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A gut/immune/brain axis in 
Alzheimer’s disease
There is a growing interest in targeting reg-
ulators of  innate and adaptive immunity 
for the treatment of  Alzheimer’s disease 
(AD) (1). The gut microbiota are import-
ant regulators of  the immune system, and 
nearly a decade ago, studies showed that 
altering the gut microbiota with early-life 
antibiotics (ABX) treatment, or rearing 
animals in gnotobiotic conditions, reduced 
amyloid-β (Aβ) pathology in transgenic 
mouse models of  Aβ amyloidosis (2, 3). 
In addition, observations of  altered gut 
microbiome composition in humans with 
clinical (4) or preclinical AD (5) compared 
with nondiseased individuals have sparked 
significant interest in the potential of  ther-
apeutically targeting the gut/brain axis to 
modify AD pathogenesis.

However, a central paradox has emerged 
from preclinical studies in transgenic mod-
els: how can findings from gnotobiotic or 

ABX-treated mice be translated meaning-
fully to human contexts, since a healthy gut 
microbiota community is instrumental in the 
growth and development of  the host organ-
ism? Findings from studies that reintroduced 
short-chain fatty acids (SCFAs), a known 
class of  gut microbiota–derived metabolites, 
into mouse models of  Aβ amyloidosis epit-
omize this translational challenge. These 
microbial metabolites, produced through the 
fermentation of  dietary fiber, are generally 
regarded as beneficial for host physiology 
(6). However, when introduced into mice in 
gnotobiotic (7) and specific pathogen–free 
(SPF) conditions (8), some SCFAs appear to 
promote amyloid accumulation, indicating a 
complex dynamic, wherein the very metabo-
lites underpinning a healthy symbiotic rela-
tionship may also contribute to pathological 
processes under certain conditions.

In this issue of  the JCI, Chandra et al. 
provide multiple lines of  evidence that a 
key target of  the gut/brain axis involved in 

modulating brain Aβ amyloidosis may be 
the effect of  a specific SCFA, propionate, 
on reducing IL-17 in the peripheral circu-
lation (Figure 1) (9). Combined with other 
studies that have demonstrated the associ-
ation of  propionate and IL-17 in modulat-
ing pathologies that contribute to dementia 
and other neuroimmune disorders (10–12), 
these findings support the potential utility 
of  modifying the peripheral immune sys-
tem to treat or prevent dementia and indi-
cate that understanding an individual’s gut 
microbiota composition and function will 
be important in developing such strategies.

Peripheral propionate inversely 
correlates with Aβ plaque 
deposition
Chandra et al. (9) began by applying their 
established broad-spectrum ABX treatment 
paradigm to APPPS1-21 mice for 1 week 
before weaning, a model in which they had 
previously observed reductions in amyloid 
accumulation, microgliosis, and astrogli-
osis in male mice, but not in female mice 
(13, 14). In the current study, they used 
targeted mass spectrometry and found that 
only male mice exhibited increased levels 
of  circulating propionate following ABX 
treatment at 12 weeks of  age, the time point 
at which brain pathology was assessed (9). 
This finding aligned with earlier metag-
enomic characterizations that identified 
an increase in Akkermansia, a known pro-
pionate-producing bacteria genus, in male 
mice only (14). Excitingly, Chandra et al. 
(9) showed that supplementation with 150 
mM propionate in mice with an intact 
gut microbiota successfully replicated the 
ABX-associated effects of  reduced amyloid 
accumulation and astrocytosis in both male 
and female APPPS1-21 mice. These data 
suggest that one of  the reasons that female 
APPPS1-21 mice in this model do not have 
lowered amyloid accumulation is that there 
is a differential response in female mice 
to the short-term ABX protocol, rather 
than a differential response to gut-derived 
metabolites like propionate. These results 
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Recent studies have highlighted a possible role for gut microbiota in 
modulating Alzheimer’s disease pathology, particularly through the actions 
of gut-derived metabolites and their influence on the immune system. In 
this issue of the JCI, Chandra et al. reveal that circulating levels of the gut 
microbiota–derived metabolite propionate affected amyloid burden and glial 
activation in a mouse model of Aβ amyloidosis. The study also identifies 
a mechanism for the therapeutic benefit of propionate supplementation, 
showing that propionate lowered peripheral IL-17 and suppressed Th17 
cell activity. These results support the idea of therapeutic targeting of the 
gut/brain/immune axis, particularly via modulation of Th17 responses, 
and suggest translational strategies involving microbiome-based or 
immunological interventions for dementia prevention and treatment.
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increase in Aβ deposition in APPPS1-21 
mice in both SPF and gnotobiotic condi-
tions using the same SCFA mixture of  
acetate (67.5 mM), butyrate (40 mM), and 
propionate (25.9 mM) (8). It is possible 
that the contrasting finding by Chandra et 
al. (9) — reduced amyloid in response to 
one SCFA — is, first, related to differences 
between gnotobiotic mice with immature 
immune systems compared with SPF mice 
that have life-long exposure to microbes. 
Second, no other group has tested the 
effect of  such a high dose (150 mM) of  
propionate in SPF conditions. In addition, 
no other group has tested the effect of  such 
a high dose (150 mM) of  propionate. How-
ever, the findings from this study would be 
strengthened if  it was confirmed that high 

