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Learning 
Objective

Examine the biologic and genetic 
factors that influence the 
development and progression of 
schizophrenia.
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Learning 
Objective

Evaluate the role of glutamate 
receptors as treatment targets in 
schizophrenia.
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Smith K. Nature. 2011;478(7367):15.



Van Os J, Kapur S. Lancet 2009;22;374(9690):635-45. 



Onset and Progression of Schizophrenia –
Risk Factors

Millan MJ, et al. Nat Rev Drug Discov. 2016;15(7):485-515.



Onset and Progression of Schizophrenia –
Developmental Processes

Millan MJ, et al. Nat Rev Drug Discov, 2016;15(7):485-515.



Genome-wide Association Meta-analysis

Schizophrenia WGP Genomics Consortium. Nature, 2014;511(7510):421-427.
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Dopaminergic Hypothesis

Seeman P. CNS Neurosci Ther, 2011;17(2):118-132.



Dopamine Synthesis

Meyer-Lindenberg A, et al. Nat Neurosci. 2002;5(3):267-271.



Dopamine Release

Abi-Darghami A, et al. Am J Psychiatry. 1998;155(6):761-767.



First-Degree Relatives

Hutunnen, J. et al. Biol Psychiatry, 2008;63(1):114-117.



Clinical High-Risk Subjects

Howes OD, et al. Arch Gen Psychiatry. 2009;66(1):13-20.



Cortical Dopamine

Sliftein M, et al. JAMA Psychiatry. 2015;72(4):316-324.



Antipsychotic Response
● About 70-80% of patients with First-episode psychosis 

experience a remission in psychotic symptoms within the 
first year of treatment

Lieberman JA, et al. Arch Gen Psychiatry.1993;50(5):369-376.
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Antipsychotic Response
● About 70-80% of patients with First-episode psychosis 

experience a remission in psychotic symptoms within the 
first year of treatment

● One-year recurrence (weighted mean) 77% following 
discontinuation of antipsychotic medication 

● Two-year - 90%
● Approximately, a third of patients with schizophrenia 

show limited if any response to first-line antipsychotic 
medications

Lieberman JA, et al. Arch Gen Psychiatry.1993;50(5):369-376.
Zipursky RB, et al. Schizophr Res. 2014;152(2-3):408-414.
Lindenmayer JP. Psychiatr Q, 2000;71(4):373-384.



Egerton A, et al. Curr Pharm Des. 2012;18(4):466-478.



Glutamate
● Drug induced 

hypofunction of the 
NMDA receptor, induce 
both positive and 
negative symptoms

Javitt DC, et al. Am J Psychiatry. 1991;148(10):1301-1308.
Olney JW, Farber NB. Arch Gen Psychiatry. 1995;52(12):998-1007.



Patil ST, et al. Nat Med. 2007;13(9):1102-1107.



Kinon BJ, et al. Biol Psychiatry. 2015;78(11):754-762.





Study Effect Sizes in Brain Regions Showing Significant 
Glutamatergic Differences Between Cases and Controls

Merrit K, et al. JAMA Psychiatry. 2016;73(7):665-674.



Study Effect Sizes in Brain Regions Showing Significant 
Glutamatergic Differences Between Cases and Controls, cont.

Merrit K, et al. JAMA Psychiatry. 2016;73(7):665-674.



Glu Abnormalities in Unmedicated Patients 
with Schizophrenia: Other Brain Regions

Courtesy Dr. Lawrence Kegeles, Columbia University

DLPFC:
Stanley et al, 1996
Ohrmann et al, 2007
Kegeles et al, 2012

Dorsal ACC:
Tibbo et al, 2013

MPFC:
Bartha et al, 1997 
Théberge et al, 2002
Théberge et al, 2007
Aoyama et al, 2011
Kegeles et al, 2012

Hippocampus:
Kraguljac et al, 2013

Head of caudate:
de la Fuente et al, 2011
de la Fuente et al, 2013
Plitman et al, 2016

Thalamus:
Théberge et al, 2002
Théberge et al, 2007
Aoyama et al, 2011



Time D2 PET 
Quantification
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Demographics of the Sample

de la Fuente-Sandoval C, et al. Neuropyschopharmacology. 2011;36(9):1781-1791.

