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Are Inflammatory Alterations a Cause or Consequence of 
Neurodegeneration in Alzheimer’s Disease?
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Numerous inflammatory mediators have been identified in Alzheimer’s disease 
(AD) brains but not detected in non-demented elderly individuals selected as controls. 
Emerging evidence suggests that neuroinflammation is involved in the pathogenesis 
of AD. Recently, there have been interesting reports suggesting the contribution of 
interleukin (IL)-2 [1], IL-10 [2,3], IL-33 [4], colony-stimulating factor 1 (CSF1) [5], 
and tumour necrosis factor α (TNFα) [6,7] to AD pathogenesis, and their potential 
therapeutic uses in AD have been suggested. Interestingly, several anti-TNFα agents 
and TNFα-modulating agents including infliximab, etanercept, thalidomide, and 
minocycline attenuated amyloid-β peptide (Aβ) deposition, behavioural impairments, 
and inflammation in AD animal models [8], and perispinal, but not subcutaneous, 
delivery of etanercept to AD patients exhibited a significantly rapid and sustained 
cognitive  improvement [9]. Furthermore, inflammasomes, which cleave precursors of 
IL-1β and IL-18 to generate their active forms, play an important role in AD pathogenesis 
[10], as their activation in the microglia by Aβ triggers neuroinflammation [11].

Therefore, anti-inflammatory strategies have been proposed to have beneficial 
disease-modifying effects on AD. AD therapeutics based on the amyloid hypothesis 
have shown limited efficacy in patients, suggesting other aspects of AD pathogenesis 
contributing to neuronal death and cognitive decline. It is well known that some 
mismatch individuals, referred to as high pathology control (HPC) [12-14], exhibit 
high levels of Aβ accumulation in their brain without significant cognitive decline or 
neuronal loss. One important difference between the mismatches and AD brains is that 
the mismatches exhibit a reduced level of neuroinflammation [7]. Neuroinflammation 
has been proposed to be one of the candidate mechanisms involved in the initiation 
and propagation of synaptic loss, leading to further progression of AD pathology with 
manifestation of dementia [12]. The significant contribution of inflammation to AD 
pathogenesis may partly depend on the protein function altered by sequence variants 
of the immune-related genes, such as CR1, TREM2, CD33 and HLA-DRB5-HLA-DRB1, 
which were revealed by recent genome-wide association studies to be associated with 
an increased risk for the development of AD. In particular, the R47H variant of TREM2 
is the first gene to be identified with a moderate risk effect on the disease to a similar   
extent as that observed for the APOEε4 allele, since the association of the APOEε4 was 
established for AD [15,16]. The TREM2 gene encodes the triggering receptor expressed 
on myeloid cells 2 protein. In the brain, TREM2 is preferentially expressed in microglia. 

Aβ deposits, neurofibrillary tangles (NFTs), and neuronal degeneration are 
characteristic of AD and are the most likely sources of inflammation in AD brains. In 
contrast, Aβ and Aβ precursor protein (APP) are regulated by inflammatory mediators. 
Neuroinflammation causes neuronal damage in AD and is now thought to possibly 
contribute to AD pathogenesis rather than being a consequence of emerging senile 
plaques, NFTs, and neurodegeneration. In fact, long-term non-steroidal anti-inflammatory 
drug (NSAID) users were prospectively demonstrated to have a lower risk of AD than non-
NSAID users [17] and retrospective studies have shown that treating rheumatoid arthritis 
with anti-inflammatory medications may reduce the risk of AD [18]. If inflammatory 
alterations are primary to AD pathologic processes that occur before neuronal damage 
and dementia, then anti-inflammatory therapies using NSAIDs will prevent cognitive 
impairment in AD. However, the Alzheimer’s Disease Anti-Inflammatory Prevention Trial 
(ADAPT) and its follow-up study (ADAPT-FS) did not support the use of NSAIDs for AD 
prevention among dementia-free elderly individuals with a family history of AD [19]. 
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A longitudinal positron emission tomography (PET) 
imaging study with 11C-deuterium-L-deprenyl  (11C-DED), a 
selective monoamine oxidase B antagonist that labels activated 
astrocytes, in asymptomatic carriers of autosomal dominant 
AD demonstrated that astrocytes had already been activated 
when amyloid deposition was first observed using 11C-Pittsburg 
Compound B (PIB), an amyloid tracer. This suggests that astrocytic 
inflammatory responses are implicated in the early stages of AD 
pathology [20]. On the other hand, a soluble TREM2 (sTREM2) 
in the cerebrospinal fluid was demonstrated to increase early 
in the progression of autosomal dominant AD; that is, before 
the expected cognitive decline, but after changes in Aβ and tau‒
measured by PIB-PET imaging, CSF Aβ, and CSF tau‒have already 
begun. This suggests that microglial activation occurs after the 
occurrence of amyloidosis and neuronal injury [16]. 

