
REVIEWARTICLE

Interleukin 6 and cognitive dysfunction

Isabel Trapero & Omar Cauli

Received: 24 January 2014 /Accepted: 21 April 2014 /Published online: 30 April 2014
# Springer Science+Business Media New York 2014

Abstract The interleukin-6 (IL-6) is a pleiotropic cytokine
that plays a key role in interaction between immune and
nervous system. Although IL-6 has neurotrophic properties
and beneficial effects in the CNS, its overexpression is gen-
erally detrimental, adding to the pathophysiology associated
with CNS disorders. The source of the increase in peripheral
IL-6 remains to be established and varies among different
pathologies, but has been found to be associated with cogni-
tive dysfunction in several pathologies. This comprehensive
review provides an update summary of the studies performed
in humans concerning the role of central and peripheral IL-6 in
cognitive dysfunction in dementias and in other systemic
diseases accompained by cognitive dysfuction such as cardio-
vascular, liver disease, Behçet’s disease and systemic lupus
erythematosus. Further research is needed to correlate specific
deficits in IL-6 and its receptors in pathologies characterized
by cognitive dysfunction and to understand how systemic IL-
6 affects high cerebral function in order to open new directions
in pharmacological treatments that modulate IL-6 signalling.
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Introduction

Interleukin-6 (IL-6) belongs to the neuropoietic cytokines
family which members have a molecular weight of 21 kDa
in their non-glycosylated form (May et al. 1991). The IL6
gene contains four introns and five exons and it is located at

chromosome 7p21 in the human genome. The cytokine is
synthesized by a variety of cells including monocytes, fibro-
blasts, endothelial cells and various cell types of central ner-
vous system (CNS), and its concentration is modulated by
numerous factors including proinflammatory agents, viral and
bacterial pathogens, neurotransmitters, and second messen-
gers (Gruol and Nelson Gruol and Nelson 1997). The complex
regulation of IL-6 gene expression is provided by different
binding sites for transcription factors including those for nucle-
ar factor KB (NF-KB), nuclear factor-IL-6 (NF-IL-6), and
activator protein-i, and two glucocorticoidresponsive elements
(GRE 1 and GRE2) (Dendorfer et al. 1994). Under physiolog-
ical conditions, IL-6 levels in the CNS are low, while its levels
increase during brain injury, inflammation, and disease. Anoth-
er cause that leads to an increase in brain IL-6 concentration in
the brain is the net influx from to blood into brain parenchyma
leading to an eventual increase in central production of inflam-
matory cytokine (Di Santo et al. 1996).

In this review we present an update summary of the
role of IL-6 in cognitive impairment in dementias and
systemic disease that manifest with cogni t ive
impairment.

In particular we structured the review in the follow-
ing sections:

– Distribution of IL-6 and its receptors in the brain
– The roles of IL-6 in the brain
– Alterations of central and peripheral IL-6 concentration in

Alzheimer’s disease, vascular dementia, Levy body
dementia.

– The relationship between IL-6 concentration in blood and
cognitive impairment in pathologies accompanied by an
increase production of the cytokine (cardiovascular, liver
disease, Behçet’s disease and systemic lupus
erythematosus).

I. Trapero :O. Cauli (*)
Department of Nursing, University of Valencia, 46010 Valencia,
Spain
e-mail: Omar.Cauli@uv.es

Metab Brain Dis (2014) 29:593–608
DOI 10.1007/s11011-014-9551-2



– The mechanisms by which IL-6 may induce cognitive
impairment.

– Distribution of IL-6 and its receptors in central nervous
system

IL-6 activates a cell surface signalling assembly comprised of
two membrane proteins, the IL6Rα is the ligand binding α-
subunit receptors and gp130, the signal transducing β- subunit.
The mature form of IL6-Rα is a glycosylated 80 kDa derived
from 50 kDa precursor protein (Varghese et al. 2002. Firstly IL-6
binds to IL- 6Rα and then presented to gp130 in the proper
geometry to facilitate a cooperative transition into the high-
affinity, signaling-competent hexamer (Gruol and Nelson 1997;
Boulanger et al. 20033). The IL6-Rα also exists in a soluble form
(Peters et al. 1998). In contrast to other soluble cytokine recep-
tors, the complex formed by IL-6 with its soluble receptor is able
to interact with gp130 on target cells, thereby triggering the IL-6
signal transduction pathway on cells, which do not express the
IL-6R, and which are unresponsive to IL-6 (Fig. 1). This process
has been called trans-signaling IL-6 and it can take place on all
cells of the body since all cells express gp130 (Rose-John 2012
for review). Distinct cytokines that display overlapping biologi-
cal activities possess a ligand-binding α-chain and signal-α-
transducing β-chain. IL-6 belongs to family of citokines (with
IL-11, oncostatin M, leukemia inhibitory factor, ciliary neuro-
trophic factor and cardiotrophin-1 (CT-1), cardiotrophin-like cy-
tokine (CLC), neuropoietin (NPN), IL-27 and IL-31) that bind to
the β-chain of gp130 receptor (Boulanger et al. 2003). Stimula-
tion of gp130 receptors leads to intracellular activation of Src and
Janus tyrosine kinases, STAT transcription factors and Ras-
mediated signalling (Heinrich et al. 1998; Chow et al. Chow
et al. 2001). In the periphery, IL-6 stimulates several types of

leukocytes, the production of acute phase proteins in the liver and
activation of acute-phase plasma proteins genes (Gauldie et al.
1987). IL-6 plays a key role in the differentiation of B lympho-
cytes (Kopf et al. 1994) and protein breakdown in muscle
(Goodman 1994).

