
The diagnoses of serious psychiatric illnesses, such as schizophrenia, schizoaffective disorder, and bipolar disorder, 
rely on the subjective recall and interpretation of often overlapping symptoms, and are not based on the objective 
pathophysiology of the illnesses. The subjectivity of symptom reporting and interpretation contributes to the delay of 
accurate diagnoses and limits effective treatment of these illnesses. Proteomics, the study of the types and quantities 
of proteins an organism produces, may offer an objective biological approach to psychiatric diagnosis. For this pilot 
study, we used the Myriad RBM Discovery Map 250+ platform to quantify 205 serum proteins in subjects with schizo-
phrenia (n=26), schizoaffective disorder (n=20), bipolar disorder (n=16), and healthy controls with no psychiatric 
illness (n=23). Fifty-seven analytes that differed significantly between groups were used for multivariate modeling 
with linear discriminant analysis (LDA). Diagnoses generated from these models were compared to SCID-generated 
clinical diagnoses to determine whether the proteomic markers: 1) distinguished the three disorders from controls, 
and 2) distinguished between the three disorders. We found that a series of binary classification models including 8–12 
analytes produced separation between all subjects and controls, and between each diagnostic group and controls. There 
was a high degree of accuracy in the separations, with training areas-under-the-curve (AUC) of 0.94–1.0, and cross-
validation AUC of 0.94–0.95. Models with 7–14 analytes produced separation between the diagnostic groups, though 
less robustly, with training AUC of 0.72–1.0 and validation AUC of 0.69–0.89. While based on a small sample size, 
not adjusted for medication state, these preliminary results support the potential of proteomics as a diagnostic aid in 
psychiatry. The separation of schizophrenia, schizoaffective disorder, and bipolar disorder suggests that further work 
in this area is warranted.
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Introduction
Issues of the Symptomatic Diagnosis of 
Psychiatric Illness
 In the treatment and research of serious psychiatric ill-
nesses—schizophrenia, schizoaffective disorder, and bipolar 
disorder—there have been substantial, constructive efforts 
in the field to refine symptomatic diagnosis. The Diagnos-
tic and Statistical Manual of Mental Disorders, 5th Edition 
(DSM-5) (1) and the Research Domain Criteria (RDoC) (2, 
3) represent two systems that are leading the effort to refine 
psychiatric diagnosis grounded in advances in research. 
Areas of study have developed structured interviews to as-
certain and quantify specific patient symptoms to assist in 
diagnosis (e.g., SCID) (4) and to quantify the severity of the 
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Clinical Implications
The results of this study demonstrate that high-quality samples for proteomic analysis provide a sound platform for 
discovery work, even given small sample sizes. We found that models based on 8–12 analytes were sufficient to separate 
serious psychiatric illnesses, combined or individually, from healthy subjects. Further, larger studies have confirmed 
differences between subjects with schizophrenia and controls. While based on a small sample size, not adjusted for 
medication state, these preliminary results support the potential of proteomics as a diagnostic aid in psychiatry. A step 
forward in this study has demonstrated not only differences between three serious psychiatric illnesses and the control 
group, but an initial exploration revealing proteomic measures that can separate schizophrenia, schizoaffective disorder, 
and bipolar illness.
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Proteomics in the Diagnosis and 
Treatment of Schizophrenia and 
Related Illnesses 
 Protein markers change with time or state, representing 
the complex interaction of genes versus the environment. 
Proteomics refers to the large-scale study of the types and 
quantities of proteins an organism produces, their struc-
tures and functions. In this framework, proteomics provides 
a precise and unbiased functional profile of an organism’s 
current physiological state, providing a biochemical indica-
tor of disease progression. The study of biomarkers seeks to 
evaluate the potential of an analyte to aid in diagnosis and 
treatment selection in psychiatric illnesses (17). An ideal 
biomarker: 1) provides rapid and accurate diagnosis, 2) is 
easily obtainable, 3) is cost-effective, and 4) is acceptable by 
both patient and clinician. Proteomics may provide such an 
approach. Indeed, the use of biomarkers to inform diagnosis 
and treatment has revolutionized many fields of medicine 
(e.g., oncology), and proteomics has recently engaged the 
study of psychiatric illness. 
 Proteomics is currently being used to study the physi-
ological underpinnings of schizophrenia, and the history 
leading up to this work and its present state have recently 
been reported in detail (18). In one of the first studies of 
proteomic measures as a diagnostic marker, antipsychotic-
naive, early-stage schizophrenia patients (n=22) were com-
pared to controls (n=33). In this early study, a statistical dif-
ference between the two groups was determined using 10 
proteomic measures. Reflecting the complexity of the illness, 
the results were not in a single biological pathway—rather, 
they represented many functional pathways (19). In a suc-
cessive larger study, the group collaborated with Rules-Based 
Medicine in the trial of serum-based tests of 250 subjects 
with a schizophrenia diagnosis and 230 control participants, 
which included a second study stage using an independent 
cohort of 577 individuals with a schizophrenia diagnosis 
whose results were compared to 229 controls. The outcome 
of this work was the conception of a 51-analyte proteomic 
panel which achieved 83% sensitivity and 83% specificity in 
diagnosis (20). 