Are inflammatory alterations a cause or consequence of neuro-
degeneration in AD? This issue has been controversial. To address 
this issue, investigation of alterations in a group of molecules 
related to the metabolism of APP, Aβ, tau, and inflammation, using 
HPC brains should be attempted and compared with those of AD 
and healthy elderly controls. Non-demented individuals with AD 
pathology or aforementioned “mismatch individuals”, referred 
to as HPC individuals, are considered an intermediate subset 
between AD and healthy elderly controls. The data obtained 
from this attempt are very revealing and clarify the specific 
mechanisms that enable some elderly individuals harboring high 
levels of Aβ to evade cognitive decline [12-14].

References
1.	 Dansokho C,  Ait Ahmed D,  Aid S, et al. Regulatory T cells delay disease 

progression in Alzheimer-like pathology. Brain. 2016;139(4):1237-1251. 

2.	 Chakrabarty P, Li A, Ceballos-Diaz C, et al. IL-10 alters immunoproteostasis 
in APP mice, increasing plaque burden and worsening cognitive behavior. 
Neuron. 2015;85(3):519-533. 

3.	 Guillot-Sestier MV, Doty KR, Gate D, et al. Il 10 deficiency re-balances innate 
immunity to mitigate Alzheimer-like pathology. Neuron. 2015;85(3):534-548. 

4.	 Fu AKY, Hung KW, Yuen MYF, Zhou X, Mak DSY, et al. IL-33 ameliorates 
Alzheimer’s disease-like pathology and cognitive decline. Proc Natl Acad Sci 
USA. 2016;113(19):E2705-2713. 

5.	 Olmos-Alonso A, Schetters STT, Sri S, et al. Pharmacological targeting of 
CSF1R inhibits microglial proliferation and prevents the progression of 
Alzheimer’s-like pathology. Brain. 2016;139(3):891-907. 

6.	 Carriba P, Jimenez S, Navarro V, et al. Amyloid-β reduces the expression 
of neuronal FAIM-L, thereby shifting the inflammatory response 
mediated by TNFα from neuronal protection to death. Cell Death Dis. 
2015;6(2):1639. 

7.	 Wood LB, Winslow AR, Proctor EA, et al. Identification of neurotoxic 
cytokines by profiling Alzheimer’s disease tissues and neuron culture viability 
screening. Scientific Reports. 2015;5:16622. 

8.	 Shamim D, Laskowski M. Inhibition of inflammation mediated through the 
tumor necrosis factor α biochemical pathway can lead to favorable outcomes 
in Alzheimer disease. J Cent Nrev Syst Dis. 2017;9: 1-10. 

9.	 Tobinick E. Perispinal etanercept: a new therapeutic paradigm in neurology. 
Expert Rev Neurother. 2010;10(6):985-1002.

10.	 Liu L, Chan C. The role of inflammasome in Alzheimer’s disease. Ageing Res 
Rev. 2014;15:6-15. 

11.	Saresella M, La Rosa F, Piancone F, et al. The NLRP3 and NLRP1  
inflammasomes are activated in Alzheimer’s disease. Mol Neurodegener. 
2016;11:23. 

12.	Lue LF, Kuo YM, Roher AE, et al. Soluble amyloid β peptide concentration 
as a predictor of synaptic change in Alzheimer’s disease. Am J Pathol. 
1999;155(3):853-862. 

13.	Maarouf CL, Daugs ID, Kokjohn TA,  et al. Alzheimer’s disease and 
non-demented high pathology control nonagenarians: comparing and 
contrasting the biochemistry of cognitively successful aging. PLoS ONE. 
2011;6(11):27291. 

14.	Nagae T, Araki K, Shimoda Y, et al. Cytokines and cytokine receptors 
involved in the pathogenesis of Alzheimer’s disease. J Clin Cell Immunol. 
2016;7(4):441. 

15.	Guerreiro R, Hardy J. Genetics of Alzheimer’s disease. Neurotherapeutics, 
2014;11:732-737. 

16.	Suárez-Calvet M, Caballero MÁA, Kleinberger G, et al. Early changes in CSF 
sTREM2 in dominantly inherited Alzheimer’s disease occur after amyloid 
deposition and neuron injury. Sci Transl Med. 2016;8(369):369ra178. 

