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Abstract 

Mounting evidence indicates that multiple psychiatric disorders are linked to alterations 

in mesocorticolimbic dopamine-related circuits. However, the common and distinctive 

alterations remain to be examined in schizophrenia (SCZ), major depressive disorder 

(MDD), and autism spectrum disorder (ASD). Thus, we aimed to examine common and 

disease-specific features related to mesocorticolimbic circuits using resting-state 

functional magnetic resonance imaging (rs-fMRI). This study included 555 participants 

from four institutes with five scanners: 140 individuals with SCZ (45.0% female), 127 

individuals with MDD (44.9%), 119 individuals with ASD (15.1%), and 169 healthy 

controls (HC) (34.9%). All participants underwent rs-fMRI. Estimated effective 

connectivities were compared among the groups. Intrinsic effective connectivity in the 

mesocorticolimbic dopamine-related circuits including the ventral tegmental area (VTA), 

shell, and core parts of the nucleus accumbens (NAc), and medial prefrontal cortex 

(mPFC) were examined using dynamic causal modeling analysis across these disorders. 
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The excitatory shell-to-core connectivity was greater in all patients compared with the 

HC group. The inhibitory shell-to-VTA and shell-to-mPFC connectivities were greater in 

the ASD group than in HC, MDD, and SCZ groups. Furthermore, the VTA-to-core and 

VTA-to-shell connectivities were excitatory in the ASD group, while those connections 

were inhibitory in HC, MDD, and SCZ groups. The impaired mesocorticolimbic 

dopamine-related circuits might be an underlying neuropathogenesis of various 

psychiatric disorders. Our findings may improve understanding of unique neural 

alternations of each disorder, and facilitate identification of effective therapeutic targets. 
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Introduction 

The mesolimbic dopamine circuit 

originates in the ventral tegmental area 

(VTA) and connects to various brain 

regions, including the nucleus 

accumbens (NAc) and prefrontal cortex 

(PFC).3)10)13)16)18)28)30)35)37) VTA and NAc 

have bidirectional neural 

connections.3)9) NAc is divided 

anatomically and functionally into two 

subregions, the shell and core,2) each of 

which projects to PFC via distinct 

pathways.2)3)10)16)37) However, the shell 

and core are in close communication 

with each other.3)34) 

Mesolimbic dopamine-related circuits 

are involved in various functions, 

including reward, aversion, pain, 

motivation, social motivation, 

reinforcement learning, attention, 

decision-making, and motor 

control.2)10)11)16)18)30)35)36) Dysfunction in 

these circuits has been reported in 

many mental disorders,7)8)38) and may be 

associated with alterations in 

mesolimbic 

circuits.1)4)6)7)9)10)11)13)17)19)20)25)26)28)29)33)38) 

For example, psychotic symptoms of 

schizophrenia (SCZ) (such as delusions 

and hallucinations) are associated with 

hyperactivity in mesolimbic circuits, 

and these circuits are targets of 

pharmacological treatment.31) Impaired 

dopamine neurofunctionality and 

striatal dysfunction contribute to 

negative symptoms, such as emotional 

blunting and lack of motivation.4)21)22) In 

addition, blunted activity in the 

mesolimbic circuit is also associated 

with major depressive disorder (MDD), 

which is characterized by emotional 

flatness and depressed 

mood.6)7)11)12)15)17)36)39) 
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Deep brain stimulation (DBS) is a 

surgical treatment involving the 

implantation of electrodes into the brain 

to electrically stimulate target regions, 

and it has been applied to stimulate 

NAc in patients with MDD.5) 

Furthermore, autism spectrum disorder 

(ASD) is associated with impairments in 

mesolimbic circuits,9)19)25)26)33) and 

reduced activity in the mesolimbic 

circuit has been reported to be 

associated with impairments in social 

interaction19) and reward processing.26) 

Based on these previous studies, it is 

possible that abnormalities in the 

mesolimbic circuit underlie various 

mental disorders, and it is expected that 

there are both abnormalities common to 

these disorders and disorder-specific 

abnormalities. 