illness, including the Brief Psychiatric Rating Scale (BPRS) 
(5), the Positive and Negative Syndrome Scale (PANSS) 
(6), the Young Mania Rating Scale (YMRS) (7), and the 
Montgomery-Asberg Depression Rating Scale (MADRS) 
(8). While these advances in symptom identification and 
quantification continue to benefit both research and its 
subsequent translation into clinical practice, contemporary 
clinical work maintains a dependence on traditional clinical 
interview, which probes a patient’s subjective recall and a cli-
nician’s interpretation of that patient’s recall. That is, psychi-
atric diagnosis is not centered on the objective measures of 
pathophysiology. A lack of scientific objectivity in reasoning 
yields uncertainty in the authority and credibility of conclu-
sions. The lack of evidence-based statistics in current psychi-
atric diagnoses, particularly those with overlapping features 
(e.g., schizophrenia and schizoaffective disorder), limits the 
reliability and validity, and perhaps most importantly offers 
little predictive power in selecting efficacious personalized 
treatment. Furthermore, structured clinical interviews and 
rating scales, which truly strive to achieve objectivity, are la-
borious and time-consuming, and are often impractical in 
routine clinical settings.
 It’s important to note, however, that in response to these 
limitations, the field has persistently sought to investigate the 
physiological underpinnings of psychiatric diagnosis in an 
effort to move forward in this area. Robust recent examples 
include the examination of inflammatory markers and their 
potential relationship to diagnosis and treatment (9-11), 
meta-analyses examining oxidative stress and its relation-
ship to psychiatric illnesses (12, 13), and the employment 
of immune factors and cytokine measures in schizophrenia 
subtype classification and clinical status (14, 15). In addition 
to these measures, Tamminga and colleagues (2013) have 
utilized the B-SNIP (Bipolar-Schizophrenia Network on In-
termediate Phenotypes) for differential of psychotic illnesses 
(16). Further study of such blood tests, aimed to learn more 
about schizophrenia and other serious psychiatric illnesses, 
to explore potential subtypes, and to predict treatment re-
sponse, would be a major advance in the medical model of 
research and clinical management.

Proteomics in Serious Psychiatric Illnesses

Schulz(2).indd   2 7/11/17   8:35 PM



 Next steps in utilizing proteomic measures were 
implemented by a multi-center trial, comparing individuals 
with a diagnosis of schizophrenia, major depressive disorder, 
bipolar disorder, or Asperger’s syndrome, to control 
participants. Utilizing 181 proteins or small molecules, the 
authors noted a significant difference between schizophrenia 
participants and controls, further presenting a correlation of 
0.81 between the analytes and clinically based diagnoses. 
The classification of schizophrenia participants and controls 
ranged between 60–75%. Consequently, the separation 
of other disorders was not as robust. That is, classification 
reached 50% for major depressive disorder vs. controls, and 
10% for individuals with bipolar disorder and Asperger’s 
syndrome (21).
 Another study of proteomics quantification focused on 
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postsynaptic density (PSD) in the anterior cingulate cortex, a 
brain area associated with dysfunction of excitatory activity 
in schizophrenia, utilizing the Stanley Medical Research 
Foundation post mortem brain samples (22). The authors 
noted differences between the schizophrenia samples 
and the controls in clathrin-mediated endocytosis and N-
methyl-D-aspartate (NMDA) interacting proteins. The 
North American Prodrome Longitudinal Study (NAPLS) 
has also published the study of proteomics in their 
prodrome group (n=32) and their controls (n=35), who 
were prodromal patients and who had not converted to 
frank psychosis. Utilizing 15 analytes for classification, the 
model performed at Area-under-the-Receiver Operating 
Characteristic Curve AUC of 0.91 for the differentiation of 
individuals with clinical high-risk symptoms who developed 

* Either height and/or weight measurements are missing for 25 subjects.

