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Abstract
Hypoxic ischemic encephalopathy (HIE) refers to brain lesions caused by hypoxia in perinatal neonates, usually combined
with damage or dysfunction of other organs. The pathogenesis of HIE is very complex, which is still unclear, and it is one of
the important subjects of perinatal medicine research. In recent years, the role of immune system in the pathogenesis of HIE
has attracted more and more attention, especially interleukin (IL), which plays an important role in the pathogenesis of HIE.
Therefore, further study on the immune mechanism of neonatal HIE, to realize early diagnosis and early intervention is of great
significance for preventing HIE complications.
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Hypoxic ischemic encephalopathy (HIE) is one of the com-
mon diseases in perinatal neonates, which mainly refers to
hypoxic ischemic brain damage caused by hypoxia in peri-
natal period. Perinatal hypoxia and ischemia are the most
fundamental key factors of HIE, and also the most important
cause of brain injury in perinatal neonates. It is possible to
die when the disease is aggravated, even if the child who is
lucky enough to survive, there will be a series of sequelae,
such as neurological dysfunction.[1] HIE can cause nervous
system sequelae such as mental retardation, cerebral palsy
and seizures, which bring heavy economic burden to family
and society. At present, the pathogenesis of HIE is not very
clear. It may result from a series of inflammatory chain re-
actions due to hypoxia and ischemia in neonates, resulting
in the change of immune function, especially the release of
inflammatory cytokines in vivo, which eventually leads to

pathophysiological changes of HIE. Therefore, the change
of cytokine plays an important role in its pathological dam-
age. In recent years, the relationship between abnormal im-
mune function and perinatal asphyxia in children with HIE
has gradually attracted more attention in this field.[2] The
severity of brain damage is highly depended on the con-
dition of HIE. In serious cases, multiple organs could be
damaged. Other studies have shown that after reperfusion
of cerebral ischemia, HIE was found to reconstitute further
injury of reperfusion at the local brain cells, and released a
large number of cytokines throughout the whole process.[3]

Cytokines are considered to be a class of highly active small
molecule proteins produced by some immunoreactive cells
and some cells related to immunoreactive cells in vivo. The
mononuclear cells in normal human body are rich in various
kinds of immunocompetent cells, such as tumor necrosis
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factor α (TNF-α) and various cytokines such as interleukin
(IL). Cytokines may be involved in the development process
of HIE after asphyxia. The study of cytokines provides an
important laboratory diagnostic basis for the diagnosis and
treatment of HIE. The relationship between the changes of
HIE and IL and its influencing factors is reviewed in our
study.

1 The characteristics of HIE in perinatal
neonates

HIE refers to the brain damage caused by perinatal
asphyxia-induced partial or complete anoxia, reduced or
sudden stoppage of blood flow in brain tissue, often accom-
panied by some changes in nervous system pathology and
pathophysiology. At the same time, a series of symptoms
of encephalopathy occur clinically. According to statistics,
the incidence of HIE is 3%-6%, 15%-20% of HIE children
die in the neonatal period, and 20%-30% in HIE surviving
children may leave the sequelae of nervous system in vary-
ing degrees in China.[4] After neonatal hypoxia, a series of
pathophysiological changes will occur in the body, which
eventually leads to irreversible brain tissue damage. The
first damage is the energy metabolism of the brain cells,
and the effect of HIE on the cerebral blood flow eventu-
ally cause the dysfunction of the regulating function of the
cerebral vessels. In recent years, it has been found that
HIE can induce accelerated apoptosis due to multiple fac-
tors. The action of HIE on inflammatory cells and inflam-
matory factors can cause large aggregation of neutrophils,
activated macrophages and microglia in brain tissue. It can
be seen that inflammatory cells and many inflammatory cy-
tokines may be involved in the brain tissue damage of HIE.
And the study also fully demonstrated that the expression
of cytokines related to this process (IL-1, IL-1β, IL-6, IL-
6 mRNA, IL-8 and so on) was significantly increased. The
level of IL-6 in CSF of children with HIE is also increased
significantly, and is positively correlated with the degree of
brain cell injury. The action of multiple cytokines leads to
brain cell injury.[5]

