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IMpeamer: 3anmcank ca cearnne Kareape 3a mcuxmjarpujy

Cacranax Karteape 3a mcuxujatpujy je 3axasan 25. 1. 2024. roaune, ca mouerxom y 12 cat, ca
caeaehum AHEBHEM peAoM:

1. VsphuBame mpeaaora, koju je moAHeAa mpod. Muania boposuanus, 3a n36op mpod. Mosojur
Aebnara y 3Barse rocryjyher mpodecopa;

2. Oprarusannja HacTaBe y HacTynajyhem cemectpy;

3. Mspaaa yubenuxka.

OacyctBo cy ompaBaasn Aou. Ap Aammjeaa Hoxosuh m acc. Ap Hemama Mypuh., ocraan
YAQHOBM KaTCAPE CY OHAM IPHCYTHH.

Haxon Auckycuje cy Aonete caeache oaayke:

- Behurom raacosa yrBpher je mpeasor 3a usbop mpod. Morojur AebHata y 3Barbe BHSHTHHT
mpodecopa. IIpod. Mupjana Josaropuh je 6raa mpotus ustopa ca objumemem Aa mpod. MoHojuT
Aebnar Hema 3aA0BOmaBajyhe pedepentie 3a H3Gop, Aa weroba obaact GasuuHOr OOpasoBarba Huje
MEAWIIMHA HHU IICHXHUjaTPHja, Te Ad Cy IbETOBO IIO/€ HMCTPaXKHBara OasWYHE Hayke, 4 He obaact
IICHXHU)aTpHje
- JeAHOrAaCHO je yTBpheH IPeAAOT 32 IMEHOBAIBE AOLL AP Bpanmvupa Paamanosnha 3a pykoBoAnora
npeamerta [lcuxmjaTpuja Ha MarerprcannM akaAeMCKHM CTYAMjaMa MEAHIIMHE Ha €HTACCKOM JE3HKY;
- VcBojeHe cy TeMe, OOHM TEKCTa M HAYMH IPHIIPEME VIIOCHHKA.
~ Jp) ptol
Vi i G
(}M npod. Ap I'opar Muxajaosuh,
[MTed Kateape 3a ncuxujaTpHjy

\&@ v

V Kparyjesry, 25. 1. 2024. roause






Curriculum vitae

Name : DR. MONOJIT DEBNATH
Present Position : Professor and Head
Address : Department of Human Genetics
National Institute of Mental Health & Neurosciences
Hosur Road, Bangalore-560029, INDIA
Qualifications : M.Sc., Ph.D.
E-mail : monozeet@gmail.com/ monojit-d@nimhans.ac.in
Phone No. : +91-7259738277 (Mobile), +91-80-26995121(Office)
Nationality : Indian
ACADEMIC PROFILE
2006 PhD (Thrust Area: Immunogenetics),
University of North Bengal, W.B., INDIA
Title of the Thesis: Analysis of etiology of the delusional disorder, a model
monosymptomatic psychotic disorder on the basis of immunogenetic and
cytological investigations.
1998 Master of Science (MS) in Zoology (specialization in Immunology and Cell
Biology), University of North Bengal, W.B., INDIA,
1996 Bachelor of Science (BS) in Zoology, St. Joseph's College, Darjeeling, W.B.,

INDIA.



RESEARCH AND PROFESSIONAL EXPERIENCE

Duration Post held Name of the | Thrust Area
Institute
1999-2005 Doctoral student North Bengal | Immunogenetics
University, INDIA -
2006-2007 Postdoctoral Kunming Institute of | Population Genetics
Researcher Zoology, CHINA
2007-2008 Junior Scientist National Institute of | Quality control studies
Biologicals, INDIA of blood products
2009 Visiting Researcher | Kunming Institute of | Population Genetics
Zoology, CHINA
2009 —-2010 Postdoctoral St. Louis Hospital, | Immunogenetics
Researcher Paris and Mondor
Institute of

Biomedical Research,
Creteail, France

Jan, 2012-June, | Assistant Professor | NIMAHNS, Immunogenetics of
2015 Bangalore, India CNS disorders
June  2015-June, | Associate Professor | NIMAHNS, Immunogenetics of
2018, 2018 Bangalore, India CNS disorders
July, 2018- June, | Additional NIMAHNS, Immunogenetics of
2022 Professor Bangalore, India CNS disorders
April 2018-March | Adjunct faculty Department of | Immunogenetics of
2022 Clinical CNS disorders
Neuroscience,
NIMHAANS, India
July 2022- till date | Professor NIMHANS, Immunogenetics of
Bangalore, India CNS disorders
April, 2023-till | Professor and Head | NIMHANS, Immunogenetics  of
date of the Department | Bangalore, India CNS disorders

AWARDS/MEDAL/ACADEMIC DISTINCTIONS:

e University Gold Medal for securing first position in M.Sc.(MS) Examination, University
of North Bengal, Siliguri, W.B., INDIA.

o Travel Support Award from 13" International Histocompatibility Workshop and Congress
group, May 12-22, 2002, Seattle, USA.

¢ Young Scientist Award by the Department of Zoology, University of North Bengal and
Zoological Society of Calcutta in the National Symposium on “Assessment and
Management of Bioresources™, 2003.



e Sudev Bhusan Ghosh Young Scientist Award for the year 2003, Zoological Society,
Kolkata, INDIA.

e First Grade Research Award (2006), China Postdoctoral Science Foundation, China (No.
20060400308).

e Best Poster Award (1°t Prize), in the International update on Neuromuscular Disorders
(NERVECON-III), August 24-26, 2018, Hyderabad.

« International Society of Gene and Cell Therapy (ISGCT) Faculty Award, 2019, Gene Research
Foundation, Bangalore, India.

FELLOWSHIPS

e Post-Doctoral Fellowship (2009-2010), The Neuropole of research of Ile-de-
France arca (NeRF), France.

Post-Doctoral Fellowship (2009), Kunming Institute of Zoology, Yunnan, P.R. China.

Post-Doctoral Fellowship 92006-2007), Kunming Institute of Zoology, Yunnan, P.R.
China.

Senior Research Fellowship (2004-2006), Department of Science & Technology ,Govt.
of India, New Delhi, India.

Senior Research Fellowship (2003-2003), Labonya Prova Bose Trust, Kolkata, India.

Senior Research Fellowship (2000-2002), Lady Tata Memorial Trust, Mumbai, India.
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and response to Transcranial Direct Current Stimulation for Auditory Verbal Hallucinations
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Psychiatric Disorders: Emerging roles and implications. Current Behavioral Neuroscience
Reports, 2018;5: 179-188.
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40) Debnath M, Nagappa M, Subbanna M, Sundaravadivel P, Talukdar PM, Shivakumar V,
Wahatule R, Dutta D, Sinha S, Bindu PS, Periyavan S, Umamaheswara Rao GS, Taly AB.
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Psychiatr Res. 2018 Sep;104:88-95.

43) Balachander GM, Talukdar PM, Debnath M, Rangarajan A, Chatterjee K.Inflammatory
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52) Debnath M, Banerjee M, Berk M. Genetic gateways to COVID-19 infection: implications
for risk, severity and outcomes. FASEB J, 2020 Jul;34(7):8787-8795.

53) Shivakumar V, Rajasekaran A, Subbanna M, Kalmady SV, Venugopal D, Agrawal R,
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Venkatasubramanian G, Gangadhar BN. Leukocyte mitochondrial DNA copy number in
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54) Debnath M, Berk M, Maes M. Changing dynamics of psychoneuroimmunology during
COVID-19 pandemic. Brain, Behavior & Immunity-Health, 5 (2020) 100096.
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to Address Critical Gaps in Parkinson’s Disease Research. Front. Neurol. 2020, 11:524. doi:
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56) Talukdar PM, Abdul F, Maes M, Venkatasubramanian G, Kutty BM, Debnath M. Maternal
immune activation causes schizophrenia-like behaviors in the offspring through activation of
immune-inflammatory, oxidative and apoptotic pathways, and lowered antioxidant defences
and neuroprotection. Molecular Neurobiology, 2020 Oct;57(10):4345-4361
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58) Bhargav PH, Reddy PV, Govindaraj R, Gulati K, Ravindran A, Gayathri D, Karmani SJ,
Udupa K, Venkatasubramanian G, Philip M, Debnath M, Bharath RD, Sathyaprabha TN,
Gangadhar BN, Muralidharan K. Tmpact of a Course of Add-on Supervised Yoga on Cortical
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unmedicated, comorbidity free Obsessive-Compulsive Disorder: An Immunophrnotyping
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62) Debnath M, Berk M, Maes M. Translational evidence for the Inflammatory Response
System (IRS)/Compensatory Immune Response System (CIRS) and neuroprogression theory
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Disruption of circadian rhythm and risk of autism spectrum disorder: role of immune-
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receptor (TLR) and inflammasome pathways leading to neuroprogressive changes and
schizophrenia-like behaviours in offspring. European Neuropsychopharmacology, 2021;52:
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67) Gulati K, Bhargav PH, Reddy PV, Govindaraj R, Ravindran A, Gayathri D, Karmani SJ,
Udupa K, Philip M, Debnath M, Bharath RD, Sathyaprabha TN, Venkatasubramanian G,
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progressive supranuclear palsy. Annals of Neurosciences, 2022 Apr;29(2-3):177-188.

