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Why do anti-amyloid beta antibodies not work?
Time to reconceptualize dementia pathophysiology
by incorporating astrocyte melatonergic pathway
desynchronization from amyloid-beta production
George Anderson0000-0000-0000-0000
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A recent editorial in the Brazilian Journal of Psychiatry
highlighted the hopes, problems, and disappointments
of anti-amyloid antibody treatments in the management of
Alzheimer’s disease.1 The amyloid cascade hypothesis
of Alzheimer’s disease has predominated for 4 decades,
coupled to hyperphosphorylated tau to form amyloid-b
plaques and tangles, respectively. This has provided no
significant benefits to the management of Alzheimer’s
disease pathophysiology. The editorial highlights the
plethora of other factors now linked to dementia patho-
physiology, including alterations in the gut microbiome
and gut permeability. The amyloid hypothesis is further
challenged by the antimicrobial effects of amyloid-b,
possibly indicative that amyloid-b is ‘‘too much of a good
thing.’’ This article highlights the role of the melatonergic
pathway, providing a more integrated dementia patho-
physiology, including alterations in gut microbiome/
permeability, and proposing that aging-associated fac-
tors which suppress the melatonergic pathway underpin
dementia.

The melatonergic pathway is evident in all mitochon-
dria-containing cells, where it is induced by two transcrip-
tion factors that drive amyloid-b production, namely
nuclear factor kappa B (NF-kB) and Yin Yang 1 (YY1)
via b-site amyloid precursor protein-cleaving enzyme 1
(BACE1) induction. The suppressed capacity of NF-kB
and YY1 to synchronize melatonin production and release
in association with BACE1 and amyloid-b prolongs
amyloid-b production whilst maintaining astrocyte and
microglia reactivity, thereby driving microbial/alarmin
signaling. The loss of synchronized autocrine and para-
crine melatonin contributes to ongoing inflammation. The
elimination of amyloid-b by anti-amyloid antibodies would
not be expected to impact such dysregulated inflamma-
tory processes.

The above provides a framework to link a wide array
of diverse bodies of data on dementia pathophysiology
by highlighting the importance of the astrocyte melato-
nergic pathway and how it can become desynchronized
from BACE1 induction, resulting in excessive amyloid-b

production and the maintenance of inflammatory inter-
actions of astrocytes, neurons, and microglia in the
course of dementia pathophysiology.

The melatonergic pathway

Melatonin production occurs predominantly within mito-
chondria, allowing melatonin to have mitochondrial,
intracrine, autocrine, and paracrine effects. The ancient
bacteria that became endosymbionts of proto-eukaryotes
2 billion years ago produced melatonin, gradually evolving
into mitochondria, with the mitochondrial melatonergic
pathway evident in all animals, plants, and fungi.2 This
maintained presence of the melatonergic pathway high-
lights its importance for multicellular life on earth.

Astrocytes are the most important neuroregulatory
cells. The melatonergic pathway was first shown to be
present in astrocytes in 2007.3 The astrocytic melato-
nergic pathway involves tryptophan uptake and the
stabilization of tryptophan hydroxylase 2 by 14-3-3e
to produce serotonin, which is converted by arylalk-
ylamine N-acetyltransferase (AANAT) to N-acetylsero-
tonin (NAS). AANAT requires stabilization by 14-3-3z,
as well as the availability of acetyl coenzyme A (acetyl-
CoA), for NAS production. NAS is then converted to
melatonin by acetylserotonin methyltransferase. Fac-
tors regulating tryptophan, tryptophan uptake, 14-3-3e,
14-3-3z, tryptophan hydroxylase 2, AANAT, acetylser-
otonin methyltransferase and acetyl-CoA can therefore
modulate astrocytic capacity to produce melatonin
(Figure 1).

