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In the fiscal year of 2016, ATR aimed to further refine DecNef such that it could lead to
bi-directional changes in cognitive functions in individual subjects. In a DecNef study on
perceptual confidence, we successfully managed to increase or decrease perceptual confidence for
each subject.

In collaboration with Tokyo University and Showa University, we successfully developed an ASD
biomarker, and the result of this study were accepted by a leading international journal. We also
developed a 2D-visualization method of functional connectivity MRI data to show the
relationship between different psychiatric disorders. We obtained additional six subjects for the

moving phantom dataset, and this has allowed us to publish our results.



Hiroshima University and ATR have collaboratively developed a resting state functional
connectivity based biomarker for melancholic depression. Based on the detected altered
functional connectivity, we have conducted functional connectivity based neurofeedback for 11
individuals with subclinical depression and 3 individuals with depression, and observed a
tendency that depressive symptoms were reduced.
We developed a chronic pain biomarker from resting-state-fMRI data obtained in UK and Japan,
and achieved a significant classification accuracy on an independent dataset from US. By using
network theory analyses, we identified some pain brain regions with a larger degree of modular
reorganization in pain patients.
We constructed a whole brain functional connectivity network using the resting-state fMRI
dataset of patients with obsessive-compulsive disorder (OCD) and healthy controls. We
identified the first OCD biomarker that can be generalized to an external dataset.
We found that 1) “connectivity neurofeedback (DecCNef)” can change functional connectivity
between two brain regions in the desired directions, and that 2) the changed connectivity
differentially affects performance in cognitive tasks such as a psychomotor vigilance task.
We managed and operated multi-disease neuroimaging data provided by each member in a
database server at ATR. This year we received new resting-state fMRI data from 155 patients
and 84 healthy participants. We have started building a new database site as an effort to
disclose data for free open access.

(University of Tokyo)
At the University of Tokyo, Yahata, in collaboration with Kawato (ATR) and others, developed a
resting-state functional connectivity-based biomarker for autism spectrum disorder (ASD). The
biomarker demonstrated highly reliable performance in classifying individuals with and without
ASD in Japanese and foreign populations (Nature Communications 7:11254). Ikegaya found that
a dopamine D1-like receptor inhibitor (SCH-23390) and a D2-like receptor inhibitor (sulpiride)
inhibit neuronal operant conditioning the mouse DecNef model.

(Tamagawa University)
At Tamagawa University, we constructed a decoder to decode the values of the juices rewards
from the functional connectivity using ECoG signals to reveal the neural basis of the DecCNef.
We next tried to apply the DecCNef to a monkey with the constructed decoder. We also designed
and developed new ECoG electrodes for electrical stimulation and performed stimulation tests
aiming at improving the efficiency of the DecNef technique

(Kyoto University)
Applying machine learning algorisms to resting state fMRI data from schizophrenia patients
and healthy controls that were collected at Kyoto University, we aimed to develop a biomarker to
distinguish patients from controls. We identified 16 functional connections (i.e. forming the
biomarker) that could distinguish patients from controls with high accuracy. Furthermore, we
tested whether this biomarker could be applicable to data sets obtained in US and Netherlands.
We confirmed that the biomarker could generalize to data collected by different MRI machines in

different countries.



(Osaka University)
In 12 patients with post-stroke pain, the pain reduction with rTMS on the primary motor cortex
was correlated with the changes of functional connectivity in the DMN and pain related network.
Regarding identification of the biomarker of intractable pain, 43 patients with intractable pain,
47 healthy cases and 10 post-stroke patients without pain were collected. However, there was no
significant biomarker. We have developed the MEG-DecNef to relieve phantom limb pain by
modulating their motor representation. Also, we evaluated the long-term effect of the DecNef
training.

(Hiroshima University)
We developed a melancholic depression classifier, and it showed moderate classification accuracy
for an independent validation cohort, and was generalized to neither autistic spectrum disorder
nor schizophrenia. As a state biomarker of depression, this classifier was positively correlated
with the severity of depression symptoms and anti-depressant treatment effects. In addition, we
found the target EEG component which was associated with the fMRI neurofeedback training.

(Showa University)
Using the resting-state fMRI data, we developed an ASD biomarker that distinguished between
ASD and neurotypical individuals. This work has been published in Nature Communications.
We finalized a functional-connectivity-based neurofeedback method that aims to normalize the
altered functional connectivity that was identified by the ASD biomarker. As a result of the
neurofeedback training, we observed that three out of four high-functioning adults with ASD

improved their scores in a facial emotion recognition task.
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