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ABSTRACT. The blood-brain barrier (BBB) consists of a unique system of brain microvascular endothelial cells, 
capillary basement membranes, and terminal branches (“end-feet”) of astrocytes. The BBB’s primary function is to 
protect the central nervous system from potentially harmful or toxic substances in the bloodstream by selectively 
controlling the entry of cells and molecules, including nutrients and immune system components. During neuroin-
flammation, the BBB loses its integrity, resulting in increased permeability, mostly due to the activity of inflammatory 
cytokines. However, the pathomechanism of structural and functional changes in the BBB caused by individual 
cytokines is poorly understood. This review summarizes the current state of knowledge on this topic, which is 
important from both the pathophysiological and clinical-therapeutic point of view. The structure and function of 
each of the components of the BBB are discussed with particular attention to phenotypic differences between brain 
microvascular endothelial cells and the vascular endothelium at other locations of the circulatory system. The pro-
tein composition of the inter-endothelial tight junctions in the context of regulating BBB permeability is presented, 
as is the role of the pericyte-BMEC interaction in the exchange of metabolites, ions, and nucleic acids. Finally, the 
documented actions of proinflammatory cytokines within the BBB are summarized.

Key words: proinflammatory cytokines, neuroinflammation, brain endothelial cells, tight junctions, pericyte-endothelial  
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T he blood-brain barrier (BBB), which is a 
specialized internal barrier, plays an important 
role in ensuring the normal functioning of the 

central nervous system (CNS), which is responsible for 
the vital functions of the body as a whole [1]. The BBB 
is a complex structure consisting of endothelial cells, 
pericytes, and astrocytes, located between the brain 
parenchyma and the vascular system, and is highly 
connected to surrounding neurons and microglia [2, 3]. 
Loss of division between blood and nervous tissue can 
damage the central nervous system and change the 
composition of the cerebrospinal fluid. BBB disturbances 
are commonly found in neuronal dysfunction, 
neuroinflammation, and neurodegeneration, as well as 
substance use disorders [4, 5]. A precise understanding 
of the structure of the BBB and the pathomechanism in 
which pro-inflammatory cytokines influence the 
disruption (loss of integrity) of the BBB may contribute 
to improving existing preventive and therapeutic methods 
(reviewed in [6, 7]).
The majority of studies consider the disruption of this 
barrier structure in the context of pathogenesis of cer-
tain diseases, such as diabetes mellitus, multiple sclero-
sis, Alzheimer’s disease, psychiatric systemic lupus 
erythematosus, herpes simplex encephalitis and cere-
brovascular ischaemia or other pathological conditions 

and processes, including stress, traumatic brain injury, 
subarachnoid haemorrhage and sepsis [8-10].
Wątroba et al. reviewed the literature regarding the 
impact of dysglycaemia associated with diabetes melli-
tus on BBB structure, revealing that impaired blood 
sugar stability, especially when exceeding normal levels, 
causes damage to BBB structure and CNS cells, leading 
to neurodegeneration and dementia [11]. High blood 
sugar was found to raise the levels of pro-inflammatory 
cytokines, such as TNF-α, interleukin (IL)-1, IL-4, and 
IL-6, although no information as to how these cytokines 
affect the integrity and permeability of the BBB was 
mentioned. Using a mouse model with BBB disruption 
due to congenital traumatic brain injury, Lesniak et al. 
showed that the loss of brain-derived neurotrophic fac-
tor, as a result of BBB disruption, correlated with 
depression-like behaviour [12]. The authors, however, 
only studied behavioural changes caused by BBB dam-
age and did not investigate the mechanisms leading to 
barrier structure damage. Nevertheless, this mouse 
model of BBB rupture may be useful to investigate the 
in vivo effect of cytokines on BBB disruption.
Małkiewicz et al. reviewed studies showing that drugs, 
such as methamphetamine, can activate microglia and 
induce the release of proinflammatory cytokines, lead-
ing to BBB disruption [13]. The authors also highlighted 
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the role of oxidative stress and MMP activation in this 
process. In order to determine whether serum levels of 
proteins are associated with BBB function in patients 
with epilepsy, Bronisz et al. reported that increased 
serum levels of MMP-9, MMP-2, TIMP-1, TIMP-2, 
and S100B, but not of CCL-2, ICAM-1, P-selectin, and 
TSP-2, were associated with the chronic processes of 
disruption and restoration of BBB integrity, indicating 
their direct relationship with barrier permeability [14, 
15]. However, the study did not provide a detailed 
description of the nature of the mechanism(s) underly-
ing these relationships.
Since proinflammatory cytokines cause systemic inflam-
mation as a response to pathological changes associated 
with the development of diseases, some of which are the 
cause and others the consequence of BBB, they may be 
directly related to BBB structural damage [16-18]. 
Therefore, the current review paper aims to summarize 
the current state of knowledge on the influence of proin-
flammatory cytokines on the disruption of the integrity 
and permeability of the BBB, based on data relating to 
its structural features that are important from both a 
pathophysiological and clinical-therapeutic point of 
view.

