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Cerebrospinal fluid levels of
tumour necrosis factor-a and its
receptors are not associated with
disease progression in
Alzheimer’s disease

Manal Aljuhani*

Radiological Science and Medical Imaging Department, College of Applied Medical Sciences, Prince
Sattam Bin Abdulaziz University, Al-Kharj, Saudi Arabia

Introduction: Tumour necrosis factor-a (TNF-a) is a proinflammatory cytokine
implicated in the regulation of innate and adaptive immunity. Two receptors exist
for TNF-a: TNF receptors 1 (TNFR-1) and 2 (TNFR-2). TNFR-1 and TNFR-2 have
been reported to be involved in pleiotropic functions. Multiple lines of evidence
implicate TNF-a and its receptors as potential risk factors for Alzheimer's
disease (AD). Studies are warranted to assess the association of TNF-a, TNFR-1,
and TNFR-2 with AD pathogenesis and whether they can serve as prognostic
biomarkers indicative of AD.

Methods: In the present study, baseline levels of cerebrospinal fluid (CSF) TNF-
a, TNFR-1, and TNFR-2 were explored, and their potential as biomarkers to
differentiate between individuals who remain stable and those who experience
disease progression over 10 years in the Alzheimer's Disease Neuroimaging Initiative
(ADNI) was assessed. The study also examined the correlation between baseline CSF
proteins with established AD biomarkers, neuroimaging measures, and cognition.

Results: Whilst the present study shows associations between baseline CSF
levels of TNFs with AD biomarkers, the nature of the relationship is ambiguous.

Discussion: The present study concludes that CSF TNFs do not serve as reliable
or robust disease biomarkers of AD.

KEYWORDS
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1 Introduction

Tumour necrosis factor-a (TNF-a) is a proinflammatory cytokine implicated in the regulation
of innate and adaptive immunity (Fischer and Maier, 2015). TNF-a can trigger the production of
interleukins (IL) 1, 6, and 8, which may accentuate inflammation. TNF-« activates astrocytes,
leading to increased amyloid precursor protein and f-site amyloid precursor protein cleaving
enzyme 1 expression, y-secretase activation, and -amyloid (Ap) peptide release (Zhao et al., 2011;
Blasko et al., 1999; Liao et al., 2004). Persistent brain inflammation creates a self-amplifying cycle
that maintains high TNF-a concentrations, which contributes to the stimulation of Af production,
promotes neuronal degeneration, and reduces microglial Ap clearance (Koenigsknecht-Talboo
and Landreth, 2005). The role of TNF-a in exacerbating tau hyperphosphorylation is less clear,
but some suggestive data, particularly preclinical, point to a potential link (Montgomery et al.,
2013; Plantone et al.,, 2023). The innate immune receptor triggering receptor expressed on myeloid
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cells 2 (TREM2) can modulate TNF-a release through the Toll-receptor
pathway. Altered TREM2 functionality in monocytes or macrophages
may lead to systemic TNF-a production, which may serve as a potential
risk factor for AD that is amenable to treatment (Li et al., 2022). Specific
genetic polymorphisms of TNF-a have been associated with an increased
risk of AD. For example, —850 C > T polymorphism and —308 A/G
polymorphism have been associated with increased AD risk (Di Bona
etal., 2009; Yang et al., 2009).

Two receptors exist for TNF-a: TNF receptors 1 (TNFR-1) and 2
(TNEFR-2). TNFR-1 and TNFR-2 have been reported to be involved in
pleiotropic functions (Grell et al., 1995; Orti-Casan et al., 2019).
TNFR-1 and TNFR-2 can work in cooperation to augment
neuroprotection, including cell survival via nuclear factor kappa-light-
chain-enhancer of activated B cells (NFkB), indicative of the
pleiotropic roles played by the TNF family (Plantone et al., 2023).
Studies are warranted to assess the association of TNF-a, TNFR-1, and
TNFR-2 with AD pathogenesis and whether they can serve as
prognostic biomarkers indicative of AD.

