [1, 3].

The study of microglia, the immune cells of the brain, 
is currently one of the most important areas of neurobiology. 
These cells play a key role in protective mechanisms 
in the central nervous system (CNS), such as synthesis of pro- 
and anti-inflammatory cytokines, phagocytosis of pathogens 
and dead cells, maintenance of homeostasis of surrounding 
tissues, and regulation of physiological and pathophysiological 
processes in the brain [4]. In addition, microglia play an 
essential role in inflammaging, neuroinflammation during 
aging, so these cells are the focus of studies investigating 
age-related CNS changes [5].

The ionized calcium-binding adapter molecule 1 (Iba1) 
is one of the most widely used markers for microglia. However, 
Iba1 is also found in brain macrophages such as meningeal 
macrophages, perivascular macrophages, and choroid plexus 
macrophages. These cells differ from microglia in both origin 
and function [6]. Recently (2016), TMEM119 (transmembrane 
protein 119) was proposed as a highly selective microglial 
marker. The use of these two microglia/macrophage markers 
helps better understand the cellular composition of the pineal 
gland [6, 7].

Despite the great interest in microglial research, only 
a few studies have been performed on this cell population 
in the pineal gland and only in rats [8]. The morphological 
and functional organization of microglia in the human pineal 
gland remains poorly elucidated.

The aim of the study was to investigate human brain 
pineal cells responding to the microglial markers Iba1 and 
TMEM119. 

MATERIALS AND METHODS
The study used tissue samples of the pineal gland (n=7) 

of subjects aged 16 to 61 years, obtained from the archives 

of the Department of General and Special Morphology 
of the Federal State Budgetary Scientific Institution “Institute 
of Experimental Medicine” (Statement of the Local Ethics 
Committee No. 58-9/1-684 dated 11 December 2009). 

Human pineal samples were fixed in ethanol-formaldehyde 
and zinc-ethanol-formaldehyde and embedded in paraffin 
using standard techniques. Sections were cut at 7 μm using 
a Microm HM 325 rotary microtome (Thermo Scientific, USA) 
and mounted on slides using HistoBond+M (Paul Marienfeld 
GmbH & Co, Germany).

Recombinant rabbit monoclonal anti-Iba1 antibody 
(JM36-62 clone; HUABIO, China) at 1:900 dilution and rabbit 
polyclonal anti-TMEM119 antibody (Abcam, UK) at 1:1000 
dilution were used for immunohistochemistry of human 
pineal samples. Goat anti-rabbit horseradish peroxidase 
(HRP)-conjugated antibodies from the Mouse and Rabbit 
Specific HRP/DAB (ABC) Detection IHC Kit containing 
3.3-diaminobenzidine (DAB) chromogen and secondary 
HRP-labeled antibodies (Abcam, UK) were used as secondary 
reagents. DAB from the DAB + kit (Dako, Denmark) was 
used to visualize the immunohistochemical reaction product. 
Nuclei were stained with alum hematoxylin. Samples were 
analyzed using a Leica DM750 microscope with an ICC50 
digital camera (Leica Microsystems, Germany). 

Serial sections stained for Iba1 and TMEM119 were 
quantitatively analyzed. A total of 4 cases in patients aged 
16, 20, 35, and 61 years were included. Immunopositive cells 
were counted in 5 fields of view for each case.

Statistical data processing. Data are presented as 
a mean ± a standard error of the mean (SEM). Counts of Iba1 
and TMEM119 immunopositive cells were compared using 
the paired t-test. One-way analysis of variance (ANOVA) 
and post hoc analysis using the Tukey test were performed 
to compare age-related differences in the counts of Iba1- and 
TMEM119-immunoreactive cells. Differences were considered 
to be significant at p <0.05.