Materials and Methods

To investigate BBB structure and the effect of proinflam-
matory cytokines on disruption of the BBB, we focussed 
on the structure and function of the BBB, including path-
ways and factors leading to BBB disorders, pathways of 
proinflammatory cytokines that pass through the BBB 
without disrupting its structure, and the effect of proin-
flammatory cytokines on BBB disorders. Analysis was 
based on medical scientific literature sources on anatomy, 
neurology, immunology, and microbiology published in 
the electronic databases of PubMed, Google Scholar, and 
Scopus. The search that included information on the 
structure and function of the BBB was carried out using 
the following key words: “blood-brain barrier structure”, 
“capillary endothelium”, “basement membrane”, “astro-
cytes”, and “blood-brain barrier functions”. The search 
resulted in 33 sources that were relevant to the topic. 
These search terms identified scientific papers that dealt 
with causes of BBB disorders and how these disorders 
can be treated, and were grouped into three main cate-
gories: “mechanisms of BBB damage”, “factors influenc-
ing BBB disorders”, and “diseases causing BBB 
disorders”.
Priority was given to papers that contained observa-
tional or experimental data. Six publications of interest 
were selected for analysis. Sources for the review of 
proinflammatory cytokines that can cross the BBB 
without damaging its structure were selected from the 
list of studies containing both theoretical developments 
and experimental components using the key words 
“proinflammatory cytokines and the blood-brain bar-
rier”, “types of proinflammatory cytokines that cross 
the blood-brain barrier”, and “ways of crossing the 
blood-brain barrier by proinflammatory cytokines”. 
Four sources corresponded to the given topic. The 
search for scientific papers on the role of proinflamma-
tory cytokines in the disruption of BBB integrity was 

carried out using the key words “the role of the inflam-
matory process in blood-brain barrier integrity disrup-
tion”, “negative impact of proinflammatory cytokines 
on the blood-brain barrier”, and “impact of proinflam-
matory cytokines on blood-brain barrier structure dis-
ruption”. In total, 32 sources were selected that 
contained theoretical information and the results of 
practical developments on this topic. A total of 75 sci-
entific sources, published between 1994 and 2023, were 
selected for analysis. Data relating to the objective of 
the study were then prepared in order to generate infor-
mation on the mechanism by which proinflammatory 
cytokines affect the disruption of BBB structure.
This information was summarised to determine the pos-
itive and negative effects of proinflammatory cytokines 
on BBB structure and further identify how damage due 
to such negative effects may be controlled and 
overcome.

