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Abstract

Background—Altered GABA signaling in the prefrontal cortex (PFC) has been associated with 

cognitive dysfunction in schizophrenia and schizoaffective disorder. PFC levels of the GABA-

synthesizing enzyme glutamic acid decarboxylase 67kD (GAD67) has been consistently reported 

to be lower in these disorders, but the status of the second GABA-synthesizing enzyme, GAD65, 

remains unclear.

Methods—GAD65 mRNA levels were quantified in PFC area 9 by quantitative polymerase 

chain reaction from 62 subjects with schizophrenia or schizoaffective disorder and 62 matched 

healthy comparison subjects. GAD65 relative protein levels were quantified in a subset of subject 

pairs by confocal immunofluorescence microscopy.

Results—Mean GAD65 mRNA levels were 13.6% lower in schizoaffective disorder subjects, 

but did not differ in schizophrenia subjects, relative to their matched healthy comparison subjects. 

In the subjects with schizoaffective disorder, mean GAD65 protein levels were 19.4% lower and 

were correlated with GAD65 mRNA levels. Lower GAD65 mRNA and protein measures within 

schizoaffective disorder subjects was not attributable to factors commonly comorbid with the 

diagnosis.

Conclusions—In concert with previous studies, these findings suggest that schizoaffective 

disorder is associated with lower levels of both GAD65 and GAD67 mRNA and protein in the 

PFC, whereas subjects with schizophrenia have lower mean levels of only GAD67 mRNA and 

protein. Because cognitive function is generally better preserved in subjects with schizoaffective 

disorder relative to subjects with schizophrenia, these findings may support an interpretation that 
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GAD65 down-regulation provides a homeostatic response complementary to GAD67 down-

regulation expression that serves to reduce inhibition in the face of lower PFC network activity.
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Introduction

Altered GABAergic signaling in the prefrontal cortex (PFC) is thought to contribute to the 

cognitive impairments in schizophrenia and schizoaffective disorder (1). GABAergic 

neurotransmission is regulated in part by activity of the two GABA-synthesizing enzymes: 

glutamic acid decarboxylase 65kD (GAD65) and 67kD (GAD67). The existence of two 

GABA-synthesizing enzymes does not appear to be simple redundancy as these isoforms are 

the products of different genes (2); have distinct developmental trajectories (3–7); 

differentially regulate GABA synthesis and release (8–16); do not exhibit reciprocal 

compensatory changes in expression (9,15–18); and have distinct regional (19–21), cellular 

(22–25), and subcellular (26,27) patterns of distribution. These different properties of 

GAD65 and GAD67, and the importance of GABA synthesis in regulating inhibitory 

neurotransmission, highlight the importance of determining the status of each isoform in 

individuals with schizophrenia or schizoaffective disorder.

Lower levels of GAD67 mRNA and protein in the PFC of subjects with schizophrenia or 

schizoaffective disorder have been consistently replicated by different research groups (28–

47). We recently showed that lower GAD67 mRNA levels are not explained by factors 

commonly associated with the illness (e.g., psychotropic medications or substance abuse), 

measures predictive of disease severity, or measures of functional outcome (28). Together, 

these results suggest that lower GAD67 mRNA is a conserved molecular feature of 

schizophrenia and schizoaffective disorder that is robust to the influence of multiple other 

factors. On the other hand, studies of GAD65 mRNA levels in the PFC have produced 

mixed results, with increases (48), decreases (39), or no differences (35,41,44) reported in 

cohorts composed of schizophrenia and schizoaffective disorder subjects. Although most 

basal cortical GABA synthesis occurs via GAD67 (15,16), GAD65 is important for GABA 

synthesis during sustained periods of neuronal activity (5,8,12,18,49,50) and may contribute 

to GABA vesicular filling (9,51–53). Thus, determining whether GAD65 expression levels 

are also altered in schizophrenia or schizoaffective disorder will inform which aspects of, 

and the degree to which, the PFC GABA system is affected in these disorders. To this end, 

we 1) quantified GAD65 mRNA levels in PFC area 9 from 62 subjects with schizophrenia 

or schizoaffective disorder and 62 matched healthy comparison subjects, 2) quantified 

GAD65 protein levels in a subset of these subject pairs, and 3) examined the relationship of 

GAD65 mRNA and protein levels to factors commonly associated with these disorders.
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Methods and Materials

Human Subjects

Brain specimens (N = 124) were obtained during autopsies conducted at the Allegheny 

County Medical Examiner’s Office (Pittsburgh, PA) after consent for donation was obtained 

from the next-of-kin. As previously described (31), an independent committee of 

experienced research clinicians made consensus DSM-IV (54) diagnoses for each subject, 

based on the results of structured interviews conducted with family members and review of 

medical records. The absence of psychiatric diagnoses was confirmed in comparison 

subjects using an identical approach. All procedures were approved by the University of 

Pittsburgh’s Committee for the Oversight of Research and Clinical Trials Involving the 

Dead and Institutional Review Board for Biomedical Research.

