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ABSTRACT: The purpose of the present study was to identify the changes in the levels of proinflammatory
cytokines like IL-1f, IL-6 and TNF-a in peripheral circulation in Alzheimer's disease (AD) subjects and to
correlate these with associated depression and cognitive deficit. Fifty five AD subjects and thirty seven age
and sex matched controls were included in the study. The AD patients were grouped as AD with depression
(n=31) and AD without depression (n=24). The serum levels of IL-1p, IL-6 and TNF-a were determined by
immunoassay by commercially available kits. The serum levels of IL-6 and TNF-a were elevated in AD
patients with depression compared to control (p<0.001) or AD without depression (p<0.001). The serum level
of IL-1p was higher in AD patients with or without depression as compared to controls. Furthermore, a
strong inverse correlation was observed between the MMSE scores and serum levels of IL-6 or TNF-a in
AD subjects with depression. The study highlights the important role of peripheral IL-6 and TNF-a in AD

associated depression and cognitive deficits.
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Alzheimer’s disease (AD) is the most common form of
dementia above the age group of 65 years, and the
sporadic variety of the disease accounts for the majority
of AD patients [1]. The disease is diagnosed clinically as
probable AD based on neuropsychiatric evaluation of
clinical features, and an insidious failure of memory with
multiple cognitive deficits is the key feature [2]. However,
the clinical features of the disease also include various
mood alterations like depression [3]. The molecular
mechanisms of AD associated cognitive deficits and
depression is likely to be complex, but one link could be
through the alterations in peripheral immune system.
There are numerous reports of altered levels of various

Despite many variations in such reports, a general pattern
of rise in the serum levels of several proinflammatory
cytokines including IL-6, IL-1B and TNF-a has been
noticed in AD patients [6,7]. On the other hand, there is
accumulating evidence of alterations in peripheral
immune system with increased circulating levels of
proinflammatory cytokines in major depressive disorders
[8-10]. The circulating proinflammatory cytokines like
IL-6 and TNF-a are thought to promote the depressive
disorder by affecting CNS functions in multiple ways [9-
12]. Likewise, cognitive functions is known to be affected
by peripheral inflammatory response with elevated levels
of circulating proinflammatory cytokines both in human

cytokines in peripheral circulation in AD subjects [4-6].  beings and experimental models [8,9,13]. It will be,
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therefore, interesting to explore how the changes in the
levels of proinflammatory cytokines in peripheral
circulation impact the cognitive deficit and mood changes
like depression associated with AD. This is particularly
important because the pathways of communication
between the peripheral immune system and the brain
involving neural mechanisms and chemical mediators
have been more or less clearly defined, and extensive
information is also available on cytokine signaling within
the brain that affects cognition, mood and behavior
[9,12,14-16]. The present case-control study, therefore,
seeks to correlate the serum levels of the proinflammatory
cytokines in AD subjects with the degree of cognitive
decline and the presence of depression in this disease
condition.

MATERIALS AND METHODS

This case control study comprises of 55 AD cases
recruited from the ‘Dementia clinic’ of Bangur Institute
of Neurosciences, which is associated with our institute
[Institute of Post Graduate Medical Education & Research
(IPGME&R)]. Age and sex matched 37 volunteers
(controls) were recruited from the relatives of various
patients visiting the out- patient departments of
IPGME&R after detailed clinical examination and routine
biochemical tests. A complete neuropsychiatrical
evaluation was done to rule out any cognitive impairment
of control subjects. The exclusion criteria in AD and
control groups included overt cardiovascular disease,
diabetes, cancer, chronic kidney disease, chronic infection
and any other associated neurological disease. The
diagnosis of probable AD was based on
neuropsychiatrical parameters from DSM-IV (Diagnostic
and Statistical Manual of Mental Disorders) criteria and
relevant MRI (Magnetic resonance imaging) findings.
The battery of neuropsychiatrical examinations also
included the determination of MMSE scores (out of 30)
through a series of questions and tests to check the
patient's memory, attention, orientation, registration and