Normal BBB structure

The BBB is structurally designed to provide its main, 
protective and regulatory, functions. Any damage to it 
can negatively affect the neurological system, as loss of 
integrity disrupts how the the blood and nervous tissue 
are separated, abolishing the boundary between the 
central nervous system and dangerous substances in the 
blood, leading to changes in the stability of cerebrospi-
nal fluid. To study how the BBB is damaged, it is nec-
essary to get acquainted with its structure in detail, to 
understand how and what can disrupt it. The BBB is 
not located in the entire central nervous system; it is 
absent in those parts of the central nervous system in 
which the chemical composition of the blood is con-
trolled, its main parameters are regulated, and the pres-
ence of toxins are detected. These parts include the 
hypothalamus and the vomiting centre in the medulla 
oblongata. The BBB structure is made up of three main 
parts: the capillary endothelium, the capillary basement 
membrane, and the perivascular membrane, which is 
made up of glial cell processes (the round “legs” of 
astrocytes). The capillary endothelium, together with 
pericytes, is located on the basement membrane, on the 
opposite side to that with glial cell processes.
The normal (undisturbed) structure of the BBB is a 
“layering” of biostructures, each of which acts as a level 
of protection, isolating blood from nerve tissue. The 
first level of protection is provided by the capillary 
endothelium, the second level by the basement mem-
brane, and the third level by the perivascular membrane 
formed from astrocyte processes. The capillary endothe-
lium restricts the access of bacteria and other micro-
scopic objects, as well as large hydrophilic molecules, 
while also ensuring the diffusion of small hydrophilic 
molecules and the transport of metabolic products. The 
basement membrane’s tasks are to preserve the barrier’s 
structure and ensure signal exchange between its com-
ponents. The perivascular membrane maintains the 
normal structure of the BBB due to contact with brain 
capillaries and astrocyte processes [19-21] (figure 1).
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Endothelial cells

The capillary endothelium consists of firmly and tightly 
connected endothelial cells that are linked by inter-en-
dothelial tight junctions. Phenotypically, the endothelial 
cells of the BBB differ from endothelial cells localised 
in other parts of the body as they have a more flattened 
appearance, a larger number of mitochondria, and a 
significantly smaller number of caveolae [22, 23]. These 
features, as well as playing a role in communication 
between cells in the capillary endothelium, affect the 
level of BBB permeability.
The capillary endothelium blocks the transport of 
hydrophilic molecules to the nervous system and sepa-
rates the capillary lumen from the basolateral complex. 
However, it allows small lipophilic molecules to pass by 
making it easier for nutrients (like glucose through the 
GLUT1 channel, essential amino acids, and some elec-
trolytes), oxygen, carbon dioxide, lipids, anaesthetics, 
ethanol, and nicotine to diffuse, and insulin, transferrin, 
and leptin to pass the barrier via receptor-mediated 
endocytosis [24-26].

Tight junctions

Tight contacts, which ensure a strong contact between 
endothelial cells, are formed from the main membrane 
proteins (claudin, occludin, junctional adhesion mole-
cules [JAMs], and cadherin) and several additional cyto-
plasmic proteins (Zonula occludens-1, -2, -3; cingulin; 
α-catenin; β-catenin; γ-catenin; vinculin and others) 
(figure 2).
Tight junctions (TJs) consist of auxiliary cytoplasmic 
proteins that tether the main membrane proteins to the 

main cytoskeleton protein (actin), which allows the 
integrity of the capillary endothelium and the required 
level of permeability to be maintained [27, 28].
Claudin proteins form a strong seal, involving bonds 
with each other between the endothelial cells on which 
they are located and Zonula occludens proteins (ZO-1, 
ZO-2, and ZO-3). The strength of the bonds affects the 
degree of BBB permeability under conditions of inflam-
mation, exposure to harmful substances, trauma, and 
other pathological conditions. As a result, damage to 
claudin negatively affects the barrier’s permeability, 
allowing monocytes to pass through in some inflamma-
tory diseases [29-34].
The occludin protein has a molecular weight of 65 kDa 
and is a much bigger molecule compared to the claudins 
(20-27 kDa). It is thus composed of more amino acids 
than the latter (522 and 102-150 amino acids, respec-
tively), depending on the transmembrane domains. 
Along with claudin, occludin creates intramembrane 
filaments that enable hydrophilic molecules and ions to 
move through cells that control the amount of fluid 
which can pass through between cells [35-37]. JAMs are 
immunoglobulin proteins with a molecular weight of 
40 kDa. JAMs are known to provide adhesion density 
by binding to actin via ZO-1, but data on their role in 
monocyte migration across the BBB have not been con-
clusively confirmed, and research in this area is still 
ongoing [38].
Cadherin is an important part of tight junctions that 
binds to the cell’s cytoskeleton with the help of catenins 
to form a tight adhesive contact. The main task of addi-
tional cytoplasmic proteins is to establish a strong con-
nection between membrane proteins and the cell 
cytoskeleton. Zonula occludens ZO-1, ZO-2, and ZO-3 
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Figure 1. 
Schematic representation of the BBB.
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bind claudins, and ZO-1 binds occludins and JAMs. 
ZO-1, ZO-2, and ZO-3 establish a connection between 
claudin and occludin and intracellular actin via cingulin 
[39]. It is the role of β-catenin and γ-catenin to link 
cadherin to the cytoskeleton through α-catenin or its 
related protein, vinculin [40-42].