RESULTS
A study of human pineal samples stained for Iba1 showed 

that this marker is uniformly distributed in the bodies and 
processes of microglial cells, allowing characterization of their 
morphology. Iba1-immunoreactive cells in the pineal gland 
are found to be unevenly located and predominantly observed 
in connective tissue trabeculae (Fig. 1, a). Iba1-immunopositive 
cells are typically visualized in the area of blood vessels. 
These cells have the morphology of typical perivascular 
microglia: a spindle shape and two polar long unbranched 
processes (Fig. 1, c; Fig. 1, d, single arrow). Microglia located 
on either side of the boundary between the connective tissue 
trabeculae and the epiphyseal parenchyma have the same 
morphology (Fig. 2, f). Iba1-immunopositive cells are rarely 
observed in the parenchyma of the human pineal gland. 
They are most often represented by oval-shaped cells with 
multidirectional processes and can be classified as a ramified, 
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or branched, microglia (see Fig. 1, c, double arrow). There are 
round IBA1-immunoreactive cells, either without processes 
or with short and thick processes; they can be classified as 
activated or amoeboid microglia (see Fig. 1, d, arrowheads).

Based on immunohistochemical reactions to TMEM119, this 
marker was found to be uniformly distributed in the bodies 
and processes of microglia. TMEM119-immunopositive cells 
are characterized by the round or oval body and usually thick, 
branched processes (Fig. 2, a, b). TMEM119-immunopositive 
microglia were also detected predominantly in trabeculae 
and had the morphology of perivascular microglia in the area 
of blood vessels (see Fig. 2, a, b).

In all human pineal samples, dense inclusions were 
observed in the parenchyma with varying frequencies. 
These were calcified concretions called “brain sand” 
or acervuli (corpora arenacea). In pineal Iba1- and 
TMEM119-immunoreactive cells, only a small number 
of isolated cells were observed near and possibly adjacent 
to the calcifications (Fig. 2, c, d). Phagocytic microglia were 
also detected, with their processes surrounding neighboring 
cells with pyknotic nuclei (Fig. 2, b, e).

In samples obtained in older subjects (over 60 years of age), 
the count of Iba1- and TMEM119-immunopositive cells was 
significantly decreased. At that, TMEM119-immunoreactive 

microglia form clusters, usually along the periphery of the organ. 
Iba1-immunopositive cells are predominantly round in shape 
and lack processes. A pineal tissue sample of an elderly person 
showed a large number of neuromelanin granules.

Visual inspection of serial sections stained for Iba1 and 
TMEM119 showed the greater number of Iba1-immunoreactive 
cells compared to TMEM119-immunopositive cells 
(see Fig. 1, a; Fig. 1, b). However, statistically significant 
differences (when using the paired t-test) were 
found only for the sample obtained in a 61-year-old 
subject. When the age-dependent counts of Iba1- and 
TMEM119-immunoreactive cells were compared using 
ANOVA (followed by the post hoc analysis using the Tukey 
test), statistically significant individual differences were 
found in the counts of Iba1-immunoreactive cells between 
samples of subjects aged 16 and 20 years and in the counts 
of TMEM119-immunoreactive cells between samples 
of subjects aged 20 and 61 years (p <0.05).

DISCUSSION
The study of immune cells of the CNS represents 

a significant area of contemporary neurobiology, so 
the urgent research problem is to select appropriate 

Fig. 1. Preferential localization of microglia/macrophages in the trabeculae of the pineal gland of the human brain. Immunohistochemical 
reaction for Iba1 (a, c, d) and TMEM119 (b); nuclei stained with alum hematoxylin; a, b — difference in the number of Iba1- and TMEM119-
immunopositive cells on consecutive sections of the pineal gland; c, d — different morphotypes of microglia: single arrow (d) indicates 
perivascular microglia, double arrow — ramified microglia, arrow heads — amoeboid microglia. The scale bar is 200 μm (a, b); 
50 μm (c), and 20 μm (d).
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approaches and markers for the analysis of immune 
cells in the region of interest. The immunohistochemical 
microglia/macrophage markers used in this study have 
several advantages. Iba1 is a marker for both microglia 
and macrophages of the CNS, whereas TMEM119 is a highly 
selective marker for microglia only. Both markers detect both 
bodies and processes of the study cells, and cell activity can 
be assessed indirectly based on morphological features. 
Microglial cells characterized by a small soma and long thin 
branching processes are classified as ramified or resting 
microglia. Microglia characterized by larger bodies and short 
thick weakly branching processes are classified as amoeboid 
or activated microglia.