reasoning. Despite some limitations, MMSE score is a
good indicator of the severity of the disease. A maximum
score of 30 is attainable by a person without any
neuropsychological impairment, while severe cases of
AD have MMSE scores less than 10 and moderate cases
between 10 - 20. The cases were further divided into two
groups: AD without features of depression (n = 24) and
AD with depression (n = 31) diagnosed as per DSM-IV
criteria. The informed consent was taken from all the
controls and close relatives of AD patients. The study was
cleared by the Institutional Human Ethics Committee of
IPGME&R which follows the Helsinki guidelines.
Venous blood samples (4 ml) were collected
aseptically from both the control and AD subjects, and
several aliquots of the serum samples were stored at -
20°C. IL-1B, IL-6, TNF-0. were assayed by solid-phase
sandwich ELISA using commercial kits from Raybiotech,
USA wusing the manufacturer’s protocol. For the
immunoassay of cytokines in serum, anti-human IL-1f3
antibody or anti-human IL-6 antibody or anti-human
TNF-o antibody coated microtitre plates were used to
capture IL-1B or IL-6 or TNF-a respectively from the
standards or the samples. The detecting antibody was
biotinylated anti-human IL-1B antibody or biotinylated
anti-human IL-6 antibody or biotinylated anti-human
TNF-a antibody, while streptavidin-HRP (horse radish

peroxidase) conjugate was employed with TMB
(tetramethylbenzidine) as the substrate for the colour
development. The routine biochemical tests were

performed for both the controls and cases. The tests
included fasting plasma glucose (Glucose oxidase
method) and non-fasting levels of serum urea (urease
method), creatinine (Jaffe’s method), total cholesterol
(cholesterol oxidase method), total bilirubin and enzymes
for liver functions (alanine aminotransferase, aspartate
aminotransferase, alkaline phosphatase) measured by
commercial kits in a clinical auto analyzer (Randox,
Daytona) with appropriate internal quality control.

Table 1. Demographic profile of control, AD subjects with or without depression

Control AD with depression AD without depression
m=37) (m=31) (m=24)
Age (in years) 66.46 + 4.24 68.58 = 6.86 68.42 +7.03
Sex (M/F) 19/18 16/15 13/11
BMI (kg/m?) 23.61 + 1.65 21.94 +1.94 22.68 £2.35
MMSE 29.16 £0.72 10.90 + 5.02 13.88 + 7.46

The age, BMI and MMSE scores are presented as the Means = SD. The number of subjects in each group is given in

the parenthesis.
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The statistical analysis of different parameters in 3
groups was performed by means of one way analysis of
variance (ANOVA). This analysis was followed by post-
hoc comparisons between the groups (Tukey’s test).
Pearson correlation coefficient was used to find out the
correlation between two variables. A value of p < 0.05
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was considered as statistically significant. For statistical
analysis, Graph Pad prism software (version5, 2007,
Sandiego, California, USA) was used.
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Fig. 1. Serum levels of (A) IL-1B, (B) IL-6 and (C) TNF-o in AD subjects with and without depression. The
values are expressed as the means + SEM for the number of cases (n) in each group of subjects. Statistical comparisons
were made by one way Anova followed by post-hoc analysis as described in the methods. *p< 0.001 vs. control; ¥Yp<

0.001 vs AD with depression.

RESULTS

The demographic profile of the subjects under study is
depicted in Table 1. There was no statistically significant
difference in age (years), male: female ratio and BMI
among the 3 groups Table 1. The routine biochemical
parameters (not shown) were also within normal limits
and in conformity with our exclusion criteria in all 3
groups of subjects except for serum total cholesterol. The
serum total cholesterol (Mean = SD) was slightly elevated
in AD subjects without depression (189.5+25.84)
compared to control (170.4+14.98) which was statistically
significant (p < 0.01), but no significant difference was
observed between the control and AD with depression
(176.7£19.30). The results in Fig. 1 show that the serum
levels of IL-6 and TNF-o were significantly higher
(»<0.001) in AD subjects with depression compared to
control or AD without depression (Fig.1). There was
nearly a two-fold increase in the mean serum level of IL-
6 or TNF-a in AD subjects with depression compared to
control (Fig. 1). On the other hand, there was a less
marked, but statistically significant (p <0.001), rise in IL-

1B serum level in AD subjects with depression compared
to control (Fig. 1). Further, in the case of IL- 1P a
statistically significant (p < 0.001) rise in the serum level
was noticed also in AD patients without depression
compared to control (Fig. 1). There was no noticeable
difference in serum IL- 1B levels between two subgroups
of AD subjects (Fig.1). The results presented in Fig. 2
depict the statistical correlation between MMSE scores
and the serum levels of cytokines. This statistical analysis
has been performed in order to find the correlation
between the severity of the disease and the extent of
alterations in the serum cytokine levels. A statistically
significant and strong inverse correlation was seen
between MMSE scores and serum TNF-a (r=-0.62, p =
0.0002) or serum IL-6 (r=-0.51, p=0.003) levels in AD
subjects with depression (Fig.2). However, no statistically
significant correlation was observed between the serum
levels of IL- 13 and MMSE scores (r=0.24, p=0.175) in
AD subjects with depression (Fig. 2). In AD subjects
without depression, no correlation was seen between
MMSE scores and the serum levels of IL-6, TNF-a or IL-