TNFR-1 and TNFR-2 are shed from the cell surface by TACE/
ADAMI17 (transmembrane disintegrin metalloprotease) into soluble
forms that can be detected in the cerebrospinal fluid (CSF). Moreover,
TACE cleaves precursor TNF-q, leading to the secretion of soluble,
secreted TNF-a (Jiang et al., 2011).

In the present study, baseline levels of CSF TNF-a, TNFR-1, and
TNFR-2 were explored, and the potential to be used as a biomarker
was assessed to differentiate between individuals who remain stable
compared to those who experience disease progression over 10 years
in the Alzheimer’s Disease Neuroimaging Initiative (ADNI). The study
also examined the correlation between baseline CSF proteins with
established AD biomarkers, neuroimaging measures, and cognition.
Whilst the present study showed associations between baseline CSF
levels of TNFs with AD biomarkers, the nature of the relationship is
ambiguous. The present study concludes that CSF TNFs do not serve
as reliable or robust disease biomarkers of AD.

2 Materials and methods

2.1 ADNI study

Data used in the preparation of this article were downloaded on
September 2024 from the ADNI database’ —ADNI 1 and ADNI GO. The
ADNI study has previously been described in detail (Weiner etal., 2012).
The patients/participants provided their written informed consent to
participate in this study. All the participants underwent apolipoprotein E
(APOE) &4 genotyping. ADNI uses serial clinical and neuropsychological
assessments, imaging, and CSF biomarkers to monitor disease
progression. Written informed consent was obtained and approved by the
institutional review board at the participating centres for the use of human
data in the ADNI database. The studies involving human participants
were reviewed and approved as per ADNI protocols. All procedures
performed in studies involving human participants were in accordance
with the ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki Declaration and its later

1 http://adni.loni.usc.edu/
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amendments or comparable ethical standards. More details can be found
at http://adniloni.usc.edu/. Data used in the preparation of this article are
available in the ADNI database (see text footnote 1).

ADNI was launched in 2003 as a $60 million, 5-year public-private
partnership by the National Institute on Aging (NIA), the National
Institute of Biomedical Imaging and Bioengineering (NIBIB), the Food
and Drug Administration (FDA), private pharmaceutical companies,
and non-profit organizations, The primary goal of ADNI has been to
test whether serial magnetic resonance imaging (MRI), PET, other
biological markers, and clinical and neuropsychological assessments
can be combined to monitor disease progression. Determination of
sensitive and specific markers of very early AD progression aids
researchers/clinicians in developing new treatments, monitoring their
effectiveness, and identifying suitable participants for enrollment in
clinical trials. The principal investigator of this initiative is Michael
W. Weiner, MD, VA Medical Centre and University of California, San
Francisco, supported by many co-investigators from a broad range of
academic institutions and private corporations. Subjects have been
recruited from over 50 sites across the US and Canada. For up-to-date
information, please see http://www.adni-info.org/.

2.2 CSF measurements for TNF-a, TNFR-1,
and TNFR-2

CSF analysis was performed by two skilled research scientists
experienced in multiplex assays blinded to diagnosis and other
subject-level information. All samples were run in duplicate with six
CSF standards on each plate, and CSF inflammatory protein levels
were normalized across plates using the six CSF standard values.
ADNI CSF samples were first randomized across twelve 96-well plates,
and each batch was analyzed for levels of proteins during the same
2-day block to avoid freeze-thawing. TNF-a-related inflammatory
proteins were obtained and measured at Emory University using
ELISA Kkits. All samples were run in duplicate with six CSF standards
on each plate. Samples were normalized across plates using CSF
standard values. All samples were run in duplicate with six CSF
standards on each plate. CSF inflammatory protein levels were
normalized across plates using the six CSF standard values, and
intermediate precision for each analyte was then calculated using the
interplate coefficient of variation (Table 1).