In order to control for experimental variance and to reduce biological variance between 

groups, each subject with schizophrenia (n = 39) or schizoaffective disorder (n = 23) was 

matched with one healthy comparison subject for sex and as closely possible for age, and 

tissue samples from both members of a pair were always processed together in all 

experiments. Subject groups did not differ in mean age, postmortem interval (PMI), RNA 

integrity number (RIN; Agilent Bioanalyzer, Santa Clara, CA) or tissue storage time at 

−80°C (Table 1; all t122 < 0.95, p > 0.34). Although brain pH significantly differed between 

diagnostic groups (t122 = 2.5, p = 0.01), the mean difference was very small (0.1 pH unit) 

and of uncertain biological significance. Each subject had a RIN ≥ 7.0, indicating excellent 

RNA quality. Demographic details on individual subjects are presented in Supplemental 

Table S1.

All 62 pairs were used for quantification of GAD65 mRNA. For measures of GAD65 

protein, only subjects with schizoaffective disorder and their matched comparison subjects 

were used (see Results for rationale). Two of the schizoaffective subject pairs included a 

subject with a PMI > 30 hours, and those subject pairs were excluded due to prior 

immunoblot evidence of a PMI effect on GAD65 expression (55). These subject groups (N = 

21 pairs) did not differ in mean age, PMI, RIN, brain pH, or tissue storage time at −30°C 

(Table 1; all t40 < 1.9, p > 0.062). Because of a lack of tissue availability, different 

comparison subjects were utilized for subject pair 3 (Supplemental Table S1) in the mRNA 

and protein studies. Thus, this pair was excluded from the mRNA and protein correlation 

analyses.

GAD65 mRNA Levels

GAD65 mRNA levels were assessed by quantitative polymerase chain reaction (qPCR) as 

previously described (28). Frozen tissue blocks containing the middle portion of the right 

superior frontal sulcus were cut on a cryostat. The location of PFC area 9 was confirmed 

using Nissl-stained sections for each subject (34). Using a method that ensured minimal 

white matter contamination and excellent RNA preservation (31), gray matter from locations 

on tissue sections cut perpendicular to the pial surface was separately collected into tubes 

containing TRIzol reagent (Invitrogen, Grand Island, NY). Total RNA for each subject was 

extracted, purified with RNeasy Mini Kit (Qiagen, Valencia, CA), and converted into 
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complementary DNA (cDNA) using a High Capacity cDNA Reverse Transcription Kit (Life 

Technologies, Carlsbad, CA). The cycle threshold was determined for each transcript of 

interest using power SYBR Green master mix (Life Technologies) and ViiA™7 Real-Time 

PCR system (Life Technologies) using ViiA™7 software according to the manufacturer’s 

instructions. cDNA samples from both subjects in a pair were processed together on the 

same 384-well plate. GAD65 transcript was amplified in quadruplicate with three internal 

reference transcripts, β-actin (ACTB), cyclophilin A (CYC), and glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH), that were previously shown to have stable expression across 

subjects with schizophrenia or schizoaffective disorder and healthy comparison subjects 

(39). All primer sets showed ≥ 97% amplification efficiency in individual standard curve 

analyses and amplified a specific single product in dissociation curve analyses 

(Supplemental Table S2). The difference in cycle threshold for the target transcript was 

calculated by subtracting the geometric mean cycle threshold of the three internal reference 

transcripts from the mean cycle threshold of GAD65. Because the difference in cycle 

threshold (dCT) represents the log2-transformed expression ratio of target transcript to the 

reference genes, the relative expression level of the target transcript is determined as 2−dCT 

(39).