Gender 

      Female

      Male

Race 

    Asian

    African American 

    Caucasian

    Asian/White

    African American/White 

    Unreported

Age at Baseline (yrs)

      Mean 

      StdDev 

      Median 

      Range 

BMI at Baseline (kg/m2)

      N

      Mean 

      StdDev

      Median 

      Range

Overall
(n=85)

30 (35.3%)

55 (64.7%)

3 (3.5%)

15 (17.7%)

50 (58.8%)

2 (2.4%)

1 (1.2%)

14 (16.4%)

36.8

12.92

37.1

18.4–64.8

60*

28.8

6.01

27.9

19.0–40.2

SCZ
(n=26)

10 (38.5%)

16 (61.5%)

0 (0.0%)

7 (26.9%)

16 (61.5%)

1 (3.9%)

0 (0.0%)

2 (7.7%)

39.7

13.56

42.0

18.4–63.3

22

29.9

5.61

29.6

22.0–39.6

SAD
(n=20)

5 (25.0%)

15 (75.0%)

1 (5.0%)

2 (10.0%)

14 (70.0%)

0 (0.0%)

1 (5.0%)

2 (10.0%)

40.7

12.49

43.9

21.5–64.8

14

30.8

6.23

29.1

20.1–40.2

BD 
(n=16)

6 (37.5%)

10 (62.5%)

1 (6.3%)

3 (18.7%)

5 (31.2%)

1 (6.3%)

0 (0.0%)

6 (37.5%)

32.6

11.76

29.3

20.1–61.4

8

27.8

4.05

27.7

22.5–35.2

Control 
(n=23)

9 (39.1%)

14 (60.9%)

1 (4.4%)

3 (13.0%)

15 (65.2%)

0 (0.0%)

0 (0.0%)

4 (17.4%)

33.1

12.21

27.0

19.1–52.5

16

26.2

6.60

25.3

19.0–39.2

Table 1    Descriptive Summary of Subject Demographics
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to ensure criteria were met for participation. Study exclu-
sion criteria ruled out any individuals unable to understand 
the consent process or who had a learning disability, a posi-
tive drug screen, any presence or history of acute infection, 
significant metabolic, cardiovascular, neurological, rheu-
matologic or autoimmune disorders, treatment using non-
steroidal anti-inflammatory or opioid agents, exposure to 
stimulators or shunts, chemotherapy or radiation within the 
past year, or treatment with monoclonal antibody therapy 
within the past three months. In addition to these general 
criteria, individuals with any psychiatric diagnosis, with 
exception of past substance abuse, were excluded from the 
healthy control group.
 Subjects and controls were interviewed using the 
Structured Clinical Interview for DSM-IV (SCID) by trained 
raters. Following the SCID interview, each interaction 
summary, which included all assessments, was presented 
to and reviewed by a panel of clinical faculty for consensus 
of diagnosis. These assessments led to the enrollment of 62 
subjects with a diagnosis of a psychotic spectrum disorder: 
schizophrenia (SCZ, n=26); schizoaffective disorder (SAD, 
n=20); bipolar disorder (BPD, n=16); healthy controls (n=23). 

psychosis vs. unaffected comparison subjects. The same 
model performed at an AUC of 0.88 for the differentiation 
of persons with clinical high-risk symptoms who developed 
psychosis vs. persons with clinical high-risk symptoms who 
did not develop psychosis (23).
 To extend that which has been presented, the goal of 
the present study was to measure a comprehensive panel of 
serum proteins in participants with schizophrenia, bipolar 
disorder, and schizoaffective disorder, and a control group 
with no history of psychiatric illness, to determine whether 
the proteomic markers could 1) distinguish these three dis-
orders from the controls, and 2) distinguish between the 3 
disorders. This work could have a major impact on facilitat-
ing rapid and accurate diagnosis, selecting and monitoring 
optimal, personalized treatments, and creating biologically 
homogeneous groups for research projects.