Expression of IL-6 and its receptors in the brain

Under physiological conditions IL-6 mRNA is almost unde-
tectable in the rat brain, but its transcription cab be increased
after inflammatory signal such as administration of bacterial
lipopolysaccharide (LPS). The increase in IL-6 mRNA occurs
in the choroid plexus and the sensorial circumventricular
organs (CVOs) such organum vasculosum lamaniae
terminalis, subfornical organ, median eminence and area
postrema (Vallières and Rivest 1997). These brain areas are
located outside the blood brain barrier (BBB) thus they can
transmit the information coming from the periphery to specific
brain areas isolated by the BBB. Hampel et al. (2005)) ana-
lyzed the expression of IL-6 in five regions of the human brain
(frontal-, temporal-, parietal-, occipital cortex and cerebellum)
and found that it is extensively distributed in white matter of
these brain areas. IL-6 is expressed in many cell type of CNS,
i.e. astroglia, microglia, neurons and endotelial cells (Gadient
and Otten 1997. Oligodendrocytes seem do not express IL-6
receptor mRNA (Sawada et al. 1995). In contrast to the faint
IL-6 mRNA, the expression of IL-6 R mRNA is stronger and
it’s heterogeneously distributed in the rat brain. The strongest
expression is observed in the pyramidal cells of CA1-CA4
regions of the hippocampus, the granular cell layer of the
dentate gyrus and the cerebellum. In the cerebral cortex,

Fig. 1 Schematic representation
of IL-6, its receptors and the
signal transducer gp130. (A) IL-6
first binds to the membrane-
bound IL-6R. This complex
associates with the protein gp130
thereby inducing JAK kinase
activation, which in turn induces
the activation of STAT family
proteins. The activated STAT
proteins translocate into the
nucleus and activate intracellular
signalling. (B) the complex
formed by IL-6 with its soluble
receptor (sIL-6R) is able to
interact with gp130 on target
cells, thereby triggering the IL-6
signal transduction pathway on
cells, which do not express the IL-
6R (trans-signalling pathway)
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IL-6 R mRNA is abundant in septohippocampal nucleus,
claustrum and layer 2 of pyriform cortex. Lower staining is
observed in other cortical regions, bed nucleus of stria
terminalis, central nucleus of amygdale ependymal lining cells
of the ventricular system, the CVOS and the vascular organ of
the lamina terminalis. White matter regions also show IL-6 R
mRNA expression (Gadient and Otten 1993; Schöbitz et al.
1993; Gadient and Otten 1994a). LPS stimulates the expres-
sion of IL-6 receptor mRNA in CVOs, medial preoptic area,
bed nucleos of stria terminalis, central nucleus of amygdala,
hippocampus, paraventricular nucleus of the hypothalamus,
pyriform and septohippocampal cortex, claustrum and in brain
blood vessels (Vallières and Rivest 1997). IL-1 β stimulates
the expression of IL-6 RmRNA in blood vessels although less
intensely than LPS. Basal expression of IL-6 and IL-6 recep-
tors mRNA has also been observed by using oligonucleotide
probes in several brain areas i.e. the pyriform cortex, pyrami-
dal and granular neurons of the hippocampus, hypothalamus,
habenula and granular cells of the cerebellum and white
matter (Schöbitz et al. 1993). The fact that expression
of IL-6 and its receptors is detectable under physiolog-
ical conditions suggests that it may regulate physiolog-
ical functions of brain cells.

Expression of the signal transducer gp130

gp130 mRNA is present in high quantities and is heteroge-
neously distributed in rat brains. Higher gp130 expression
compared to IL-6 receptors is not surprising since gp130 serves
as signal transducer for IL-6 and other cytokines as mentioned
above. In contrast to IL-6 receptor mRNA, gp130 mRNA is
absent in white matter regions such as the anterior commissure,
corpus callosum, fornix, and optic tract (Vallières and Rivest
1997). gp130 mRNA expression is increased after lipopolysac-
charide (LPS) infusion, but remains unchanged following IL-1
β infusion into the organum vasculosum laminae terminalis and
the endothelium of brain capillaries (Vallières and Rivest 1997).
Membrane-bound gp130 localises to astroglia, microglia, neu-
rons and endothelial cells in human controls, and its expression
is higher compared to IL-6 and IL-6R (Hampel et al. 2005).
Membrane-bound gp130 consistently shows strong expression
in all brain regions, with no prominent differences between
frontal-, temporal-, parietal-, occipital cortex, and cerebellum
tissues (Hampel et al. 2005).

Roles of IL-6 in the brain

IL-6 is generally viewed as a destructive, proinflammatory
cytokine which induces inflammatory acute-phase protein
expression; these proteins act as major pyrogens increasing
vascular permeability, lymphocyte activation, and antibody

synthesis. Although IL-6 overexpression is generally detri-
mental and can add to the pathology of several CNS disorders,
there is evidence that IL-6 may also have anti-inflammatory
and immunosuppressive properties, regulates neuronal surviv-
al and function (Guzmán and Hallal-Calleros 2010) at low
levels. In the CNS, IL-6 can also act as an indirect immuno-
suppressant because it potently stimulates the pituitary-
adrenal axis (Mastorakos and Ilias 2006; Girotti et al. 2012)
eliciting the release of adrenocorticotropic hormones that, in
turn, increase the synthesis of glucocorticoids by the adrenal
gland. IL-6 also inhibits interferon-g (IFN-g), IL-1 β, and
lipopolysaccharide (LPS)-induced synthesis of TNF-α protein
in glial cells at the post-transcriptional and/or post-
translational level (Shrikant et al. 1995). IL-6 promotes
in vitro survival of acetylcholinesterase-positive neurons from
embryonic rat spinal cord (Kushima and Hatanaka 1992) and
catecholaminergic neurons from fetal and postnatal rat mid-
brains (Kushima et al. 1992). IL-6 also protects cultured
hippocampal neurons against glutamate-induced death,
excitoxicity induced by the glutamate receptor agonist
NMDA in rat striatal cholinergic neurons in vivo (Toulmond
et al. 1992), MPP+ neurotoxicity (Akaneya et al. 1995),
ischemia and nerve injury (Hirohata 1996). Moreover, IL-6
may also act on oligodendrocyte survival in the nervous system
(Barres et al. 1993) as well as regulating food intake and sleep
(Kent et al. 1992; Wallenius et al. 2002).