2.3 CSF measurements for Ap, total tau,
and p-tau

CSF samples were obtained in the morning following overnight
fasting at the baseline visit. The time from collection to freezing was
~1 h, with processing, aliquoting, and storage at —80°C as per ADNI
Biomarker Core Laboratory Standard Operating Procedures. CSF
AP1-42, total tau, and p-tau were measured using the Luminex
platform as described previously (Jagust et al., 2009; Shaw et al., 2011).

2.4 Inclusion/exclusion criteria

Enrolled subjects in the ADNI-1 cohort were 55-90 years of age,
accompanied by a study partner able to provide an independent
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TABLE 1 Summary of data and precision of each analyte for TNF-a, TNFR-1, and TNFR-2 across plates expressed as percent coefficient of variation.

CSF proteins Standard range Median sample LLOD (MFI) Median MFI Interplate %CV
(pg/mL) concentration (pg/mL)

TNF-« 1.6-10,000 1.70 49.2 53.53 9.38

TNFR-1 12.2-50,000 854.44 28.10 1384.13 2.85

TNFR-2 12.2-50,000 1013.88 16.39 1474.13 3.09

CV, coefficient of variation; LLOD, lower limit of detection; MFI, mean fluorescence intensity; TNE tumour necrosis factor; TNFR, tumour necrosis factor receptor.

evaluation of the recruited participant’s functioning and speak either
English or Spanish fluently. Participants must have a Hachinski
Ischemic score < 4, geriatric depression scale <6, visual and auditory
acuity adequate for neuropsychological testing, six grades of education
or work history, and not be enrolled in other trials or studies.
Individuals on specific psychoactive medications, e.g., narcotic
analgesics, neuroleptics, anticholinergic agents, antiparkinsonian
medications, investigational drugs, benzodiazepines, antihypertensive
agents with frequent central nervous system side effects, and
antidepressants, within 4 weeks prior to screening were excluded.
Individuals with any serious neurological disease other than AD, or
any history of brain lesions or brain trauma were also excluded.

Cognitively normal (CN) subjects must have no significant
impairment in their cognitive domains or impaired activities of daily
living, with a Mini-Mental State Examination (MMSE) score between
24 and 30, a CDR of 0, no depression, no MCI, and no dementia. The
age range of CN individuals was matched to that of MCI and AD
subjects. MCI subjects must also have an MMSE score between 24 and
30 but have a memory complaint, experienced objective memory loss
as measured by education-adjusted scores on the Wechsler Memory
Scale Logical Memory II, a CDR of 0.5, although no significant
impairment in other cognitive domains, and preserved activities of
daily living, and be free of dementia. The AD cases included in the
study had MMSE scores between 20 and 26, a CDR of 0.5 or 1.0, and
met the National Institute of Neurological and Communicative
Disorders and Stroke-Alzheimer’s Disease and Related Disorders
Association criteria for probable AD (NINDS-ADRDA).

2.5 Tracking disease progression

Tracking disease progression is a primary outcome measure of the
ADNI protocol. Site physicians review participants’ data and complete
diagnostic summaries. If a physician triggers a change in diagnosis,
e.g., from CN to MCI or MCI to AD, the clinical monitor onsite
reviews the neuropsychological assessments for that visit. The clinical
monitor will resolve any issues with the site’s primary investigator and
instruct the diagnosis to be reversed if incorrectly reported. An ADNI
clinical co-investigator subsequently reviews the data and requests the
clinical monitor to resolve any scoring issues. When this review is
finalized, the ADNI conversion committee is then commissioned with
the task of reviewing all patient reports, and a consensus on the
conversion status of the participant is achieved as per the NINDS-
ARCDA (please refer to the general procedures manual; http://adni.
loni.usc.edu/). Although a neuropathological diagnosis is required to
confirm the diagnosis of AD, studies have shown high sensitivity and
specificity using neuroimaging and neuropsychological assessments
for determining disease progression to AD (Petersen et al., 2010;
Davatzikos et al., 2001; Fan et al., 2008).
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2.6 Structural MRI volumes

