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Imm une dysregula tion and anhedonia in 

PTSD 

Post-tr aumatic str ess disorder (PTSD) is a tr auma-exposur e- 
induced psychiatric disorder with symptoms of intrusions , a void- 
ance, negative mood, and cognitiv e c hanges (Miao et al., 2018 ; 
Compean & Hamner, 2019 ). The lifetime pr e v alence of PTSD is as 
high as 7% (Read et al., 2005 ). Anhedonia is a manifestation of the 
lack of response to pleasurable stimuli caused by chronic stres- 
sors in PTSD (Pizzagalli, 2022 ). A dysregulated immune response 
is widel y observ ed in PTSD patients and causes deterior ation of 
mental health (Dh et al., 2022 ). The evidentiary basis for the asser- 
tion that immune cells, including microglia, play a pivotal role in 

PTSD pr ogr ession is that they release inflammatory factors and 

modulate neuroplasticity (Borst et al., 2021 ). The study of the re- 
lationship between PTSD symptoms and the imm une r esponse 
is fundamental to the understanding of pathogenesis and drug 
de v elopment. A r ecent study by Bonomi et al. ( 2024 ) discov er ed a 
corr elation between imm une r esponse and pleasur e deficit in pa- 
tients diagnosed with PTSD. 

Neur oimm unosuppression linked to 

anhedonia 

Bonomi and colleagues utilized the magnitude of the microglia 
marker, 18 kDa tr anslocator pr otein (TSPO), as a measure of neu- 
r oimm une functionality after stimulation with the immune acti- 
vator (Bonomi et al., 2024 ). In their study, 15 PTSD patients and 

15 a ge-matc hed contr ols wer e administer ed lipopol ysacc haride 
(LPS) injections (Bonomi et al., 2024 ). TSPO expression was de- 
tected by radiolabeled [ 11 C] PBR28 and positron emission tomog- 
r a phy (PET) later (Bonomi et al., 2024 ). The result revealed a sig- 
nificant reduction in TSPO response in the pr efr ontal–limbic cir- 
cuits of PTSD patients compar ed to contr ols (Bonomi et al., 2024 ).
Lo w er peripheral responses to granulocyte-macrophage colony- 
stim ulating factor (GM-CSF) wer e observ ed (Bonomi et al., 2024 ).
Mor eov er, peripher al C-r eactiv e pr otein (CRP) le v els wer e nega- 
tiv el y corr elated with TSPO le v els, indicating an inter play between 

peripher al and centr al imm une systems (Bonomi et al., 2024 ). A 

notew orthy finding w as that individuals experiencing anhedo- 
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ia exhibited lo w er le v els of TSPO av ailability in the pr efr ontal
imbic system, both at baseline and after LPS administration 

Bonomi et al., 2024 ). 
In their study, the authors used PET for in vivo imaging and ra-

iolabeled [ 11 C] PBR28 to measur e TSPO av ailability as a marker
f microglial activation and dynamically observed the changes in 

he central nervous system (CNS) immune response in PTSD after
PS stim ulation. Suc h in vivo immune response studies provide an
n-de pth d ynamic anal ysis for understanding the r ole of neur oim-

unity in PTSD. The observed suppression of TSPO availability 
 hallenges the tr aditional notion of PTSD as a pro-inflammatory
ondition (Hori & Kim, 2019 ), suggesting a neur oimm une suppr es-
ion model that links immune dysfunction to anhedonia. These 
ndings offer new dimensions for mechanistic research and ther- 
 peutic explor ation in PTSD. 

eur oimm une–peripher al inter actions 

he analysis or intervention in the CNS microglia-dominated im- 
 une r esponse is c hallenging due to the infiltr ativ e natur e of cells

n the brain and ethical constraints regarding resear ch. Ho w ever,
onomi et al .’s discovery of a correlation between neur oimm unity
nd peripher al imm unity pr ovides ne w ideas for pharmacologi-
al interventions in PTSD and for modeling the disease . T he con-
enience of sampling peripheral blood and even pharmacological 
nterventions far outweighs the direct modulation of the neuroim- 

une system. 
Their study r e v ealed a negativ e corr elation between peripher al

RP le v els and central TSPO availability, suggesting that high lev-
ls of peripheral inflammation may limit microglial activation and 

mpair neur oimm une function. Peripher al cytokines in the blood
an communicate with the brain via the v a gus nerv e (Jin et al.,
024 ). Of greater concern is peripher al–centr al imm une comm u-
ication across the blood–brain barrier (BBB). In stressful environ- 
ents, the permeability of the BBB is altered, allowing cytokines

nd immune cells (e .g. monocytes , T-cells) to cross into the brain
nd influence astrocyte and microglial functions (Chesnokova 
t al., 2016 ; Morris et al., 2015 ). 
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GM-CSF is a k e y cytokine normall y pr oduced by peripher al im-
une cells in response to immune activation, stimulating the pro-

ifer ation and activ ation of macr opha ges and dendritic cells (Bhat-
acharya et al., 2015 ; Dougan et al., 2019 ). After diffusion across the
BB, GM-CSF can bind to the GM-CSF receptor and directly acti-
ate the proliferation and immune function of microglia (Chitu et
l., 2021 ). GM-CSF also enhances the expression of TLR4 and CD14
eceptors on microglia, amplifying LPS-induced pro-inflammatory
 esponses (P ar ajuli et al., 2012 ). In addition, GM-CSF induces CCR2
xpression in monocytes, facilitating their migration across the
BB to brain inflammatory sites (Lotfi et al., 2019 ; Vogel et al., 2015 ).
he study’s finding of r educed GM-CSF le v els in PTSD patients fol-

owing LPS stimulation highlights a potential mechanism limiting
oth microglial activation and immune cell migration to the CNS.