It has also been suggested that IL-6 may be involved in
repair mechanisms following traumatic brain injury by in-
creasing nerve growth factor secretion by astrocytes
(Kossmann et al. 1996). Evidence has also been found that
IL-6 acts as a neuroprotector in diabetic neuropathy
(Andriambeloson et al. 2006). The stability of this IL-6/sIL-
6R/gp130 complex determines the balance between these
three proteins and thus determines if an IL-6-specific signal
is initiated, thus switching IL-6-mediated effects from neuro-
protection to neurotoxicity.

Among its central functions, IL-6 increases body tempera-
ture, disrupts the blood–brain barrier (BBB) and stimulates
gliosis (Schöbitz et al. 1994). Like the resident immunocom-
petent cells such as astrocytes or microglia, neurons can also
release IL-6 both in vivo and in vitro. Although some reports
indicate that neurons express IL-6 under normal physiological
conditions (Schöbitz et al. 1993; Gadient and Otten 1994b;
März et al. 1997), this expression is profoundly increased in
cerebral ischemia and after axotomy (Murphy et al. 1995;
Suzuki et al. 1999). IL-6 expression in neurons contributes
to glial cell activation (Klein et al. 1997), protects
neighbouring neurons (Hama et al. 1991; Yamada and
Hatanaka 1994), and supports the regeneration of peripheral
nerves after lesion (Zhong et al. 1999). However, chronic
neuronal exposure to IL-6 increases Ca2+ influx in response
to NMDA (N-methyl-D-aspartate) which causes cell death
(Qiu et al. 1998).
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Role of IL-6 in cognitive impairment

Cognitive symptoms related to IL-6 include the core clinical
signs of dementia, and other systemic pathologies (liver cir-
rhosis, cardiovascular diseases, etc.) that can also present
cognitive impairment. In the following sections we separately
review these data because the conclusions that can be drawn
from differ between pathologies.

IL-6 in Alzheimer’s disease

Alzheimer’s disease (AD) is a leading cause of dementia in the
elderly population. Its principal pathological hallmarks are the
deposition of extracellular Aβ plaques, formation of intracel-
lular neurofibrillary tangles, and features of general brain
inflammation: activation of microglia, astrocytosis, and pro-
duction of several proinflammatory mediators, including IL-6.
Bauer et al. (1992) first reported increased IL-6 expres-
sion in AD patient brain tissues at autopsy, and since
then many studies have analysed the concentration of
IL-6 in AD patient brain, cerebrospinal fluid (CSF), and
blood samples (See Table 1).

Hampel et al. (2005) found a consistent increase in IL-6 and
IL-6R expression in AD patient brain sections, although
membrane-bound gp130 is strongly and uniformly expressed in
both control and AD individuals. In particular, IL-6 expression is
increased in the parietal cortex and decreased in occipital and
temporal cortices compared to controls, whereas expression of
IL-6R is strongly increased in frontal and occipital cortices and
decreased in temporal cortex and the cerebellum compared to
controls (Hampel et al. 2005). However, the decreased levels of
IL-6 in the temporal cortex reported by Hampel et al. (2005) do
not agree with those found by Wood et al. (1993) who reported
increased IL-6 concentrations in AD temporal cortex homoge-
nates compared to controls. Moreover, (Hull et al. (1996a;
1996b) , did not find IL-6 expression in the brains of elderly
control subjects but did find increased levels in AD patient
plaques. These discrepancies may be attributable to methodolog-
ical differences, since ELISA assays on brain tissue homogenates
are very limited in their reliability and reproducibility.

Also worth considering is that patients with late-onset AD
have significantly higher IL-6 levels compared to those with
early-onset AD (Jellinger 2009). Huell et al. (1995) investi-
gated the appearance of IL-6 immunoreactivity in AD plaques
according to the stage of plaque formation and showed that
IL-6 appeared to be linked to early plaque-formation stages,
suggesting that it might be a factor related to the early histo-
pathological changes occurring in neurodegenerative process-
es. Some reports also show that levels of CSF IL-6 are not
altered in patients with AD (Tarkowski et al. 2003; Wada-Isoe
et al. 2004), which directly contrasts with the findings of other
studies (Jia et al. 2005; Jellinger 2009). However, careful
analysis of the clinical history of these AD patients suggests

that patients with high IL-6 levels had a relatively short
disease history, suggesting a relationship between CSF IL-6
levels with a longer duration and higher degree of dementia.
Several studies have evaluated the concentration of IL-6 in
AD patients’ blood, and although several reports described an
elevated peripheral blood IL-6 concentration in AD (Licastro
et al. 2000; Akiyama et al. 2000; Engelhart et al. 2004) there
are other conflicting results (see Table 1).

Interestingly, activation of the CNS inflammatory response
in rats by intracerebroventricular injection of IL-1b results in
an increased serum IL-6 concentration (De Simoni et al.
1993). Moreover, the same experiment in primates resulted
in increased IL-6 concentrations in both CSF and blood (Xiao
et al. 1999). Thus, it seems that the CNS is not only able to
produce IL-6, but can also contribute to the peripheral cyto-
kine pool. Indeed, many investigators support the hypothesis
that systemic IL-6 production outside the CNS can affect brain
function and cognition in inflammatory disorders, but this
mechanism of pathogenesis is difficult to establish empirical-
ly, and so far has always been induced by other cytokines (e.g.
IL-1) or by LPS administration. Shalit et al. (1994) demon-
strated that phytohaemagglutinin (PHA)-stimulated IL-6 re-
lease in mononuclear cells is increased in AD patients, al-
though this increase was not apparent in patients with late
onset AD (Sala et al. 2003; Zuliani et al. 2007b). IL-6 secre-
tion is also decreased in severely demented patients versus
controls, suggesting that it might negatively correlate with the
severity of dementia (Sala et al. 2003), which also agrees with
in vitro study findings suggesting that IL-6 acts as a neuro-
protective molecule (Tarkowski et al. 2003). However, normal
serum IL-6 levels were found in the early stages of late-onset
sporadic AD (van Duijn et al. 1990; Kalman et al. 2009)
suggesting AD subtype might play a role in the discrepancies
observed between studies. Confounding these findings, in-
creases in IL-6 serum levels may relate to several factors,
including aging (Kalman et al. 1997; Ershler and Keller
2000) or the presence of latent infectious, inflammatory, or
malignant diseases in the late stages of the dementia.

