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Human studies have shown a correlational relationship between aggression and

immune system, however its neurobiological mechanism is still unknown. This study aimed to
understand the effect of cytokines on neural activity of the dorsal raphe nucleus, a brain area that
has been linked to escalated aggression from our studies, which might produce individual difference
of aggression in male mice. Our results showed that individual difference of aggression linked to
the level of interleukin 1 beta (IL-1b) in the dorsal raphe nucleus (DRN). IL-1b inhibited neural
activity of the serotonergic neurons in the DRN that caused suppression of aggressive behavior in
male mice. We also showed that this individual difference of IL-1b level was produced by microglial

cells in the DRN.



Ménard et al 2015
Neuropsychopharmacology

Marsland et al 2008 Brain Behav Immun

DRN
Takahashi et al 2015 J Neurosci

DRN
B IL-1B
1 DRN IL-
1B ELISA
DRN IL-1B IL-1B
IL-1R1 IL-1RA 15
10 IL-1RA
IL-1RA IL-1R1
IL-1R1 shRNA AAV
DRN DRN IL-1R1 AAV 2
DRN IL-1B DRN
MACS CD11b+ CD11b-, CD31+
CD11b-, CD31- IL-18 mRNA
IL-1R1
GABA IL-1R1 in situ hybridization
AGG NON
c-Fos
90 c-Fos
IL-1B
IL-1RA DRN
DRN IL-1R1
90 c-Fos
DRN DRN
DRN VTA DRN-VTA
ChR2

DRN



VTA

AGG

IL-1R1

AGG NON
AGG NON
IL-1B 4
NON
IL-6 TNFa
24 DRN IL-1B
IL-1B
IL-1R
IL-1RA DRN
IL-18  DRN
IL-1R1  shRNA AAV
DRN
IL-1B
IL-18 AGG NON
PCR IL-18 mRNA
DRN IL-1B DRN
DRN MACS
IL-18 mRNA
NON AGG
DRN IL-1PB
IL-1B IL-1R1 DRN
AGG
c-Fos
c-Fos AGG
c-Fos NON
IL-1B
c-Fos
DRN-VTA
DRN-VTA
DRN

NON

DRN

DRN IL-1B

AGG NON

40

IL-1B

DRN

IL-18 mRNA
IL-1B

GABA
NON

DRN
NON

IL-1B

IL-1B

IL-1B



16 14 10 4

Takahashi A, Aleyasin H, Stavarache MA, Li, L, Cathomas F, Parise LF, Lin H, Burnett CJ,
Flanigan ME, Brancato A, Menard C, Pfau ML, Kana V, Wang J, Hodes GE, Sasaki T, Kaplitt MG,
Ogawa S, McEwen BS, Russo SJ

Neuromodulatory effect of interleukin 13 in the dorsal raphe nucleus on individual differences 2021
in aggression.
Molecular Psychiatry
DOl
10.1038/s41380-021-01110-4
Takahashi A
Social Stress and Aggression in Murine Models 2021
Curr Top Behav Neurosci .
DOl
10.1007/7854_2021_243
Takahashi A 12
Toward understanding the sex differences in the biological mechanism of social stress in mouse 2021
models.
Frontiers in Psychiatry 644161
DOl
10.3389/fpsyt.2021.644161
46
2020
Medical Science Digest 50-51

DOl




Flanigan ME, Aleyasin H, Li L, Burnett CJ, Chan KL, LeClair KB, Lucas EK, Matikainen-Ankney B,
Cuttoli RD, Takahashi A, Menard C, Pfau ML, Golden SA, Bouchard S, Calipari ES, Nestler EJ,
DiLeone RJ, Yamanaka A, Huntley GW, Clem RL, Russo SJ

Orexin signaling in GABAergic lateral habenula neurons modulates aggressive behavior in male 2020

mice

Nature Neuroscience -
DOl

10.1038/s41593-020-0617-7

Aleyasin H, Flanigan ME, Golden SA, Takahashi A, Menard C, Pfau ML, Multer J, Pina J, McCabe 38

KA, Bhatti N, Hodes GE, Heshmati M, Neve RL, Nestler EJ, Heller EA, Russo SJ

Cell-Type-Specific Role of FosB in Nucleus Accumbens In Modulating Intermale Aggression. 2018

The Journal of Neuroscience 5913-5924
DOl

10.1523/JNEUROSCI .0296-18.2018

Takahashi A, Flanigan ME, McEwen BS, Russo SJ 12

Aggression, social stress and the immune system in humans and animal models. 2018

Frontiers in Behavioral Neuroscience. 56
DOl

10.3389/fnbeh.2018.00056

Heshmati M, Aleyasin H, Menard C, Christoffel DJ, Flanigan ME, Pfau ML, Goff PH, Hodes GE, 115

Lepack A, Bicks L, Takahashi A, Chandra R, Turecki G, Lobo MK, Maze I, Golden SA, Russo SJ

Cell-type specific role for nucleus accumbens neuroligin-2 in depression and stress 2018

susceptibility.