euroimaging of PTSD anhedonia 

sing radiolabeled [ 11 C] PBR28 and PET techniques, Bonomi et al.
ound that the more severe the pleasure deficit, the lo w er the
vailability of TSPO in the limbic system. The amygdala and hip-
ocampus act as emotional control centers, working with the
r efr ontal cortex (PFC) to perceiv e, gener ate, and r egulate emo-
ions (Yavas et al., 2019 ). In 2019, a study r e v ealed a reduction in
he volume of the hippocampus and amygdala in patients with
TSD anhedonia, as evidenced by magnetic resonance imaging
MRI) (Bae et al., 2020 ). Blood oxygen le v el-dependent (BOLD)—
unctional MRI (fMRI) is an imaging technique that indirectly in-
ers the intensity of neural activity based on changes in oxy-
enated hemoglobin le v els (Glov er, 2011 ). The BOLD-fMRI r esults
uggest that there are abnormalities in amygdala–hippocampal
unctional connectivity and PFC activity (Lee et al., 2021 ). 

Micr oglia expr ess a high le v el of TSPO in mitoc hondria upon
ctiv ation (Kr eutzber g, 1996 ). TSPO PET detection of brain inflam-
ation is used in a variety of diseases. An increased TSPO PET

ignal in gray matter and the limbic system has been observed in,
or example, Alzheimer’s disease and mood disorders (De Picker
t al., 2023 ). PET technology uses radioligands to bind TSPO and
her efor e needs to take into account brain permeability , affinity ,
nd safety. Bonomi et al . used a high-affinity radioligand devel-
ped b y Bro wn et al. ( 2007 ). The r adiotr acer [ 18 F]-FEPPA, based on
igh brain permeability, allows higher resolution image analysis

Ko et al., 2013 ). TSPO expression in, for example, endothelial cells
nd smooth muscle cells must be excluded when detecting brain
SPO. Atrial dynamics modeling is now available to exclude vas-
ular TSPO expression (Wimberley et al., 2021 ). 

imitations and future directions 

he imm unosuppr essiv e milieu of PTSD suggested by the study
 esults c hallenges vie ws of PTSD as a pro-inflammatory disor-
er. Pr e vious serum anal yses and genome-wide association stud-

es have shown elevated levels of inflammatory factors such as
nterleukin (IL)-1 β and IL-6 in patients with PTSD (Passos et al.,
015 ; Stein et al., 2016 ). PTSD has also been identified as a paradig-
atic example of stress sensitization, with central inflammation

 har acterized by micr oglia (Biltz et al., 2022 ). These conflicting re-
ults may stem from methodological differences . T he mechanism
f LPS as an imm unostim ulant is differ ent fr om psyc hological
tr ess in PTSD. A tr anscriptomic anal ysis of post-mortem PTSD
atients sho w ed significantly lo w er expression of the TSPO and
icroglia-associated genes TNFRSF14 and TSPOAP1 in women

Bhatt et al., 2020 ). Gender differences result in different baseline
e v els of genes . T he imm une r esponse is a dynamic process and
he pathogenic loci in the PTSD brain form an immune microen-
ironment with differences in inflammatory state. 

TSPO is a microglia-specific targeted transport protein (Uzueg-
unam et al., 2023 ). Non-inv asiv e quantification of neuroinflam-
atory processes has been achieved by analyzing TSPO expres-

ion using contrast and neuroimaging techniques (Haider et al.,
023 ). Ho w e v er, TSPO expr ession r e v ealed onl y r educed le v els of
icr oglial activ ation, whic h is not yet sufficient to dr aw definitiv e

onclusions about imm unosuppr ession within the pr efr ontal–
imbic system region. Intrinsic nerve damage in patients with
TSD reduces the selective permeability of the BBB (Sivandzade
t al., 2020 ). The variability in microglial exposure to LPS between
TSD patients and healthy controls due to factors such as the BBB
as not considered in the study by Bonomi et al . For data process-

ng, br ain penetr ation should be measur ed with other r adiotr acers
r other methods should be used to standardize and normalize
he data. 

The experiment did not include analysis of genetic or path-
a y differences , and future studies could collect blood samples
efore and after stress for metabolomics and other multi-omics
nalyses. 

onclusion 

 he inno v ativ e study by Bonomi et al . provides a ne w perspectiv e
n the study of intr acer ebr al mec hanisms of PTSD by combining
eur oimm unity with peripher al imm unity. The in vivo dynamic
nalysis helped to understand abnormal micr oglia activ ation in
nhedonia symptoms. Future studies need to incor por ate consid-
r ations suc h as gender, PTSD pr ogr ession, data normalization,
nd multi-omics studies. 
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