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The signal mechanism regulating Gut-Brain Axis

Germ-free mice

ü germfree caesarean section

ü germfree breeding technology

ü fecal microbiota transplantation

ü taking probiotics



Top-down regulation:

Ø sympathetic nerve/ vagus nerve

Ø hypothalamic-pituitary-adrenal axis （HPA axis）

Ø neurotrophic factors 

environmental 
stimulus emotion

central 
nervous 
system

top-down
effect gut microbiota

brain gut

Part 1





epithelial reactivity and repair genes 

RET signals control innate IL-22 and regulate gut defense and homeostasis 

Ibiza s, et al. Nature.2016



Glial cells set GFL expression and innate IL-22

Ibiza s, et al. Nature.2016



A novel glial-ILC3-epithelial cell unit orchestrated by neurotrophic factors 

Ibiza s, et al. Nature.2016

summary

alarmin

GDNF family

reactivity gene expression



brain

gut

︖

Sharon G, et al. Cell. 2016

Down-top regulation
Part 2



Gut hormones：

cholecystokinin (CCK)
glucagon-like peptide 1 (GLP1)
glucose-dependent insulinotropic peptide (GIP)
peptide YY (PYY)
somatostatin
ghrelin
serotonin (5-hydroxytryptamine [5-HT]) 
…

Psichas A and Reimann F, J Clin Invest. 2015 

Part 2.1

enteroendocrine cell
（EEC）



the enteric glial network 

Vadder FD et al. PNAS.2018

Colonization of GF mice with a gut microbiota induces maturation of neuronal precursors 

Nestin: a cytoskeletal 
protein that is 
expressed by a variety 
of neural stem cells，

coexpression of Nestin
and HuC/D: a signature 
of neuronal plasticity in 
the adult ENS 



microbiota-induced release of mucosal 5-HT is neuroprotective for the ENS 

Vadder FD et al. PNAS.2018



The gut microbiota regulates neuronal 5-HT release 

Vadder FD et al. PNAS.2018



summary

Ø 90% of the body’s serotonin (5-hydroxytryptamine, 5-HT) is produced by 
enterochromaffin (EC) cells.

Ø The gut microbiota stimulates neuronal and mucosal 5-HT in GF mice leads 
to differentiation and maturation of enteric neurons. 

Ø GABA、BNDF、dopamine、adrenaline



Part 2.2

Kaelberer et al., Science.2018



Enteroendocrine cells of the colon synapses with vagal nodose neurons 



Enteroendocrine cells transduce glucose stimuli onto vagal neurons 

Kaelberer et al., Science.2018electrogenic glucose transporter SGLT1 



Enteroendocrine cells transduce a stimulus onto vagal neurons within milliseconds

Kaelberer et al., Science.2018



Ø Enteroendocrine cells synapse with vagal nodose neurons. This 
neuroepithelial circuit connects the intestinal lumen with the brainstem 
in one synapse. 

Ø Enteroendocrine cells elicited excitatory postsynaptic potentials in 
connected nodose neurons within milliseconds. 

summary



Part 3

CCHamide-2 is localized in endocrine cells of the midgut of larvae and adult flies

（third instar larvae） （adult flies）

triangular appearance a small “knob”

Li SZ, et al. PLoS ONE.2013



CCHamide-2 is also produced in the larval central nervous system (CNS)

double-labeling CCHamide2 immunostaining wasn’t found in the brain of adult flies.

Li SZ, et al. PLoS ONE.2013
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CCHamide-2 gene (CG14375) 

Li SZ, et al. PLoS ONE.2013

CCHamide-2 receptor gene (CG30106) 

There is high expression of the CCHamide-2 gene in the gut



CCHamide-2 stimulates locomotion related to feeding in adult flies 

Ren GR, et al. PLoS ONE.2015



Wing size 

Pupariation time 

Larval feeding 
Ren GR, et al. PLoS ONE.2015

CCHamide-2 stimulates larval development 



Ren GR, et al. PLoS ONE.2015

summary

CCHamide-2 is an orexigenic brain-gut peptide in Drosophila 



a sweeter yet nonnutritive sugar 

(L-glucose or D-arabinose) 

or a nutritive sugar 

(D-glucose, D-trehalose, D-fructose, or sorbitol) 

sated or starved



Dh44 neurons mediates the selection of nutritive sugars independent of taste input 

Dus M, et al. Neuron. 2015



Dh44 neurons are activated by nutritive sugars and not by nonnutritive sugars

Calcium oscillations 
are a characteristic of 
neurosecretory cells 
and occur when these 
cells are secreting 
neuropeptides.