In our previous study using resting-

state functional magnetic resonance 

imaging (rs-fMRI), we investigated 

differences and commonalities in VTA-

related resting-state functional 

connectivity, which is considered to be 

associated with the mesolimbic circuit, 

in SCZ, MDD, and bipolar disorder.23) 

Regarding connectivity in the medial 

prefrontal cortex (VTA-PFC), resting-

state functional connectivity was lower 

in patients with MDD and bipolar 

disorder than in healthy controls and 

SCZ patients, but no differences were 

observed in VTA-NAc resting-state 

functional connectivity across the 

disease groups.23) Therefore, in this 

study, using VTA, the core and shell of 

NAc, and medial prefrontal cortex 

(mPFC) as regions of interest (ROI), we 

performed dynamic causal modeling 

analysis (DCM analysis) to examine 

detailed differences and similarities in 

mesolimbic circuits between those with 

various mental disorders (MDD, ASD, 

SCZ) and healthy controls (HC), and 

measured resting-state functional 

connectivity using rs-fMRI.24) 

 

I. Methods and Results 

 In this study, we used the 

database32)40) of the Japanese Strategic 

Research Program for the Promotion of 

Brain Science (SRPBS) Decoded 

Neurofeedback (DecNef) Consortium8) 

and rs-fMRI data from 555 participants 

acquired at the Department of 

Psychiatry, The University of Tokyo. 

The breakdown was as follows: 140 

participants in the SCZ group (45.0% 

female), 127 in the MDD group (44.9%), 

119 in the ASD group (15.1%), and 169 

in the HC group (34.9%). This study was 

approved by the appropriate 

Institutional Review Board,32) and all 

participants provided written informed 

consent.  

We defined VTA, the core and shell of 

NAc, and mPFC as regions of interest 

(Figure 1), analyzed the rs-fMRI data 

using spectral DCM,27) and compared 

resting-state functional connectivity 
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between ROIs across groups. 

Furthermore, for resting-state 

functional connectivity where group 

differences were observed, we analyzed 

correlations with symptoms in each 

group.  

Excitatory connectivity was observed 

in the shell-to-core and core-to-shell 

connections across all subject groups. 

However, inhibitory connections were 

observed for VTA to VTA, core to core, 

shell to shell, mPFC to mPFC, core to 

VTA, shell to VTA, mPFC to VTA, mPFC 

to core, VTA to shell, mPFC to shell, 

VTA to mPFC, core to mPFC, and shell 

to mPFC (Figure 2). 

Inhibitory VTA-to-VTA connectivity 

was greater in the SCZ than HC group. 

VTA-to-mPFC connectivity was 

inhibitory in the SCZ group but 

excitatory in the HC group. Inhibitory 

VTA-to-VTA and core-to-VTA 

connectivities were greater in the MDD 

than HC group. Inhibitory connections 

from the shell to VTA, core to core, core 

to mPFC, and shell to mPFC were 

stronger in the ASD than HC group. 

Excitatory connections from the shell to 

core were also stronger in the ASD than 

HC group. Connections from the VTA to 

core, mPFC to core, VTA to shell, and 

mPFC to shell were excitatory in the 

ASD group but inhibitory in the HC 

group. Conversely, VTA to mPFC was 

inhibitory in the ASD group but 

excitatory in the HC group.  

 In comparisons across disease groups, 

the SCZ group showed smaller 

inhibitory shell to VTA connections and 

larger inhibitory VTA to core and VTA to 

shell connections compared with the 

MDD group. VTA to mPFC was 

inhibitory in the SCZ group but 

excitatory in the MDD group. Inhibitory 

shell-to-VTA, core-to-core, and shell-to-

mPFC connections were stronger in the 

ASD than MDD group. VTA-to-core, 

mPFC-to-core, VTA-to-shell, and 

mPFC-to-shell connections were 

excitatory in the ASD group but 

inhibitory in the MDD group. Inhibitory 

core-to-VTA and shell-to-VTA 

connections were lower in the SCZ than 

ASD group. VTA-to-core and VTA-to-

shell connections were inhibitory in the 

SCZ group but excitatory in the ASD 

group. 

In the ASD group, mPFC to shell 

showed a negative correlation with 

reduced imagination (subscale of the 

Autism Spectrum Quotient: AQ) and the 

total AQ score (r=−0.28, PBonferroni-

corrected=0.028; r=−0.29, PBonferroni-

corrected=0.022) (Figure 3). No other 

associations between resting-state 

functional connectivity and symptoms 

were observed. 