developed to mimic the concentration of  
these metabolites in the colonic lumen to 
study the effects of  SCFAs on Treg function 
in gnotobiotic mice (16), and this approach 
has yielded conflicting results in SPF and 
gnotobiotic models of  Aβ amyloidosis. 
For instance, Erny et al. demonstrated that 
supplementation with a mixture of  acetate 
(67.5 mM), butyrate (40 mM), and propio-
nate (25.9 mM) (17), or acetate alone (150 
mM) (7), was sufficient to restore microg-
lial gene expression profiles, morphologi-
cal features, and innate immune responses 
toward viral infection in nontransgenic 
animals, and to restore Aβ amyloidosis in 
a gnotobiotic 5XFAD-transgenic mouse 
model similar to that observed in SPF con-
ditions. Colombo et al. also observed an 

provide great promise that the mechanisms 
by which propionate mediates responses to 
brain Aβ deposition will have translational 
relevance in both males and females, but 
indicate that sex must be a consideration 
for any intervention that aims to manipu-
late gut microbiota composition and func-
tion for therapeutic benefit.

SCFA effects depend on dose, 
composition, and model
It is important to note that the concentra-
tions of  propionate used in this study were 
much higher than physiological plasma 
propionate levels in both mice and humans 
(typically in the micromolar range) (15). 
High-dose SCFA supplementation in 
drinking water protocols were originally 

Figure 1. A gut/immune/brain axis involving propionate and IL-17 modifies amyloid accumulation in a mouse model of Aβ amyloidosis. (A) Aβ deposi-
tion and reactive astrocytosis are observed in the cortex of 12-week-old APPPS1-21 mice, with low levels of propionate in circulation. (B and C) Increasing 
circulating levels of propionate via early-life ABX treatment in male mice or supplementation of propionate in drinking water in both male and female 
mice results in reduced amyloid pathology and astrocyte activation. Increases in propionate coincide with decreases in circulating Th17 cells and IL-17 in the 
periphery. (D) Depletion of circulating IL-17 with a monoclonal antibody phenocopies the effects observed with propionate supplementation.
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repurpose these compounds in thera-
peutic strategies for dementia. Ongoing 
clinical trials are also examining how 
fiber supplementation may help augment 
IL-17 therapies for autoimmune disease 
(NCT06055699, NCT05812157), and the 
data in this report suggest that similar 
approaches that take into consideration 
an individual’s gut microbiome status 
should be incorporated to maximize pos-
sible therapeutic benefits in the setting of  
dementia pathophysiology.
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