17.	Vlad SC, Miller DR, Kowall NW, Felson DT. Protective effects of NSAIDs on 
the development of Alzheimer disease. Neurology. 2008;70(19):1672-1677. 

18.	Rogers J, Kirby LC, Hempelman SR, et al. Clinical trial of indomethacin in 
Alzheimer’s disease. Neurology. 1993;43(8):1609-1611. 

19.	ADAPT-FS Research Group. Follow-up evaluation of cognitive function in the 
randomized Alzheimer’s Disease Anti-inflammatory Prevention Trial (ADAPT) 
and its Follow-up Study (ADAPT-FS). Alzheimers Dement. 2015;11(2):216-
225.

20.	Rodriguez-Vieitez E, Saint-Aubert L, Carter SF, et al. Diverging longitudinal 
changes in astrocytosis and amyloid PET in autosomal dominant Alzheimer’s 
disease. Brain. 2016;139(3):922-936.

Copyright: © 2017 Konishi. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and source are credited.

https://www.ncbi.nlm.nih.gov/pubmed/26912648
https://www.ncbi.nlm.nih.gov/pubmed/26912648
https://www.ncbi.nlm.nih.gov/pubmed/25619653
https://www.ncbi.nlm.nih.gov/pubmed/25619653
https://www.ncbi.nlm.nih.gov/pubmed/25619653
https://www.ncbi.nlm.nih.gov/pubmed/25619654
https://www.ncbi.nlm.nih.gov/pubmed/25619654
http://www.pnas.org/content/113/19/E2705.full
http://www.pnas.org/content/113/19/E2705.full
http://www.pnas.org/content/113/19/E2705.full
https://www.ncbi.nlm.nih.gov/pubmed/26747862
https://www.ncbi.nlm.nih.gov/pubmed/26747862
https://www.ncbi.nlm.nih.gov/pubmed/26747862
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4669818/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4669818/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4669818/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4669818/
https://www.nature.com/articles/srep16622
https://www.nature.com/articles/srep16622
https://www.nature.com/articles/srep16622
https://www.ncbi.nlm.nih.gov/pubmed/28811745
https://www.ncbi.nlm.nih.gov/pubmed/28811745
https://www.ncbi.nlm.nih.gov/pubmed/28811745
https://www.ncbi.nlm.nih.gov/pubmed/20518613
https://www.ncbi.nlm.nih.gov/pubmed/20518613
https://www.ncbi.nlm.nih.gov/pubmed/24561250
https://www.ncbi.nlm.nih.gov/pubmed/24561250
https://www.ncbi.nlm.nih.gov/pubmed/26939933
https://www.ncbi.nlm.nih.gov/pubmed/26939933
https://www.ncbi.nlm.nih.gov/pubmed/26939933
https://www.ncbi.nlm.nih.gov/pubmed/10487842
https://www.ncbi.nlm.nih.gov/pubmed/10487842
https://www.ncbi.nlm.nih.gov/pubmed/10487842
https://www.ncbi.nlm.nih.gov/pubmed/22087282
https://www.ncbi.nlm.nih.gov/pubmed/22087282
https://www.ncbi.nlm.nih.gov/pubmed/22087282
https://www.ncbi.nlm.nih.gov/pubmed/22087282
https://www.ncbi.nlm.nih.gov/pubmed/27895978
https://www.ncbi.nlm.nih.gov/pubmed/27895978
https://www.ncbi.nlm.nih.gov/pubmed/27895978
https://www.ncbi.nlm.nih.gov/pubmed/27974666
https://www.ncbi.nlm.nih.gov/pubmed/27974666
https://www.ncbi.nlm.nih.gov/pubmed/27974666
https://www.ncbi.nlm.nih.gov/pubmed/18458226
https://www.ncbi.nlm.nih.gov/pubmed/18458226
https://www.ncbi.nlm.nih.gov/pubmed/8351023
https://www.ncbi.nlm.nih.gov/pubmed/8351023
https://www.ncbi.nlm.nih.gov/pubmed/25022541
https://www.ncbi.nlm.nih.gov/pubmed/25022541
https://www.ncbi.nlm.nih.gov/pubmed/25022541
https://www.ncbi.nlm.nih.gov/pubmed/25022541
https://academic.oup.com/brain/article/139/3/922/2468796/Diverging-longitudinal-changes-in-astrocytosis-and
https://academic.oup.com/brain/article/139/3/922/2468796/Diverging-longitudinal-changes-in-astrocytosis-and
https://academic.oup.com/brain/article/139/3/922/2468796/Diverging-longitudinal-changes-in-astrocytosis-and

	Title
	Corresponding author
	References