Total relative GAD65 protein levels

Confocal immunofluorescence microscopy was performed to quantify GAD65 relative 

protein levels in total gray matter from area 9. The left hemisphere of each brain was 

blocked coronally at ~1.2 cm intervals, fixed in cold 4% paraformaldehyde for 48 hours, 

immersed in a series of cold, graded sucrose solutions and stored in antifreeze solution at 

−30°C. Tissue blocks containing the superior frontal gyrus were sectioned coronally at 40 

µm on a cryostat and stored in antifreeze solution at −30°C until processing for 

immunohistochemistry. Two sections spaced ~1.0 mm apart were chosen per subject, and 

PFC area 9 was trimmed away from the larger section. One section from each subject of a 

pair were processed together for all subjects in the same experiment in order to minimize 

experimental variance within or across subject pairs. Sections were incubated for 48 hours in 

guinea pig anti-GAD65 (1:500, Synaptic Systems, Goettingen, Germany), then incubated for 

24 hours in goat anti-guinea pig conjugated to Alexa 568 (1:500, Invitrogen, Grand Island, 

NY, USA). Specificity of the GAD65 primary antibody has been shown by immunoblot 

(data not shown) and labeling profile (25) in our laboratory. After washing, sections were 

mounted (Vecatshield Hard Set Mounting Media), coded to obscure diagnosis and subject 

number, and stored at 4°C until imaging.

Images (768 × 1024 pixels) were collected on an Olympus BX51 microscope (Center 

Valley, PA) using a 10× 0.40 N.A. objective. The confocal microscope was equipped with a 

Hamamatsu 1394 ORCA-ER camera (Bridgewater, NJ), a high precision motorized stage 

with linear XYZ encoders (Ludl Electronic Products Ltd., Hawthorne, NY, USA), and 

controlled by SlideBook 5.0 (Intelligent Imaging Innovations, Inc., Denver, CO, USA), the 

same software used for image processing.

On each section, one 500 µm-wide traverse extending from the pial surface to the layer 6 – 

white matter border was imaged in a location where area 9 was cut perpendicular to the 
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cortical surface. Coordinate points were set using the motorized stage such that the entire 

traverse was imaged. The average traverse area analyzed for comparison (1,499.7 mm2 ± 

242.7) and schizoaffective disorder (1,534.0 mm2 ± 238.0) subjects did not differ (t40 = 

−0.462, p = 0.6). Channel exposure time was optimized for each traverse such that no pixels 

were saturated and the dynamic range of the camera was filled, and the exposure time 

remained constant for all images within a traverse.

Images were normalized for exposure time, and the Ridler-Calvard iterative thresholding 

method (56) was used to mask GAD65-immunoreactive objects. Mean GAD65 fluorescence 

intensity was calculated by dividing the total GAD65 fluorescence intensity in all masked 

objects by the total sampled area. A potential confound of quantitative fluorescence 

measures in human cortex is lipofuscin autofluorescence, which is present in all channels 

(57). To assess the impact of this potential confound on signal quantified in the 568 channel, 

lipofuscin was simultaneously imaged in the 405 channel at a constant exposure time across 

all sections, and masked using the Ridler-Calvard iterative thresholding method. Mean 

lipofuscin intensity for healthy comparison (37.0 ± 15.5 arbitrary units, a.u.) and 

schizoaffective disorder (35.5 ± 12.1 a.u.) subjects did not differ (t40 = 0.37, p = 0.7); and 

mean lipofuscin area for healthy comparison (41.7 mm2 ± 25.6) and schizoaffective disorder 

(40.4 mm2 ± 16.2) subjects did not differ (t40 = 0.186, p = 0.9).Thus, masked lipofuscin was 

not subtracted from the total GAD65 568 channel fluorescence intensity.

Statistical Analysis

Two analysis of covariance (ANCOVA) models were performed to test the effect of 

diagnosis on GAD65 mRNA and protein levels. The first model (paired ANCOVA) 

included mRNA expression level or fluorescence intensity as the dependent variable, 

diagnostic group as main effect, subject pair as blocking factor, and storage time, brain pH, 

PMI, and RIN (mRNA only) as covariates. Subject pairing may be considered an attempt to 

balance diagnostic groups for sex and age and to account for the parallel processing of tissue 

samples from a pair, and thus not a true statistical paired design. Therefore, we also used a 

second model (unpaired ANCOVA) without subject pair as a blocking factor that included 

sex, age, storage time, brain pH, PMI, and RIN (mRNA only) as covariates.