 

II. Discussion 

In this study, we used rs-fMRI data to 

compare resting-state functional 

connectivity between the VTA, core and 
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shell of NAc, and mPFC across MDD, 

ASD, SCZ, and HC groups, and 

identified common or disease-specific 

alterations in mesocorticolimbic circuits. 

Compared with the HC group, SCZ, 

MDD, and ASD groups exhibited 

greater excitatory shell-to-core 

connectivity. Given that the shell and 

core of NAc form dense reciprocal neural 

connections,3)34) these results suggest 

that an imbalance in neural information 

flow within shell-to-core connectivity 

may be associated with psychiatric 

symptoms. Inhibitory shell-to-VTA and 

shell-to-mPFC connections were 

stronger in the ASD than MDD, SCZ, 

and HC groups. Conversely, VTA-to-core 

and VTA-to-shell connections were 

excitatory in the ASD group but 

inhibitory in MDD, SCZ, and HC groups. 

Therefore, connectivity abnormalities 

involving NAc may be associated with 

the neuropathology of ASD. 

Furthermore, in MDD and SCZ groups, 

inhibitory input to VTA was elevated, 

which may be associated with impaired 

dopamine neurofunctionality in 

mesocorticolimbic circuits. 

In summary, each disorder is 

associated with specific changes in 

mesocorticolimbic dopamine-related 

circuits, and impairments in neural 

connectivity within these circuits may 

be involved in the neuropathology of 

these psychiatric disorders. Therefore, 

the results of this study suggest 

important targets that could lead to the 

development of effective treatments for 

each psychiatric disorder. 

 

Conclusion 

Several challenges remain in this study. 

First, since most participants with SCZ 

and MDD were receiving 

pharmacological treatment, we could 

not rule out the influence of such 

treatment on the results. Future studies 

should include additional analyses 

involving subjects not receiving 

pharmacological treatment. Second, as 

this study aimed to examine 

mesocorticolimbic circuits, we focused 

on four regions: VTA, the shell and core 

of NAc, and mPFC. However, mPFC is a 

relatively extensive region that 

encompasses various subregions. 

Furthermore, other brain regions may 

also be involved in the neural basis of 

psychiatric disorders. Future studies 

should include other brain regions, such 

as the anterior cingulate cortex, which 

is considered to be associated with 

anhedonia, a primary symptom of MDD 

and related disorders.36)39) Third, while 

resting-state functional connectivity is 

considered to reflect neurotransmitter 

dynamics, this study did not measure 

dopamine neurotransmission itself. 

Therefore, in the future, PET and 

pharmacological studies should be 

combined to measure or manipulate 

dopamine neurotransmission in various 
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mental disorders. Fourth, although we 

statistically controlled for the effects of 

differences in scanners and protocols in 

between-group comparisons, these 

factors may still have influenced the 

results of such comparisons. In the 

future, harmonization methods such as 

ComBat14) should be developed for DCM 

analysis. 

 

Editor’s Note: This paper is a Japanese 

adaptation of a recent research article24) 

published in PCN, prepared at the 

request of the editorial committee and 

written by one of the authors, with 

additional commentary on its 

significance and future directions. 
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Figure 1: Region of interest (a) and DCM neural connectivity model (b) 

mPFC: medial prefrontal cortex; Core: nucleus accumbens core; Shell: nucleus 

accumbens shell; VTA: ventral tegmental area 

(Adapted from Reference 24) 

 

 

Figure 2: Resting-state functional connectivity between regions of interest in all 

participants 

Only resting-state functional connectivity with a posterior probability of 95% or 
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higher is shown. 

mPFC: medial prefrontal cortex, Core: nucleus accumbens core, Shell: nucleus 

accumbens shell, VTA: ventral tegmental area 

(Adapted from Reference 24) 

 

 

Figure 3: Association between mPFC-to-shell connectivity and clinical assessments 

in the ASD group 

Y-axis: mPFC-to-shell connectivity; X-axis: Autism Spectrum Quotient (AQ) 

subscores for impaired imagination (left) and total score (right) 

(Adapted from Reference 24) 