71) Maes M, Rachayon M, Jirakran K, Sodsai P, Klinchanhom S, Debnath M, Basta-Kaim A,
Kubera M, Almulla AF, Sughondhabirom A. Adverse Childhood Experiences Predict the
Phenome of Affective Disorders and These Effects Are Mediated by Staging,
Neuroimmunotoxic and Growth Factor Profiles. Cells. 2022 May 7;11(9):1564.

72) Ramaswamy P, Christopher R, Kumar Pal P, Debnath M, Yadav R. Plasma microRNAs as a
Potential Biomarker for Identification of Progressive Supranuclear Palsy. Diagnostics
(Basel). 2022 May 11;12(5):1204.

73) Minic Janicijevic S, Jovanovic IP, Gajovic NM, Jurisevic MM, Debnath M, Arsenijevic NN,
Borovcanin MM. Galectin-3 mediated risk of inflammation in stable schizophrenia, with

only possible secondary consequences for cognition. World J Psychiatry. 2022 Sep
19;12(9):1183-1193.

74) Selvaraj S, Shivakumar V, Kavya PV, Mullapudi T, Bhalerao G, Sreeraj VS, Suhas S,
Dinakaran D, Parlikar R, Chhabra H, Narayanaswamy JC, Debnath M, Rao NP,
Muralidharan K, Venkatasubramanian G. Neurohemodynamic correlates of BDNF gene
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expression in schizophrenia patients with working memory deficits: A functional MRI study.
Asian J Psychiatr. 2022 Sep 17;77:103261.

75) Sharma S, Govindaraj P, Chickabasaviah YT, Siram R, Shroti A, Seshagiri DV, Debnath M,
Bindu PS, Taly AB, Nagappa M. Genetic Spectrum of Inherited Neuropathies in India. Ann
Indian Acad Neurol. 2022 May-Jun;25(3):407-416.

76) Dutta D, Debnath M, Seshagiri DV, Nair BVS, Das SK, Wahatule R, Sinha S, Ravi V, Taly
AB, Nagappa M. Impact of Antecedent Infections on the Antibodies against Gangliosides
and Ganglioside Complexes in Guillain-Barré Syndrome: A Correlative Study. Ann Indian
Acad Neurol. 2022 May-Jun;25(3):401-406.

77) Gokulakrishnan K, Nikhil J, Vs S, Holla B, Thirumoorthy C, Sandhya N, Nichenametla S,
Pathak H, Shivakumar V, Debnath M, Venkatasubramanian G, Varambally S. Altered
Intestinal Permeability Biomarkers in Schizophrenia: A Possible Link with Subclinical
Inflammation. Ann Neurosci. 2022 Apr;29(2-3):151-158.

78) Al-Hakeim HK, Al-Musawi AF, Al-Mulla A, Al-Dujaili AH, Debnath M, Maes M. The
interleukin-6/interleukin-23/T helper 17-axis as a driver of neuro-immune toxicity in the
major neurocognitive psychosis or deficit schizophrenia: A precision nomothetic psychiatry
analysis. PLoS One. 2022 Oct 18;17(10):¢0275839.

79) Sharma PP, Seshagiri DV, Nagappa M, Mullapudi T, Sreenivas N, Dey S, Shivaram S,
Wahatule R, Kumawat V, Sreekumaran Nair BV, Kamath S, Sinha S, Taly AB, Debnath M.
Modulatory effects of vitamin D on IL -33/ ST2 immune axis in Guillain-Barre
syndrome...quo vadis? Eur J Neurol. 2022 Jul;29(7):e22-€23.

80) Dutta D, Nagappa M, Sreckumaran Nair BV, Das SK, Wahatule R, Sinha S, Vasanthapuram
R, Taly AB, Debnath M. Variations within Toll-like receptor (TLR) and TLR signaling
pathway-related genes and their synergistic effects on the risk of Guillain-Barré syndrome. J
Peripher Nerv Syst. 2022 Jun;27(2):131-143.

2023

81) Gokulakrishnan K, Nikhil J, Viswanath B, Thirumoorthy C, Narasimhan S, Devarajan B,
Joseph E, David AKD, Sharma S, Vasudevan K, Sreeraj VS, Holla B, Shivakumar
V, Debnath M, Venkatasubramanian G, Varambally S. Comparison of gut microbiome

profile in patients with schizophrenia and healthy controls - A plausible non-invasive
biomarker? J Psychiatr Res. 2023 Jun;162:140-149.
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82) Mullapudi T, Debnath M, Govindaraj R, Raj P, Banerjee M, Varambally S Effects of a six-
month yoga intervention on the immune-inflammatory pathway in antipsychotic-stabilized
schizophrenia patients: A randomized controlled trial. Asian J Psychiatr. 2023 May
24;86:103636.

83) Reddy PV, Talukdar PM, Subbanna M, Bhargav PH, Arasappa R, Venkatasubramanian G,
Muralidharan K, Debnath M. Multiple complement pathway-related proteins might regulate
immunopathogenesis of Major Depressive Disorder. Clinical Psychopharmacology and
Neuroscience, 2023; 21(2):313-319.

84) Khanra S, Reddy P, Giménez-Palomo A, Park CHJ, Panizzutti B, McCallum M, Arumugham
SS, Umesh S, Debnath M, Das B, Venkatasubramanian G, Ashton M, Turner A, Dean OM,
Walder K, Vieta E, Yatham LN, Pacchiarotti I, Reddy YCJ, Goyal N, Kesavan M, Colomer
L, Berk M, Kim JH. Metabolic regulation to treat bipolar depression: mechanisms and
targeting by trimetazidine. Mol Psychiatry. 2023 Jun 29. doi: 10.1038/s41380-023-02134-8.

85) Bhaskar L, Kharya C, Debnath M, Mullapudi T, Subbanna M, Chhabra D, Kumar N,
Sharma PK, Bhagat OL, Kochupillai V. Effects of Sudarshan KriyaYoga and Advanced
Meditation Program on Genetic Expression of Pro-inflammatory and Antioxidants Genes.
Cureus, 2023; 15(7): €41377. d0i:10.7759/cureus.41377

86) Debnath M, Berk M. Is paternal immune activation just as important as maternal immune
activation? Time to rethink the bi-parental immune priming of neurodevelopmental model of
schizophrenia. Medical Hypotheses, 2023;174: 111059

87)John DV, Sreenivas N, Deora H, Purushottam M, Debnath M, Mahadevan A, Patil SA.
Cerebrospinal fluid inflammatory cytokine profiles of patients with neurotropic parasitic
infections. Tropical Biomedicine 2023, 40(4): 406-415.

88) Nagappa M, Sharma S, Govindaraj P, Chickabasaviah YT, Siram R, Shroti A, Seshagiri DV,
Debnath M, Sinha S, Bindu PS, Taly AB. Characteristics of patients with SH3TC2
associated neuropathy in an Indian cohort. Neurology India, 2023 Sep-Oct;71(5):940-945.

2024

89) Sarkar A, Nagappa M, Dey S, Mondal S, Babu GS, Pal Choudhury S, Akhil P, Debnath M.
Synergistic effects of Immune checkpoints and Checkpoint Inhibitors in inflammatory
neuropathies: Implications and Mechanisms. Journal of Peripheral Nervous System, 2024 (in
press).

90) Talukdar PM, Reddy PV, Bhargav PH, Subbanna M, Karmani S, Arasappa R,
Venkatasubramanian G, Muralidharan K, Debnath M. Long-term add-on Yoga therapy
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modulates oxidative stress pathway and offers clinical benefits in Major Depressive
Disorder-a randomized controlled trial. International Journal of Yoga, 2024 (in press).

91) Dey S., Yelamanchi R, Mullapudi T, Holla VV, Kamble N, Satyaprabha TN, Pal PK,
Debnath M, Yadav R. Association of Insulin-like Growth Factor-1 and Neurofilament Light
Chain in Patients with Progressive Supranuclear Palsy. Annals of Indian Academy of
Neurology, 2024 (in press).

92) Sreenivas N, Maes M, Padmanabha H, Dharmendra A, Chakkera P, Paul Choudhury S,
Abdul F, Mullapudi T, Gowda VK, Berk M, Vijay Sagar Kommu J, Debnath M.
Comprehensive immunoprofiling -of neurodevelopmental disorders suggests three distinct

classes based on increased neurogenesis, Th-1 polarization or IL-1 signaling. Brain Behavior
Immunity, 2024 Nov 14;115:505-516.