Melatonergic pathway induction is intimately linked to
optimized mitochondrial function. Activation of the pyr-
uvate dehydrogenase complex, including by circadian
Bmal1 and longevity-linked sirtuin-3 (SIRT3), enhances
the conversion of pyruvate to acetyl-CoA, thereby
optimizing adenosine triphosphate production from the
tricarboxylic acid cycle and oxidative phosphorylation.
Acetyl-CoA is also a necessary co-substrate for convert-
ing serotonin to NAS, allowing optimized mitochondrial
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function to be intimately linked to melatonergic pathway
upregulation.4 Notably, pineal melatonin production
decreases 10-fold between 18 and 80 years of age in
humans. It is unknown whether this aging-associated
melatonin decrement is evident in other body and brain
cells, including neurons and glia.

Linking the melatonergic pathway with dementia
pathophysiology

BACE1 induction and amyloid-b production follow toll-like
receptor 2/4 activation, including by lipopolysaccharide
(LPS) and herpes simplex virus 1, as well as by
endogenous ‘‘alarmins,’’ such as heat shock protein
70 and high-mobility group box 1. Consequently, local

inflammation-linked processes, as well as gut perme-
ability-derived LPS, upregulate BACE1 and amyloid-b
via YY1 and NF-kB. However, both YY1 and NF-kB
temporally limit glia reactivity via synchronized melato-
nergic pathway induction.5,6

Given that melatonin treatment in human dementia and
animal models shows benefits,7 it is surprising that its
local production in the central nervous system has not
been clinically investigated. Notably, exogenous melato-
nin induces the mitochondrial melatonergic pathway,
partly via Bmal1, SIRT1, and SIRT3 induction,8 thereby
disinhibiting the pyruvate dehydrogenase complex and
the conversion of pyruvate to acetyl-CoA, which is
required as an AANAT co-substrate to initiate the
melatonergic pathway (Figure 1).

Figure 1 How different processes can impact mitochondrial function by regulating the conversion of tryptophan to melatonin.
Tryptophan uptake allows it to be converted to serotonin by tryptophan hydroxylase 2, which requires 14-3-3e for stabilization.
Serotonin’s conversion to N-acetylserotonin, 14-3-3z stabilization of arylalkylamine N-acetyltransferase, as well as acetyl-CoA
as a co-substrate are all necessary to initiate the melatonergic pathway. Factors attenuating the availability of these 14-3-3
isoforms limit mitochondrial melatonergic pathway induction. A number of activated receptors, including the aryl hydrocarbon
receptor (AhR), can suppress 14-3-3, thereby suppressing the melatonergic pathway. The induction of CYP1B1 by the AhR
can back-convert melatonin to N-acetylserotonin via O-demethylation. Some of the complex, and sometimes contradictory,
effects of the AhR in aging and associated medical conditions may arise from variations in the availability of the mitochondrial
melatonergic pathway. Gut dysbiosis and permeability suppress butyrate and increase lipopolysaccharide (LPS) in interaction
with heightened pro-inflammatory cytokines, which then increase indoleamine 2,3-dioxygenase (IDO) and tryptophan 2,
3-dioxygenase (TDO), further depleting tryptophan via its conversion to kynurenine, an endogenous AhR ligand, coupled to
increasing neuroregulatory kynurenine pathway products. LPS and pro-inflammatory cytokines also inhibit pineal melatonin
production, thereby suppressing circadian resetting of mitochondria by pineal melatonin’s upregulation of Bmal1 and sirtuin-3
(SIRT3), as does butyrate. Mitochondrial resetting is mediated by the disinhibition of pyruvate dehydrogenase complex (PDC)
by SIRT3 and Bmal1, thereby enhancing the conversion of pyruvate to acetyl-CoA, which is required for melatonergic pathway
induction. LPS, high-mobility group box 1, and heat shock protein 70, via toll-like receptor 4 (TLR4), induce the transcription
factors nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB) and Yin Yang 1 (YY1), as do pro-inflammatory
cytokines, leading to b-site amyloid precursor protein-cleaving enzyme 1 and amyloid-b induction, which is normally
synchronized with the anti-inflammatory effects of sequentially induced melatonin. Such alterations in astrocytes change
neuronal regulation and transmitter release, coupled to enhanced plaques and tangles. Core processes are highlighted in
orange, upon which many genetic and epigenetic factors can act, including the gut microbiome (green) and pro-inflammatory
cytokines (pink). EAAT = excitatory amino acid transporter; GSH = glutathione.