Methods
 The study was approved by the IRB at the University of 
Minnesota. Recruitment fliers with the research center con-
tact information were posted throughout the community. 
All potential subjects were screened by project coordinators 

Figure 1    A Single Axis Classifies Controls from Illness (BD, SAD, and SCZ)
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In addition to the SCID, subjects underwent additional 
assessments to measure level of symptomatic severity: 
Calgary Depression Rating Scale (CDSS), Fagerstrom Test 
for Nicotine Dependence (FTND), Montgomery-Asberg 
Depression Rating Scale (MADRS), Positive and Negative 
Syndrome Scale (PANSS), and Young Mania Rating Scale 
(YMRS).  
   All individual participant data were collected within 
one week of the first visit, and for the convenience of par-
ticipants restrictions for fasting and time of blood draw were 
not implemented. Each participant provided a 20cc blood 
sample at the laboratory, saved to clot for 30 minutes at room 
temperature, and then centrifuged at 1300xG for 10 minutes 
to obtain serum, following a standardized protocol instanti-
ated by Myriad RBM (24). The samples were frozen at -80 
degrees Celsius until the batch analysis.
 The assays utilized the Discovery Map 250+ platform 
for proteomic measures, and were carried out by blinded 
study staff (Myriad RBM). Of the 243 proteomic measures, 
38 were excluded from analysis on the basis of being below 
the lower limit of quantification (LLOQ); thus, 205 analytes 
were used in the statistical analyses. 

 Multivariate exploratory techniques were used to ex-
plore dimensionality (27 to 50 dimensions), identify outliers 
(very few were detected), check effectiveness of the Log10 
transformation used, and graph disease distributions in mul-
tivariate space. Univariate analyses (ANOVAs with 4 clas-
sifications based on clinical diagnosis) were conducted to 
analyze the differences between disease classifications over 
the 205 analytes and demographic variables. The p values 
obtained in the univariate analyses were adjusted for multi-
plicity to control the false discovery rate. The resulting set of 
57 statistically significant analytes was used for multivariate 
modeling with Linear Discriminant Analyses (LDA). Diag-
noses generated from these models were compared to the 
SCID diagnoses and model performance was measured in 
terms of AUC for both training and cross-validation (CxV). 

Results
 A total of 85 subjects and controls were included in the 
analyses. Their sociodemographic characteristics are listed 
in Table 1. There was no significant difference between psy-
chiatric subjects and controls in gender, age, or BMI. These 
variables were included in preliminary modeling, but were 

Figure 2    Addition of a Second Axis Further Classifies BD from SAD
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later removed due to non-significance and small effect sizes.
 The first step of the analysis utilized an LDA model in-
cluding 12 proteomic analytes.  The first canonical axis re-
vealed almost a complete separation of the control group 
from the serious psychiatric illness subjects. This is displayed 
in Figure 1. Note: although for visual clarity the model is dis-
played as 2-dimensional, it actually separated subjects along 
only a single dimension (i.e., X-axis). However, there was 
little separation between the three diagnostic groups. 
 In order to pursue potential differences between the psy-
chiatric subjects with the 3 diagnoses, the next statistical step 
was the addition of a second model (axis), displayed in Fig-
ure 2. This figure is broader in distribution and interestingly 
shows pronounced separation between the bipolar disorder 
and schizoaffective disorder subjects, while schizophrenia sub-
jects were less clearly separated from the other two diagnoses. 
 The third step was the application of 3 canonical models 
(axes), shown in Figure 3, which produced the best separa-
tion between the 3 psychiatric illnesses and controls.
 Due to the multi-dimensional distribution of the 
illnesses, the final step in the analysis was to utilize an LDA 
approach to build various binary classification models. 
The results for the LDA models separating subjects from 
controls, and the analytes included in the models, are 
shown in Table 2. In these analyses, panels of 8–12 analytes 
produced separation between all subjects and controls, and 
between each diagnostic group and controls. There was a 
high degree of accuracy in the separations, with training 
AUC of 0.94–1.0, and cross-validation AUC of 0.94–0.95. 

The results for the LDA models distinguishing between the 
three subject groups are shown in Table 3. 
 Panels of 7–14 analytes produced separation between 
the diagnostic groups. The separations were not as robust as 
in the models separating subjects from controls, with train-
ing AUC of 0.72–1.0 and validation AUC of 0.69–0.89. The 
clearest separation was between schizophrenia and schizoaf-
fective disorder, and the least clear between bipolar disor-
der and schizoaffective disorder, which may illustrate the 
closeness of the illnesses. This may seem to be in contrast 
to Figure 2. In Figure 2, however, a set of 12 analytes is be-
ing used to achieve a 4-way classification; whereas in Table 3 
individual binary classification models are fitted. 
 