Total citations: 2464 h-index: 23 i10- index: 51

Book Chapter:

1. Debnath M, Dada R, Berk M. Insights into Mode of action of Yoga in Mental Disorders: A
summary of Biological Evidence. In “The Science and Art of Yoga in Mental and Neurological
Healthcare (Editors: Varambally S, George S and Srinivasan TM), 1% Edition, Jaypee Brothers,
New Delhi. Pages: 69-75.

2. Debnath M, Raison CL, Maes M, Berk M. Role of T cell network in Psychiatric Disorders. In
“Immuno-Psychiatry: Facts and Prospects (Eds. Berk, Leboyer and Sommer), Springer,
Germany, 2021.

3. Debnath M, Venkatasubramanian G. Funding Opportunities (Resources) in Biomedical
Sciences: Indian Perspective. In “The Quintessence of Basic and Clinical Research and
Scientific Publishing (Eds. Jagadeesh, Sanatore and Balakumar), Springer, Singapore, 2023. PP.
837-852.

Resource Person/ Administrative/Academic Assignments:

Member:

e External Member, Board of Studies, School of Life Sciences, Sikkim University, Sikkim.
Member of the Executive Council of the Indian Society of Human Genetics (ISHG).
Member, Institute Animal Ethics Committee, NIMHANS, Bangalore.

Co-ordiantor, Ph.D. Coursework Programme, NIMHANS, Bangalore.
Member, Library Advisory Committee, NIMHANS, Bangalore.
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International Grant Reviewer:

The Netherlands Organisation for Health Research and Development (ZonMw).
Israel Science Foundation (ISF), Israel.

Medical Research Council, UK.

National Science Centre, Poland

Czech Health Research Council, Ministry of Health of the Czech Republic

National Grant Reviewer:

Science and Engineering Research Board (SERB), Government of India.
Department of Biotechnology (DBT), Government of India.
Sri Devraj Urs Academy of Higher Education and Research, Kolar, Karnataka, India.

Ph.D. thesis examiner:

Sri Devraj Urs Academy of Higher Education and Research, Kolar, Karnataka, India.
All India Institute of Medical Science (AIIMS), New Delhi, India.

Bharathidasan University, Tamil Nadu, India.

Kerala University, Thiruvananthapuram, Kerala, India.

Pondicherry University, Pondicherry, India.

Calcutta University, Kolkata, India.

Doctoral Committee member:

Sri Devraj Urs Academy of Higher Education and Research, Kolar, Karnataka, India.
School of Regenerative Medicine, Manipal Academy of Higher Education, Bangalore, India.

Jawaharlal Institute of Postgraduate Medical Education & Research (JIPMER), Pondicherry,
India.

Members of Ethics/ Biorepository Committee:

Member of Institutional Committee for Stem Cell Research (IC-SCR) of School of
Regenerative Medicine, Manipal Academy of Higher Education, Bangalore.

e Member, Institutional Biorepository Committee, NIMHANS, Bangalore.

Chairperson in Conferences:

In the International Symposium on Translational Neuroscience & XXXII Annual
Conference of the Indian Academy of Neurosciences” November 1-3, 2014, held in
NIMAHNS, Bangalore, India.

In 3 TS Srinivasan -NIMHANS Knowledge Conclave, 24" February,2017; NIMHANS,
Bangalore, India.

14



e In NIMHANS Annual Reviews in Practical Neurology (ARPrN)-2019, August 16-18, 2019,
NIMHANS, Bangalore, India.

e In 3" International Society of Gene and Cell Therapy Conference, November 10-12, 2019,
Bangalore Medical College and Research Institute, Bangalore, India.

e Serve as a ‘Judge’ in the Young Scientist Session in in the 4™ Regional Science &
Technology Congress, December 18-19, 2019, Alipurduar College, WB.

o Served as a Judge for Best Poster Award in 45" Annual Meeting of Indian Society of
Human Genetics, February 13-15, 2020 at Sri Ramachandra Institute of Higher Education &
Research, Chennai, Tamil Nadu.

e Served as a Judge in the Oral Presentation Competition in the “Yoga and Neurosciences:
Traditions and Research Approaches (YANTRA)” conference, during 9th-10th and 16th -
17th October, 2020, NIMHANS, Bangalore.

e Scrved as a Judge in the Oral Presentation Competition in the “Yoga and Neurosciences:
Traditions and Research Approaches (YANTRA)” conference, during 23-25 November
2023, NIMHANS, Bangalore.

Invited talk:

e Delivered an invited talk on “Pregnancy-Immunity-Psychitry Nexus: Fetal programming of
mental disorders”, April 22, 2014 at Department of Zoology, University of North Bengal,
Siliguri, West Bengal, India.

e Delivered an invited talk on “Neurodevelopmental connection of schizophrenia: Evidences
from immunogenetics studies” in the International Conference on Environment, Genes,
Health and Diseases (EGHD-2017), August 22-24, 2017, Bharathiar University,
Coimbatore, Tamil Nadu, India.

e Delivered an invited talk on “Fetal programming of schizophrenia: immunogenetic
insights”, XXXV Annual Meeting of Indian Academy of Neurosciences, October 29-31,
2017, Ravenshaw University, Cuttack, Odisha, India.

e Delivered an invited talk on “ Nexus between Immunity and Psychiatry: Genetic-
inflammatory synthesis of Schizophrenia”, in the National Symposium on Trends in
Biochemistry in Post-Genomic FEra, February 28, 2018. Pondicherry University,
Pondicherry, India.

e Delivered a talk on “Altered Th17 pathway in schizophrenia: evidences from genetic, gene
expression and biochemical studies” in the 26™ European Congress of Psychiatry, March 3-
6, 2018, Nice, France.
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Delivered an invited talk on “Introduction to basic and applied genetics and steps towards
building genetic basis of a disorder” in the Five days workshop on ‘“Primer on genetics for
mental and neurological health care professionals”, April03, 2018, NIMHANS, Bangalore,
India.

Delivered an invited talk on “Research on Guillain Barre Syndrome at NIMHANS: small
steps towards understanding the Immunobiology” in the NIMHANS -Liverpool University
Annual Symposium, July 7, 2018, NIMHANS, Bangalore, India.

Delivered an invited talk on “Immuno-inflammatory synthesis of schizophrenia” in the
NIMHANS-Deakin University Mini-Symposium on “Translational Immunobiology of
Schizophrenia and Bipolar Disorder” August 27, 2018, NIMHANS, Bangalore, India.

Delivered an invited talk on “Immunobiology of Guillain Barre Syndrome: Role of Th17
pathway” in the 3™ International Society of Gene and Cell Therapy Conference, November
10-12, 2019, Bangalore Medical College and Research Institute, Bangalore, India.

Delivered an invited talk on “Fetal programming of mental disorders: role of the immune
system and environmental determinants”, in the 4" Regional Science & Technology
Congress, December 18-19, 2019, Alipurduar College, WB.

Delivered invited talk on “Impaired immune-genetic synthesis of schizophrenia; a trans-
species study”, in the 45™ Annual Meeting of Indian Society of Human Genetics, February
13-15, 2020 at Sri Ramachandra Institute of Higher Education & Research, Chennai, Tamil
Nadu.

Delivered an invited talk on "The storm and the aftermath of COVID-19: The bumpy road
ahead for neurobiology and mental health” in the Two-day National Webinar on “COVID-
19: Challenges for management of mental health and risk factors” June 19-20, 2021,
Organized by the PG Department of Zoology, ABN Seal College and MJN Medical College
and Hospital, Cooch Behar, West Bengal.

Delivered a plenary talk on “Psychoneuroimmunology: The rise of the seventh sense in
neuroscience and Yin and Yang of this sense”, in the IBRO-APRC Nepal School on
Understanding of Neuroscience and spectrum of neurogenetic disorders, August 22, 2021,
Kathmandu, Nepal.

Delivered an advanced lecture on “Genetic/epigenetic basis of neuropsychiatric disorders”,
in the IBRO-APRC Nepal School on Understanding of Neuroscience and spectrum of
neurogenetic disorders, August 21, 2021, Kathmandu, Nepal.

Delivered a talk on “Human intelligence: A genetic affair” in the Vigyan Anwesha: An
initiative to connect students with Scientist programme of North Bengal Science Centre,
Siliguri, A unit of National Council of Science Museums, Ministry of Culture, GOI, August
16, 2021.
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Organizing workshop/conferences:

Organizing Secretary of National Science Day, 28™ February, 2017, NIMHANS, Bangalore,
India.

Served as core member of the Organizing Committee of Indian Congress of Parasitology,
April 25-27, 2017, NIMHANS, Bangalore, India.

Organizing Secretary of One Day Symposium on “Yoga and Indian Psychology”, 25" June,
2017, NIMHANS, Bangalore, India.