Proceedings of the National Academy of Sciences U S A. 1111-1116

DOl
10.1073/pnas.1719014115.




Golden SA, Takahashi A. 43

Combinatorial Psycho-Pharmacological Approaches for the Treatment of Abnormal Aggression 2018

Neuropsychopharmacology 233-234
DOl

10.1038/npp.2017.174.

Menard C, Pfau ML, Hodes GE, Kana V, Wang VX, Bouchard S, Takahashi A, Flanigan ME, Aleyasin H, 20

LeClair KB, Janssen WG, Labont B, Parise EM, Lorsch ZS, Golden SA, Heshmati M, Tamminga C,

Turecki G, Campbell M, Fayad ZA, Tang CY, Merad M, Russo SJ.

Social stress induces neurovascular pathology promoting depression. 2017

Nature Neuroscience. 1752-1760
DOl

10.1038/s41593-017-0010-3

Takahashi A, Chung J, Zhang S, Zhang H, Grossman Y, Aleyasin H, Flanigan ME, Pfau ML, Menard C, 7

Dumitriu D, Hodes GE, McEwen BS, Nestler EJ, Han MH, Russo SJ

Establishment of a repeated social defeat stress model in female mice. 2017

Scientific Reports. 12838
DOl

10.1038/s41598-017-12811-8

Horii Y, Nagasawa T, Sakakibara H, Takahashi A, Tanave A, Matsumoto Y, Nagayama H, Yoshimi K, 7

Yasuda MT, Shimoi K, Koide T.

Hierarchy in the home cage affects behaviour and gene expression in group-housed C57BL/6 male 2017

mice.

Scientific Reports 6991

DOl
10.1038/s41598-017-07233-5




Flanigan M, Aleyasin H, Takahashi A, Golden SA, Russo SJ. 162
An emerging role for the lateral habenula in aggressive behavior 2017
Pharmacology Biochemistry and Behavior 79-86
DOI
10.1016/j -pbb.2017.05.003
Arakawa T, Tanave A, Takahashi A, Kakihara S, Koide T, Tsuchiya T. 1552
Automated Estimation of Mouse Social Behaviors Based on a Hidden Markov Model. 2017
Methods in Molecular Biology. 185-197
DOI
10.1007/978-1-4939-6753-7_14.
46
— 2017
1077-1082
DOI
Okabe S, Tsuneoka Y, Takahashi A, Ooyama R, Watarai A, Maeda S, Honda Y, Nagasawa M, Mogi K, 79
Nishimori K, Kuroda M, Koide T, Kikusui T.
Pup exposure facilitates retrieving behavior via the oxytocin neural system in female mice. 2017
Psychoneuroendocrinology 20-30

DOl
10.1016/j -psyneuen.2017.01.036




50 4 18

Aki Takahashi

Neuromodulatory effect of cytokine on individual difference of aggression.

11th Annual Meeting of the Brazilian Institute of Neuropsychology and Behavior & 1st National Forum of Academic Leagues of
Neuroscience

2021

99

2022

Aki Takahashi, Meghan E Flanigan, Tomomi Tsunematsu, Hossein Aleyasin, Yoan Cherasse, Ken Miya, Takuya Okada, Kazuko Keino-
Masu, Michael Lazarus, Kenji F Tanaka, Akihiro Yamanaka, Sonoko Ogawa, Scott J Russo

Involvement the lateral habenula-dorsal raphe nucleus-ventral tegmental area projection in social instigation-heightened
aggression in male mice

Neuroscience 2021

2021

Mayu Mogi, Hanna Miura, Tomomi Noda, Akari Shinohara, Koshiro Mitsui, Sonoko Ogawa, Aki Takahashi

Effects of voluntary running wheel activity on spontaneous activity and aggressive behavior in male mice.

81

2021




Koshiro Mitsui, Sonoko Ogawa, Aki Takahashi

Optogenetic activation of the lateral hypothalamic neurons that project to the dorsal raphe nucleus increases intraspecific
and predatory aggression as well as feeding behavior.

81

2021

Kansuke Hasunuma, Kazuhiro Sano, Aki Takahashi, Sonoko Ogawa

Lateral septum estrogen receptor 3 1is involved in the regulation of aggressive behavior and social anxiety in male mice.

80

2021

Aki Takahashi, Meghan E Flanigan, Tomomi Tsunematsu, Hossein Aleyasin, Yoan Cherasse, Ken Miya, Takuya Okada, Kazuko Keino-
Masu, Michael Lazarus, Kenji F Tanaka, Akihiro Yamanaka, Sonoko Ogawa, Scott J Russo

Glutamatergic projection from the lateral habenula to the dorsal raphe nucleus escalates aggressive behavior of male mice.