Control Subjects UHR FEP Statistic

Age (±SD) years 21.83 ± 4.47 19.56 ± 3.46 23.44 ± 4.93 b F[2,73] = 3.60, p = .03

Gender (male/female) 28/12 14/4 10/8 Fisher’s = 2.09
NS

Education (±SD)years 14.47 ± 3.32 10.67 ± 2.61 a 12.11 ± 3.51 a F[2,73] = 9.60, p < .001

Handedness (right/left) 40/0 18/0 18/0 NS

Length of illness (±SD) weeks NA 16.56 ± 12.28 18.72 ± 18.14 NS

Tobacco (Ever Used) 9/40 1/18 6/18 Fisher’s = 4.32
NS

Cannabis (Ever Used) 0/40 1/18 2/18 Fisher’s = 6.12
p = .03

Use of antipsychotic treatment 0/18 0/18 0/18 NS

Use of SSRIs 0/18 4/18 0/18 Fisher’s = 9.26
p =.005



Results

de la Fuente-Sandoval C, et al. Neuropyschopharmacology. 2011;36(9):1781-1791.
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p=0.001

Plitman E, et al. Schizophr Bull. 2016;42(2):415-24.



Plitman E, et al. Schizophr Bull. 2016;42(2):415-24.

p=0.07



Plitman E, et al. Schizophr Bull. 2016;42(2):415-24.
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p= NS



Treatment Effect on Glutamate
● Compare glutamate levels, using 1H-MRS, in:

●24 First-Episode Psychosis patients
Antipsychotic-naïve

●18 age-and-sex matched controls
●Two 1H-MRS studies
- FEP – before and after treatment with risperidone 

(Responders)
- Control – baseline and at 4 weeks

de la Fuente-Sandoval et al. JAMA Psychiatry. 2013;70(10):1057-1066.



Results

de la Fuente-Sandoval et al. JAMA Psychiatry. 2013;70(10):1057-1066.

FEP Healthy Controls
Age (±SD) years 26.58 ± 8.49

(range 18-47)
24.56 ± 5.07
(range 18-35)

Education (±SD) years 10.96 ± 3.44 15.61 ± 2.99 *

Gender (male/female) 13/11 8/10

Handedness (right/left) 24/0 18/0

Tobacco (Ever Used) 8/24 2/18

Cannabis (Ever Used) 3/24 0/18

Duration of untreated psychosis (±SD) weeks 20.33 ± 25.84 N/A

PANSS Positive Symptoms 23.33 ± 4.99 N/A

PANSS Negative Symptoms 24.08 ± 6.03 N/A

PANSS General Symptoms 47.92 ± 8.75 N/A



de la Fuente-Sandoval et al. JAMA Psychiatry. 2013;70(10):1057-1066.
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Anterior Cingulate 1H-MRS

** = Resistant patients had significantly higher levels, t(35) = 2.34, P = .025, 2-tailed. Error bars 
represent SE of the mean.
Mouchlianitis E, et al. Schizophr Bull. 2016;42(3):744-52.
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Experimental

Model fit

Edit off

Edit on

Glx GABA

tCho

tCr

NAA

Components

Residual

x8

1.01.52.02.53.0
ppm

3.54.0

Rothman DL, et al. Proc Natl Acad Sci U S A. 1993;90(12):5662-5666.



Author (year) Tesla Studied group Medication 
status Brain Region GABA Results

Goto et al, 2009 3 Schizophrenia
antipsychotic 

treated basal ganglia

Yoon et al, 2010 3 Schizophrenia
antipsychotic 

treated occipital cortex

Tayoshi et al, 2010 3 Schizophrenia
antipsychotic 

treated basal ganglia

Ongur et al, 2010 4 Schizophrenia
antipsychotic / 
anticonvulsants 

treated

anterior cingulate 
cortex/parieto-occipital 

cortex

Rowland et al, 2012 3 Schizophrenia
antipsychotic 

treated
medial prefrontal 

cortex

Kegeles et al, 2012 3
First-episode 
schizophrenia unmedicated medial prefrontal 

cortex

Rowland et al 2016 3 Schizophrenia medicated medial prefrontal 
cortex

No 
differences

No 
differences/



Kegeles LS, et al. Arch Gen Psychiatry. 2012;69(5):449-59.



de la Fuente-Sandoval C, et al .Int J Neuropsychopharmacol. 2015;19(3):pyv105.
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MPFC:
Kegeles et al, 2012
de la Fuente-
Sandoval et al, 2015

Occipital Cortex:
Kelemen et al, 2013

Dorsal ACC:
Marenco et al, 2016

DLPFC:
Kegeles et al, 2012

Dorsal Caudate:
de la Fuente-
Sandoval et al, 2015

GABA Abnormalities in Unmedicated Patients with 
Schizophrenia or at High Clinical Risk

de la Fuente-Sandoval. Am J Psychiatry. 2016;173(7):734.
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GABA Abnormalities in MEDICATED Patients 
with Schizophrenia
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Conclusions
● Higher Glutamate in the dorsal caudate of FEP 

and CHR
● Higher GABA in the MPFC and caudate of FEP 

and CHR
● Normalize with clinical response to treatment?
● Predictors of Response?
● Other potential (glutamate agents?) treatments 

in the FEP



Questions 
Answers &