2 Relationship between HIE and IL-1β

IL-1β is mainly secreted by the activated mononuclear
phagocyte. It can stimulate a variety of chemotactic cy-
tokine production, which is widely involved in occurrence
and development of many diseases.[6] The biological effect
of IL-1β is mainly dependent on its combination with target
cells and corresponding receptors, and is achieved through a
series of complex cellular signal transduction mechanisms.
IL-1β is the earliest inflammatory cytokine that occurs after
HIE hypoxic ischemic brain damage, and is also the key
medium in the immunoregulation of neuroendocrine sys-

tem.[7] Patra et al.[8] have found that neonatal hypoxic and
ischemic injury is an important cause of perinatal brain dam-
age. Proinflammatory cytokines play an important role in
the evolution of this brain injury. IL-1β is the key mediator
of the inflammatory response in the brain. The continuous
elevated level of IL-1β in the brain can lead to severe neu-
rological dysplasia in children after brain injury. The anti-
IL-1β monoclonal antibody can effectively prevent the en-
trance of IL-1β into the blood brain barrier in the fetal sheep
with ischemia. Therefore, children with hypoxic-ischemic
nervous system development could enjoy the benefit from
anti-cytokine therapy. The study results of Ma Z et al.[9]

showed that umbilical cord blood mononuclear cell trans-
plantation combined with hyperbaric oxygen therapy could
reduce the expression of IL-1β and TNF-α protein, improve
the long-term behavioral ability of hypoxic ischemic neona-
tal rats and alleviate brain damage. In Sadowska’s study,[10]

proinflammatory cytokines are involved in inflammatory re-
action of hypoxic-ischemic brain damage, and blood brain
barrier dysfunction is an important part of fetal hypoxic-
ischemic brain damage. In this case, IL-1β passed through
the intact fetal blood-brain barrier, and ischemia/reperfusion
also enhanced the possibility of cytokines entering into the
blood-brain barrier, resulting in brain injury. The IL-1β
level of peripheral blood was also detected, and it was found
that it could transmit through the nerve medium in the cen-
tral nervous system of the body. It enters into the brain cells
through the damaged blood brain barrier. Microglia and as-
trocytes of the nervous system in the brain cells are the main
factors that contribute to creation of IL-1β factors. Some
experiments have shown that the activity of IL-1β in the
brain cells of neonatal rats after hypoxic ischemia increased
significantly. Moreover, the degree of brain hypoxic and is-
chemic injury aggravated when the exogenous IL-1β was
injected into the ventricle. Studies also found that IL-1β
receptor antagonist could significantly reduce the degree of
brain damage.[11]

3 Relationship between HIE and IL-6
IL-6, also known as a proinflammatory cytokine, is involved
in various inflammatory processes, such as many kinds of
infections, stimulating the growth of other inflammatory
cells, promoting the differentiation of inflammatory cells
and accelerating the protein synthesis in the acute phase
of inflammatory cells. And it plays an important role in
the inflammatory response and immune response of the dis-
ease.[12] IL-6 is an important cytokine that regulates the
anti-infection and defense function of the body, and it has
a wide range of biological effects. Some scholars believe
that IL-6 is probably the best index to reflect the severity of
infection or non-infection stress.[13] Gillani et al.[14] found
that IL-6 and IL-18 could play an important role in the in-
flammatory response of HIE. γ-aminobutyric acid B-type
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receptor antagonists (CGP 35348 and 55845) can change
IL-6 and IL-18 levels in vivo of HIE mice. Orrock et al.[15]