Subjects underwent structural MRI at 1.5 T using a 3D sagittal
volumetric magnetization-prepared rapid gradient echo (MP-RAGE)
sequence (Jack et al., 2010). The acquisition parameters were repetition
time, 9 ms; echo time, 4 ms; flip angle 8°, with a 256 x 256 x 170
acquisition matrix in the x-, y-, and z-dimensions with a nominal
voxel size of 0.94 x 0.94 x 1.2 mm®. MRI was performed at baseline,
6 months, 1 year, and then yearly for 6 years. FreeSurfer (version 4.1.0)
was used to calculate hippocampal volumes and was described
previously (Fischl et al., 2002). Briefly, MRI volumetric images initially
underwent motion correction, hybrid watershed or surface
deformation removal of non-brain tissue, automated Talairach
transformation, and then the segmentation of subcortical white and
deep grey matter structures. This was followed by intensity
normalization, tessellation of the grey and white matter boundary, and
automated topology correction. The hippocampus and amygdala have
similar signal intensities, but their spatial location is quite consistent
relative to one another; the amygdala is always in front of and above
the hippocampus. To ensure the segmentations were anatomically
plausible, the Markov random field model was used and modified to
be spatially non-stationary. This involved separately modelling the
probabilities of the hippocampus above and below the amygdala,
resulting in accurate identification of the hippocampus. Hippocampal
volume was calculated by multiplying the number of hippocampal
voxels by the voxel volume.

2.7 [*®F] Fluorodeoxyglucose ([**FIFDG-PET)

["F]FDG-PET scans were acquired on multiple scanners at
various resolutions at 6 months, 1, 1.5, and 2 years (Jagust et al., 2010).
The scans were acquired as 6 x 5-min frames, for 30 min after
injection of 5mCi of "F-FDG. The FDG-PET images were
pre-processed according to standard ADNI procedures with frames
co-registered, averaged, and reoriented along the anterior—posterior
commissure line and resliced to a 1.5 mm isotropic voxel space. Each
PET image was spatially normalized to Montreal Neurological
Institute (MNI) space, and the mean hippocampal FDG uptake
(normalized to pons uptake) was measured.

2.8 Neuropsychological assessments

The Rey Auditory Verbal Learning Test (RAVLT) and the
Alzheimer’s Disease Assessment Scale-Cognitive Subscale 13-item
version (ADAS-Cogl3) were used as sensitive markers of disease
progression. RAVLT tests episodic verbal memory by assessing an
individual’s ability to acquire a list of 15 words over five trials. The
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test comprised a short-delay recall trial presented after a distracter
list, a 30-min long delay recall trial, and finally a yes/no recognition
trial.> ADAS-Cogl3 is a 13-item scale used for assessing learning,
memory, language production and comprehension, constructional
and ideational praxis, orientation, number cancellation, and delayed
free recall tasks. The word recall test was administered first, and the
word recognition task was given at the end with other cognitive
tasks given in between. The two-word memory tasks were separated
so that the risk of individuals confusing words from the two tasks
was minimized. Objective testing was followed by subjective clinical
ratings of the language ability and aptitude of the participant to
remember test instructions (extended details can be found on the
ADNI website: adni.loni.usc.edu/wp-content/uploads/2010/09/
ADNI_GeneralProceduresManual.pdf).

2.9 Statistical analysis

To understand how CSF cytokines/receptors are affected at
different stages of the disease and whether the trend observed in
proteins is reproducible and consistent across cohorts, we divided the
ADNI dataset into exploratory cohorts (cohorts 1-2), a protein
threshold-defining dataset comprised of CN individuals, and the
main cohort:

Exploratory Cohort 1: baseline cohort (3 CN and 15 cognitively
impaired [6 MCI and 9 AD]).