Nevertheless, normal serum and CSF IL-6 levels in the
mild-moderate stage of AD do not exclude local elevation in
the CNS (Berkenbosch et al. 1992; Nybo et al. 2002). Indeed,
intrathecal inflammation has been reported to precede the
development of AD in patients who initially presented with
mild cognitive impairment (Tarkowski et al. 2003); this could
be explained by increased BBB permeability, allowing IL-6 to
enter the brain more easily, and also explaining why IL-6
levels are increased in the CSF but not in blood in the late
stages of AD. The positive correlation between blood serum
IL-6 levels and the severity of dementia could indicate that
this cytokine might be a stage marker rather than a state
marker in AD. Although many studies have failed to show
this correlation, it has been proposed that genetic polymor-
phismsmay play a role in this variability (Licastro et al. 2003).
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IL-6 in Lewy body dementia

Dementia with Lewy bodies (DLB) is the second most com-
mon form of dementia following Alzheimer’s disease (AD),
which account for about 20% and 60% of dementias respec-
tively. DLB tends to affect males more than females, with the
typical age of onset between 50 and 80, and the illness usually
lasting about 6 years before death (Cercy and Bylsma 1997).
DLB generally shows a more rapid progression than AD,
which may be due to the neuroleptic medication sometimes
used, as it is associated with an increase in morbidity and
mortality rates. Clinical diagnosis of DLB includes the pres-
ence of three core features: fluctuating alertness/cognition,
recurrent fully-formed visual hallucinations, and spontaneous
parkinsonism (McKeith et al. 1996). The defining neuropath-
ological features of DLB are the presence of Lewy bodies,
Lewy neurites, and spongiform encephalopathy in the amyg-
dala, entorrhinal cortex and temporal gyrus, paralimbic and
neocortical regions, and substantia nigra (McKeith et al.
1996). Lewy bodies are rounded intracytoplasmic neuronal
inclusions and Lewy neurites are diffuse and filamentous
inclusions. Patients with DLB exhibit a diffuse plaque-only
pathology with rare neocortical neurofibrillary tangles as op-
posed to the widespread neurofibrillary-tau tangles observed
in AD patients. Increased mRNA IL-6 expression, as mea-
sured by RT-PCR, has been reported in the hippocampus,
putamen, and cingulated cortex in the brains of patients who
died with DLB compared to undetectable expression in con-
trol subjects (Imamura et al. 2004). The increase in IL-6 and
other pro-inflammatory cytokines such IL-1 β and TNF-α is
likely due to the increased expression of microglia cells in
these brain structures (Imamura et al. 2004; Sawada et al.
2006). Interestingly, identical changes were observed in the
same brain areas of patients with Parkinson’s disease, sug-
gesting a link to the neurodegenerative processes occurring in
these neurodegenerative diseases (Imamura et al. 2004;
Sawada et al. 2006). CSF IL-6 concentration is not signifi-
cantly increased in DLB patients, indicating a selective, rather
than general, increase in specific brain areas (Gómez-
Tortosa et al. 2003). To our knowledge, no data have
been published regarding changes in blood IL-6 concen-
tration in DLB patients.

IL-6 in vascular dementia

Vascular dementia (VD) encompasses many clinical syn-
dromes because it can result from a variety of pathogenic
mechanisms (Amos 2002). VD is defined as the loss of
cognitive function resulting from schemic-hypoxic, or
haemorrhagic brain tissue lesions due to cardiovascular dis-
ease and cardiovascular pathological changes (Baskys and
Cheng 2012). In contrast to the highly variable results obtain-
ed in AD, there is a consensus in the literature about the

increase of IL-6 concentration in plasma and CSF in patients
with VD, suggesting that inflammatory mechanisms may be
involved in the development of cognitive impairment in some
patients with cerebrovascular disease (Wada-Isoe et al. 2004;
Jia et al. 2005; Zuliani et al. 2007b). The increase in IL-6
concentration in plasma and CSF in VD patients is higher than
that observed in AD patients (Wada-Isoe et al. 2004; Jia et al.
2005; Zuliani et al. 2007a; Zuliani et al. 2007b). In addition,
functional status (assessed on the Barthel score) is inversely
associatedwith IL-6 blood plasma concentration (Zuliani et al.
2007a; Zuliani et al. 2007b), although the mechanisms linking
IL-6 levels and functional status have not yet been identified.
High levels of IL-6 have been associated with a number of
diseases (including atherosclerosis, coronoray hearth disease,
stroke, hypertension, congestive heart failure, and diabetes)
which are more common in VD and are linked to disability
(Fried and Guralnik 1997; Krabbe et al. 2004). Moerover,
high IL-6 promotes anaemia, fatigue, muscle wasting, and a
reduction in muscle strength (Visser et al. 2002; Cesari et al.
2004) which can cause a decline in the functional status of
patients. The association between IL-6 levels and Mini-
Mental State Examination (MMSE) score is not significant
in patients with VD, therefore suggesting that elevated periph-
eral IL-6 does not accurately reflect the degree of brain dam-
age and/or functional impairment caused by this cytokine.

The reason for increased CSF IL-6 in VD patients could be
due to reactive inflammation in the CNS observed in some
cardiovascular disease (Egashira 2003) and/or to brain ische-
mia and hypoxia that in turn, leads to degeneration of nerve
fibers. When this damage occurs, glial cells react to clear
damage fibers and produce reactive inflammation leading to
overproduction of inflammatory cytokines included IL-6
(Stys and Jiang 2002). Finally, a genetic association of IL-6
polymorphism with multi-infarct dementia has been demon-
strated (Pola et al. 2002).

