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Prof. Freedman successfully finished his outstanding 12-
year service at the American Journal of Psychiatry as its 
editor-in-chief in 2018. He was educated and trained at 
Harvard College and Harvard Medical School, National 
Institute of Mental Health (NIMH) Intramural Research 
Program, and University of Chicago since late 1960s till 
late 1970s. He has since then worked at Department of 
Psychiatry and Pharmacology, University of Colorado 
Denver as Professor. He was the Chair of the Experimental 
Therapeutics Clinical Trials Initial Review Group NIMH 
2012-15, member of NIMH National Advisory Council 
2002-8, and importantly, he served as a member of the 
editorial boards of New England Journal of Medicine, 
Biological Psychiatry, Neuropsychopharmacology and 
Schizophrenia Research.
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He was elected membership of the Institute of Medicine, 
National Academy of Sciences in 2006. He was awarded 
the NIMH Merit Award in 1990, William K. Warren 
Research Award, International Congress for Schizophrenia 
Research in 1999, and Connie and Steve Lieber Award for 
Schizophrenia Research, Brain and Behavior Research 
Foundation in 2015.

Prof. Freedman is highly interested in research on the 
effects of prenatal maternal immune activation by infection 
on human fetal brain development. He has developed 
auditory P50-potential cerebral inhibition as a physiologic 
endophenotype associated with schizophrenia genetic 
risk, specifically at CHRNA7, the gene for the α7-nicotinic 
cholinergic receptor. He then realized that their earlier in 
vitro observation that choline is an agonist at this receptor 
meant that it could be used prenatally in pregnant women 
to increase activation of the receptor. He then designed 
a clinical trial that used newborn P50 inhibition as an 
outcome of the effect of perinatal choline supplementation 
in 2013 and 3 years later found that enhanced newborn P50 
inhibition predicted improved problems in child behavior 
at 40 months of age. The choline supplement enhanced the 
development of newborn P50 inhibition even in fetuses 
with mothers who had schizophrenia. With the late Paul 
Patterson’s group, one of the pioneers of the maternal 
immune activation model, they investigated the effects of 
immune activation in mice made genetically vulnerable 
by CHRNA7 null mutation, the translational basis for the 
proposed study. Prof. Freedman most recently designed 
and directed the human study that found initial evidence 
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that maternal gestational infection decreases newborn P50 
inhibition and has subsequent effects on early behavior. 
His current work builds on that initial study, to identify the 
mechanisms that are responsible for the effects of maternal 
infection and other early life complications on fetal brain 
development.1-4 

His contributions to research on schizophrenia can be 
further divided into the following 4 particular fields.

characterization of a heritable endophenotype 
in schizophrenia
A heritable endophenotype had been proposed by 
Holzman, Gottesman, and others as key to understanding 
the genetics of schizophrenia. Prof. Freedman led the 
first group to develop such an endophenotype, deficits 
in the normal inhibition of the P50 auditory evoked 
response to repeated stimuli, and to find its genetic basis. 
He realized that earlier evoked potential researchers 
in schizophrenia had failed to recognize that the long 
“recovery time” of cerebral potentials was not synaptic 
fatigue, but rather an active inhibitory process that could 
be assessed used a classical paired-pulse conditioning-
testing paradigm. His team demonstrated loss of inhibition 
in patients with schizophrenia and subsequently in some 
of their first-degree relatives. Using genetic linkage, 
they found that the P50 inhibition endophenoptype was 
linked to the chromosome 15 locus of CHRNA7 and 
eventually to polymorphisms in its promoter, a gene 
that they had earlier shown was responsible for this 
physiological trait in a mouse model. Recently, in the 
NIMH COGS Collaboration, the team showed that P50 
inhibition is heritable in schizophrenia in families who 
also have evidence for the heritability of schizophrenia 
itself. In individuals with schizophrenia but no family 
history of schizophrenia, who are frequently studied 
in GWAS cohorts, there was no heritability. Thus, the 
heritability of the endophenotype is closely related 
to the familial transmission of the illness itself. P50 
inhibition has been used as a tool in 340 studies by other 
investigators worldwide for their research. He also felt 
that it was important to continue reverse translation of 
this endophenotype to animal models. At the Karolinska 
Institute, he found that the α7-nicotinic receptor is 
primarily expressed on interneurons, consistent with 
CHRNA7’s linkage to P50 inhibition, and later he showed 
that its expression is reduced in schizophrenia postmortem 
hippocampal tissue. More recently, they have studied the 
expression in living patients with a newly synthesized 
positron emission tomography (PET) ligand.5-8