Exploratory Cohort 2: AD baseline and longitudinal cohort
(n=178).

Protein threshold-defining dataset: CN longitudinal cohort
(n = 58; used only to formulate thresholds to label protein levels

as low, medium, or level).
« Main Cohort: Individuals who remain stable (n = 103) and those
who demonstrate disease progression (1 = 93).

Welch's t-test was used to examine the baseline levels of CSF
cytokines/receptors (TNF-a, TNFR-1, and TNFR-2) in CN compared
to cognitively impaired (Exploratory Cohort 1), which included MCI
and AD. Next, Pearson’s correlation analyses were performed on the
AD dataset (Exploratory Cohort 2) to assess the relationship of CSF
cytokines/receptors with AD protein biomarkers (CSF A, total tau,
and p-tau), neuroimaging measures (FDG-PET [average of angular,
temporal, and posterior cingulate], MRI-derived hippocampal
volumes and whole brain volumes), and cognition (RAVLT and
ADAS-Cogl3) at baseline and over a year.

As part of the main cohort analyses, baseline levels of CSF
TNF-a, TNFR-1, and TNFR-2 were assessed using Welch’s t-test
to see if they can differentiate between individuals who remain
stable compared to those that have disease progression within the
next 10 years. Following this, tertile analysis was used to label the
proteins as low (x <Ql), medium (Ql <x<Q3), or high
(x> Q3), based on protein-threshold defining Cohort, and
examine their association with annual changes (to control for
variable follow-up times) in AD pathology, neuroimaging and

2 http://www.adni-info.org
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cognitive biomarkers using one-way ANOVA followed by post hoc
Tukey correction. TNF-a protein levels were labelled as low
(TNF-a < 1.2875), medium (1.2875 < TNF-a < 1.9975), or high
(TNF-a > 1.9975). TNFR-1 protein levels were labelled as low
(TNFR-1 < 712.79), medium (712.79 < TNFR-1 < 989.28), or
high (TNFR-1 > 989.28). TNFR-2 protein levels were labelled as
low (TNFR-2 < 793.76), medium (793.76 < TNFR-2 < 1129.07),
or high (TNFR-2 > 1129.07).

All analyses were performed using GraphPad Prism 10.4.0. Since
this was an exploratory study, a p-value of <0.05 was
considered significant.

3 Results

3.1 Cohort 1: cognitively impaired and CN
groups

First, CSF levels of members of the TNF family were assessed in
the cognitively impaired compared to CN individuals. Welch’s t-test
on exploratory cohort 1 revealed that baseline levels of TNF-a
(p =0.9529), TNFR-1 (p = 0.3349), and TNFR-2 (p = 0.3126) showed
non-significant changes in cognitively impaired (MCI and AD) versus
CN group (Figure 1).

3.2 Cohort 2: AD cohort

We wanted to assess the association between CSF levels of
TNFs with baseline (Figure 2) and longitudinal changes (Figure 3)
in CSF AD proteins, neuroimaging measures, and cognition in
individuals with established AD (n = 78). The mean age + standard
deviation of the AD cohort was 74.86 + 8.138 years, and education
was 15.038 + 3.002 years. There were 35 women (44.9%), 68
(87.2%) individuals were married, 55 (70.5%) had at least one copy
of the APOE &4 allele, and all patients with AD were white.
Pearson’s correlation analyses on the AD dataset showed that
higher baseline levels of TNF-a were significantly associated with
baseline CSF A (r = 0.3384, p = 0.0024), total tau (r = 0.3592,
p =0.0012), and p-tau (r = 0.3432, p = 0.0021). Higher baseline
levels of TNF-a were associated with higher baseline glucose
metabolism (r = 0.3145, p = 0.0512). High baseline levels of TNF-a
were correlated with lower baseline levels of hippocampal volume
(r = —0.2754, p = 0.0400; Figure 2). A similar trend was observed
for TNFR-1 and TNFR-2. Higher levels of TNFR-1 were
significantly associated with baseline CSF Af (r=0.4523,
p <0.0001), total tau (r = 0.6115, p < 0.0001), p-tau (r = 0.5326,
p <0.0001), and hippocampal volume (r = —0.2798, p = 0.0367).
Higher levels of TNFR-2 were significantly associated with baseline
CSF A (r = 0.4409, p < 0.0001), total tau (r = 0.6638, p < 0.0001),
p-tau (r=0.5932, p<0.0001),
(r=—0.3232, p = 0.0151).