Pericytes

Pericytes are localised outside the capillary endothe-
lium, sharing a basement membrane with it, and are 
involved in the synthesis of its constituents. With their 
ability to contract and the processes they use to cover 
the endothelium, pericytes control how easily fluids can 
pass through the interendothelial junction. Due to the 
close contact with the capillary endothelium, metabo-
lites, ribonucleic acid (RNA), and ions are exchanged 
between cells, and this exchange is ensured by the ability 
of pericytes to phagocytose, which allows them to neu-
tralise toxic metabolites [43].
Pericytes play an important role in the activation of 
endothelial and astrocyte functions in BBB regulation 
(reviewed in [44]). They express vasopressin, angioten-
sin, and endothelin receptors that control the expression 
of BBB-specific genes in endothelial cells and cause 
polarisation of astrocytes that surround the capillaries 
in the central nervous system. Damage to pericytes 
occurs in many neurological disorders, especially degen-
erative diseases, such as dementia, Alzheimer’s disease 
and multiple sclerosis. This can lead to a decrease in the 
resistance of endothelial cells to apoptosis, as a result 
of a loss of their connection with pericytes, thereby com-
promising the integrity of the BBB.

The basement membrane

The basement membrane of capillaries, which is a form 
of extracellular matrix, is located under endothelial and 
epithelial cells. Its primary functions are cell fixation on 

its surface, BBB structure maintenance, and signal 
transmission between its elements [45]. The basement 
membrane consists of four proteins, collagen IV, 
laminin, nidogen and perlecan, that form a plate, 50 to 
100 nm thick [46]. These proteins are synthesised by the 
endothelial cells of the brain vessels, pericytes, and 
astrocytes. Collagen IV is the most abundant basement 
membrane protein that maintains the basement mem-
brane structure and also plays an important role in 
maintaining vessel integrity [47-49].
Laminin is produced in different isoforms depending 
on the type of cell that synthesizes it. Astrocytes, in 
particular, synthesize specific isoforms of laminin that 
play an important role in maintaining the BBB, which 
is indispensable for its integrity. Collagen IV and 
laminin are stabilised by the protein, nidogen 
(entactin).

The perivascular membrane

The perivascular membrane, formed by glial cell 
processes, consists of astrocytes that are the most 
common cells in the central nervous system which play 
an important role in the inflammatory process during 
the development of neurodegenerative diseases [51]. 
Given that astrocytes are formed in the postnatal 
period, i.e., after the BBB has formed and thickened, it 
can be assumed that these cells are not involved in the 
formation of the barrier itself. However, an important 
role in maintaining BBB structure is played by the 
processes (“legs”) of astrocytes, which are in close 
contact with the brain capillaries. It has not yet been 
established whether astrocytes affect the level of BBB 
permeability, although some studies confirm the 
involvement of these cells in the formation of TJs by 
modulating the expression of vascular endothelial 
growth factor and angiotensin-1 [50].
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Figure 2. 
Schematic representation of the tight contact made by endothelial cells [27].
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Having examined the main structural units of the BBB, 
we now turn to how proinflammatory cytokines affect 
their integrity.

