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New insights into the role of the 
endoplasmic reticulum in microglia

Microglial cells are the only resident immune cells 
in the central nervous system and constitute its 
frontline guardian. They are extremely reactive 
against infections, trauma, or toxins, but are 
also responsible for mediating inflammation, 
taking part in the pathogenic course of many 
neuropathologies (Sierra et al., 2019). Cell-specific 
staining, ultrastructural analysis by transmission 
electron microscopy (TEM), or two-photon-
microscopy imaging have been relevant for the 
characterization of microglia as well as their 
cell-cell interactions, which have led to a better 
understanding of microglial roles in health and 
disease.

Nowadays, we know that microglia are very 
dynamic cells that require a well-developed 
endomembrane system to respond to a plethora 
of stimuli and perform their major biological 
functions, e.g., self-renewal, migration to the 
damaged area, phagocytic activity, production, 
and release of anti- or pro-inflammatory cytokines, 
etc. According to the type and severity of the 
stimulation trigger, microglia can drastically 
change in morphology in the adult  brain: 
They transform from branched tiny cells with 
homeostatic functions to cells with an amoeboid 
appearance due to retraction of their processes 
and enlargement of the cell body, which are more 
correlated with a pro-inflammatory phenotype. 
Among all the endomembranous compartments 
in microglia, the endoplasmic reticulum (ER) can 
be considered as a key organelle governing cellular 
metabolism, but recent evidence also points to 
a crucial role in modulating specific microglial 
functions. 

Ultrastructural features of the ER in microglia: 
T h e  E R  co n st i t u te s  a  l a rge  a n d  d y n a m i c 
compartment that forms a continuous network 
of sheet-like cisternae with ribosomes on the 
cytosolic face of the membrane, the rough ER, and 
tubules lacking ribosomes, the smooth ER. Both 
differ in physical and functional characteristics. 
In microglial cells, the content of the rough ER 
is very abundant, and its ultrastructure can be 
easily visualized by TEM in ultrathin sections of 
brain tissue (Savage et al., 2018) or of primary 
microglial cell cultures (Figure 1). Cisternae may 
appear as long stretches arranged in parallel stacks 
or form extensive concentric systems resembling 
fingerprints. The lumen of the cisternae is quite 
narrow, but it might appear dilated by elevated 
production and secretion of cytokines and other 
factors, especially in the inflammatory microglial 
phenotype (Figure 1C). We can also find dilated ER 
under stress or pathological conditions (Bisht et 
al., 2016). Functionally, it is well known that the ER 
is involved in the synthesis, folding, modification, 
and transport of proteins and lipid metabolism, 
but the ER also represents the largest intracellular 
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might reduce the Ca2+-mediated chronic microglial 
activation that contributes to neuroinflammation 
in many diseases.

We recently reported the relevance of the 
SERCA Ca2+ transporter as a target to modulate 
intracellular Ca2+ dynamics in microglia (Morales-
Ropero et al., 2021). We found an upregulated 
expression of SERCA2b, the main isoform in the 
brain, in lipopolysaccharide-stimulated microglia in 
culture, and, interestingly, in amoeboid microglia 
of post mortem human brains with Alzheimer’s 
disease. This upregulation might be associated 
with a cellular aim to restore a maintained 
high cytosolic Ca2+ concentration caused by cell 
responses to strong inflammatory overstimulation. 
The role of SERCA as a major player regulating 
microglial functions was supported by our 
data demonstrating that its inhibition affects 
differentially specific functions, i.e. it stimulated 
microglial migration but inhibited phagocytosis 
(Morales-Ropero et al., 2021). Likewise, studies 
with the well-known microglial marker Ionized 
Ca2+-binding adaptor molecule 1 (Iba1), an actin-
crosslinking protein, showed that its silencing 
inhibited actin dynamics involved in migration 
but stimulated phagocytic functions (Gheorghe et 
al., 2020). Altogether, these data clearly support 
that many cellular processes in microglia can be 
specifically, and differentially, switched on or off 
depending on cytosolic Ca2+ concentrations. Thus, 
the activity of Ca2+ transporters in the ER can 
be determinant to modulate Ca2+ signals in the 
cytosol. Nevertheless, the ER, although the largest 
one, is not the only Ca2+ store in microglia, and the 
role of other reservoirs in modulating cytosolic 
Ca2+ signaling remains to be addressed. 