The influences of potential confounding factors on GAD65 mRNA and protein levels in 

subjects with schizophrenia or schizoaffective disorder were assessed with ANCOVA 

models, using each variable (sex; death by suicide; tobacco use at time of death; diagnosis of 

substance abuse or dependency at the time of death; the use of antidepressants, 

benzodiazepines or sodium valproate, or antipsychotics at the time of death; diagnosis of 

schizoaffective disorder) as the main effect, and age, tissue storage time, brain pH, PMI, and 

RIN (mRNA only) as covariates.

Reported ANCOVA statistics include only covariates that were statistically significant, and 

thus the reported degrees of freedom differ across analyses. The effects of the significant 

covariates are provided.
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Results

GAD65 mRNA expression in subjects with schizophrenia and schizoaffective disorder

Mean GAD65 mRNA levels were 6.2% lower in the 62 subjects with schizophrenia or 

schizoaffective disorder relative to matched comparison subjects (Figure 1), and this 

difference was marginally significant (paired: F1,61 = 6.18, p = 0.016; unpaired: F1,121 = 

3.88, p = 0.051). None of the covariates were significant in either of the models except for 

storage time in the unpaired model (F1,121 = 8.4, p = 0.004).

The within-pair percent differences in GAD65 mRNA levels differed substantially (range = 

+29.4% to −57.1%), and thus we examined factors that might contribute to this variability. 

An analysis of the influence of such factors showed no effect of sex; death by suicide; 

tobacco use at time of death; diagnosis of substance abuse or dependency at the time of 

death; the use of antidepressants, benzodiazepines or sodium valproate, or antipsychotics at 

the time of death on GAD65 mRNA levels (Figure 2). Diagnosis of schizoaffective disorder, 

however, did have a significant effect on GAD65 mRNA levels (F1,60 = 5.22, p = 0.03). 

Mean GAD65 mRNA levels in schizoaffective disorder subjects were 11.6% lower than in 

schizophrenia subjects.

To further investigate the effect of schizoaffective diagnosis on GAD65 mRNA levels, we 

analyzed the 23 pairs of schizoaffective disorder and healthy comparison subjects 

separately. Mean GAD65 mRNA levels were significantly 13.6% lower (paired: F1,21 = 

9.56, p = 0.006; unpaired: F1,44 = 9.161, p = 0.004) in schizoaffective disorder subjects 

(0.036 ± 0.006) relative to their matched comparison subjects (0.041 ± 0.006) (Figure 1). 

None of the covariates were significant in either of the models except for RIN in the paired 

model (F1,21 = 4.89, p = 0.038). We next determined whether lower GAD65 mRNA in 

schizoaffective subjects could be a consequence of factors which may be more commonly 

associated with that diagnosis than with schizophrenia (i.e., death by suicide (58–62); use of 

antidepressants, benzodiazepines or sodium valproate at time of death (63,64); diagnosis of 

substance abuse or dependence at time of death (65,66)). None of these factors were 

disproportionally represented in schizoaffective disorder subjects relative to schizophrenia 

subjects (all χ2 < 3.6, p > 0.06). Thus, lower GAD65 mRNA levels in PFC area 9 appear to 

be specifically associated with a diagnosis of schizoaffective disorder.

GAD65 protein expression in subjects with schizoaffective disorder

Next we determined whether lower mean GAD65 transcript levels in schizoaffective 

disorder subjects resulted in less GAD65 protein translation. As expected, GAD65 labeling 

appeared primarily as punctate structures consistent with the localization of GAD65 

primarily in axon terminals (Figure 3). Mean GAD65 relative protein levels were non-

significantly 9.5% lower in schizoaffective disorder subjects relative to comparison subjects 

(Figure 4; paired: F1,19 = 1.60, p = 0.2; unpaired: F1,40 = 0.71, p = 0.4). However, values for 

three subject pairs (Figure 4, open triangles) were outliers by Tukey’s Outlier test (67). 

Exclusion of these subject pairs revealed that mean GAD65 relative protein levels were 

significantly 19.4% lower (paired: F1,17 = 7.87, p = 0.01; unpaired: F1,34 = 4.96, p = 0.03) in 

the schizoaffective disorder subjects (416.1 ± 116.7 a.u.) relative to their matched 
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comparison subjects (516.5 ± 151.5 a.u.). An analysis of the influences of potential 

confounding factors showed no effect of sex; death by suicide; tobacco use at time of death; 

diagnosis of substance abuse or dependency at the time of death; or the use of 

antidepressants, benzodiazepines or sodium valproate, or antipsychotics at the time of death 

on mean GAD65 relative protein levels (Figure 5; all F1,15 < 1.38, all p > 0.26).