Influence of proinflammatory cytokines on disorders 
associated with abnormal BBB structure

The effect of cytokines on BBB structure is dependent 
on the barrier penetration mechanism. When entering 
the body exogenously, for example, via injection, 
cytokines can quickly and easily cross the BBB without 
disrupting its structure. This process can occur via ret-
rograde axonal transport, saturated influx transport, or 
simple diffusion in areas of the brain where the BBB is 
leaky. The interleukins, IL-1α and IL-6, and TNF-α can 
cross the barrier via these pathways. Usually, the exog-
enous route of cytokines into the body is controlled such 
that when the barrier is crossed, its structure is not dis-
turbed, or the disturbance is insignificant. However, it 
is worth noting that such a crossing, even without struc-
tural disruption, can compromise the integrity of the 
BBB by activating free calcium and potentially disrupt-
ing homeostasis in the brain (review in [52]).
The endogenous pathway of proinflammatory cytokines 
through the BBB may be more harmful to the barrier’s 
structural integrity, which is often damaged, resulting 
in increased permeability due to the occurrence of neu-
rological disorders, neurodegenerative diseases or infec-
tious diseases of the CNS. These conditions cause the 
level of proinflammatory cytokines to rise (figure 3).
Pathological conditions in the CNS are often, if not 
always, accompanied by an inflammatory response 
involving proinflammatory cytokines produced by mac-
rophages, leukocytes, neutrophils, or other cells, 
depending on the pathological process. For example, 

in response to stroke or lipopolysaccharides, microglia 
produce IL-1 and TNF-α, as a result of neuroinflam-
mation, and induce the generation of reactive astrocytes 
that adopt the same proinflammatory phenotype [53]. 
The effect of proinflammatory cytokines on BBB dis-
orders is shown in table 1.
The increase in the levels of proinflammatory cytokines 
depends on the nature and character of pathological 
processes and nervous system conditions. The permea-
bility of the BBB is indirectly affected by autoimmune 
diseases, as they lead to an increase in cytokine levels. 
Thus, certain changes in the immune system cause a 
violation of BBB permeability, resulting in the genera-
tion of autoreactive T lymphocytes entering the central 
nervous system and increased levels of proinflammatory 
cytokines IL-1, TNF-α, and interferon [IFN]-γ. As a 
result, the process of autoimmune attack on the myelin 
sheath is triggered, which leads to the development of 
multiple sclerosis [71, 72].
In ischaemic stroke, cytokines, oxidants, and proteo-
lytic enzymes are also released which, upon reaching 
the brain, can cause cytotoxic oedema, thereby render-
ing the BBB less permeable. This allows leukocytes to 
migrate into brain tissue through the capillary endothe-
lium and damage healthy neurones [73]. The neuroin-
flammatory process is considered to be one of the 
underlying causes of epilepsy which is initiated by IL-1β, 
IL-6, and TNF-α when the CNS is affected by patho-
logical conditions such as the presence of a brain 
tumour, a traumatic brain injury (TBI), or following 
drug exposure. However, it is important to determine 
which is the primary process– damage to the BBB or 
seizures. Considering one of the most common causes 
of epilepsy, TBI, it is important to investigate how BBB 
damage is associated with seizures. Depending on the 
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The endogenous pathway of proinflammatory cytokines through the BBB. Note: in this case, the scheme of BBB disruption is related 
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consequences of TBI, BBB disruption occurs either 
mechanically or as a result of the action of proinflam-
matory cytokines activated in response to trauma. 
Blood components, one of which is thrombin, enter the 
cerebrospinal fluid through a haemorrhage, where they 
provoke neuronal excitability and, accordingly, seizures 
[74, 75].
The increase in pro-inflammatory cytokines (IL-1β, 
IL-6, IL-12, TNF-α and IFN-γ) is also associated with 
the occurrence of some mental disorders, including 
depression. This inflammatory activity can both start 
and sustain this production, implying that prolonged 
exposure of the nervous system to this state can damage 
the BBB and cause other neurological disorders and 
diseases [76]. Activation of astrocytes and increased 
levels of IL-1β, IL-6, and TNF-α are observed following 
the administration of neurotoxic drugs. Damage to the 
BBB and an increase in its permeability caused by meth-
amphetamine neurotoxicity is manifested by a decrease 
in the levels of claudin and occludin, swelling of astro-
cytes and their processes, a decrease in pericyte cover-
age, and loss of TJs of endothelial cells [77-79]. Factors 
that stimulate increased production of IL-6 and TNF-α 
reportedly include engagement of the histamine H4 
receptor, expressed on many cell types of the immune 
system, thereby indirectly activating mast cells, which, 