Braz J Psychiatry. 2023;45(2)

90 G Anderson



Gut microbiome and gut permeability in
modulation of the melatonergic pathway

The gut microbiome and gut permeability are at the
cutting edge of research in a growing body of diverse
medical conditions.9,10 Gut microbiome/permeability is
intimately linked to melatonergic pathway regulation,
including by the gut microbiome-derived short-chain fatty
acid, butyrate. Butyrate is an epigenetic regulator and
histone deacetylase inhibitor (HDACi), with HDACs
detrimentally regulating dementias by modifying gene
promotors, thereby upregulating YY1-driven transcrip-
tions.11 The loss of butyrate’s pan-HDACi capacity
potentiates YY1, including YY1’s suppression of excita-
tory amino acid transporter 2, thereby contributing to
glutamatergic excitotoxicity in dementia.12 Butyrate upre-
gulates SIRT3 and the melatonergic pathway in intestinal
epithelial cells, suggesting PDC disinhibition, which
clearly requires investigation in central nervous system
cells, including the impact of factors regulating 14-3-3
isoforms and tryptophan hydroxylase 2, as well as the
effects of butyrate on YY1 and NF-kB.13

Gut dysbiosis and permeability commonly co-occur,
with gut permeability allowing the release of many
immune and glia regulatory factors, including LPS, aryl
hydrocarbon receptor (AhR) ligands, and tiny fragments
of partially digested food. LPS, via toll-like receptor 2/4,
induces YY1 and NF-kB with associated immune and glia
inflammation. NF-kB induction in macrophages and
microglia also induces melatonin release and autocrine
effects, thereby limiting inflammation and shifting to an
M2-like phenotype to clear debris after a time-limited
activation.5 Clearly, this requires investigation over the
course and dampening of astrocyte reactivity and high-
lights the crucial importance of astrocyte mitochondrial
melatonergic pathway availability. Exogenous melatonin
prevents tau hyperphosphorylation,14 indicating that the
loss of local melatonin production is intimately linked to
amyloid-b and hyperphosphorylated tau overproduction
and neurotoxicity. The decades-old conceptualizations
of the core processes underpinning dementia, namely
plaques and tangles, may arise due to suppressed local
melatonin production.

The melatonergic pathway, amyloid-b, and other
medical conditions associated with aging

The above provides a framework for integrating many
previously disparate bodies of data on dementia, includ-
ing suppressed serotonergic signaling in the pathophy-
siology of early dementia. Amyloid-b is not definitive of
dementia, as heightened amyloid-b is evident in diverse
medical conditions, such as glioblastoma and breast
cancers, which implicates a suppressed mitochondrial
melatonergic pathway in the pathophysiology of many
diseases associated with aging, including the tumor
microenvironment.13 This may have relevance to how
aging is associated with the complex effects of the AhR,
given data showing its capacity to suppress 14-3-3 in
some cells, as well as to back-convert melatonin to NAS,
which can act as a brain-derived neurotrophic factor

(BDNF) mimic via BDNF-TrkB activation.15 The AhR is
also expressed in the outer membrane of mitochondria,
and it is important that its complex effects, which arise
from different ligands and in different cells, are placed
within its capacity to regulate the mitochondrial melato-
nergic pathway.

The above would indicate clear evolutionary-driven
pressure for the association of the melatonergic pathway
with mitochondria in the three kingdoms of life on earth.
The astrocyte pathways linked to dementia, namely LPS/
YY1-NF-kB/HDAC/BACE1/amyloid-b are relevant to
many other conditions associated with inflammation.
Importantly, the LPS/YY1-NF-kB/HDAC pathway is also
significantly associated with regulation of the melatoner-
gic pathway, indicating that suppression of the synchro-
nized induction of the melatonergic pathway with BACE1
and amyloid-b production explains, and links, a host of
previously disparate data on dementia. This has rele-
vance to a wide array of other poorly conceptualized and
treated medical conditions, including amyotrophic lateral
sclerosis and cancers, as well as to the many psychiatric
conditions linked to suboptimal mitochondrial function.
Within this framework, it could be predicted that anti-
amyloid antibody therapy would afford little protection
against dementia, which the data broadly support.1
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