1B (Fig.2).
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Fig. 2. XY scatter plots between MMSE scores and serum levels of IL-1B (A) or IL-6 (B) or TNF-a (C) in AD
subjects with depression or serum levels of IL-1§ (D) or IL-6 (E) or TNF-a (F) in AD subjects without depression.
The degree and nature of correlation between the MMSE score and the serum parameter in AD patients is given by the
value of r (correlation coefficient) as explained in the methods. A value of p < 0.05 was considered as statistically

significant.

DISCUSSION

The inflammatory reaction by activated microglia and
astrocytes is an important element of AD pathology as
evidenced from post-mortem analysis of AD brains and
studies in animal models [17,18,19]. This inflammatory
response is presumably triggered by soluble amyloid beta
peptide or amyloid fibrils leading to an activation of
microglia especially in the vicinity of neuritic plaques
with the typical morphological changes, appearance of
proinflammatory surface markers(CD 36, CD 40, CD 45),
production of interleukins, interferons, chemokines,
components of complement system and reactive oxygen
species [18,19]. The proinflammatory cytokines like IL-
1B, IL-6, IL-8 and TNF-o released by the reactive
microglia have been strongly implicated with
neurodegeneration and AD pathology, although the recent
studies have also indicated the beneficial effects of
microglial in this disease condition through the alternative
activation state and release of anti-inflammatory
cytokines [17, 18, 19]. Apart from the detailed studies of
the inflammatory changes in AD brain, there also exists a
surfeit of studies showing altered levels of

proinflammatory cytokines in peripheral circulation in
AD subjects [4-7,20,21]. Despite the variability in the
reported results, a systematic meta-analysis has shown a
general rise in the levels of several proinflammatory
cytokines including IL-1B, IL-6 and TNF-a [7]. The
reasons for the variability in the results may be many, but
apparently one important factor could be the inclusion or
exclusion of co-morbidities like obesity, diabetes, chronic
systemic inflammation etc. in the study subjects which
can affect the serum proinflammatory cytokine levels.
Likewise, the analysis of CSF for alterations in the levels
of cytokines has also produced variable results, and
further no clear correlation between the serum and CSF
levels of proinflammatory cytokines has been established
[7, 20, 21]. Thus, the relationship between the
inflammatory state of the AD brain and the elevated levels
of IL-6, IL-1PB and TNF-a in peripheral circulation is not
apparent at present. Nevertheless the elevated levels of
peripheral proinflammatory cytokines have important
biological implications in AD in view of our recent
understanding of peripheral immune system to brain
communication affecting mood, cognition and behaviour.
In contrast to most other studies we have shown clearly
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that the serum levels of IL-6 and TNF-o are increased
significantly only in AD subjects with depression
compared to control or AD without depression and this
observation has several implications. Firstly, it indicates
that the variability in the reports related to altered levels
of IL-6 and TNF-a in serum of AD subjects in the existing
literature may be accounted partly by the fact that in many
studies the depression associated with AD has not been
taken in to account. More importantly, our results
indicate an activation of peripheral immune system in AD
subjects with depression. The altered affective and
cognitive functions of the brain as a result of the activation
of peripheral immune system with elevated levels of
circulating proinflammatory cytokines have been
identified through a large number of clinical and
experimental studies [16, 22, 23]. The mechanisms
include stimulation of peripheral afferent vagal nerves by
the proinflammatory cytokines, direct entry of the
cytokines in the brain through saturable transport system
or passively through deficient blood brain barrier (BBB)
at Organum Vasculosum of Lamina Terminalis (OVLT),
and the generation of diffusible messengers like
prostaglandins and NO at the cerebral vasculature
[12,14,16,22]. These different mechanisms represent the
communication pathway between the central nervous
system and the peripheral immune system, and through
this pathway the peripheral immune system can activate
microglia in the brain with enhanced production of
cytokines [12,16, 22]. The proinflammatory cytokines
and their receptors are present widely within the brain,
and the cytokine effect involves many different regions
including hippocampus, prefrontal cortex, amygdala and
hypothalamus  [9,12,15,23]. The proinflammatory
cytokines function as neuromodulators and alter synaptic
plasticity, synaptic scaling and neurigenesis, central
neurotransmitter activity, activity of hypothalamic -
pituitary -adrenal axis and the expression of neurotrophic
factor like BDNF [9,12,14-16]. Thus, during systemic
infection or inflammation the activation of the peripheral
immune system may lead to enhanced activity of central
cytokines affecting behavior, mood and cognition
[9,11,12]. On the other hand, there are numerous reports
which show that major depressive disorders (MDD) are
associated with the raised levels of proinflammatory
cytokines in peripheral circulation, presumably because
the psychological and physical stress that trigger the
depressive illness also activates the peripheral immune
system leading to increased release of these cytokines in
circulation [8,24,25]. The communication between the
peripheral immune system and the brain as explained
above makes it plausible that the raised levels of the
proinflammatory cytokines in the circulation reinforce the
depressive illness [9,10]. In the context of the present