However, these markers also have some limitations. 
The use of the Iba1 marker alone does not distinguish 
between microglial and macrophage populations, which 
are known to differ in origin, some physiological and 
functional characteristics, and expressed marker proteins [9]. 
In inflammatory processes, TMEM119 expression is suppressed 
in proinflammatory microglial cells (M1), which substantially 

complicates the use of this marker in neuroinflammatory 
studies [7, 10, 11]. Such marker characteristics should be 
considered when conducting immunohistochemical reactions 
and interpreting the data obtained.

This study found that the vast majority of phagocytic 
cells in the structurally normal human pineal gland are 
not macrophages, but microglia, represented by both 
resting (ramified) microglia and activated microglia with 
few processes. Morphologic evaluation and quantitative 
comparison of Iba1- and TMEM119-immunopositive cells 
showed that Iba1-immunopositive cells were consistently 
detected in greater numbers than TMEM119-immunopositive 
cells, although statistically significant differences were 
reported only in older subjects. This may indicate that either 
macrophages represent a small part of the total immune 
cell pool in the human pineal glands, or that microglia in all 
pineal samples studied are proinflammatory M1 cells [12].

Microglia in the pineal gland were usually found 
in connective tissue trabeculae, where the vast majority 
of pineal blood vessels are located. The local cells had 
perivascular microglial morphology including the spindle 
shape with two polar long unbranched processes extending 
along the vessel. The pineal gland is a secretory structure 
and therefore has a dense network of blood vessels, making 
it one of the most vascularized human organs [3]. Perivascular 
microglia are thought to control substances coming from 
the bloodstream and protect the pineal gland from potential 
pathogens, which explains the preferential location of these 
microglia in the area of blood capillaries. The study [13] 
demonstrates the role of microglia in the regulation of local 
cerebral circulation through the synthesis of cytokines that 
can alter the width of the capillary lumen. Ibañez Rodriguez 
et al. [14] found that microglia may be involved in phagocytosis 
of blood vessel fragments not only during embryogenesis and 
in young animals, but also in adult animals.

Microglia in connective tissue trabeculae were also located 
far from blood vessels within the trabeculae or at the border 
with the parenchyma, most likely along collagen fibers, which 
form a network within the trabeculae and have different 
distribution densities, as previously shown [15]. Recent 
studies have shown that microglia are involved in the targeted 
degradation of the extracellular matrix through the secretion 
of metalloproteinases and other enzymes, which is necessary 
to regulate the plasticity of synaptic connections [16, 17]. 
The extracellular matrix is a dynamic network of proteins 
(such as collagens) and proteoglycans that plays a pivotal 
role in maintaining the structural integrity of tissues and 
can be remodeled during disease and injury [16]. Several 
studies have shown that the extracellular matrix in different 
brain regions varies significantly in amount, composition, 
and degree of remodeling during aging [17]. Microglia 
have been shown to be involved in extracellular matrix 
remodeling in stroke, Alzheimer's disease, and Huntington's 
chorea [16]. Physiological aging has been shown to reduce 
the release of metalloproteinases and other enzymes by 

Fig. 2. Microglia of the human pineal gland. Immunohistochemical 
reaction to TMEM119 (a, b, d) and Iba-1 (b, e, f). Nuclei are 
stained with alum hematoxylin. Arrows indicate perivascular 
microglia (a, b); microglia adjacent to calcificates — К (c, d); 
microglia localized at the border of trabecula and parenchyma (f); 
arrow heads indicate phagocytic microglia (b, e). The scale bar 
is 20 μm. 
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microglia degrade the extracellular matrix, leading to its 
excessive deposition in the perisynaptic region, a decrease 
in the structural plasticity of neuronal networks, and 
deterioration in cognitive function [17]. The observed decrease 
in microglia count (Fig. 3) and functional activity may be 
one of the factors responsible for excessive collagen fiber 
formation in the human pineal gland during physiological 
aging [15].