Organizing Secretary, five days workshop on ‘Primer of genetics for mental and
neurological health care professionals” April 03-08, 2-018, NIMHANS, Bangalore, India.

Organizing Secretary, of the 3™ International Society of Gene and Cell Therapy Conference,
November 10-12, 2019, Bangalore Medical College and Research Institute, Bangalore, India.

Co-ordinator for the six months certificate course on “Genetic diagnosis and counselling”,
June-November, 2019, Department of Human Genetics, NIMHANS, Bangalore, India.

Organizing Secretary, five days workshop on “Genetics and epigenetics for mental and
neurological healthcare professionals”, July 03-07, 2023, NIMAHNS, Bangalore, India.

MEMBER OF EDITORIAL BOARD:

1. Associate Editor, Frontiers in Psychiatry

2. Journal of Genetics & Genome Research, Published by ClinMed International Library,
Newark, DE 19711, USA.

INVITED REVIEWER:

Molecular Psychiatry
Schizophrenia Bulletin

Brain Behavior and Immunity

Psychoneuroendocrinology

Human Immunology

Schizophrenia Research
PLoS ONE
Gene
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¢ Journal of Clinical Psychiatry

e Molecular Biology Reports

e Translational Neuroscience

¢ Journal of Genetics

e Medical Hypotheses

o CNS Neurol Disord Drug Targets
e Asian Journal of Psychiatry

Psychopharmacology
Frontiers in Human Neuroscience

Physiology and Behavior
Indian Journal of Medical Research

Immunological Investigations

e Psychiatry and Clinical Neurosciences
e BMC Neurology

e Current Pharmaceutical Design

e Psychiatry Research

o Scientific Reports

e Clinical and Experimental Dermatology
e Journal of Psychosomatic Research

Translational Psychiatry
Progress in Neuropsychopharmacology & Biological Psychiatry
Australian and New Zealand Journal of Psychiatry

e National Science Review

e Current Topics in Medicinal Chemistry
e Journal of Neuroimmunology

e Ageing

¢ Neuroscience Bulletin

e Neurology India

o Frontiers in Psychiatry

e BMC Psychiatry
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No.

RESEARCH GRANT:

Title of Project Funding Amount Duration
Agency
1 Genetic and expression studies of HLA-G and | NIMHANS
cytokines to evaluate the immune-mediated risk | Intra-mural Rs. 5.0 lakhs 2013- 2015
of schizophrenia (As PI) Grant, India
2. The Immuno-Psychiatry in South India Study IndozErench
(IPS)-Immunogenetic and Immuno-phenotype e . i sl
. . Promotion  of | Rs. 78,85,160/- | 2014-2018
characterization of major psychoses (As Co-I). Ad d
International grant (Indo-French) R vanee
esearch
3. | Understanding the Th17 cytokine-mediated | Science &
pathogepesm gf Gull!am Barré Syndrome: An | Engineering Rs. 35,20,000/- | 2014-2017
integrative biochemical, genetic and gene | research Board,
expression study (As PI) India.
. Understanding the prenatal infection induced g;zir;?ent %f
immune mediated risk of schizophrenia in a rat Rs. 16,00,000/- | 2015-2018
model (AS Mentor) fiechmology,
(WOS-A), India
5. | Yoga and Schizophrenia - a Comprehensive Wellcome
Assessment of Neuroplasticity (Y - SCAN) Trust-DBT Rs.2.97 crore | 2016-2021
(As Co-1) India Alliance
6. Effect of Shakti kriya versus sudarshan kriya
Department of
and pranayama (SK&P) on electroencephalo- Science &
gram (EEG), gene expression, heart rate Technology Rs. 11,00,000/- | 2017-2018
variability (HRV), galvin skin resistance (GSR) India ’
and quality of life (As Co-I) '
e Therapeutic effects of yoga in depression: A | Department of
neurobiological investigation. (As Co-I) Science & Rs.46,51,600/- | 2016-2019
Technology,
- India.
8. Therapeutic effects of Yoga on immuno- | NIMHANS
inflammatory profile in Major Depressive | Integrated Rs. 10,00,000/- | 2017-2020
Disorder (As PI) Centre for Yoga
9. Understanding the Role of Mitochondrial
Dysfunction in Inherited Peripheral | Indian Council
Neuropathies: A Phenotype-Genotype | of Medical | Rs. 24,00,000/- | 2017-2019
Correlative Study Using Next Research, India.
Generation Sequencing (As Co-I)
10. | Generation of induced pluripotent stem cells | DBT (Under
and midbrain floor plate cells from Indian | PACE scheme | Rs. 45,45,000/- | 2018-2020
ethnicity Parkinson’s disease patients (As Co-I) | of BIRAC)
11. | Susceptibility of brain white matter to | Science &
inflammatory mediators in Parkinson’s disease: | Engineering Rs. 36,38,000/- | 2018-2021

An exploratory DTI study (As Co-I)

Research Board,
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India.

12.

'Neurobiological Correlates of the Effect of

Add-On HD-tDCS for Working Memory
Deficit in Schizophrenia.
Co-supervisor (Under
Fellowship for Clinicians).

Research Training

Wellcome
Trust/DBT India
Alliance

Rs. 33,98,450/-

2017-2019

13;

Empowering scheduled castes (SCs) through
guided meditation (As Co-I)

Department  of
Science &
Technology,
India, SEED
Division, India.

Rs. 57,70,000/-

2019-2022

14.

Genetic architecture of Parkinson’s disease in
India (As Co-I).
International grant (USA).

The Michael J.
Fox Foundation,
USA.

Rs.78,00,000/-

2019-2024

15.

Spectrum of genetic mutations and their
association with clinical phenotypes of
progressive supranuclear palsy (As Co-I)

Indian Council
of Medical
Research, India

Rs. 46,00,000/-

2019-2022

16.

Identification of blood-based biomarkers in
children with neurodevelopmental disorders.
(As PI: Centre for Excellence grant)

VGST, Govt. of
Karnataka.

Rs. 60,00,000/-

2019-2022

17,

Cognitive Dysfunction and Sleep Dysregulation
as Endophenotypes of Psychosis: A Study of
Neurophysiological, Neuroimaging and
Neuroimmune Correlates.

(As Collaborator Under DBT-Wellcome
trust India Alliance Early Career
Fellowship).

Wellcome
Trust/DBT India
Alliance

Rs. 1.86 crore

2019-2024

18.

Psychological, social and biological predictors
of child mental health and development: a
longitudinal study of shared and distinctive risk
and protective factors in UK & India.

(As Co-I).

International grant (MRC, UK; in
collaboration with Liverpool University).

Medical
Research
Council, UK,

£2.59 Million

2020-2025.

19.

Analysis of the role of IL-33/ST2 pathway in
Guillain Barre Syndrome: A biochemical,
genetic and gene expression study.

(As Co-I)

NIMHANS
Intra-mural
grant

Rs. 10,00,000/-

2020-2022

20.

A study of interactions between the gut
microbiome and the human host biology to
elucidate novel aspects of the pathophysiology
and pathogenesis of schizophrenia. (As Co-1)

NIMHANS
Intra-mural
grant

Rs. 10,00,000/-

2020-2022

21.

Neuropathy in Alcohol Use Disorder: A study
of prevalence, profile, determinants and

SERB

Rs. 46,67,360/-

2020-2023
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pathobiological substrates. (As Co-I)

22,

Clinical Research Centre for Neuromodulation
in Psychiatry (As Co-I)

Wellcome
Trust/DBT India
Alliance

Rs.

10.0 crore

2020-2025

23.

Clinical, pathological and genetic studies of
patients with tropical ataxic neuropathy. (As
Co-I)

ICMR

Rs.

30.0 lakhs

2020-2023

24,

Evaluating the efficacy of Ayurvedic
intervention as add on to conventional
treatment and explore the interaction of
epigenetics, neuro/gut  biomarkers and
neuroimaging in paediatric ADHD. (As Co-I)

Central Council
for Research in
Ayurvedic
Sciences

Rs.

99.50 lakhs

2021-2024

25,

An open-labeled controlled clinical study to
evaluate the efficacy of Ayurveda Medicines to
evaluate the efficacy of Ayurveda Medicines
Sudarshana Churna, Yashtimadhu Churna and
Amrutarishta as add on therapy on
Symptomatology, Inflammatory Markers and
RT PCR in positive cases of COVID-19 — A
Collaborative Study (As Co-I)

AYUSH

Rs.

9,26,100/-

2021-2022

26.

Evidence based validation of a Tele-Yoga
intervention in positive cases of COVID-19-A
controlled pilot study on inflammatory markers,
T cell function. (As Co-I)

DST-SATYAM

Rs.

8,50,000/-

2021-2022

27

Understanding the interactions and impact of
Gut Microbiota and Mucosal Associated
Invariant T (MAIT) cells in the pathobiology of
Inflammatory Nodopathies.