IL-6 and cognitive impairment in patients with cardiovascular
disease

Cognitive impairment after hearth stroke is characterized by
deficits in global cognition, as well as domain-specific impair-
ments involving executive function, language, visuospatial
ability, and/or memory in a third of patients (Tatemichi et al.
1994). Interestingly, peripheral IL-6 concentration significant-
ly correlates with MMSE in post-cardioinfarction patients
(Rothenburg et al. 2010). Cognitive decline after coronary
artery bypass grafting (CABG) is also recognized and well
documented (Hammeke and Hastings 1988; Borowicz et al.
1996). Additionally, microembolism, brain hypoperfusion,
non-pulsatile flow, and inflammatory responses during car-
diopulmonary bypass (CPB), also result in a similar cognitive
impairment (Henriksen et al. 1983; Pugsley et al. 1994),
however there is little agreement on the mechanisms which
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underlie it. The incidence of cognitive decline after CABG
ranges from 24% to 57% in the first 6 months (Savageau et al.
1982; Shaw et al. 1987); one week post-operation the concen-
tration of IL-6 in CSF is significantly increased (Kálmán et al.
2006) and does not normalize for more than six months after
surgery. Overproduction of IL-6 after CABG might play a
crucial role in triggering the development of cognitive dys-
function, even while still on the operating table, and elevated
levels immediately after surgery may reflect increased risk of
cognitive changes and the development of focal neurological
deficits, e.g., stroke. A prospective observational study on
2632 elderly people by Yaffe et al. (2004), investigated the
association of metabolic syndrome (a clustering of several
commonly occurring disorders including hypertension, ab-
dominal obesity, hypertriglyceridemia, low high-density lipo-
protein (HDL) levels, and hyperglycaemia) and high IL-6with
a change in cognition after three and five years. Subjects with
the metabolic syndrome were more likely to have cognitive
impairment, and individuals with both metabolic syndrome
and a high IL-6 blood concentration had a greater 4-year
cognitive decline compared to those with only metabolic
syndrome (Yaffe et al. 2004). A cross-sectional analysis per-
formed in more than 5000 older individuals (the PROSPER
study) with a history of cardiovascular disease showed that
higher IL-6 concentration in blood is associated with an
increased rate of cognitive disfunction (Mooijaart et al.
2013). Alexander et al. (2014) demonstrated that high con-
centration of IL-6 in blood predicts delirium or coma and thus,
a higher mortality risk in severely ill patients. Recently, IL-6
overexpression in blood has been related to cognitive decline
after adjusting for vascular risk factors in older individuals
(Economos et al. 2013).

IL-6 and cognitive impairment in liver disease

During liver disease a wide range of pro-inflammatory
markers are released into the blood stream. The concentration
of IL-6 in blood serum has been positively correlated to
cognitive impairment both in patients with liver cirrhosis
(Montoliu et al. 2009; Jain et al. 2012; Luo et al. 2012)
(Table 2) and in an animal model of hepatic encephalopathy
(Cauli et al. 2007). Cirrhotic patients with IL-6 levels lower
than 11 pg/ml do not show cognitive dysfunction, termed
minimal hepatic encephalopathy (MHE) whereas patients
with IL-6 levels above 11 pg/ml show MHE (Montoliu et al.
2009). IL-6 has good sensitivity (82 %) and specificity of 71
% suggesting that it’s a good biomarker of cognitive dysfunc-
tion in these patients. Logistic regression analysis using the
presence of MHE as dependent variable and IL-6 showed that
has predictive value to detect MHE (Montoliu et al. 2011).
Interestingly in cirrhotic patients, the presence of moderate
levels of both hyperammonemia and inflammation are re-
quired for induction of mild cognitive impairment whereas T
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in inflammation or hyperammonemia alone does not, thus
suggesting a synergism between two pathophysiological fac-
tors in the mediation of cognitive impairment. It cannot be
ruled out that other types of cognitive function could be
altered by hyperammonemia or inflammation alone, but im-
pairment of the type of cognitive function assessed by the
psychometric hepatic encephalopathy score (PHES) battery
(the gold-standard in the detection of MHE) seem to require
some grades of both hyperammonemia and inflammation. The
exact mechanism by which IL-6 can induce cognitive impair-
ment in liver cirrhosis is unknown, but several studies have
provided plausible explanations. IL-6 has been reported by
Weaver et al. (2002) to correlate with a cognitive decline in
older people and Krabbe et al. (2005) showed a negative
association between IL-6 serum levels and memory deficits
during low-dose endotoxemia. Furthermore, IL-6 can alter the
signal transduction related to some neurotransmitter receptors,
and in particular, chronic exposure to IL-6 alters metabotropic
glutamate receptor-activated calcium signalling in cerebellar
neurons (Nelson et al. 2004).

IL-6 in Behçet’s disease

Behçet’s disease (BD) is a multisystem inflammatory/
autoimmune disorder characterized by recurrent oral and genital
ulcers, skin lesions, and relapsing uveitis (Inaba 1984; Sakane
et al. 1999; Hirohata and Kikuchi 2003). A large percentage of
patients with BD show a wide range of neurological problems
(neuro-Behçet’s syndrome), indicating central nervous system
involvement (Akman-Demir et al. 1999). The most predominant
neuro-Behçet’s syndrome involves the parenchyma, brainstem,
and/or spinal cord, with neuropsychological testing showing
memory disturbances and cognitive impairment in most patients,
and impairment to learning and recall processes in both verbal
and visual modalities (Oktem-Tanör et al. 1999; Akman-Demir
et al. 1999; Monastero et al. 2004; Cavaco et al. 2009). This
cognitive impairment tends to worsen with time, independently
of acute attacks (Oktem-Tanör et al. 1999), and is associated with
poor outcome (Akman-Demir et al. 1999). Additionally, neuro-
Behçet’s patients show frontal-executive dysfunction (Dutra et al.
2012; Gündüz et al. 2012) which may help explain the cognitive
and behavioural (personality change) deficits often associated
with this disease because these deficits are secondary to frontal
and temporal cortex dysfunction caused by subcortical damage
in the brainstem or basal ganglia (Arai et al. 1994; Monastero
et al. 2004). Cognitive impairment has also been demonstrated in
a subgroup of BD patients regardless of their overt neurological
manifestations (Monastero et al. 2004; Dutra et al. 2012). Sim-
ilarities between neuro-BD and BD neuropsychological alter-
ations suggest that there is a spectrum of cognitive impairment
with unknown pathophysiological origin, although accumulating
evidence suggests that IL-6 is the most important cytokine in its
pathogenesis (Hirohata andKikuchi 2012). Although IL-6 serum