Our study indicates that microglia in the pineal 
parenchyma are predominantly represented by the ramified 
(resting) cells, although activated forms of microglia with 
few processes are also found. The location of microglial 
cells among pinealocytes suggests their involvement 
in regulating the functional activity of melatonin-synthesizing 
pinealocytes. This is also confirmed by literature data. For 
example, in a cell culture of one-day-old Sprague Dawley 
rats, microglia were shown to interact with pinealocytes and 
influence both the structure and function of these cells [18]. 
The authors showed that co-culture of microglia and 
pinealocytes reduced the length of pinealocyte processes and 
increased the level of serotonin, a precursor of melatonin, 
in the medium at 7 days [18]. Another study found that 
microglia influence the functional status of pinealocytes 
through the synthesis of some cytokines, thereby modulating 
the function of the pineal gland [19]. The already mentioned 
study by Ibañez Rodriguez et al. [14] showed that microglial 
cells are capable of phagocytosing serotonin-containing 
nerve fibers of the pineal gland.

If the pool of phagocytic cells in structurally intact 
pineal glands of young and middle-aged subjects is mainly 
represented by microglia, then the count of TMEM119-
immunoreactive cells decreased (p <0.05 for individual 
comparisons) and the count of Iba1-immunoreactive 
cells increased significantly (p <0.05) with age compared 
to TMEM119-immunoreactive cells. The decreased count 
of TMEM119-immunopositive cells during aging may 
be related to the increased count of proinflammatory 
microglia that suppress TMEM119 synthesis [11, 14]. 

A second explanation for the decreased count of TMEM119-
immunoreactive cells may be that with age, macrophages 
differentiating from peripheral blood monocytes are 
recruited to the pineal gland, also as a result of age-related 
neuroinflammation [14].

Our study shows that a small pool of microglia contacts 
and adjoins to calcifications. The interaction of microglia and 
calcifications in the pineal gland has not been previously 
studied. However, the development of calcifications and 
microglia has been studied in other parts of the CNS 
(choroid plexus, habenula, basal ganglia, hippocampus, and 
meninges) [20]. In addition, Maheshwari et al. [20] showed 
that calcifications in these brain areas are usually associated 
with the walls of blood vessels. Moreover, both animals 
and humans with mutant genes involved in microglial 
development and function have been observed to exhibit 
intracerebral calcifications [20]. Microglia are supposed 
to play an important role in the calcification control by 
regulating formation of insoluble calcium salt deposits (which 
are thought to be calcification lesions), either by removal 
of apoptotic cells or by proteostasis of the extracellular 
matrix [20].

CONCLUSION
The microglia/macrophage markers Iba-1 and TMEM119 

were employed to provide the inaugural characterization 
of human pineal immune cells and to establish heterogeneity 
within the human pineal microglia population. Most 
phagocytic cells were found to be microglia (both resting 
and activated) and not macrophages . Microglia in the human 
pineal gland are typically localized in connective tissue 
trabeculae, both at and away from blood vessels. Microglia 
are also found in the pineal parenchyma and may be adjacent 
to calcifications. Microglia are thought to play an important 
role in controlling calcification in the CNS, including 
the pineal gland. The functional heterogeneity of microglial 
cells is suggested by the different locations of microglia 
and heterogeneity of morphotypes observed in the pineal 
gland. The presence of activated and phagocytic microglia 
suggests their active role in maintaining the homeostasis 
of the surrounding tissues and the activity of pinealocytes, 
which indicate multiple functions of microglia and 
confirms the hypothesis of their key role in regulating 
the neuroendocrine function of the pineal gland. Further 
studies of pineal microglia and macrophages (using both 
experimental animals and human material) are required 
with morphological, cytochemical, and functional testing 
to understand the role of each type of microglia and 
macrophages in maintaining the tissue and functional 
integrity of the pineal gland and to assess the contribution 
of these cells to pathological neuroinflammation, which can 
lead to dysfunction of the pineal gland.

Fig. 3. Age-related changes in the number of Iba1- and TMEM119-
immunoreactive cells in the human pineal gland. Data are 
expressed as mean ± standard error, * p <0.05.
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