Discussion
 The results of this study demonstrate that high-quality 
samples for proteomic analysis provide a sound platform for 
discovery work, even given small sample sizes. We found 
that models based on 8–12 analytes were sufficient to sepa-
rate serious psychiatric illnesses, combined or individually, 
from healthy subjects. In the separations, models ranged 
with training areas-under-the-curve (AUC) of 0.94–1.0, 
and cross-validation AUC of 0.94–0.95. Models based on 
7–14 analytes produced separation between the diagnostic 
groups, though less robustly, with training AUC of 0.72–1.0 
and validation AUC of 0.69–0.89. In a finding that may have 
relevance of psychiatric nosology, disease classifications did 
not lie along a single disease axis, and multiple models were 
therefore needed for optimal discrimination.

Figure 3    Three Axes Achieve a Decent 4-Way Classification Between Controls, BD, SAD,
                     and SCZ
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Table 2   LDA Models for Binary 
                  Classifications from Controls

Samples (N)

Analytes (p)

Training AUC

CxV AUC

Illness vs. 
Control

BD vs. 
Control

SAD vs.
Control

SCZ vs. 
Control

     85

    12

   0.94

   0.94

 

IGFBP_1

LH

IL_8

vWF

MMP_1

TTR

IL_2_r_a

AFP

MMP_7

uPAR

CK_MB

PARC

     39

      8

      1

   0.95

 

IGFBP_1

LH

IL_8

vWF

MMP_1

IL_2_r_a

AFP

CD40

       43

       10

        1

     0.95

 

IGFBP_1

MMP_1

TTR

Apo_D

MMP_7

IGFBP6

uPAR

Apo_H

CRP

Apo_C_I

49

12

 0.98

0.94

 

IGFBP_1

LH

IL_8

vWF

TTR

tPA

MDC

PARC

IL_16

TNFR2

A1Micro

SAP

Table 3   LDA Models for Binary 
                  Classifications Between Illnesses

Samples (N)

Analytes (p)

Training AUC

CxV AUC

BD vs. SAD BD vs. SCZ SAD vs. SCZ

     36

      7

   0.72

   0.69

 

tPA

Apo_D

IL_13

Gelsolin

IL_23

IGFBP6

CRP

 

     42

      9

    0.9

   0.79

 

IL_2_r_a

Apo_D

IL_13

Gelsolin

IGFBP6

MIP_1_beta

Apo_E

Fib_1C

HER_2

       46

       14

        1

     0.89

 

IGFBP_1

IL_8

Apo_H

MIP_1_beta

Apo_E

Fib_1C

Apo_A_I

Sortilin

HB_EGF

C3

FAS

ACE

Ckine

IGFBP4

 The research in recent years of utilizing proteomic 
measures available in a blood test began with measures of 
young, never-medicated subjects with schizophrenia.  As a 
statistical difference was noted after a selection of a group 
of proteomics, this then led to further measures of subjects 
with schizophrenia as well as autism and mood disorders. 
To date, these subjects were not as substantially different 
from controls.
 The goals and design of this pilot study were to 
explore the domain of psychotic illnesses—schizophrenia, 
schizoaffective disorder, and bipolar illness. The first step in 
the analysis showed a very substantial difference between 
the subject group and the controls, with 94% accuracy. 
Largely, the proteins identified have prior evidence of 
alteration in drug-free schizophrenia (25). Predominating 
in the differentiation of disease vs. control were biomarkers 
implicated in inflammatory and immune response. 
Notably, all of these inflammatory markers appeared in at 
least one model differentiating specific disease type and 
control (see Table 2). The most highly ranked coefficient 
in the overall disease vs. control model—Insulin-like 
Growth Factor-Binding Protein 1 (IGFBP-1)—was also 
the chief classifier in all three of the individual disease vs. 
control models. Insulin-like Growth Factor 1 (IGF-1) is 
considered essential in the development and function of 
myelination and has recently gained focused attention in 
schizophrenia, given building evidence of dysfunctional 

ogliodendrocytes in disrupted synaptic connectivity 
(26). IGFBP-1 alters the IGF interaction with cellular 
surface receptors, thereby inhibiting or stimulating the 
growth-promoting effects of IGFs on cell culture (27). 
This alteration of the IGF-1 is thought to contribute to the 
pathogenesis of schizophrenia and this signaling pathway 
has been highlighted in the exploration of new treatment 
options (28). 
 The finding that numerous immune/inflammatory 
proteins were important components of the models is in 
keeping with studies showing that they are relevant to the 
pathophysiology of mood and psychotic illnesses (10, 29-
31), independent of treatment effects (29, 32). Several of 
these—including IL8, IL2 receptor antagonist, and matrix 
metaloproteinases 1 and 7—were components of the over-
all disease vs. control model, and the individual disease 
vs. control models. To a somewhat lesser extent, they were 
also constituents of the between-disease models: for ex-
ample, IL13 was in the models distinguishing bipolar dis-
order from the other two illnesses. A number of cytokines 
cross the blood-brain barrier (BBB), and may also affect 
brain function by interactions with receptors on the BBB 
and the vagus nerve (33). Moreover, they have been shown 
in animal models and human studies to be strongly asso-