SERB, GOI
(As PI)

Rs.

57,78,360/-

2022-2025

28

Centre for Excellence on “Yoga and Ayurveda
in  Neuroscience Translational Research
Accelerator Programme" (YANTRA)

(As Co-I)

AYUSH

Rs.

10.0 crore

2022-2025

29

'Understanding the role of circadian,
inflammatory and sleep homeostatic pathway-
related genes in sleep dysregulation in children
with Autism Spectrum Disorder. (As Co-I)

NIMHANS
Intra-mural
grant

Rs.

10.0 lakhs

2023-2025

30

Deciphering the change in sleep architecture
and its relation to circulating melatonin level,
and circadian rhythm gene expression in
Parkinson’s disease following deep brain
stimulation surgery: A longitudinal video-
polysomnography-based cohort study. (As Co-
D

ICMR, GOI

Rs.

80.0 lakhs

2024-2027
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Research Guidance (Ph.D./DM/MD):

Sl no. | Name Course Thrust Area Remarks
1 Ms. Geetanjali Murari M.Phil. Immunogenetics of' | Awarded
(Neuroscience) | Guillain Barre Syndrome (2016)
2 Ms Ashwini R. PhD Psychiatric Awarded
Immunogenetics (2017)
3 Dr. Sri Mahavir | PhD Psychiatric Genetics Awarded
Agarwal (2017)
4 Ms Deepthi Venugopal | PhD Psychiatric Awarded
Immunogenetics (2018)
5 Dr. Rahul Wahatule DM Immunobiology of | Awarded
(Neurology) Guillain Barre Syndrome | (2017)
6 Dr. Ramesh Siram DM Genetics of  Inherited | Awarded
(Neurology) Peripheral Neuropathy (2018)
7 Dr.Kiran Polavarapu PhD Genetics of Muscular | Awarded
Dystrophy (2019)
8 Ms. Harleen Chhabra PhD Psychiatric Genetics Awarded
(2020)
9 Ms Manjula Subbanna | PhD Psychiatric Awarded
Immunogenetics (2020)
10 Dr. Jayakrishnan Menon | DM Immunobiology of | Awarded
(Addiction Addiction (2021)
Psychiatry)
11 Ms. Pinku Mani | PhD Animal Model of | Awarded
Talukder Schizophrenia (2021)
12 Dr. Praveen Sharma DM Immunogenetics of | Awarded
(Neurology) Guillain Barre Syndrome (2021)
13 Mr Debprasad Dutta PhD Immunogenetics of | Awarded
Guillain Barre Syndrome | (2022)
14 Dr. Sowmya Selvaraj PhD Psychiatric Genetics Awarded
(2022)
15 Dr. Nibu Varghese DM Immunobiology of | Awarded
(Neurology) Myasthenia Gravis (2022)
16 Dr. Ram Chandra DM Neurobiology of | Awarded
(Neurology) Supranuclear Palsy (2022)
17 Dr. Srinath DM Role of inflammasome | Awarded
(Neurology) pathway in GBS (2023)
18 Dr. Pradeep Shetty DM Role of Node-paranode | Submitted
(Neurology) antibodies and NF-kB | (2023)
pathway in inflammatory
neuropathies
19 Mr. Trinath M PhD Psychiatric Submitted
Immunogenetics (2024)
20 | Dr. Preethi Reddy PhD Immunobiology of Bipolar | Submitted
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Disorder (2023)
21 PhD VNS and immunobiology | Submitted
Dr. Swarnabudha of Schizophrenia (2023)
Nayok
22 Ms. Nikhita Sreenivas PhD Immunobiology of alcohol | On-going
induced neuropathy
23 Mr. Saikat Dey PhD Genetic and epigenetic | On-going
understanding of
Supranuclear Palsy.
24 Ms. Kavya Vp PhD Impact of maternal stress | On-going
on the mental illnesses of
the offspring
25 Mr. Sandipan Mondal PhD Role of gut microbiota, | On-going
MAIT and Treg cells in
inflammatory
neuropathies.
26 Mr. Aishwarya Kumar | PhD PET-MRI based study in | On-going
PD, MSA and PSP
27 Ms. Twinkle | PhD Statistical Methods to | On-going
Moothedan Assess the Stability of
Reference Genes in Gene
Expression Studies
28 DM Immunobiology of ASD On-going
Dr. Jayaram (Neurology)
29 DM Immune checkpoint | On-going
Dr. Akhil P. (Neurology) molecules in inflammatory
neuropathies
30 DM Genetics of PD On-going
Dr. Subhajit Roy (Neurology)

Research Guidance (Under and post- graduate thesis/ Research Interns)

Sl no. | Name Course & Name of | Thrust Area Year
the Institute

I Ms. Sushmita Sastry M.Sc. Immunogenetics  of | 2018
Vellore Institute of | Schizophrenia
Technology, Tamil
Nadu, India.

2 Ms. Shreya Shetty B.Tech. Immunobiology of | 2019
Dr. D Y Patil | Guillain Barre
University, Mumbai, | Syndrome
India

3 Ms. Renu Balaji B.Tech. Immunobiology of [ 2018 & 2019
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Dayanand Sagar | Schizophrenia
University,
Bangalore, India.

Ms. Shruti | B.Tech. Immunogenetics 2019

Bahukudumbi Anna University,
Tamil Nadu, India

Mr. Abdul Fazal B. Tech. Animal Model of | 2019
SRM University Schizophrenia
Chennai, India.

Aria Sarkar The Village School, | Immunobiology  of | 2023
Houston, USA GBS

Nisha Prakash Azim Premji | NA 2023
University,
Bangalore.

Saiesha Bade The International | NA 2023
School f Bangalore

Shristi Jain Christ  University, | NA 2023
Bangalore -

Awards received by the Ph.D. students:

Mr. Debprasad Dutta (Ph.D. student) has received Best Poster Award (2™ position), on
the paper “Epimolecular affairs at the cross road of natural selection and psychological
adaptation with reference to mind-body axis reprogramming” in the Onde day symposium
on “Yoga and Indian Psychology”, June 25, 2017, NIMHANS, Bangalore, India.

Mr. Debprasad Dutta (Ph.D. student) has been awarded “Commonwealth Split-Site
Scholarship” for the year 2019 by Commonwealth Commission, UK to work in the
Liverpool University, UK for one year.

Ms. Manjula Subbanna (Ph.D student) received “Young Investigator award” from World
Congress of Biological Psychiatry, World Federation of the Societies of Biological
Psychiatry (WFSBP) 2-6 June 2019, Vancouver, Canada.

Ms. Manjula Subbanna (Ph.D) student has received “Dr. T.S. Agarwal Inspiring Scientist
Sushrata Award” for best paper presentation in the 3™ Annual meeting of International
Society of Gene and Cell Therapy (ISGCT)-2019, November 10-12, 2019, Bangalore, India.

Mr. Debprasad Dutta (PhD student) received AWSAR Award for Best Ph.D stories
(2019) from Department of Science & Technology, Government of India.

Dr. Preethi Reddy (PhD student) received first prize in oral presentation competition in
“Yoga and Neurosciences: Traditions and Research Approaches (YANTRA)” conference,
during 9th-10th and 16th - 17th October, 2020, NIMHANS, Bangalore.
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Mr. Thrinath M. (PhD Student) received Best Poster Award, 10th International Conference
on Schizophrenia, Schizophrenia Research Foundation (SCARF), Chennai, 25 August 2022,

Mr. Saikat Dey (PhD student) received travel grant to attend International Congress of
Parkinson’s Disease and Movement Disorders, Movement Disorder Society (MDS), Madrid,
Spain, 15-18 September 2022.

Mr. Saikat Dey (PhD student) received 2™ Best Paper Award (oral presentation),
MDSICON 2022, Mumbai, 13-15 May 2022.

Mr. Saikat Dey (PhD student) received C. U. Velmurugendran — U Meenakshisundaram
Award for Movement Disorders” at IANCON 2023, held at Madurai, India, from September
14th to 17th 2023. (Best oral presentation award).
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Abstract

BACKGROUND

Evidence suggests that cytokines cause immune disturbances, shape immuno-
logical sequelae later in life, and modulate the risk of schizophrenia (SC).
Galectin-3 (Gal-3), a multifaceted molecule of the glycan family, is involved in the
formation of the immunological synapse and modulates the signalling pathway
and effector functions of T lymphocytes, which are major producers of cytokines.
We have previously reported elevated serum Gal-3 levels in stable SC patients.
However, Gal-3 as a link between cognitive functioning and inflammation has not
yet been investigated in SC.

AIM

To investigate the relationship between serum Gal-3 levels and cognitive
performance, serum cytokines, and white blood cell count in three-month stably
treated SC patients.