in addition to cytokines, actively produce chemokines 
and histamine [80].
Chemokines are cytokines with chemotactic activity 
that are involved in the physiological and pathological 
processes of the CNS [81, 82]. In healthy, non-patho-
logical conditions, chemokines, such as CCL2, CCL19, 
CCL20, CCL21, and CXCL12, allow intracellular com-
munication, turn on signalling pathways, and maintain 
the CNS in a state of homeostasis [83, 84]. CX3CL1 
(fractalkine) acts as a growth or maintenance factor for 
adult neurones, maintains homeostasis, and can also 
lower levels of proinflammatory cytokines such as 
IL-1β, IL-6, and TNF-α [85, 86]. CXCL12, CCL19, 
CCL20 and CCL21, are expressed in the vascular sys-
tem associated with the BBB (review in [87]). In patho-
logical conditions of the CNS, chemokines exhibit the 
property of mediators of cell migration and participate 
in the regulation of inflammatory and autoimmune (dif-
ferentiation and growth of cells, including that of 
tumours) processes [88]. The mechanism of the effect 
of CX3CL1 on BBB integrity depends on the cell type 
involved in migration. For example, one mechanism is 
triggered by a significant accumulation of CD16+ mono-
cytes on inflamed cerebral endothelial cells due to their 
transendothelial migration in response to CX3CL1 
expression [89]. Alternatively, the migration of CD4+ T 
cells is ensured by the chemoattractant activity of 

Table 1.  
Influence of proinflammatory cytokines on the BBB.

Pro-inflammatory cytokine Impact on the structural elements of the BBB

IL-1 1. Disrupts the tight junctions of capillary endothelial cells.
2. Activates the induction of other pro-inflammatory cytokines.
3. Stimulates astrocytes to produce potential neurotoxic substances.
4. Stimulates vascular permeability [54, 55].

IL-2 1. Disrupts tight junctions of capillary endothelial cells.
2. Does not cross the BBB by the saturating transport system [56].
3. Reduces the expression of IL-1β, TNF-α.
4. Promotes BBB repair by reducing degradation of tight junction proteins [57].

IL-6 1. Disrupts tight junctions of capillary endothelial cells.
2. Reduces the level of additional cytoplasmic tight junction protein, β-catenin.
3. Reduces the secretion of other pro-inflammatory cytokines.
4. Promotes recovery of the BBB [58].

IL-12 Promotes the restoration of the BBB [59].

IL-15 1. Demonstrates a low level of permeability through the BBB [60, 61].
2. Reduces astrocyte damage, increasing resistance to cytotoxicity.
3. Reduces BBB permeability and prevents BBB breakdown [62, 63].

IL-17 1. Disrupts the tight junctions of endothelial cells by inhibiting occludin [64].

IL-18 1. Involved in maintaining the function of the BBB by increasing the expression of dystrophin [65].

IL-1β 1. Disrupts tight junctions of capillary endothelial cells [66].
2. Damages astrocytes.
3. Increases the secretion of other pro-inflammatory cytokines [67].

TNF-α 1. Disrupts the tight junctions of capillary endothelial cells by destroying its structural protein, claudin.
2. Damages astrocytes.
3. Increases the secretion of other pro-inflammatory cytokines.
4. Changes the morphology of the BBB.
5. Reduces the secretion of other pro-inflammatory cytokines.
6. Promotes recovery of the BBB [68, 69].

IFN-γ 1. Disrupts tight junctions of endothelial cells.
2. Induces transendothelial migration of CD4

+ T cells to the basement membrane.
3. Promotes the transcellular pathway of CD4

+ T cells.
4. Induces a change in the localisation of ZO-1 [70].