also showed that inflammatory cytokines in HIE newborn
were significantly increased. In particular, the increase of
IL-6 and IL-10 was more obvious, causing certain damage
to the nervous system of the newborn. So, early nerve tis-
sue protection and intervention are essential. The increase
of serum IL-6, TNF-α and high sensitivity C reactive pro-
tein levels in HIE patients were demonstrated in the study by
Shang et al.[16] The increase in the levels of these inflamma-
tory mediators is associated with the severity of the disease,
and is also positively related to the prognosis of the disease.
Li et al. showed that inflammatory cytokines, such as TNF-
α and IL-6, could promote HIE-induced neuronal apoptosis
in HIE neonatal rats when reaching the peak injury level for
24-72 h after brain injury.[17] Iqbal et al.[18] demonstrated
that IL-6 had a neuroprotective effect on cerebral ischemia
in HIE.

4 Relationship between HIE and IL-10
IL-10 is a single chain glycoprotein produced by Th2 cells,
and is an inhibitor of cellular immune response. IL-10 can
inhibit the secretion of cytokines (IL-1, IL-6 and TNF-α,
etc.) from leukocytes and microglia in vitro, but also in-
hibit the aggregation of leukocytes and the production of
chemokines.[19] Moreover, IL-10 can reduce the delayed
damage of cerebral ischemia, indicating the neuroprotec-
tive effect of IL-10.[20] It has been reported that the apopto-
sis rate of neurons is positively correlated with the level of
TNF-α and IL-6. Inflammatory cytokines TNF-α and IL-
6 promote HIE-induced neuronal apoptosis, and the rate of
neuronal apoptosis is negatively correlated with IL-10 and
glial cell line derived neurotrophic factor. In other words,
IL-10 and glial cell derived neurotrophic factors can antag-
onize HIE-induced neuronal apoptosis.[17]

Brain injury includes trauma, infection and perinatal injury,
for example, HIE can produce inflammation in the brain.
Cytokines can not only promote the occurrence of inflam-
mation, but also resist it. IL-1β and IL-8 are proinflam-
matory cytokines, which can activate extra cytokines and
increase seizure susceptibility and organ damage. IL-1 re-
ceptor antagonists and IL-10 as anti-inflammatory cytokines
play a protective and anticonvulsant role in brain tissue.[21]

Liu KY et al.[22] showed that the changes in serum IL-10
level in children with HIE were closely related to the con-
dition of the disease. That is to say, the serum IL-10 level
in acute phase is significantly higher than that in recovery
stage. The more severe the disease is, the higher serum
IL-10 level would be. With the improvement of HIE con-
dition, serum IL-10 level gradually returns to normal level.
At the same time, the changes of serum IL-10 and mono-
cyte chemoattractant protein 1 were found to be synergistic.
Therefore, detection of changes in serum IL-10 and mono-

cyte chemoattractant protein 1 can be used as a laboratory
indicator to determine the efficacy of HIE and the severity
of the disease in time. Moon et al.[23] explored the changes
in cytokines in the HIE newborn with low temperature treat-
ment. The results showed that the level of cytokine IL-6 in
the normal temperature group was significantly higher than
that in the low temperature group, but the level of cytokine
IL-10 was significantly higher than that in the normal tem-
perature group. This indicates that hypothermia plays an
important role in preventing the process of inflammation. It
can maintain low level of cytokine IL-6 in the body, and
keep the anti-inflammatory IL-10 at a high level.

5 Relationship between HIE and IL-18

IL-18 is a pleiotropic cytokine. It plays an important role in
the immune response of body cells and the regulation of var-
ious physiological functions under normal condition. The
biological activity of IL-18 is varied, whose main function is
to release the activity of pro-inflammatory factor and impose
its potential inflammatory effect.[24] IL-18 is closely related
to the occurrence of hypoxic ischemic brain damage caused
by perinatal asphyxia. IL-18, as an anti-inflammatory cy-
tokine, protects the brain, while it also causes damage to
the brain at the same time as a kind of inflammatory cy-
tokine.[25] Sumanovic-Glamuzina et al.[26] found that the
determination of serum IL-6, TNF-α and IL-18 levels could
reflect the severity and prognosis of HIE in children com-
pared with cerebrospinal fluid. Liu CQ et al.[27] showed that
selective head mild hypothermia treatment for HIE neonates
can inhibit the release of Caspase-3 and the expression of
IL-18 in moderate and severe HIE of neonates. It proves that
hypothermia cooling can protect neonates from HIE dam-
age.