METHODS

1183 September 19,2022 | Volume12 | Issue9 |
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Twenty-seven patients with SC in remission and 18 healthy volunteers participated in this case-
control and correlational study. Clinical assessment was performed using the Positive and
Negative Syndrome Scale and the Montreal-Cognitive Assessment. The results of previously
measured serum levels of Gal-3, interleukin (IL)-33, soluble suppression of tumorigenicity 2 (sST2),
tumor necrosis factor-alpha (TNF-a), IL-6 and IL-17 were used for further statistical analyses, and
IL-4, IL-23, IL-1p and transforming growth factor-beta (TGF-B) were now additionally measured
with a sensitive enzyme-linked immunosorbent assay. The number of leukocytes in the blood and
the percentage of neutrophils, lymphocytes, and monocytes were determined with a standardized
routine measurement procedure (Sysmex Technology). Statistical analyses were performed using
SPSS 20.0 software.

RESULTS

We found no correlation between serum Gal-3 levels and cognitive functioning in SC patients. A
positive correlation was found between the levels of Gal-3 and TNF-o (r = 0.476; P = 0.012), Gal-3
and IL-23 (r = 0.417; P = 0.031), and Gal-3 and sST2 (r = 0.402; P = 0.038). The binary logistic model,
which included all nine cytokines measured in this patient sample, indicated the particular role of
Gal-3 and TGF-p in the duration of SC. In the stabilization phase of SC, we observed a moderate
and negative correlation between serum Gal-3 levels and leukocytes (r = -0.449; P < 0.019).
Additional linear regression analysis showed a positive correlation between Gal-3 expression and
risperidone dose (F: 4.467; P < 0.045; r* = (.396).

CONCLUSION

The combined activity of Gal-3 and proinflammatory cytokines, TGF-p downregulation and lower
counts of leukocytes influence the SC duration. Gal-3 likely manifests indirect immunometabolic
regulation of cognition in SC.

Key Words: Schizophrenia; Galectin-3; Cytokines; Leukocytes; Antipsychotics

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In clinical sampling, there is an urge to place the results of biological measurements in a much
broader context. Elevated serum galectin-3 (Gal-3) levels in schizophrenia (SC) have not been studied in
relation to other peripheral biomarkers and subsequent neuroinflammation. We found that Gal-3
contributes to ongoing peripheral systemic inflammation and disease duration in patients with SC. All of
this may be an underlying indirect immunometabolic mechanism for cognitive performance in patients
with SC.
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MM. Galectin-3 mediated risk of inflammation in stable schizophrenia, with only possible secondary consequences
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DOI: https://dx.doiorg/ 10.5498/wip.v12.i9.1183

INTRODUCTION

Immune dysregulations during prenatal and postnatal life are increasingly associated with neurodevel-
opmental disorders and have also recently been shown to be an important etiological construct of
schizophrenia (SC)[1,2]. Multiple post-mortem brain and neurcimaging studies have also provided
evidence for neuroinflammation in SC[3,4]. One of the best-known hypotheses, proposed by Bechter,
links SC to mild and localized encephalitis[5]. There is strong evidence that cytokines cause these
immune disturbances, shape immunological sequelae later in life, and modulate SC risk. In particular, T
lymphocytes are one of the major producers of cytokines, and it has been reported that blood levels of
cytokines derived from various lineages of T lymphocytes such as T helper 1 (Th1), Th2, Th17 and
regulatory T cells (Treg) are altered in SC[6-8]. Studies have shown that patients with SC have increased
serum concentrations of proinflammatory cytokines, including interleukin (IL)-1p, IL-6, and tumor
necrosis factor-alpha (TNF-a)[9,10].

Studies have also shown that Gal-3, a multifaceted molecule in the glycan family, is directly involved
in the formation of the immunological synapse and appears to play a pivotal role in modulating the
signalling pathway and effector functions of T lymphocytes[11]. It is noteworthy that Gal-3 has both
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immune and non-immune functions in the brain. Gal-3 appears to play a neuroprotective role in
neuronal tissue and is involved in the reparative processes of brain lesions and ischemia. In contrast,
Gal-3 may promote microglia-mediated neuroinflammation and contribute to neuroprogression[12].
Gal-3 increases the secretion of proinflammatory cytokines from microglia and astrocytes[13] and is also
required for leukocyte recruitment during an acute inflammatory response(14].

Biomarkers that can be conveniently measured in blood may also reflect changes in the central
nervous system and dysfunction of the blood-brain barrier (BBB). There is evidence of BBB dysfunction
in brain disorders, including SC. Brain microvascular endothelial cells (BMECs) are a key element of the
microvasculature that forms the BBB and shields the brain from toxins and reactive immune cells,
However, it is not known whether BMECs themselves are functionally compromised and lead to BBB
dysfunction in brain disorders[15]. An increased ratio of cerebrospinal fluid to serum albumin in
patients with SC suggests increased permeability of the BBB[16]. Given the important role of galectins in
cell adhesion, migration, polarity, and chemotaxis, it is likely that modulation of galectin levels in
BMECs that form the BBB could compromise BBB integrity and consequently contribute to neuroinflam-
mation[17]. Plasma levels of Gal-3 have been shown to be increased after aneurysmal subarachnoid
hemorrhage (SAH), and a Gal-3 inhibitor could potentially prevent post-SAH BBB disruption by
inhibiting Gal-3[18].

We have previously reported elevated serum Gal-3 levels in patients with SC who received stable 3-
mo antipsychotic therapy[19]. We wanted to go further in exploring Gal-3 interactions and not only
measure serum levels during stabilisation of SC. Recently, such an association between Gal-3 and
cognition was found in Alzheimer’s disease[20]. In this additional analysis, we tested the hypothesis
that serum Gal-3 levels in patients with stable SC might be related to cognitive functioning and different
white blood cell counts and types of cytokines in stable SC patients. In this way, we aimed to investigate
the possible involvement of this glycan in peripheral systemic inflammation and disease duration, but
also its position as a link between cognitive functioning and inflammation, which has not yet been
investigated in SC.

MATERIALS AND METHODS
Participants

Patients with SC in remission (SC in remission) were recruited in 2016 in the Psychiatric Day Hospital of
the Kragujevac Clinical Centre. Participants were between 18 and 65 years old. Diagnoses were made
using the International Statistical Classification of Diseases and Related Health Problems, Tenth
Revision (ICD-10) criteria[21] for SC (F20). The major inclusion criterion was stable mental functioning
and adherence to three months of stable antipsychotic depot therapy with risperidone or paliperidone.
Add-on therapy for patients included anxiolytics or hypnotics only. A complete medical history was
obtained from each patient.

Exclusion criteria were current infections during the three-month remission period, allergies or
autoimmune disorders, current anti-inflammatory or antiviral medications, or dual diagnoses of other
mental illnesses. Healthy controls (HCs) were recruited during blood donation at the Blood and Blood
Products Service of the Kragujevac Clinical Centre, and controls with a family history of psychosis were
excluded. All laboratory measurements and immunoassays were performed at the Centre for Molecular
Medicine and Stem Cell Research, Faculty of Medical Sciences, University of Kragujevac. The study was
conducted after the Ethics Committee of the Kragujevac Clinical Centre gave its approval. Participants
were able to give informed consent, and each patient signed the informed consent form before
participating in the study.

The study sample was estimated considering the first type error (a) of 0.05 and the power of the study
of 0.8 for the two-tailed t-test for two independent samples using the statistical softer G* Power 3.1.9.2.
Considering previous studies and similar methods for measuring serum cytokine levels[22], the
minimum number of participants required in each group was estimated to be 14.

Clinical assessment

Psychological assessment was performed by trained raters. Psychopathology was assessed using the
Positive and Negative Syndrome Scale (PANSS)[23]. Cognition was assessed using the cognitive factor
of the PANSS (consisting of items P2-N5-G11)[24], which primarily refers to sustained attention, and
executive functioning such as mental flexibility and problem-solving as components of executive
functioning[25). In addition, cognitive impairment was assessed using the Montreal-Cognitive
Assessment (MoCA)[26], a cognitive screening tool for older population with mild cognitive
impairment and dementia that has also been shown to be useful in patients with psychosis[27]. The
MoCA test assesses multiple cognitive domains including attention, concentration, executive functions,
memory, language, visual-constructive skills, conceptualization, and orientation, with a maximum total
score of 30 and a lower limit for normal cognition of 26.
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Blood collection and cytokine measurements

Blood samples were taken in the morning (approximately 8 am) after overnight fasting. The blood clot
was cut and then centrifuged. After separation, serum samples were stored at -20° until analysis. The
results of previously measured serum levels of Gal-3, IL-33, soluble suppression of tumorigenicity 2
(sST2), TNF-q, IL-6 and IL-17[19,28] were used for further statistical analyses, and IL-4, IL-23, IL-18 and
transforming growth factor-beta (TGF-B) were now additionally measured using sensitive Enzyme-
Linked Immuno-Sorbent Assay kits specific for the human cytokines according to the manufacturer's
instructions (R&D System, Minneapolis, MB). The procedure has been described in detail previously
[19]. Briefly, 96-well plates coated with capture antibody and incubated overnight were washed with
wash buffer and incubated with blocking buffer for 1 h at room temperature. Serum samples or
standard recombinant IL-4/1L-23/IL-18/ TGF-p were added to the plates for 2 h before a biotinylated
detection antibody and streptavidin peroxidase were applied for 1 h each at room temperature. The
plates were developed with substrate reagent for 20 min, and the reaction was stopped by addition of 4
mol/L sulfuric acid. The absorbance was read at 495 nm using a microplate reader. The exact concen-
tration of the above biomarkers was measured by interpolating a standard curve with a series of known
concentrations according to the manufacturer's instructions. The values of the measured cytokines are
expressed in pg/mL. Blood cell populations were determined using a standardized routine laboratory
procedure (Sysmex Technology).