levels first appear normal in these patients (Sayinalp et al. 1996;
Yamakawa et al. 1996; Hirohata et al. 1997), during acute attacks
it is released by monocytes, blood mononuclear cells, or LPS
stimulation, resulting in acute inflammatory reactions (Mege
et al. 1993; Yamakawa et al. 1996). In periphery, serum IL-6
appears normal in BD patients (Sayinalp et al. 1996; Yamakawa
et al. 1996; Hirohata et al. 1997), while its release by monocytes,
blood mononuclear cells or LPS-stimulated release is increased
(Mege et al. 1993; Yamakawa et al. 1996). Interestingly signif-
icant differences in the variable number of tandem repeat poly-
morphisms in the 3’ flanking region of the Il-6 gene and allele
frequencies were found between Korean patients with BD and
controls, and susceptibility to BD significantly increased in sub-
jects carrying some of the allele and haplotype variants (Chang
et al. 2005). The IL-6 CSF concentration is also increased in
patients with progressive neuro-BD, which is characterised by
dementia in 82% of cases (Hirohata et al. 1997; Akman-Demir
et al. 2008; Borhani Haghighi et al. 2009). Interestingly, CSF IL-
6 and serum IL-6 concentrations do not significantly correlate,
suggesting that high CSF IL-6 levels might result from increased
intrathecal IL-6 production (Hirohata et al. 1997). The most
common neuropathological feature of chronic neuro-BD is lym-
phocyte and proliferating microglial cell perivascular infiltration,
which is thought to contribute to dementia by cytokine (including
IL-6) overproduction. Indeed, several recent reports have shown
that tocilizumab, an antibody against soluble and membrane-
bound IL-6 receptors, has beneficial effects in neuro-BD patients
(Shapiro et al. 2012; Urbaniak et al. 2012). Importantly, some
patients without any overt neurological manifestation may have
increased CSF IL-6 levels, sometimes associated with subtle,
subclinical cognitive impairment (Hirohata et al. 1997).

IL-6 in Systemic lupus erythematosus

Systemic lupus erythematosus (SLE) is an autoimmune disease
characterised by deregulation of the immune system including T-
and B-lymphocyte hyperactivity, production of autoantibodies,
and the formation of immune complex deposits in tissues causing
organ damage. Awide range of nervous system diseases are also
associated with SLE (Hanly et al. 2007) and importantly, CNS
involvement is associated with increased morbidity and mortal-
ity. Cognitive impairment is a common neuropsychiatric (NP)
event in patients with SLE; there is no specific pattern of cogni-
tive dysfunction in SLE, but characteristics include overall cog-
nitive slowing, decreased attention, impaired working memory,
and executive dysfunction (e.g., difficulty with multitasking,
organization, and planning). Hence the American College of
Rheumatology (ACR) has proposed a battery of neuropsycho-
logical tests to assess the cognitive function of SLE patients
(ACR 1999; Lim et al. 2013). The majority of SLE patients have
subtle, frequently subclinical, cognitive deficits without any overt
neuropsychiatric symptoms (stroke, seizures, organic brain syn-
drome, non-organic psychosis, chorea, focal lesions, or
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psychosis/major depression), although profound symptoms
sometimes present in individual cases (Hay et al. 1994; Hanly
et al. 1997; Waterloo et al. 2002; Kozora et al. 2012; Hanly et al.
2012). Mild cognitive impairment, characterized by
visual/complex attention, visuomotor speed, and verbal
memory impairment, and the absence of overt neuropsy-
chiatric symptoms, has recently been described in 20-
30% of SLE patients (Kozora et al. 2004; Kozora et al.
2012).

Serum IL-6 concentrations greatly increase in patients with
SLE during acute phases of the disease (Linker-Israeli et al.
1991; Spronk et al. 1992; Davas et al. 1999; Chung et al.
2007), however measurements of peripheral blood IL-6 levels
in stable disease conditions yielded mixed results (Hirohata
and Miyamoto 1990; Kozora et al. 2004; Kozora et al. 2012).
Trysberg et al. (2000) reported that serum IL-6 did not differ
between SLE patients with and without neuropsychiatric
symptoms; another study found no relationship between in-
creased peripheral blood IL-6 levels and cognitive impairment
in SLE patients without overt neuropsychiatric symptoms
(Kozora et al. 2012). The concentration of IL-6 in the CSF
is increased in SLE patients with these symptoms (Hirohata
and Miyamoto 1990; Trysberg et al. 2000; Dellalibera-
Joviliano et al. 2003), but thus far cognitive impairment has
not been correlated with CSF IL-6 concentrations in SLE
patients. CSF IL-6 levels do not correlate with serum IL-6
content nor CSF serum albumin quotients, suggesting that IL-
6 overproduction occurs in these patient’s brains (Hirohata
and Miyamoto 1990; Trysberg et al. 2000). Moreover, remis-
sion of overt neuropsychiatric manifestations after successful
treatment is accompanied by a reduction of CSF IL-6 activity
(Hirohata and Miyamoto 1990).

Discussion

We will discuss the most important conclusions separately.
First addressing how IL-6 leads to cognitive impairment, and
then we discuss our main conclusions related to each pathol-
ogy reviewed in this manuscript.