Yang MH et al.[28] reported that the expression level of IL-
18 in children with moderate and severe HIE was higher
than that in mild group. The expression level of IL-18 is
related to the severity of the disease. That is, the more the
brain cells are hypoxic and ischemia, the more severe the
brain edema and brain cells are, the more obvious the ex-
pression of IL-18 is. The up-regulation of IL-18 after HIE
suggests that it is involved in the HIE pathological process
and inflammatory reaction of immature brain cells, and the
reasonable intervention of its expression and activity may
inhibit the excessive inflammatory reaction. Inflammation
is an important factor in HIE. IL-18 is a pro-inflammatory
cytokine, which may be one of the reasons for the injury of
immature brain after HIE. The study found that the treat-
ment of hypothermia after HIE could reduce the level of
IL-18 mRNA and protein. At the same time, hypothermia
therapy after HIE may also reduce the activation of small
neuroglia in the brain development of the child.[29]
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6 Relationship between HIE and other ILs

During the 6 months after birth, the serum IL-1β, IL-6, IL-8
and IL-1Ra increased significantly in HIE children, which
fully reflected the severity of HIE in children with brain in-
jury. Moreover, the obvious elevation of IL-8 can be used as
a biological marker for the prognosis of early HIE brain in-
jury, which is easy to occur in neonatal convulsion.[30] Quin-
iou et al.[31] confirmed the leading role of IL-1 in hypoxic-
ischemic brain damage as an important proinflammatory cy-
tokine. It is involved in the whole process of the occurrence
and development of hypoxic-ischemic brain damage. Some
studies also demonstrate that IL-1 plays its functions by in-
teracting with the IL-1 receptor. IL-1 receptor antagonist
can compete with IL-1 to combine IL-1 receptor and block
the activity of IL-1, thus reducing the IL-1β mediated cere-
bral ischemia/reperfusion injury.[32, 33] In vivo and in vitro
studies of Girard[34] showed that the level of IL-2 mRNA
and protein increased significantly and the T lymphocyte
decreased significantly during the hypoxic-ischemic brain
injury. The expression level of T lymphocyte subsets and
membrane IL-2 receptor in serum of children with HIE was
observed by IL-1 receptor antagonism in Wang and Lu’s re-
search.[35] Walsh et al.[36] explored the relationship between
multiple umbilical cord blood proteins and the severity of
HIE by using continuous multi-channel electroencephalog-
raphy. The results showed that IL-6 and IL-16 in umbilical
cord blood were related to the electroencephalogram clas-
sification of HIE. The combination of IL-16 and the Apgar

score after the birth of the newborn at 10 min can predict
the occurrence of abnormal EEG. The study results of Wu
XB et al.[37] showed that the serum levels of IL-17 and IL-
23 in the moderate and severe HIE group were significantly
higher than those in the normal control group. There is im-
balance in the expression of cytokines in peripheral blood of
children with HIE. Detection of peripheral blood regulatory
T cells and Th17 and cytokines level has certain clinical sig-
nificance in judging the progress of HIE and guiding clinical
treatment.

7 Conclusions
HIE is a common disease of the newborns. The pathogen-
esis of HIE is very complex, which is still unclear, and it
is one of the important subjects of perinatal medicine re-
search. In recent years, the relationship between cytokine
and HIE has become a hot topic. Vivo and vitro studies con-
firm that some cytokines, especially ILs mediate and partic-
ipate in the pathological process of hypoxic-ischemic brain
damage, and play an important role in the occurrence and
development of HIE. These studies provide a new theoreti-
cal basis for further elucidating the pathogenesis of HIE and
to explore the way of clinical immunotherapy.
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