Statistical analysis

Demographic and clinical data were presented descriptively. Various covariates were included in linear
and multiple linear regression models to examine the effects of these variables on the results. Pearson's
or Spearman's correlation analysis was used to examine the significance of the correlation between
serum Gal-3 levels and blood cell counts, serum cytokine levels, and clinical scores and subscores of
PANSS and MoCA. To determine the best prediction of serum cytokine levels for the presence of illness,
binary logistic regression analysis was performed. A P-value of < 0.05 was considered statistically
significant. Statistical analyses were performed using IBM SPSS Statistics for Windows, version 20.0.
Armonk, NY: IBM Corp.

RESULTS

Demographic and clinical characteristics

There were no statistically significant differences in age (P = 0.886) and sex (P = 0.851) between patients
(n = 27) and HC subjects (n = 18). The demographic and clinical characteristics of the patients were the
same as those presented previously[19,28] and are listed in Table 1. Among patients with SC, the
duration of illness was 9.95 + 7.71 years, with 2.18 + 1.92 years as multiple previous hospitalizations.
Most patients were individuals with high school education (1 = 22). The mean PANSS total score and

subscores, MoCA total score and subscores, and medications taken in the SC group are shown in
Table 1.

Differentiation of serum cytokine levels between groups

In this study, lower TGF- levels (272.09 1 101.59 vs 360.41 £ 45.13, P = 0.003) were observed in patients
with SC (Figure 1A), with no difference in serum IL-4, IL-23 and IL-1P levels (data not shown). The
binary logistic model, which included the presence of illness as a dependent variable and all measured
cytokine serum levels as covariates in a stepwise Backward-Wald method, highlighted the particular
role of Gal-3 and TGF-f in SC, both of which have an impact on disease presentation with an odds ratio
for Gal-3: 1.002 (95%CI: 1.000-1.004; P = 0.022) and TGF-B: 0.982 (95%CIL: 0.9968-0.997; P = 0.015)
(Figure 1B), suggesting that higher Gal-3 levels are associated with stabilization in later phases of SC.

Serum Gal-3 levels correlate significantly with proinflammatory mediators and risperidone dosing
The correlation between Gal-3 serum levels and cognitive functioning considering MoCA total score,
subscores, and PANSS Cog was not significant (data not shown). In addition, we now examined the
relationship between systemic Gal-3 levels and cytokines with divergent immune properties. A positive
and moderate correlation was observed between Gal-3 and TNF-a (r = 0.476; P = 0.012), Gal-3 and IL-23
(r=0.417; P =0.031), and Gal-3 and sST2 (r = 0.402; P = 0.038) levels (Figutc 2).

Moreover, linear regression analysis revealed a positive correlation between Gal-3 and risperidone
dose (F: 4.467; P < 0.045; *= 0.396).

Serum levels of Gal-3 inversely correlate with leukocyte count

We also examined the correlation between Gal-3 and the number of leukocytes (neutrophils,
lymphocytes, and monocytes) involved in the immune response. A negative correlation was found
between Gal-3 and total leukocyte count (r = -0.449, P < 0.019), with no other significant correlations
with the percentages of specific populations.
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Table 1 Demographic and clinical characteristics of subjects

Characteristics SC in remission (n = 27) Healthy control (n = 18) P value
Age (yr), mean + SD 36.18 £9.27 37.67 £9.96 0.862
Sex (male/ female) 16/11 12/6 0.851
Duration of illness (yr), mean + SD 9.95+7.71

Number of previous hospitalizations 2.18+1.92

PANSS

PANSS total score 99.22+18.2 =

Positive syndrome scale 22,26 £5.97 = -
Negative syndrome scale 27.52 £ 6.09 - -
General psychopathology scale 4944 +7.83 -

MoCA

MoCA total score 22.74+4.76 -

Visuospatial/Executive 411+1.25 -

Naming 278 £ 0.69 - -
Attention 507+1.21 - ]
Language 189+ 0.69 - -
Abstraction 141£0.84 - =
Delayed recall 181+1.62 - -
Orientation 5.74+0.81 -

Medications

Long-acting risperidone/paliperidone 22/5 -

Long-acting risperidone dosage 25/37.5/50 mg 3/9/13 -

Cell counts

Leukocytes (x 10°/L) 6.67 2.06 = 3
Neutrophils (%) 0.61+0.07 -

Lymphocytes (%) 0.3110.07 -

Monocytes (%) 0.08 £ 0.02 -

PANSS: Positive and Negative Syndrome Scale of Schizophrenia; MoCA: Montreal-Cognitive Assessment; SC: Schizophrenia,

DISCUSSION

The current study contains several new and interesting findings. One of the salient findings was a
significant correlation between serum Gal-3 levels and levels of proinflammatory cytokines in a stable
phase of SC. Serum Gal-3 correlated positively with TNF-a, IL-23, and soluble ST2 in SC in remission
(Figure 2) and was associated with downregulation of the counterregulatory cytokine TGF-§ and
appears to play a role in disrupting leukocyte migration. In addition, the increase in Gal-3 might be
influenced by risperidone dosing.

This study was the first to investigate a possible relationship between Gal-3 and cognitive functioning
in SC patients. No correlation was found between serum Gal-3 levels and cognitive performance,
suggesting a more indirect immunometabolic regulation of cognition in SC, as we have recently
discussed[12]. It has been demonstrated that proinflammatory cytokines and mediators of oxidative
stress could influence serum Gal-3 levels, and a reciprocal role of Gal-3 in these cascades could not be
excluded[29]. Recently, Dal Lin et al[30] (2020) pointed out the close relationship and regulatory effect of
cognitive functioning on some molecular processes in the human body, including acute attenuation of
oxidative stress and inflammation, which inversely affect Gal-3 levels. Based on these findings, Gal-3
may prove to be a potential therapeutic target in SC.

Currently, there are no studies on the correlation between Gal-3 and proinflammatory cytokine levels
in SC patients. In our previous study on the same cohort, we found higher systemic Gal-3 levels[19] and

Saienitengs WIP | ttps:/ /www . wignet.com 1187 September 19,2022 | Volume12 | Issue9 |



Janicijevic SM et al. Gal-3 mediated inflammation in SC

A 500 -

400 -

300

200 -

TGF-B (pg/mL)

100 -

= — 1 B _ -
Cytokine impact on iliness’ | B SE |Wald (df |Sig. [Exp(B)| 95%CI
Lower | Upper
] - o
[=] TGF-B -0.018 0.007 [5.902(1 |0.015/0.982 [0.968 | 0.997
Gal-3 0.0020.001 |5.279(1 [0.022|1.022 |{1.000 | 1.004 |

'Binary logistic regresslon, 9 steps analysis included cytokines representing different
types of immune responses [galectin-3, interleukin (IL)-33, soluble suppresslon of
tumorigenesis, tumor necrosis factor-alpha, IL-4, IL-6, IL-23, IL-1p and transforming
growth factor-beta]

[3

Healty subjects  Schizophrenla patients

DOT: 10.5498/wjp.v12.i9.1183 Copyright ©The Author(s) 2022.

Figure 1 Transforming growth factor-beta and galectin-3 levels impact the illness. A: Lower transforming growth factor-beta (TGF-B) levels (272.09 +
101.59 vs 360.41 + 45.13 pg/mL, P = 0.003) were measured in patients; B: These parameters of serum concentrations of galectin-3 and TGF-f both had an impact
on disease presentation. TGF-B: Transforming growth factor-beta; IL: Interleukin; Gal-3: Galectin-3.
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TNF-u[24]. In addition to our study, Kajitani et al[31] (2017) also reported elevated serum Gal-3 levels in
a stable phase of SC. In one study, Gal-3 was tested for its capacity to induce proinflammatory cytokines
such as TNF-a and IL-6 from plasmacytoid dendritic and form myeloid dendritic cells isolated from
blood. This lectin was found to activate both, TNF-a and IL-6[32]. In addition, a pre-clinical model of
intracerebral haemorrhage (ICH) also demonstrated increased expression of Gal-3 in perthematomal
brain regions after ICH and Gal-3-induced release of IL-6, suggesting a role for Gal-3 in inflammatory
responses after ICH[33]. These findings suggest the hypothesis that neuronal damage could be followed
by inflammation involving Gal-3. The elevated serum Gal-3 levels observed in SC patients in the current
study could lead to BBB disruption and contribute to the persistence of mild chronic neuroinflammation
suspected in SC.