44 /CK 1

2021

Kansuke Hasunuma, Kazuhiro Sano, Aki Takahashi, Sonoko Ogawa

Distribution and neuronal projection patterns of estrogen receptor a and b expressing cells in the lateral septum in male
mice.

44 /CK 1

2021




JSBN2021

2021

Takahashi A, Aleyasin H, Stavarache MA, Li L, Cathomas F, Parise LF, Lin H, Burnett J, Aubry A, Flanigan ME, Brancato A,
Menard C, Pfau ML, Kana V, Wang J, Hodes GE, Ogawa S, McEwen BS and Russo SJ

2021

2021

84

2020

Aki Takahashi

Neural mechanism of social frustration and escalation of aggressive behavior.

The 43rd Annual meeting of the Japan Neuroscience Society

2020




2021

2021

Aki Takahashi

Neurobiology of escalated aggression in mice

East/South East Asia Social Brain Symposium

2021

Mitsui K, Brian H, Ogawa S, Takahashi A

Adolescent social isolation causes heightened aggressive behaviors by social instigation in male mice

80

2020

Brian Hu,

Identification of a factor that induces instigation-heightened aggression: Olfaction vs visual information.

JSBN2020

2020




Takahashi A

Glutamatergic input into the dorsal raphe nucleus and aggressive arousal.

97

2020

31

2019

Takahashi A

Interplay between immune system and aggressive behavior.

The 42nd Annual Meeting of the Japan Neuroscience Society (Neuro2019)

2019

Takahashi A, Aleyasin H, Stavarache MA, Flanigan ME, Brancato A, Menard C, Pfau ML, Kana V, Wang J, Hodes GE, Ogawa S,
McEwen BS and Russo SJ

Individual differences in aggression mediated by temporal changes in cytokine signaling in the dorsal raphe nucleus

STN2019

2019




Takahashi A, Mimura N, Ogawa S

Differences of aggressive behavior of ICR mouse strain between breeders and peripheral immune cell profile.

79

2019

161

2018

Takahashi A

Prefrontal and subcortical neural mechanisms regulating escalated aggression in mice

30th APS Annual Convention

2018

Takahashi A, Aleyasin H, Stavarache MA, Flanigan ME, Brancato A, Menard C, Pfau ML, Kana V, Wang J, Hodes GE, Ogawa S,
McEwen BS and Russo SJ

Phasic increase of interleukin 1 in the dorsal raphe nucleus affects inter-male aggressive behavior

9th Federation of the Asian and Oceanian Physiological Societies (FAOPS)

2019




Takahashi A, Aleyasin H, Stavarache MA, Flanigan ME, Brancato A, Menard C, Pfau ML, Kana V, Wang J, Hodes GE, Ogawa S,
McEwen BS and Russo SJ

Individual difference of aggressive behavior and interleukin 1 beta in the dorsal raphe nucleus

Neuroscience 2018

2018

Flanigan M, Aleyasin H, Leclair L, Lucas EK, Matikainen-Ankney BA, Takahashi A, Menard C, Bouchard S, Pfau ML, Golden SA,
Calipari ES, Nestler EJ, Dileone RJ, Yamanaka A, Huntley GW, Clem RL, Russo SJ

Orexin inputs to GABAergic lateral habenula neurons control aggression valence

Neuroscience 2018

2018

Takahashi A, Aleyasin H, Stavarache MA, Ogawa S, Russo SJ

Modulation of dorsal raphe neuron activity by interleukin 1 beta and inter-male aggression in male mice

78

2018

29

2018




Takahashi A, Aleyasin H, Stavarache MA, Flanigan ME, Brancato A, Menard C, Pfau ML, Kana V, Wang J, Hodes GE, Ogawa S,
McEwen BS, Russo SJ

The role of interleukin 1B in the brain on individual difference of inter-male aggression in the mouse.

The 41st Annual Meeting of the Japan Neuroscience Society

2018

Sano K, Saito K, Takahashi A, Ogawa S

Developmental changes and sex differences of ultrasonic vocalization in mice during social interactions

The 41st Annual Meeting of the Japan Neuroscience Society

2018

161

2018

Takahashi A

Prefrontal and subcortical neural mechanisms regulating escalated aggression in mice

30th APS Annual Convention

2018




Takahashi A, Aleyasin H, Stavarache MA, Flanigan ME, Brancato A, Menard C, Pfau ML, Kana V, Wang J, Hodes GE, Ogawa S,
McEwen BS and Russo SJ

Phasic increase of interleukin 1 in the dorsal raphe nucleus affects inter-male aggressive behavior