ER stress: The role of the ER in cellular protein 
metabolism is so important that proteins that 
fail to fold correctly within the ER are eliminated 
by several quality control mechanisms, e.g., 
chaperone-mediated folding or ER-associated 
degradation. However, disturbed Ca2+ homeostasis 

compartment for Ca 2+ storage in al l  cel ls , 
including microglia. However, many questions 
remain unanswered about how this reservoir can 
participate in modulating Ca2+ signals in response 
to extra- or intracellular cues, microglial activation 
states, lesions, or pathologies. 

ER as Ca2+ store in microglia: Ca2+ as a secondary 
messenger is involved in many signaling networks. 
While in resting microglia the variations in the 
cytosolic Ca2+ concentration are minimal (nM 
range), high oscillations happen during microglial 
stimulation (Olmedillas Del Moral et al., 2019). 
As mentioned before, the ER is the main Ca2+ 
store in microglia, reaching intraluminal ER Ca2+ 
concentrations in the mM range. Thus, the ER 
plays a key role in regulating cytosolic Ca2+ levels, 
but it also contains intraluminal functions that are 
Ca2+-dependent. This high Ca2+ concentration in 
the ER compared to the cytosol is due to the active 
Ca2+ transport of the sarco(endo)plasmic reticulum 
Ca2+-ATPase (SERCA) and the presence of luminal 
Ca2+-binding chaperones for sequestering free 
Ca2+. The flux of Ca2+ from the ER to the cytosol is 
mainly mediated by inositol 1,4,5-trisphosphate 
receptors and ryanodine receptors, and rapid 
transient depletion of Ca2+ from the ER can also be 
accompanied by store-operated Ca2+ entry at the 
plasma membrane. These events result in complex 
spatial-temporal Ca2+ signals that may control 
microglial functions in a stimulus-depending 
manner. Ca2+ dysregulation, in the cytosol as well 
as in Ca2+ stores, can drastically affect microglial 
physiology. Therefore, selective ligands and 
blockers of proteins involved in Ca2+ homeostasis 
are currently considered as novel compounds that 
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Figure 1 ｜ Ultrastructural features of the endoplasmic reticulum in primary microglia in culture. 
We isolated microglia from cerebral cortex of neonatal mice. Subsequently, they were cultured in vitro and processed 
for transmission electron microscopy (TEM) visualization. (A) Ultrathin section showing a euchromatic nucleus (N) and 
a cytoplasm heavily filled with components of the endomembrane system, including dispersed long stretches (arrows) 
of rough endoplasmic reticulum (ER), that can adopt a characteristic fingerprint shape (big arrowhead). The ER was 
pseudocoloured in red. (B) High magnification of unstimulated microglia showing narrow long ER stretches (arrow). (C) 
High magnification of microglia stimulated with 100 ng/mL lipopolysaccharide for 24 hours to induce an inflammatory 
phenotype before TEM processing. The cell contains dilated and dispersed ER (arrowheads). Sourced from the authors’  
laboratory (unpublished data). Scale bars: 5 µm in A; 1 µm in B and C. 
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in the ER and/or overwhelming accumulation 
of misfolded proteins can induce a robust 
activation of unfolded protein response (UPR) 
genes. Although mild UPR is beneficial as it helps 
to restore cellular homeostasis, robust UPR can 
even drive to ER stress-associated cell death 
when prolonged over time (Almanza et al., 2019). 
Aberrant Ca2+ depletion in the ER can also result 
in the mass departure of ER-resident proteins in 
a process recently termed exodosis. Alterations 
in the ER proteome, chronic ER stress, and UPR 
can impact cellular functions and viability, often 
contributing to inflammatory response and 
disease pathogenesis. This is critical in many 
neurodegenerative diseases that include aberrant 
protein aggregation, but it is also a trigger 
for microglial cell death in spinal cord injury, 
hyperglycemia, sepsis, and other neuropathologies 
(Yi et al., 2023). 

