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Abstract: Neurodegenerative diseases, a group of highly prevalent central nervous system
disorders, are closely linked to gut microbiota dysbiosis and impaired gut-brain axis function. The
emerging gut-brain axis theory offers a novel perspective to explain how microbes exert remote,
cross-organ regulation over the central nervous system. Recent studies have indicated that butyrate-
producing bacteria, a core functional component of the gut microbiota, exhibit dynamic changes
temporally and spatially correlated with the onset and progression of these diseases. These bacteria
are thought to modulate the central nervous system microenvironment and disease pathology via
the gut-brain axis. This article systematically reviews the bidirectional signaling mechanisms
between the gut microbiota and the brain, analyzing the complex, multidimensional relationship
between butyrate-producing bacteria and neurodegenerative diseases. This analysis encompasses
population heterogeneity in patients with diverse clinical features and the dynamic evolution of
these bacterial communities across different disease stages. We summarize the key mechanisms by
which butyrate-producing bacteria regulate disease progression, including barrier protection,
immunomodulation, metabolic regulation, and epigenetic modification. Furthermore, we explore
their clinical potential as predictive biomarkers and therapeutic targets. We propose that future
research should prioritize the development of targeted intervention strategies for gut-derived
butyrate-producing bacteria. This review aims to provide a theoretical foundation and novel
insights to advance both the fundamental investigation and clinical translation of these bacteria in
the context of neurodegenerative diseases.

Keywords: gut-brain axis; neurodegenerative disease; butyrate-producing bacteria; mechanisms of
action; biomarkers
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Table 1 Growing evidence links butyrate-producing bacteria to the pathogenesis of neurodegene-rative diseases
Participants Techniques Samples Key findings References
Ten patients with AD and ten healthy 16S rRNA gene sequencing;  Fecal AD patients: pro- [17]
controls real-time quantitative samples inflammatory genera T

polymerase chain reaction C. butyricum— acetate-
(RT-qPCR) producing bacteria T ; pro-
inflammatory genera l.LPS
level |
100 patients with AD and 71 healthy 16S rRNA gene sequencing  Fecal AD patients: [18]
controls and targeted metabolomics and Faecalibacterium | ; blood
blood BA levels positively correlate
samples with cognitive scores
40 patients with prodromal Alzheimer’s 16S rRNA gene sequencing  Fecal SCFAs-producing bacteria |  [19]
disease (pAD), 58 with subjective and correlates with intestinal
cognitive decline (SCD), and 37 with blood barrier disruption
amnestic mild cognitive impairmenta samples
(MCTI)
28 AD patients and 29 healthy controls Gas chromatography-mass blood AD patients: acetate T;bile  [20]
spectrometry (GC-MS) samples acids |
223 PD patients and 137 healthy controls Metagenomic sequencing and Fecal PD patients: Akkermansia T; [21]
SCFAs analysis samples Roseburia,
Faecalibacterium |
96 PD patients and 85 healthy controls Chromatography and mass Fecal PD: pro-inflammatory [22]
spectrometry and microbes «>; fecal SCFAs | ;
blood  plasma SCFAs 1
samples
19 HD patients and 36 healthy controls 16S rRNA gene sequencing  Fecal HD patients: Bacillota, [23]
samples Lachnospiraceae,
Akkermansiaceae |
66 ALS patients, 61 healthy controls, and 16S rRNA gene sequencing  Fecal ALS: butyrate-producing [24]
12 NDC participants samples bacteria (e.g., Roseburia,

Faecalibacterium,
Eubacterium) |

This table summarizes the detection results of intestinal flora and related metabolites in patients with different neurodegenerative

diseases and healthy controls, including detection techniques, sample types and key research findings. T : Increased abundance/

relative expression level; | : Decreased abundance/relative expression level; —: Promote; <>: No significant change.
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Figure 1  Association between butyrate-producing gut bacteria and neurodegenerative diseases. A: Population
heterogeneity of butyrate-producing bacteria, temporal evolution of during disease progression, and intestinal
mucosal colonization and association with central target brain regions; B: The action mechanisms of butyrate-
producing bacteria (including intestinal barrier protection, immune regulation, metabolic modulation, and
epigenetic modification); C: Prospect (investigating the causal relationship between butyrate-producing bacteria
and diseases, strain specificity and signaling networks, expanding biomarkers and targeted intervention
strategies). BPBs: Bile acid-binding proteins; GPCRs: G protein-coupled receptors.
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HD BESCIRIR T, TR AT 3E 0] HDAC6 1
PR, WA IR H I ER S ; PD AR
N, TR S HDAC /e T {E k£
E B REAR 2T A7 o

4 PhKEREE

41 BAMBTESERESEFRENERXR

JE T TR A T 5l 2 1R AT 1 78 1 P 1Y
KIKCAF RN RRUES:, (H & Z A A R SC AR
s RABUE(E 1) HATHFSE 2 N AH S
M, Stz B PRIRUEE . (1) BUA shi s Rk
PLSE AU NS - h > i 52 2, Al a4y
HEE T NS T R A A 0 N IR R /DN BRASEAY
Jr45 4 APP/PS1. MPTP 5 YA & AR 55 i 28
IRAT VAR R R, B0 T R 7 A T AR
AOXF 5 LB i JRE I ELHERE ] 5 (2) A A B o ik
RZHM 456 RE K BEMEI L, TERFKF
JFREEER A0, BB E T B A T S K
PR AR Z Bl B P 5 &5 (3) “Driver-Passenger”
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JEGh I ARG, F 7 H = B AR L R A T
I I AR TR i H B 0L,
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E2 ML

AW 2 R AL T TR =4 IR T BE
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FE7= T RRACE . il A e 1 B A 5 1% 538
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Xt fg- i RS EEEE R s () TR A m
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M) 1 AN BB, T e e 3R A R R 0 I 4%
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() i - B A 7 300 6 A7 7E AR B ER 48, iU GPR41/
GPR43 Z /A8 1% 5 HDAC #ifil 38 % 2 6] n] GEAF
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PG 2 EH AR TR RGN E S VAR 4
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TR A A by o 2B AT A R 0 ) T
FEAEIAR Y, ESERR N AT DG RR AR e |
o+ A 55 K 43 b 45 22 T k(BT 10): (1)
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YR, a2 SRR A A G I 5
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AR 2 TR A, AN A J# 540
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(ARG RGN, B A 7 0 1) e S 50 PR 2
My ) Bl oy, wlga AN TR e sk
WA Mk, WEES TIR& AR FE.
TR O RS BR A 25 A, TR
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