Genetics and biology of α7-nicotinic receptors 
in schizophrenia

Based on the encouraging 1997 linkage findings, his 
team decided to look for functional polymorphisms in the 
CHRNA7 gene that would account for linkage and indicate 

how the gene was failing in schizophrenia. He first verified 
the linkage finding using classical linkage disequilibrium 
in the NIMH genetics initiative families not involved in 
the 1997 linkage study. Then he worked with his colleague 
Dr. Sherry Leonard to identify polymorphisms. SNPs 
associated with schizophrenia and P50 inhibition were 
primarily in the promoter and decreased expression in 
vitro, which suggested that the receptor could respond to 
agonists, but that it would be expressed at lower levels. 
The Icelandic group found using GWAS that deletions 
encompassing chromosome 15q13-14 including CHRNA7 
were a highly specific genome-wide significant factor 
in patients with schizophrenia, who did not have pre-
existing family history. The team was able to replicate 
that finding in the NIMH Genetics Initiative that he was 
PI for at the Colorado site. The deletion excludes a nearby 
partial duplication of CHRNA7, CHRFAM7A, that Dr. 
Leonard and he were the first to report. They hypothesized 
that the duplication would act as a dominant negative for 
CHRNA7. They found that the duplication is more highly 
expressed if the patient has an infection. Working with 
Dr. Henry Lester they found that the duplication product, 
a truncated peptide, can assemble with the full-length 
CHRNA7 product and decrease channel activity.9-12

Establishment of P50 gating as an early 
biomarker of fetal brain development of 
inhibitory neurons
While they were investigating the genetic basis of the P50 
sensory gating deficit, Dr. Freedman hypothesized that 
CHRNA7 SNPs associated with schizophrenia might be 
pathogenic in development, perhaps even more so than in 
the adult brain. They first confirmed in animal models that 
α7-nicotinic receptors are indeed expressed before birth 
and that their absence affects interneuron migration into 
the hippocampus. They thus needed to be able to measure 
possible effects on inhibition as soon as possible after birth 
in humans. They therefore extended the P50 inhibition 
phenotype to newborns. In newborns, as in adults, deficits 
in P50 inhibition are associated with familial risk for 
schizophrenia, i.e. babies who have schizophrenia in one 
of the parents, or a CHRNA7 SNP that is associated with 
schizophrenia have decreased P50 inhibition. The P50 
inhibition deficit is the first developmentally characterized 
endophenotype to become part of the Research Domain 
Criteria (RDoC) and has now been replicated by another 
group in England. Using P50 inhibition as a biomarker, 
they showed positive effects of phosphatidylcholine 
supplementation, including in babies with CHRNA7 SNPs 
associated with schizophrenia.13-16

Perinatal prevention of mental illness
The American Medical Association in 2017 recommended 
that all pregnant women receive choline supplements and 
cited their work in their discussion. There has now been an 
initial discussion among public health and manufacturing 
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stakeholders to assess strategies for a population-wide 
intervention. He wishes to clarify that he has no financial 
interest and has refused manufacturer funding. The 
hypothesis that choline might be a suitable prenatal agonist 
at fetal α7-nicotinic receptors emerged from their early 
basic science studies of the properties of the receptor in rat 
hippocampal slices, which confirmed his earlier localization 
of the receptor on interneurons. He further developed 
the hypothesis in discussion with other Conte Center 
investigators, including Dr. Lester. They did not recommend 
the intervention beyond their research participants until 
the AMA’s resolution, because he felt that further evidence 
for its safety and effectiveness were needed. Three other 
groups subsequently also reported positive results with no 
emergent safety issues through pregnancy and the first 4 
years of life. He was invited to discuss the ethical issues 
of prenatal prevention, some of which were noted by 
the reviewers, at the 2019 meeting of the Schizophrenia 
International Research Society. He is now conducting an 
ongoing second double-blind, placebo-controlled trial 
are part of his commitment to more research. Mothers in 
that trial are fully informed of the potential benefit and 
permitted to take choline supplements or increase their 
dietary intake, regardless of their random assignment, as 
they choose. Of note, the Editor of the Journal of Pediatrics 
asked him to revise his paper in press to be more specific 
about supplementation, and he changed its title himself to 
speak more directly about choline’s potential value. His 
publications provide the current evidence for all preventive 
strategies, not just choline, to physicians who care for 
pregnant women.17-21

conFLict oF intERESt
None.

REFEREncES

 1. Freedman R, Hunter SK, Law AJ, Wagner BD, D’Alessandro 
AC, Uwe N, et al. Higher gestational choline levels in 
maternal infection protect infant brain development. J 
Pediatr. 2019;208:198-216.e2. 

 2. Ross R, Hunter SK, Hoffman MC, McCarthy L, Chambers 
BM, Law AJ, et al.  Perinatal phosphatidylcholine 
supplementation and early childhood behavior problems: 
Evidence for CHRNA7 moderation. Am J Psychiatry. 
2016;173:509-516. 

 3. Ross RG, Hunter SK, McCarthy L, Freedman R. Perinatal 
choline effects on neonatal pathophysiology related to later 
schizophrenia risk. Am J Psychiatry. 2013;170:290-298. 