Dus M, et al. Neuron. 2015



Sugar-induced activation promotes the release of Dh44 neuropeptide 

Dus M, et al. Neuron. 2015



Dh44 R1 and Dh44 R2 receptors are required for the selection of nutritive sugar 

Dus M, et al. Neuron. 2015

PDh44R1-GAL4 line 

ten cells in the fly brain 

three to four pairs of 
cells in the VNC 



Dh44 R2 neurons （gut motility and excretion）

The Dh44 system regulates rapid PER, excretion and gut motility

Dus M, et al. Neuron. 2015

Dh44 R1 neurons （rapid PER and excretion）



Dus M, et al. Neuron. 2015

summary
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The influence of gut-brain axis signals on individuals

Health
Ageing

Immunity

Behaviour
Preference

Social
Memory

www.cliniconthegreen.com



Preference



Taste-independent sugar preference

taste

energy



Neurons in the cNST mediate sugar preference



Vagal neuron participates in signal transmission in the intestinal-brain axis



SGLT1 transduces gut–brain sugar signals



NST is sufficient for development of sugar-preference



Social

Sharon G, et al., Cell, 2019.

Microbes change →ASD  or  ASD → Microbes change ?



Lower L. reuteri in the intestine of ASD model mice

GF mice



Treatment with L. reuteri can rescues social deficits of Shank3B–/– mice 



L. reuteri can rescue social deficits without relying on other microbes



Vagus nerve is required for the relevant gut-microbiota-brain communication



PVN

L. reuteri can increase the number of oxytocin+ neurons in the PVN



L. reuteri increases the basal strength of excitatory synapses of DA neurons through oxytocin



Microbial-mediated neural circuits for relieving ASD symptoms

Microbes change →ASD



Learning and memory



Lack of microbiota impairs extinction learning



Neuronal and glial changes in microbes-lacking mice



Defective extinction-learning-related dendritic spine formation before weaning



Gut microbes change behavior by regulating metabolism



Oxidative stress



CON SD SD+MT SD+2MT

Melatonin rescues intestinal inflammation and cell damage caused by sleep loss

Proinflammatory

Antiinflammatory

Antioxidation



Take home messages

• The gut-brain axis can regulate animal health and some behaviors

• The signal communication in the gut-brain axis is not only through

the vagus nerve, but also through circulatory system
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The major commensals in the Drosophila intestine:
Acetobacter pomorum, Acetobacter tropicalis, Lactobacillus brevis, Lactobacillus plantarum



Section 1: The microbiome and Physiological 
characteristics of hosts





• Genome-wide screening of the Acetobacter genes essential for host 
growth.



• Commensal PQQ-ADH activity is required for controlling developmental 
rate, body size





• The ERK pathway is broadly activated by and restricts viral 
infections in Drosophila cells.



• PVR and Pvf2 are Required for Antiviral Defense



• The Microbiota Regulates Pvf2 Expression and Antiviral Defense





Section 2: The microbiome and behavior



• Select gut bacteria modulate locomotor behavior in flies



• Post-eclosion microbial signals decrease host locomotion



• Xylose isomerase from L. brevis alters host locomotion



• Octopamine mediates Xi-induced changes in locomotion. 





• PGN-mediated NF-kB pathway activation decreases female oviposition.



• One specific PGRP-LB isoform controls oviposition



• NF-κB acts in neurons to regulate infection-dependent egg laying





• Bacteria modulate egg-laying behavior via the octopamine pathway.







• Mating preference tests of D. melanogaster after growth for 
different numbers of generations on either starch or CMY medium.
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