IL: interleukin: TNF: tumour necrosis factor; IFN: interferon.
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CX3CL1 [90]. Changes in BBB permeability are affected 
by an increase in CXCL13 levels, which may occur as 
a result of the development of tumours with cerebral 
metastases. This leads to an increase in the capillary 
endothelium’s paracellular permeability and a decrease 
in the expression and localization of the tight junction 
proteins, claudin-5 and occludin [91].
It is also important to consider the role of histamine 
and its impact on BBB integrity. The histamine mole-
cule is not small enough to penetrate the capillary 
endothelium, and thus cannot cross the BBB [92, 93]. 
However, it can increase BBB permeability by down-
regulating the major tight junction membrane proteins, 
claudin-5 and occludin, as well as the additional cyto-
plasmic protein, Zonula occludens-1. Moreover, the 
expression of histamine H2 receptor can be used as a 
predictive indicator of barrier permeability provoked 
by histamine [94, 95]. An investigation of the structure 
of the BBB and the effect of proinflammatory cytokines 
on its damage revealed that interleukins IL-1, IL-6, and 
TNF-α were most often involved in barrier disruption. 
The development of therapeutic approaches should 
address the mechanism of the effect of proinflammatory 
cytokines on the BBB in order to preserve its integrity 
and prevent neurological disorders caused by the ingress 
of blood elements into the nervous tissue [96, 97].
The study of the BBB has revealed that its main func-
tions (protection and regulation) are performed primar-
ily due to the structure and combination of all elements, 
from the specific shape of endothelial cells and specific 
tight connections between them, to the placement of 
astrocyte processes in a tight ring around the basement 
membrane [98, 99]. When the nervous system is dam-
aged, as in multiple sclerosis, Guillain-Barré syndrome, 
or myasthenia gravis, the immune system reacts by 
causing systemic inflammation, which is sparked by 
proinflammatory cytokines [100, 101]. According to 
studies, an increase in the concentration of these 
cytokines in the blood can damage the BBB structure 
and increase its permeability by disrupting the tight 
junctions of capillary endothelial cells and other barrier 
components. This data may be used as a foundation for 
the development of therapeutic methods, to control the 
level of proinflammatory cytokines in order to preserve 
the integrity of the BBB.
This issue was addressed by Takeshita et al. [102]. The 
authors built static BBB models to study long-term bar-
rier function, and based on this, they demonstrated that 
IL-6 blockade suppresses BBB dysfunction, preventing 
the onset of visual spectrum neuromyelitis. The authors 
found that inhibition of T-cell migration to nervous tissue 
of the spinal cord was influenced by blocking IL-6 signal 
transduction, which prevented the expansion of BBB 
permeability. IL-6 blockade was achieved by transferring 
immunoglobulin G (NMO-IgG) and satralizumab 
through the BBB using a triple culture system, which 
mimics the close contact with endothelial cells, pericytes, 
and astrocyte processes. Using this BBB model, methods 
to block other pro-inflammatory cytokines, such as IL-1β 
and TNF-α, may be developed.
It is important to consider the ability of proinflamma-
tory cytokines to penetrate the BBB, not only as a 
means to control it, but also as a tool to overcome the 