study, therefore, it can be surmised that the higher serum
levels of IL-6 and TNF-a in some AD patients confer on
them the clinical features of depression (Fig. 1). An
alternative possibility may also be envisaged. Depression
is long considered as a predisposing factor for AD [26-
28]. The chronically raised levels of circulating cytokines
in patients of depressive illness can activate brain
microglia through aforementioned mechanisms to
produce elevated levels of proinflammatory cytokines
within CNS which in turn can trigger the amyloid
pathology in AD brain. It is well established through
experimental studies that the cytokines like IL-6, IL-1 and
TNF-a can increase AP accumulation in the brain by
several mechanisms and also  trigger other
neurodegenerative processes in the brain [29-31].

From whatever already stated about the functions of
central cytokines and the pathway of communication
between the peripheral immune system and the CNS, it is
hardly surprising to observe a good correlation between
the severity of cognitive decline and the level of IL-6 or
TNF-o in AD patients with depression (Fig.2). In fact, the
role of central cytokines in cognition has strong
experimental support at the cellular level, and the
peripheral inflammation affecting cognition is well
documented [11, 13, 14, 15, 16]. Despite the pro-
inflammatory cytokine IL-1 having a similar role to that
of IL-6 and TNF-a in the communication between the
peripheral immune system and the CNS as documented in
many studies, it is surprising that no clear association is
seen between the serum levels of IL-1B and the AD
related depression or cognitive deficit in this study (Fig. 1
and Fig. 2).

In summary, our study has highlighted that the
activation of peripheral immune system in some, but not
all, AD patients has important implications in the
associated mood disorder and cognitive deficit, and the
circulating IL-6 and TNF-o may play a crucial role in
this process. Conceptually it is possible that a similar
mechanism through raised levels of peripheral pro-
inflammatory cytokines will be operative in non-AD
types of dementia with or without depression, but the
reports are lacking in the literature in this regard. It is also
important to point out several important limitations of the
present report. Firstly, the sample size is not very high,
especially when comparing the data between AD groups
with or without depression. This has prevented us from
further sub-grouping the AD patients according to
severity of the disease (say, based on MMSE scores) and
then reanalyzing the data. Moreover, the standard
deviations in serum levels of cytokines in both the control
and AD subjects in our study are very high, but this
problem is apparent in most of the published reports of
altered cytokines in AD [4-7]. The reasons for such a wide
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scatter in the serum cytokine levels are not clear, but a
large- scale population based study with standardized
assay methods could provide some clues to the problem.
Another limitation of the study is the confounding effect
of the drug history of the patient. Apart from the
cholinesterase  inhibitor ~ (donepezil) and  anti-
excitotoxicity agent (memantine), the patients were
additionally  given antihypertensives (ACE or
angiotensin- converting enzyme inhibitors and calcium
channel blockers), statins and mixtures of B vitamins for
variable periods. Moreover, the AD patients with
depression were all under the treatment with Selective
serotonin reuptake inhibitors (SSRIs) for 3 - 6 months at
the time of collection of blood for cytokine assay.
Notwithstanding these limitations, the data are interesting,
and in particular the role of IL-6 and TNF-a in AD related
depression and cognitive deficits subjects should be
further explored in longitudinal studies as also in animal
models of AD. Furthermore, it will be interesting to find
if  antidepressant drugs or drugs reducing
proinflammatory cytokines in the circulation can alter the
clinical progression of the disease in AD subjects.
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