ER crosstalk with other organelles: The view of 
organelles as independent units in the cell has 
been left behind. New techniques show that the 
ER establishes functional contact sites with nearly 
all other membranous organelles (Wu et al., 2018). 
However, most of the attention has been focused 
on mitochondria-associated ER membranes. This 
inter-organellar communication is particularly 
interesting by its participation in lipid transfer, 
autophagy, ROS generation, or inflammation 
and because defective communication between 
ER and mitochondria is critical in cell survival, 
especially in neurodegenerative diseases. In 
addition, ER-mitochondria contact sites seem to 
play a crucial role in Ca2+ homeostasis, allowing 
Ca2+ flux between both of them to modulate 
their subcellular functions (de Ridder et al., 
2023). However, pathological Ca2+ overload in 
mitochondria can cause cell death. This ER-
mitochondria communication has recently been 
reported in microglia, where it appears to be 
involved in inflammasome activation (Pereira et 
al., 2022). Microglial ER stress and mitochondrial 
damage are present in several pathological 
conditions; thus, further research will support and 
clarify the functional importance of these contacts 
in microglia physiology.

ER in microglia-associated pathologies: Despite 
the main neuroprotective role of microglia as 
immune cells in the brain, it is also well reported 
that persistent microglial overstimulation can 
contribute to the inflammation present in several 
neurodegenerative diseases such as Alzheimer’s 
disease, Parkinson’s disease, or amyotrophic lateral 
sclerosis. This dual role seems to be disease phase-
dependent, as early stages of the disease show a 
higher content of neuroprotective microglia, while 
pro-inflammatory microglia predominate at later 
stages. Interlinking pathways between ER stress, 
inflammation, and oxidative stress seem to be an 
important part of shifting the microglia population 
between different phenotypes (Asveda et al., 
2023). 

Searching for evidence to distinguish different 
microgl ia l  act ivat ion states ,  TEM studies 
uncovered a special microglial phenotype named 
dark microglia (Bisht et al., 2016). These cells 

are found in areas with neural dystrophy in 
different models of neurodegenerative diseases, 
in particular, related to Alzheimer’s disease, and 
are characterized by chromatin condensation and 
an electro-dense cytoplasm that appears dark 
under TEM. Interestingly, another ultrastructural 
feature is the dilation of the ER that could be due 
to ER stress, including Ca2+ overload in the lumen. 
As a consequence, disturbances in the ER might 
affect Ca2+-dependent microglial functions that 
could be correlated with the hyperactive dark 
microglia, which exhibit high phagocytic activity 
at the synapse. These cells can be immunostained 
for the triggering receptor expression on myeloid 
cells-2 (Bisht et al., 2016), which is required to 
switch on the apolipoprotein E pathway to convert 
homeostatic microglia into dysfunctional ones 
in neurodegenerative diseases, characterized by 
a specific transcriptional signature (Krasemann 
et al., 2017). In addition, dark microglia are 
immunonegative for the homeostatic microglial 
marker P2ry12 and, thus, are likely to resemble 
these neurodegenerative P2ry12-negative 
and Clec7a-positive microglia found close to 
amyloid-β plaques (Krasemann et al., 2017). 
Although the transcriptomic data shed new light 
on this phenotype, we are still far from fully 
understanding its role in pathology.  

In summary, these new insights about the ER 
attribute novel functions to this compartment 
in microglia, in addition to its canonical ones. A 
better knowledge of the subcellular biology of 
this glial-cell type may contribute in the future 
to disclosing potential therapeutic targets for 
neurodegenerative diseases associated with 
dysfunctional microglia. 
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