Correlation of GAD65 mRNA and protein levels in subjects with schizoaffective disorder

As shown in Figure 6, GAD65 mRNA and protein levels were strongly positively correlated 

for schizoaffective disorder subjects (r = 0.56, p = 0.02) and not for comparison subjects (r = 

−0.12, p = 0.66).

Discussion

Using the largest cohort studied to date, the current study shows that mean GAD65 mRNA 

levels in PFC area 9 are not altered in subjects with schizophrenia, but are lower in subjects 

with schizoaffective disorder. In these schizoaffective disorder subjects, measures of 

GAD65 protein were also significantly lower in the opposite hemisphere, indicating that the 

reduction in GAD65 is present bilaterally in the PFC. The significant correlation between 

GAD65 mRNA and protein across subjects with schizoaffective disorder suggests that lower 

GAD65 mRNA expression results in less translation of GAD65 protein.

Lower levels of GAD65 mRNA and protein in schizoaffective disorder subjects appear to 

reflect the disease process and not to be a consequence of factors frequently comorbid with 

this diagnosis, including medications. First, each of these factors was also present in the 

schizophrenia subjects, whose mean GAD65 mRNA levels did not differ from healthy 

comparison subjects. Second, subjects with factors that may be more commonly associated 

with schizoaffective disorder than schizophrenia (i.e., death by suicide (58–62); use of 

antidepressants, benzodiazepines or sodium valproate medications (63,64); and diagnosis of 

substance abuse or dependence (65,66)), and thus could underlie the finding of lower mean 

GAD65 levels, were not disproportionally present in the schizoaffective disorder subjects 

relative to the schizophrenia subjects. Finally, GAD65 mRNA and protein levels did not 

differ as a function of any these factors across the subjects with schizoaffective disorder.

Most cellular and/or molecular studies that have examined both schizophrenia and 

schizoaffective disorder subjects have found no differences by diagnosis. For example, 

levels of somatostatin (44,68), parvalbumin (44,47), GABAA receptor subunits (69–71), and 

cannabinoid 1 receptor (72,73) have been reported to be similarly altered in both 

schizophrenia and schizoaffective disorder subjects. However, the sample size in some of 

these studies may not have had sufficient power to detect a difference. Interestingly, a small 

number of studies have reported molecular or cellular differences in PFC between these two 

diagnoses: 1) lower expression of arrestin and G-protein coupled receptor kinases was found 

selectively in schizophrenia subjects (74), 2) lower expression of neuropeptide Y mRNA 

was found selectively in the white matter of schizoaffective disorder subjects (75), and 3) a 

laminar-specific increased density of pyramidal cells and decreased density of putative 

interneurons was found selectively in schizoaffective disorder subjects (76). Thus, in concert 

with the current study, the existing postmortem literature provides some support for the 
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disease process of schizoaffective disorder as having both distinct differences and 

substantial similarities with the disease process operative in schizophrenia.

The major difference in diagnostic criteria between schizophrenia and schizoaffective 

disorder is the extent of mood dysregulation (54), suggesting that the reduction in PFC 

GAD65 levels in schizoaffective disorder subjects might be shared with other mood 

disorders. However, the existing literature does not strongly support this interpretation. Two 

studies of GAD65 mRNA levels in PFC area 9 found no difference between healthy 

comparison and bipolar disorder subjects (35,77), although a smaller study did find evidence 

of fewer GAD65-labeled puncta in PFC areas 10 and 24 (78). Studies in subjects with major 

depressive disorder have also found no differences in GAD65 mRNA or protein expression 

in PFC area 9 (35,77,79), though lower levels of cortical GABA have been reported by 

magnetic resonance imaging (80,81). Although a definitive study of sufficient sample size is 

needed, together these data suggest that lower PFC levels of GAD65 might distinguish 

schizoaffective disorder from both schizophrenia and mood disorders. However, it is also 

important to recognize (as suggested by the finding of lower GAD65 mRNA levels in some 

individual subjects with schizophrenia relative to their matched comparison subjects; see 

Figure 1) that lower PFC GAD65 expression may not be unique to schizoaffective disorder. 

Furthermore, evaluation of GAD65 levels within other brain regions (e.g. limbic structures) 

may be needed to determine whether lower GAD65 is unique to schizoaffective disorder or 

is also present in other mood disorders. Thus, examination of multiple brain regions in a 

large cohort of subjects with psychotic and/or mood symptoms will be needed to determine 

whether lower GAD65 expression identifies a unique subset of affected individuals 

independent of DSM diagnosis.