Pearson’s correlation analyses of baseline levels of TNF-a found

and hippocampal volume

higher baseline levels of TNF-a associated with longitudinal changes
in ADAS-Cogl3 over a year (r = —0.2453, p = 0.0471) in patients with
AD (Figure 3). Meanwhile, TNFR-1 (r = 0.2457, p = 0.0467) and
TNFR-2 (r=0.2578, p = 0.0367) were associated with longitudinal
changes in RAVLT (Figure 3).
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FIGURE 1

Welch's t-test shows no significant differences in tumour necrosis factor-a, tumour necrosis factor receptor-1, and tumour necrosis receptor-2
between cognitively normal and cognitively impaired individuals. Numbers on the graph represent p-values. A p-value of <0.05 was considered

significant.
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FIGURE 2

Heatmap shows the correlation matrix (Pearson’s correlation analyses) between baseline tumour necrosis factor-a (TNF-a), tumour necrosis factor
receptor-1 (TNFR-1), and tumour necrosis receptor-2 (TNFR-2), with baseline Ap, total tau, p-tau, neuroimaging measures, and cognition in patients
with Alzheimer's disease. The gradient bar shows the correlation coefficient (r). Yellow asterisk symbols denote significant associations of TNF
cytokines/receptors with AD biomarkers, neuroimaging measures, and cognition. A p-value of <0.05 was considered significant.

3.3 Main cohort: individuals who remain
stable and those who demonstrate disease
progression

The baseline levels of CSF TNF-a, TNFR-1, and TNFR-2 were
assessed to differentiate between individuals who remain stable
compared to those who demonstrate disease progression within a
decade. There were 103 individuals who remained stable (mean
age + standard deviation = 75.04 + 6.956 years), whilst 93 individuals
showed disease progression (mean age 74.79 + 7.207 years). The
average years of education + standard deviation was 16.14 + 2.818 in
the stable group compared to 15.72 + 2.983 in the disease progression
group. Of the 103 individuals who remained stable, 46 were female
(44.6%), 96 were white (96.3%), 76 were married (73.8%), and 31 had
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at least one APOE ¢4 allele (30.1%); whereas, of the 93 individuals
who showed disease progression, 33 were female (35.5%), 86 were
white (92.5%), 78 were married (83.9%), and 53 had at least one APOE
€4 allele (57.0%). The median follow-up time for individuals who
remained stable was 3 years (range 1-10 years) and 4 years (range
1-10years) in the disease progression group. In the disease
progression group, the median time to disease progression was 2 years
(1-10 years).

Welch’s t-test on the main cohort revealed that the baseline
levels of TNF-a (p =0.2371), TNFR-1 (p = 0.4247), or TNFR-2
(p = 0.7435) did not significantly differentiate between individuals
who remained stable versus those who had disease progression, with
a follow-up of up to 10 years (Figure 4). As specified in the Methods
section, the CN cohort (n = 58) was used to define protein levels at
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Welch's t-test shows no significant differences in baseline levels of tumour necrosis factor-a, tumour necrosis factor receptor-1, and tumour necrosis
receptor-2 between individuals who remain stable and those who show disease progression. Numbers on the graph represent p-values. A p-value of