9th Federation of the Asian and Oceanian Physiological Societies (FAOPS)

2019

Takahashi A, Aleyasin H, Stavarache MA, Flanigan ME, Brancato A, Menard C, Pfau ML, Kana V, Wang J, Hodes GE, Ogawa S,
McEwen BS and Russo SJ

Individual difference of aggressive behavior and interleukin 1 beta in the dorsal raphe nucleus

Neuroscience 2018

2018

Flanigan M, Aleyasin H, Leclair L, Lucas EK, Matikainen-Ankney BA, Takahashi A, Menard C, Bouchard S, Pfau ML, Golden SA,
Calipari ES, Nestler EJ, Dileone RJ, Yamanaka A, Huntley GW, Clem RL, Russo SJ

Orexin inputs to GABAergic lateral habenula neurons control aggression valence

Neuroscience 2018

2018

Takahashi A, Aleyasin H, Stavarache MA, Ogawa S, Russo SJ

Modulation of dorsal raphe neuron activity by interleukin 1 beta and inter-male aggression in male mice

78

2018




29

2018

Takahashi A, Aleyasin H, Stavarache MA, Flanigan ME, Brancato A, Menard C, Pfau ML, Kana V, Wang J, Hodes GE, Ogawa S,
McEwen BS, Russo SJ

The role of interleukin 1B in the brain on individual difference of inter-male aggression in the mouse.

The 41st Annual Meeting of the Japan Neuroscience Society

2018

Sano K, Saito K, Takahashi A, Ogawa S

Developmental changes and sex differences of ultrasonic vocalization in mice during social interactions

The 41st Annual Meeting of the Japan Neuroscience Society

2018

Takahashi A

Projections from the dorsal raphe nucleus that is involved in escalation of aggression.

The 40th Annual Meeting of the Japan Neuroscience Society

2017




Takahashi A, Aleyasin H, Flanigan ME, Brancato A, Menard C, Pfau ML, Kana V, Wang J, Hodes GE, McEwen BS and Russo SJ

Neuromodulatory effect of cytokine in the dorsal raphe nucleus and individual difference of aggression.

The International Behavioral Neuroscience Society (IBNS) 2017

2017

Takahashi A, Aleyasin H, Flanigan ME, Brancato A, Menard C, Pfau ML, Kana V, Wang J, Hodes GE, McEwen BS and Russo SJ

2017

2017

2017

2017

Takenawa S, Nakamura S, Takahashi A, Tanaka K, Yamanaka A, Ogawa S

Effects of optogenetic manipulation on dorsal raphe serotonergic neuronal activity increases pup-caring behavior in virgin
female mice.

2017

2017




2017

2017

Aleyasin H, Flanigan M, Golden SA, Takahashi A, Pina J, Menard C, Pfau ML, Hodes G, Heshmati M, Heller E, Russo SJ

Transcription factor deltaFosB regulates aggressive behavior in male mice in a cell-specific manner.

Neuroscience 2017

2017

Flanigan M, Aleyasin H, Matikainen-Ankney BA, Takahashi A, Calipari ES, Golden SA, Menard C, Pfau ML, Hodes GE, Russo S

A novel lateral habenula microcircuit mediating appetitive aggression.

Neuroscience 2017

2017

Heshimati M, Aleyasin H, Menard C, Christoffel DJ, Flanigan M, Pfau ML, Goff PH, Hodes GE, Takahashi A, Lepack A, Bicks L,
Chandra R, Lobo M, Maze I, Golden SA, Russo SJ

Modulation of neuroligin-2 in the nucleus accumbens alters stress and dominance behaviors.

Neuroscience 2017

2017




Chung JR, Takahashi A, Zhang S, Zhang H, Grossman Y, Aleyasin H, Flanigan M, Pfau M, Menard C, Dumitriu D, Hodes G, McEwen
B, Nestler E, Han MH, Russo SJ

Establishment of a repeated social defeat stress model in female mice.

Neuroscience 2017

2017

Menard C, Pfau ML, Hodes GE, KANA V, Wang VX, Bouchard S, Takahashi A, Flanigan M, Aleyasin H, Leclair K, Janssen WG,
Labonte B, Parise EM, Lorsch ZS, Golden SA, Heshmati M, Tamminga CA, Turecki G, Campbell M, Fayad Z, Tang CY, Menard M,
Russo SJ

Social stress induces neurovascular pathology promoting depression.

Neuroscience 2017

2017

TRIOS
https://trios.tsukuba.ac.jp/researcher/0000003646
Research
https://sites.google.com/view/akitakahashi-tsukuba/home
TSUKUBA FUTURE #097
https://ww.tsukuba.ac.jp/notes/097/index.html

https://academist-cf.com/journal/?p=6398

https://ww.tsukuba.ac.jp/journal/medicine-health/20210511140000.html