Molecular mechanisms by which IL-6 overproduction leads
to cognitive impairment

The effects of IL-6 in the central nervous system (CNS) are
quite complex and diverse, and the mechanisms by which IL-
6 influences neuronal functions and thus cognitive function
are primarily unknown (Jüttler et al. 2002). IL-6 overexpres-
sion may induce cognitive dysfunction by impairing neuro-
transmission in brain structures which modulate cognitive
functions e.g. the hippocampus and prefrontal cortex. In sup-
port of this, the concentration of 5-hydroxyindole acetic acid
(5-HIAA), a major serotonin (5-hydroxytryptamine; 5-HT)

metabolite, increases in these brain areas in IL-6-
administered mice (Zalcman et al. 1994; Wang and Dunn
1998). Furthermore, intracerebroventricular administration of
human IL-6 increases extracellular hypothalamic 5-HT con-
centrations (Wu et al. 1999), while intraperitoneal recombi-
nant IL-6 injection elevates microdialysate 5-HT concentra-
tions in the striatum (Zhang et al. 2001), enhances 5-HT-like
signals from the striatum following electrical stimulation of
the dorsal raphe nucleus. Additionally, these results indicate
that the increases in brain concentrations of 5-HIAA observed
in earlier studies indeed reflect increased synaptic release of 5-
HT (Zhang et al. 2001). One can speculate that increased 5-
HT release induced by IL-6 is secondary to activation of the
hypothalamic-pituitary-adrenal axis and release of corticoste-
rone (Naitoh et al. 1988), however other studies may exclude
this possibility because administration of corticosterone failed
to alter brain tryptophan and 5-HIAA:5-HT ratios in mice
(Dunn 1992), and IL-6 only increases plasma cortiscosterone
concentrations when administered at doses similar to levels
present during acute infections (Dunn 1992; Zalcman et al.
1994; Wang and Dunn 1998). IL-6 increases dopamine (DA)
turnover in the prefrontal cortex but does not affect DA or
noradrenaline concentrations in other brain regions (Zalcman
et al. 1994; Wang and Dunn 1998). Several in vitro studies
have demonstrated that IL-6 impairs some excitatory synaptic
activity. Indeed, IL-6 is required to regulate the expression of
functional hippocampal and cortical adenosine A1 receptors,
i.e. exposure to IL-6 potentiates adenosine A1 receptors to
inhibit excitatory synaptic transmissions in hippocampal
slices (Biber et al. 2008). Additionally IL-6 depresses the
spread of excitation and evokes glutamate release in the cere-
bral cortex by downregulating neuronal activity, releasing
excitatory neurotransmitters, activating MAPK/ERK activity,
and stimulating neuron-expressed IL-6-receptor signal trans-
duction pathways (D'Arcangelo et al. 2000). IL-6 can also
impair synaptic transmission by decreasing post-tetanic po-
tentiation and long-term potentiation (Tancredi et al. 2000)
and selectively and reversibly reduces the amplitude of inhib-
itory postsynaptic currents in cortical rat brain slices by
shifting the balance from synaptic inhibition to excitation.
These decreases in inhibitory synaptic activity appear to result
from a reduction of functional GABA-A receptors, mediated
by their accelerated removal and/or a decrease in their inser-
tion rate into the plasma membrane (Garcia-Oscos et al.
2012). IL-6 also selectively disrupts cholinergic transmission
by inducing functional pathophysiology in hippocampal cho-
linergic target neurons (Steffensen et al. 1994) and by altering
metabotropic glutamate receptor-activated calcium signaling
(Nelson et al. 2004).

Taken together this experimental evidence suggests that IL-
6-induced alterations in monoamine (mainly 5-HT) concen-
trations and the release of synaptic activity in the hippocam-
pus and frontal cortex (through glutamatergic and GABA-
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ergic neurotransmission), may contribute to the cytokine's
effects on cognitive function (Fig. 2).

Another mechanism by which IL-6 can lead to cognitive
dysfunction is the impairment of adult hippocampal
neurogenesis. Several inflammation factors, especially IL6,
are detrimental for neurogenesis (Vallières et al. 2002;
Monje et al. 2003). In addition, an inverse relationship be-
tween blood IL-6 concentration and hippocampal grey matter
volume have been found (Marsland et al. 2008). A recent
paper even showed blockade of IL6 in a mouse model with
loss of neurogenesis could largely restore hippocampal
neurogenesis (Ji et al. 2013) suggesting for the first time that
peripheral IL-6 can impair cognitive function via structural
neural pathways.

Is IL-6 overexpression associated with cognitive impairment?

Here we discuss our conclusions separately because they vary
depending on the disease considered.

Alzheimer’s disease and vascular dementia

Increased IL-6 production in the brain has been repeatedly
reported in AD, with the main sources being reactive
astrocytosis and activation of microglia. This increase appears
to be related to early-stage plaque formation (Huell et al. 1995;
Jellinger 2009) and is most relevant in those patients with late
onset AD. However further studies should address if changes
in IL-6 concentration are significantly correlated with cogni-
tive performance in AD patients as it is in patients with mild
cognitive impairment (Sala et al. 2003; Rafnsson et al. 2007;
Zhao et al. 2012). Measurements of plasma or serum IL-6
concentration in AD patients have yielded mixed results and
no fixed conclusions can be drawn because several factors
such as AD subtype (early versus late onset), age, sex, and

genetic IL-6 polymorphisms may account for these discrep-
ancies. However, it appears that IL-6 might be involved in the
pathogenesis of AD, but that the IL-6 CSF concentration is
unlikely to affect AD pathology in the early stages of the
disorder. Systemically-produced IL-6 may permeate across
the BBB and, after reaching the brain, might contribute to
the neuropathology in patients with mild cognitive impair-
ment that progresses to AD. In contrast to AD, there is a
consensus in the literature on the increase in brain and serum
IL-6 concentration in vascular dementia (VD). Interestingly
plasma IL-6 correlated with the functional status of patients
(Barthel score) and to some extent also to their cognitive
performance (Zuliani et al. 2007a; Zuliani et al. 2007b).