low, medium, or high levels for the main cohort analyses. One-way
ANOVA expressed as TNF-a tertiles found no significant
association with annual changes in AD proteins, neuroimaging
measures, and cognition (Figure 5). Individuals with medium
baseline levels of TNFR-1 in the main cohort had significantly
decreased annual CSF AP compared to individuals with low baseline
levels of TNFR-1 (p = 0.0241; Figure 6). Individuals with high
baseline levels of TNFR-1 in the main cohort had significantly
decreased annual CSF total tau compared to the low baseline level
group (p =0.0093; Figure 6). Compared to the group with low
baseline levels of TNFR-2, high (p=0.0030), and medium
(p < 0.0001) baseline levels of TNFR-2 had low annual levels of CSF
AP (Figure 7). High levels of baseline TNFR-2 had lower annual CSF

Frontiers in Aging Neuroscience

06

total tau compared to the low baseline TNFR-2 group (p = 0.0439;
Figure 7).

4 Discussion

The present study did not find significantly altered baseline CSF
levels of TNF-a, TNFR-1, and TNFR-2 between individuals who
remained stable compared to those who demonstrated disease
progression. The trio was significantly associated with CSF Af and tau
in patients at different stages of AD pathogenesis. The findings suggest
that whilst the TNF family may be implicated in the disease process
in AD, its utility as a disease biomarker is limited.
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Although CSF studies on the TNF family are limited, the
present findings of non-significant changes in TNF-« are consistent
with previous studies (Tarkowski et al., 2003; Llano et al., 2012;
Swardfager et al., 2010). Tarkowski et al. (2003) did not find
significant differences in the initial TNF-a mean levels between
patients who proceeded to overt AD and patients who did not at
follow-up 9 months later. This suggests that TNF-a changes may
not be sufficient and likely work in tandem with other cytokines/
receptors and AD pathology to cause progressive deterioration. The
lack of significant changes in the CSF TNF family protein levels
could be due to regional variability, particularly in disease-affected
brain areas, which may not lead to changes in CSF protein levels,
as CSF levels reflect the summed metabolism of the whole brain. A
limitation of the study is that CSF protein measurement does not
assess the functional status of the proteins nor inform the protein
modifications that may occur in the disease context. Studies
measuring the functional status of the proteins are warranted to

better understand the role of cytokines/receptors in
AD pathogenesis.
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The finding of a significant correlation between the TNF family
and AD pathology markers is consistent with a previous study (Zhao
et al., 2020), which suggests that CNS inflammation is an important
event in the pathogenesis of AD. The mechanism underlying the
association between the TNF family and AD pathology remains to
be understood. In AD, TNF-a inhibition reverted the effect of tau
accumulation in neurites through high-affinity binding to TNFR-1.
TNFR-1 and TNFR-2 inhibition were found to exacerbate tau
accumulation and neurofibrillary tangle pathology (Montgomery
et al, 2013). It is likely that, TNF receptor modulation may
differentially and intricately affect AD pathology at various
disease stages.

A double-blind study in mild and moderate AD patients treated with
subcutaneous etanercept (anti-TNF agent) did not show significant
changes in cognitive function, behavior, and global functions, though
there was a positive trend in the anti-TNF-« treatment group (Butchart
et al, 2015). The limited effectiveness of anti-TNF-a therapies in AD
patients may be attributed to the large molecular weight of anti-TNF-«
monoclonal antibodies because this makes the passage through the
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blood-brain barrier challenging under physiological conditions. An
alternative explanation supported by the present study suggests that the
TNF family may not be useful disease biomarkers or is involved in
disease pathogenesis but is not a significant driver of disease pathology.

Another limitation of the study is that most individuals were white,
which may not be representative of broader patient populations in the
real world. Therefore, independent validation is needed in a larger more
heterogeneous AD dementia population to fully assess the long-term
safety and clinical effects of this approach.

In conclusion, the baseline CSF levels of TNF-o and its receptors are
not significantly associated with disease progression in AD.
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