 4. Wu WL, Adams CE, Stevens KE, Chow KH, Freedman R, 
Patterson PH. The interaction between maternal immune 
activation and alpha 7 nicotinic acetylcholine receptor in 
regulating behaviors in the offspring. Brain Behav Immun. 
2015;46:192-202. 

 5. Freedman R, Coon H, Myles-Worsley M, Orr-Urtreger A, 
Olincy A, Davis A, et al. Linkage of a neurophysiological 

deficit in schizophrenia to a chromosome 15 locus. Proc 
Natl Acad Sci USA. 1997;94:587-592.  

 6. Greenwood TA, Light GA, Swerdlow NR, Calkins ME, 
Green MF, Gur RE, et al. Gating deficit heritability and 
correlation with increased clinical severity in schizophrenia 
patients with positive family history. Am J Psychiatry. 
2016;173:385-391

 7. Freedman R, Wetmore C, Stromberg I, Leonard S, Olson 
L. α-Bungarotoxin binding to hippocampal interneurons: 
Immunocytochemical characterization and effects on growth 
factor expression. J Neurosci. 1993;13:1965-1975.  

 8. Wong DF, Kuwabara H, Horti AG, Roberts JM, Nandi A, 
Cascella N, et al. Brain PET imaging of α7-nAChR with [18F]
ASEM: Reproducibility, occupancy, receptor density, and 
changes in schizophrenia. Int J Neuropsychopharmacol. 
2018;21:656-667. 

 9. Freedman R, Leonard S, Gault JM, Hopkins J, Cloninger 
CR, Kaufmann CA, et al. Linkage disequilibrium for 
schizophrenia at the chromosome 15q13-14 locus of 
the alpha7-nicotinic acetylcholine receptor subunit gene 
(CHRNA7). Am J Med Genet. 2001;105:20-22.

10. Leonard S, Gault J, Hopkins J, Logel J, Vianzon R, Short 
M, et al. Association of promoter variants in the α7 nicotinic 
acetylcholine receptor subunit gene with an inhibitory deficit 
found in schizophrenia. Arch Gen Psychiatry. 2002;59:1085-
1096.

11. Levinson DF, Duan J, Oh S, Wang K, Sanders AR, Shi J, et 
al. Copy number variants in schizophrenia: Confirmation 
of five previous findings and new evidence for 3q29 
microdeletions and VIPR2 duplications. Am J Psychiatry. 
2011;168:302-316.

12. Wang Y, Xiao C, Indersmitten T, Freedman R, Leonard S, 
Lester HA. The duplicated α7 subunits assemble and form 
functional nicotinic receptors with the full-length α7. J Biol 
Chem. 2014;289:26451-26463. 

13. Adams CE, Broide RS, Chen Y, Winzer-Serhan UH, 
Henderson TA, Leslie FM, et al. Development of the alpha7 
nicotinic cholinergic receptor in rat hippocampal formation. 
Brain Res Dev Brain Res. 2002;139:175-187.

14. Kisley MA, Polk SD, Ross RG, Levisohn PM, Freedman R. 
Early postnatal development of sensory gating. Neuroreport. 
2003;14:693-697.

15. Hunter SK, Kisley MA, McCarthy L, Freedman R, Ross 
RG. Diminished cerebral inhibition in neonates associated 
with risk factors for schizophrenia: Parental psychosis, 
maternal depression, and nicotine use. Schizophr Bull. 
2011;37:175-182. 

16. Ross RG, Freedman R. Endophenotypes in schizophrenia 
for the perinatal period: Criteria for validation. Schizophr 
Bull. 2015;41:824-834.

17. Frazier CJ, Rollins YD, Breese CR, Leonard S, Freedman R, 
Dunwiddie TV. Acetylcholine activates an α-bungarotoxin-
sensitive nicotinic current in rat hippocampal interneurons, 
but not pyramidal cells. J Neurosci. 1997;18:1187-1195. 

18. Miwa JM, Freedman R, Lester HA. Neural systems 
governed by nicotinic acetylcholine receptors: Emerging 



76 wileyonlinelibrary.com/journal/ped4

hypotheses. Neuron. 2011;70:20-33. 
19. Arango C, Díaz-Caneja CM, McGorry PD, Rapoport J, 

Sommer IE, Vorstman JA, et al. Preventive strategies for 
mental health. Lancet Psychiatry. 2018;5:591-604. 

20. Freedman R, Hunter SK, Law AJ, Wagner BD, D’Alessandro 
A, Christians U, et al. Higher gestational choline levels 
in maternal infection are protective for infant brain 
development. J Pediatr. 2019;208:198-206.e2.

21. Freedman R, Hunter SK, Hoffman MC. Prenatal primary 
prevention of mental illness by micronutrient supplements 
in pregnancy. Am J Psychiatry. 2018;175:607-619. 

How to cite this article: Zhaori G. Professor Robert Freedman 
and his contributions to psychiatric research. Pediatr Invest. 
2020;4:73-76. https://doi.org/10.1002/ped4.12201