Liver disease and cardiovascular disease

Several pathologies and syndromes manifest with chronic
inflammation and overproduction of IL-6 in the blood. Pe-
ripheral IL-6 concentration has been consistently found to be
increased in patients with alcoholic liver cirrhosis and the
increase significantly correlates with the impairment of cog-
nitive functions (Montoliu et al. 2009; Jain et al. 2012; Luo
et al. 2012). Similarly, cognitive impairment displayed by
patients after hearth stroke is also significantly correlated with
a poorer score in the mini-mental examination test
(Rothenburg et al. 2010). Therefore the data suggest that
peripheral inflammation, characterised by an increase in blood
IL-6 concentration, is frequently accompanied by parallel
cognitive impairment in patients with peripheral disease al-
though the mechanisms are poorly understood. Older patients
with metabolic syndrome (characterized by hypertension,
obesity, hyperglycaemia, and high cholesterol/
triglycerides) and a high blood concentration of IL-6
have greater cognitive decline compared to those with
normal levels of IL-6 (Yaffe et al. 2004).

Fig. 2 Schematic representation
of IL-6 actions related to
cognitive impairment. An
increase synthesis of IL-6 in the
brain (from microglia cells,
astrocytes, neurons oand
endothelial cells) or an increased
uptake from blood leads to
cognitive impairment by altering
serotonin neurotransmission,
synaptic activity by altering the
function of several
neurotransmitters and their
receptors or impairing
neurogenesis. Glu: glutamate;
GABA; γ-aminobutirric acid;
Ach: acetylcholine; ADO:
adenosine
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Behçet’s disease and systemic lupus erythematosus

In patients with inflammatory diseases such as BD IL-6 this has
also been linked to cognitive impairment, at least in a subgroup
of patients with neuro-BD which manifests independently of
acute inflammatory attacks, which is associated with poor out-
come ranging in severity from subtle cognitive impairment to
clinical forms of dementia (Hirohata et al. 1997; Akman-Demir
et al. 1999; Borhani Haghighi et al. 2009); (Oktem-Tanör et al.
1999; Akman-Demir et al. 1999; Hirohata and Kikuchi 2012);
(Hirohata et al. 1997; Monastero et al. 2004; Akman-Demir
et al. 2008; Borhani Haghighi et al. 2009; Dutra et al. 2012).
Increased in IL-6 concentrations in CSF have also been shown
in patients with neuro-BD and dementia (Hirohata et al. 1997)
and therefore it has been proposed that it CSF IL-6 could be
used as marker of disease activity in chronic progressive patients
with neuro-BD (Akman-Demir et al. 2008). The reason why
only some BD patients display increased IL-6 and cognitive
dysfunction warrants further investigation, taking into account
age, IL-6 and IL-6 R polymorphisms (Chang et al. 2005;
Amirzargar et al. 2010). However the idea that an increase in
CSF IL-6 is associated with subtle, sub-clinical, cognitive im-
pairment in BD patients without any overt neurological mani-
festation cannot yet be discarded. A high percentage of patients
with SLE show cognitive dysfunction even in the absence of
overt neurological manifestations (Waterloo et al. 2002; Kozora
et al. 2012; Hanly et al. 2012). Increased IL-6 CSF concentra-
tions have also been reported in SLE patients (Hirohata and
Miyamoto 1990; Trysberg et al. 2000), although these findings
still require further exploration as one study found no such
correlation with cognitive impairment (Kozora et al. 2012).
However this discrepancy could be explained by an age and
gender bias as SLE is more common in females and the SLE
patients enrolled in the study in question were younger than
average. Finally, serum IL-6 is not always increased in SLE
patients (Hirohata and Miyamoto 1990; Kozora et al. 2004;
Kozora et al. 2012) suggesting that disease phases (e.g. acute
attacks versus chronic stable conditions) should be also evalu-
ated when assessing the role of peripheral IL-6 in cognitive
impairment. An evaluation of the relationship between cognitive
dysfunction and changes in inflammatory markers over a 9-year
period found that a 2-fold increase in IL-6 is a good predictor of
cognitive impairment (Jenny et al. 2012).

Other diseases

The concentration of IL-6 in blood and in the brain is also
increased in other neuropsychiatric diseases such as
Huntington's disease (Silvestroni et al. 2009; Sánchez-López
et al. 2012), major depression (Rosenblat et al. 2014),
schizophrenia (Stojanovic et al. 2014) and autism (Wei et al.
2013) but data about the releationship between IL-6 and
cognitive impairment in these diseases have not been reported.

Concluding remarks and new therapeutic possibilities

Future studies should always aim to determine both CSF and
blood IL-6 concentrations because the presence or absence of
IL-6 overproduction in these different fluids implies the in-
volvement of different processes. IL-6 overproduction must
occur in the brain if brain dysfunction is induced, but in-
creased peripheral IL-6 overproduction also directly or indi-
rectly results in a rise in IL-6 concentration in the brain.
Although peripheral IL-6 is useful for indicating a proinflam-
matory disease state or an acute phase response, it is important
to consider that the presence of specific circulating markers
may not precisely reflect the situation within the CNS. Finally,
evaluation of cognitive function in pathologies which are
accompanied by a strong increase of IL-6 in the blood (e.g.
Castleman’s Disease, POEMS syndrome, some cancers etc.)
is advisable since it will shed new light on the role of periph-
eral IL-6 in cognitive dysfunction. Thus, although the impor-
tance of IL-6 in cognitive processes has been suggested in
several pathologies, as this review discusses, the relevance of
subtle rises in serum IL-6 (secondary to infections and/or
inflammation) to cognitive outcomes remains unclear and
warrants further detailed study.

Identifying blood markers that distinguish cognitive
impairment, or the severity of cognitive dysfunction
within the same diagnostic group, would be useful for
defining disease etiology, devising new therapies, or
finding ways to prevent it. Identifying such peripheral
biomarkers would be very helpful in pinpointing specif-
ic causal mechanisms and may result in tailored treat-
ments or prevention strategies. Future studies will need
to address whether lowering inflammation responses
prevents cognitive impairment in systemic diseases.
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