Along with previous reports (28), the current data indicate that schizoaffective disorder 

subjects have a central tendency towards lower levels of both GAD65 and GAD67 mRNA 

and protein in the PFC. Therefore, in addition to less GAD67-synthesized GABA, 

schizoaffective disorder subjects might also have reductions in putative GAD65-dependent 

functions such as GABA synthesis during periods of high GABA demand (5,8,12,18,49,50), 

packaging of GABA into synaptic vesicles (9,51–53), and basal GABA synthesis (11,16). 

However, subjects with schizoaffective disorder generally have better preserved cognitive 

function than subjects with schizophrenia (reviewed in 82,83). Taken together with the 

current results, these data suggest that lower GAD67 and GAD65 in the PFC of subjects 

with schizoaffective disorder may not be pathological deficits in the GABA system, but 

instead might reflect a homeostatic response that lowers inhibition in order to compensate 

for lower excitatory activity of PFC pyramidal neurons (reviewed in 84). Indeed, long-term 

reductions in excitation are associated with reductions in GAD67 and GAD65 protein 

expression that serve to maintain balanced levels of excitation and inhibition within 

perturbed neuronal networks (17,85–88). Thus, under this scenario, compensatory 

reductions of both GAD67 and GAD65 expression in subjects with schizoaffective disorder, 

but of GAD67 only in subjects with schizophrenia, might contribute to the generally better 

preserved cognitive function in individuals with schizoaffective disorder relative to those 

with schizophrenia. If so, than understanding the processes that lead to lower GAD65 

expression selectively in subjects with schizoaffective might not only further inform the 
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nature of this disease process but also open new windows for therapeutic interventions in 

schizophrenia.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
GAD65 mRNA levels in PFC area 9 gray matter for each matched pair of healthy 

comparison subject and subject with schizophrenia (filled circles) or schizoaffective disorder 

(gray triangles). Markers below the diagonal unity line indicate lower GAD65 mRNA 

expression in the schizophrenia or schizoaffective subject relative to the matched 

comparison subject.
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Figure 2. 
The effect of potential confounding factors on GAD65 mRNA expression levels in subjects 

with schizophrenia (filled circles) or schizoaffective disorder (gray triangles). GAD65 

mRNA expression levels were significantly 11.6% lower in subjects with a diagnosis of 

schizoaffective disorder relative to subjects with schizophrenia. Bars indicate mean values 

for a category, and markers represent mean values for individual subjects. Numbers at the 

bottom of bars indicate number of schizophrenia or schizoaffective disorder subjects per 

group. Two subjects had an undetermined manner of death, and were not included in the 
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death by suicide analysis. Eight subjects had unknown tobacco status at the time of death, 

and were not included in the tobacco analysis.
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Figure 3. 
Representative images of the GAD65 immunolabeling (red) used to quantify relative protein 

levels. A) An image collected at 10× magnification showing the predominantly punctate 

pattern of GAD65 labeling. B) A 60× magnification image of the boxed region in A. 

GAD65 labeling is confined to small, discrete punctate structures, presumed axonal boutons, 

in agreement with previous reports. Lipofuscin autofluorescence (blue) was predominately 

identified in larger structures, presumed cell bodies. Scale bars equal 10 µm.
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Figure 4. 
Relative GAD65 protein levels as measured by fluorescence intensity of GAD65 

immunoreactivity in PFC area 9 for each matched pair of healthy comparison and 

schizoaffective disorder subjects. Markers below the diagonal unity line indicate lower 

GAD65 protein levels in the schizoaffective disorder subject relative to the comparison 

subject. Open triangles indicate outlier subject pairs.
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Figure 5. 
No effect of potential confounding factors on GAD65 protein levels in subjects with 

schizoaffective disorder. Bars indicate mean values for a category, and gray triangles 

represent mean values for individual subjects. Numbers at the bottom of bars indicate 

number of schizoaffective disorder subjects per group. One subject had an undetermined 

manner of death, and was not included in the death by suicide analysis. Two subjects had 

unknown tobacco status at the time of death, and were not included in the tobacco analysis.
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Figure 6. 
Correlation of GAD65 mRNA and protein levels in A) healthy comparison subjects and B) 

subjects with schizoaffective disorder.
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