In particular, somatic comorbidities common in SC, such as obesity, hyperlipidaemia, dyslipidaemia
and type 2 diabetes, could be monitored by measuring Gal-3[34]. Gal-3 correlates positively with obesity
and inflammation, as measured by the inflammatory markers IL-6 and C-reactive protein (CRP)[35].
Contrary to this finding, the IL-6 axis was not active in this phase and in the specific subpopulation of
patients, but rather overweighted type-1 immune response with representative TNF-a. Taken together,
these findings suggest potential systemic inflammatory properties of Gal-3 through its interactions with
proinflammatory markers in SC that contribute to immunometabolic processes in SC.

The association of Gal-3 and sST2 and their changes at follow-up with the development of heart
failure in patients with ST-segment elevation myocardial infarction showed that the levels of Gal-3 and
sST2 were significantly increased at one-year follow-up[36]. Interestingly, the increased serum Gal-3
concentration correlated with the production of IL-17 and exhibited a significant correlation with
neutrophil/lymphocyte ratio, white blood cell count, and CRP, but inversely correlated with the
production of IL-10 and IL-12 in patients with untreated colorectal cancer[37]. Some findings suggest
that Gal-3 is required to efficiently recruit leukocytes during an acute inflammatory response[14]. These
findings may indicate the diverse role of Gal-3 in this SC chronic inflammation, as we have previously
discussed that Gal-3 plays a predominant role in the resolution of inflammation[12]. In chronic SC, our
studies have shown that serum Gal-3 levels are elevated and that Gal-3 is negatively correlated with
leukocyte count. This lower leukocyte count may be related to the decline in immunity of patients with
SC in later stable phases and their greater susceptibility to infection.

Although the Gal-3 signalling pathway is not well understood, Gal-3 can be secreted into the
extracellular space, where it can interact with different structures such as cell surface and extracellular
matrix glycoproteins[38]. In autoimmune neuroinflammation, endogenous Gal-3 may potentiate its
severity by decreasing the frequency of Treg cells, controlling IL-10 production, and modulating Notch
activation[39]. The Notch and TGF-f signalling crosstalk, which plays an important role in regulating
endothelial and neural development[40], could also be influenced by Gal-3. Our findings might shed
important light on the Notch-TGF-p axis in SC (Figurc 1B). As for TGF-p, our previous data indicate that
serum levels of TGE-B are significantly increased in patients with SC in relapse and first-episode
psychosis compared to healthy subjects[41,42]. However, in the current study, significantly lower TGF-B
levels were observed in SC patients in remission compared to a group of HC subjects (Figure 1A),
suggesting that TGF-p levels vary during the course of SC.

Regarding the possible influence of antipsychotics, a recent in vitro study reported that the atypical
antipsychotic risperidone reduced the production of proinflammatory cytokines by lipopolysaccharide-
stimulated glial cells but had no effect on IL-10[43]. However, paliperidone increased TGF-p and IL-10
during acute stress and during prolonged chronic stress[44]. Our recent hypotheses about the
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Figure 2 Correlations of serum concentrations of galectin-3 with proinflammatory mediators. A positive and moderate correlation was observed
between serum concentrations of galectin-3 (Gal-3) and interleukin-23 (L-23), Gal-3 and tumor necrosis factor-alpha (TNF-«), and Gal-3 and soluble suppression of
tumorigenicity 2 (sST2). A: IL-23 serum concentration; B: TNF-a serum concentration; C: sST2 serum concentration. IL: Interleukin; TNF-a: Tumor necrosis factor-
alpha; sST2: Soluble suppression of tumorigenicity 2.
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involvement of antipsychotics in the processes of glycosylation can be explained by the effects of their
higher doses on serum Gal-3 levels. The findings of the current study suggest that higher doses of
prescribed risperidone may lead to an increase in Gal-3 levels. Whole-serum proteins show increased
glycosylation after antipsychotic use, indicating the usefulness of these processes for understanding the
pathogenesis and monitoring the treatment of patients with SC[34,45].

A higher percentage of Gal-3-expressing innate and adaptive immune cells in the lamina propria was
observed in patients with comorbid ulcerative colitis and metabolic syndrome[46]; this encouraged us to
explore other immune biomarkers in patients with SC. N-acetylcysteine (NAC) has been proposed for
the adjunctive treatment of SC and ulcerative colitis[47]. Oral intake of NAC was shown to lower
inflammatory biomarkers, CRP and Gal-3 in patients with acute myocardial infarction receiving
fibrinolytic therapy[48]. Preliminary results indicated the usefulness of NAC in improving all domains
of SC functioning[49].

As a limitation of our study in terms of cognitive assessment, we must consider that only specific
domains of cognitive functioning were assessed, using available validated and brief instruments to
detect cognitive impairment in SC in our population. Although we tried to exclude all somatic states, we
should be aware that comorbidity and psychotropic medication could influence the results of both
cognitive functioning and serum measurements. We believe that it is necessary to investigate these
issues further in a larger sample with a much more thorough analysis of confounding factors, which has
not been done within the scope of this manuscript, but these results are valuable to guide us in the
future.
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CONCLUSION

In clinical sampling, there is an urge to place the results of biological measurements into a much wider
concept. Higher serum levels of Gal-3 in SC have not been explored in interaction with other peripheral
biomarkers reflecting possible inflammatory changes. We observed that Gal-3 contributes to ongoing
peripheral systemic inflammation and disease duration in patients with SC. Moreover, its influence on
BBB permeability and consequent neuroinflammation should be explored. Our data revealed some new
complex roles of Gal-3, such as its possible involvement in neuroinflammation and cognitive processing,
contributing to a better understanding of the specific immune profile in patients with SC. Inflammation
also appears to be the potential pathway by which Gal-3 may affect cognitive functioning in SC. The
efficacy of antipsychotics could be improved and their adverse effects corrected if the role of Gal-3 in
glycosylation processes were considered. These findings provide a rationale for further strategies
targeting Gal-3 for therapeutic intervention in SC.

ARTICLE HIGHLIGHTS

Research background

Galectin-3 (Gal-3), a multifaceted molecule of the glycan family, modulates T lymphocytes’ signalling
pathway and effector functions. We have previously reported elevated serum Gal-3 levels in stable
schizophrenia (SC) patients, but Gal-3 as a link between cognitive functioning and inflammation has not
yet been investigated in SC.

Research motivation

Elevated serum Gal-3 levels in SC have not been studied in relation to other peripheral biomarkers and
subsequent neuroinflammation. All of this may be an underlying indirect immunometabolic mechanism
for cognitive performance in patients with SC.

Research objectives

Investigating the relationship between serum Gal-3 levels and cognitive performance, serum cytokines,
and white blood cell count in three-month stably treated SC patients could contribute to a better
understanding of the specific immune profile in patients with SC.

Research methods

Twenty-seven patients with SC in remission and 18 healthy volunteers participated in this case-control
and correlational study. Clinical assessment was performed using the Positive and Negative Syndrome
Scale and the Montreal-Cognitive Assessment. The results of previously measured serum levels of Gal-
3, interleukin (IL)-33, soluble suppression of tumorigenicity 2 (sST2), tumor necrosis factor-alpha (TNF-a
), IL-6 and IL-17 were used for further statistical analyses, and IL-4, IL-23, IL-1B and transforming
growth factor-beta (TGF-B) were now additionally measured with a sensitive enzyme-linked
immunosorbent assay. The number of leukocytes in the blood and the percentage of neutrophils,
lymphocytes, and monocytes were determined with a standardized routine measurement procedure.
Statistical analyses were performed using SPSS 20.0 software.

Research results

Serum Gal-3 correlated positively with TNF-a, IL-23, and soluble sST2 in SC in remission and was
associated with downregulation of the counterregulatory cytokine TGF-p and appears to play a role in
disrupting leukocyte migration. The increase in Gal-3 might be influenced by risperidone dosing.

Research conclusions

The combined activity of Gal-3 and proinflammatory cytokines, TGF-p downregulation and lower
counts of leukocytes influence the SC duration. Gal-3 likely manifests indirect immunometabolic
regulation of cognition in SC.

Research perspectives

We observed that Gal-3 contributes to ongoing peripheral systemic inflammation and disease duration
in patients with SC. Moreover, its influence on blood-brain barrier permeability and consequent
neuroinflammation should be explored. Inflammation also appears to be the potential pathway by
which Gal-3 may affect cognitive functioning in SC.
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