BBB as an obstacle to drug penetration into nervous 
tissue. Italian researchers, Corti et al., investigated how 
tumour necrosis factor (TNF-α) could be used as a 
“conductor” for drugs to cross the BBB, to travel 
directly to a brain tumour for treatment [103]. The 
authors studied the capabilities and properties of the 
drug, NGR-TNF, a product of peptide and cytokine 
fusion, which includes the NGR-TNF molecule com-
bined with the peptide Cys-Asn-Gly-Arg-Cys-Gly 
(CNGRCG) (denoted as NGR in the drug’s name) and 
the ligand of aminopeptidase N (CD13) of tumour 
blood vessels. The results of preclinical and clinical tri-
als have shown the drug’s effectiveness in altering 
tumour BBB selectivity, which has improved the quality 
of chemotherapy and led to increased patient survival. 
Although it was noted that the drug’s instability and 
molecular heterogeneity could give rise to unwanted 
side effects, this therapeutic approach to enhance BBB 
permeability, allowing the delivery of drugs at the 
tumour site, is promising [103].
In addition to exogenous disrupting factors (brain 
injury, infection, radiation), internal causes, such as 
stress or sleep loss, may also affect BBB integrity. The 
effect of sleep on the regulation of the BBB was studied 
by Hurtado-Alvarado et al. who reported that sleep loss 
in an experimental mouse model provoked a low-grade 
inflammatory state [104]. According to the study results, 
increased BBB permeability was found in the group of 
experimental mice with limited sleep time. The hip-
pocampus of these animals showed an increase in the 
expression of proinflammatory cytokines, such as TNF 
and IFN-γ, as well as adenosine receptor. As a result of 
prolonged sleep loss or disruption, the damaged BBB 
structure may therefore be limited in its ability to 
recover, leading to complex nervous disorders and neu-
rodegenerative diseases [47].
The COVID-19 acute respiratory disease pandemic has 
sparked scientists’ interest in the impact of the highly 
transmissible, pathogenic coronavirus SARS-CoV-2 on 
various body systems. Zhang et al. reported that SARS-
CoV-2 crosses the BBB, accompanied by the destruction 
of the basement membrane without affecting TJs [105]. 
SARS-CoV-2 RNA was detected in vivo in the vascular 
wall, perivascular space and microvascular endothelial 
cells in the brain of infected mice, whereas BBB break-
down was observed in SARS-CoV-2-infected hamsters. 
The study reveals that the SARS-CoV-2 virus damages 
the BBB through a transcellular pathway that bypasses 
TJs and breaks the barrier through endothelial cells.
COVID-19 can trigger hyperactivation of the immune 
system and an uncontrolled release of pro-inflammatory 
cytokines in pulmonary tissues, a process known as a 
“cytokine storm”, which may ultimately result in mul-
ti-organ failure and death. The effect of a cytokine 
storm on BBB integrity is poorly understood, and at 
present there are no studies that identify the type of 
damage to the BBB and the level of its recovery after 
successful treatment of the cytokine storm [106-108].
Chen et al. examined the role of IL-17 in neuroinflam-
mation in an animal model of nitroglycerin-induced 
chronic migraine and reported that nitroglycerin admin-
istration increased BBB permeability and peripheral 
IL-17A permeation into the medulla oblongata, 
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single-cell RNA sequencing. JCI Insight 2021;6.
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expression of selected blood-brain barrier transporters GLUT-1, 
P-gp, SLC7A5 and TFRC, while maintaining barrier integrity, 
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2022;19:1.
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Muneer PM. Impairment of pericyte-endothelium crosstalk 
leads to blood-brain barrier dysfunction following traumatic 
brain injury. Exp Neurol 2019;317:260-70.
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low-density lipoproteins via both LDLR and ALK1. Cells 
2022;11:3044.

27.	 Kadry H, Noorani B, Cucullo L. A blood-brain barrier overview 
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resulting in activated microglia and neuroinflammation, 
and causing hyperalgesia and migraine attack [109]. The 
results of this study suggest that IL-17A might be a 
novel target in the treatment of migraine.

Conclusions

This review was conducted to describe the structure of 
the BBB and the deleterious effect of proinflammatory 
cytokines on its function. Proinflammatory cytokines, 
in particular IL-1β, IL-6, and TNF-α, following their 
interaction with structural elements of the BBB, lead to 
the disruption of TJs of capillary endothelial cells, 
destruction of the structural protein claudin, reduced 
levels of catenin, and damage to astrocytes. These 
inflammatory actions have deleterious effects on the 
structure and permeability of the BBB, and are associ-
ated with pathological processes in the nervous system. 
Taken together, understanding the mechanism of the 
effect of proinflammatory cytokines on the BBB may 
be useful in developing therapeutic methods to neutral-
ise their deleterious action.
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LIST Of ABBREVIATIONS

BBB	 blood-brain barrier structure (BBB) 
CNS	 central nervous system 
IL	 interleukin 
TJs	 tight junctions 
RNA	 ribonucleic acid 
TBI	 traumatic brain injury.
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