See full protein names below.

See full protein names below.
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ciated with psychiatric syndromes such as depression (34, 
35). These data are further supported by initial studies of 
proteomics in schizophrenia research, which have identified 
decreased apolipoproteins in the serum of schizophrenia 
patients (19). Thus, the proteins making up the models are 
largely in concordance with accepted theories of the patho-
physiology of psychiatric illnesses.  
 After finding that the subject group of all three diagno-
ses was different from controls, the diagnoses groups were 
then compared to one another. To proceed in these com-
parisons, different proteomic measures were explored and 
separations between the 3 diagnoses were statistically de-
termined, producing models ranging from 69–89% perfor-
mance accuracy. The top performer, SCZ vs. SAD with AUC 
of 0.89, consisted of a 14-analyte model. Again, the proteins 
making up the models were largely in concordance with ac-
cepted theories of the pathophysiology of psychiatric illness-
es. Through this analyte model were derived the following 
observations: Interleukin 8 (IL8) otherwise appeared only in 
the SCZ vs. Control model, and apolipoprotein H (ApoH) 
otherwise appeared only in the SAD vs. Control model. No-
tably, IL-8 levels have been reported as significantly higher 
in mothers of offspring with schizophrenia spectrum disor-
ders than those of the mothers without (36), and ApoH has 
been identified as a candidate gene that could modulate the 
risk of schizophrenia (37). Additionally, three analytes from 
this SCZ vs. SAD model also appeared in the SCZ vs. BPD 
model: macrophage inflammatory protein-1Beta (MIP-1β), 
and apolipoprotein E (ApoE). Notably, significantly higher 
levels of MIP-1β have been identified in schizophrenia sub-
jects when compared to controls, the literature pointing to 
evidence that schizophrenia may be accompanied by an ac-
tivation of the monocyte-macrophage arm of cell-mediated 
immunity (38). Increased levels of ApoE have been associ-
ated with the pathology of schizophrenia (39), and ApoE has 
also been identified as a possible risk factor for schizophre-
nia (40), although this evidence has been debated (41). 
 Four analytes overlapped in BPD vs. SCZ and BPD vs. 
SAD models and were absent in the model differentiating 
SCZ from SAD: Apolipoprotein D (ApoD), Interleukin-13 
(IL-13), Gelsolin, and Insulin-like growth factor binding 
protein 6 (Igfbp6). In a recent meta analysis, the main find-
ings for the differential expression of proteins implicated in 
schizophrenia and bipolar disorder were 14-3-3 mediated 
signaling in schizophrenia and mitochondrial dysfunction in 
bipolar disorder (42). ApoD is elevated in many pathological 
situations involving mitochondrial damage (43), including 
bipolar disorder (44). The separation between schizophrenia 
and bipolar disorder has previously been demonstrated by 
significantly lower concentration levels of ApoD identified 
in the serum of schizophrenia subjects as compared to bi-

polar subjects (44) and, in another study, elevated levels of 
ApoD present in the amygdala and thalamus in subjects with 
bipolar disorder but not schizophrenia (45). Elevated levels 
of IL-13 have been identified in the orbitofrontal cortex of 
victims of suicide (46). Gelsolin is proposed to have a role 
in myelinogenesis (47), and hippocampal neurons lacking 
gelsolin may be vulnerable to glutamate toxicity (48). The 
Igfbp6 gene has previously been identified as a blood bio-
marker for mood disorders (49). As the pharmacological 
treatments between these three diagnoses are different from 
one another, there is potential for further study of this test 
in appropriate treatment. Currently being debated is the po-
tential treatment of mental diseases using anti-inflammatory 
medication. It is important to note that the immune system 
is dynamic and is in fact sensitive to medication status, in-
cluding antipsychotic drugs (31).
 One limitation of this study is the lack of sufficient 
data to conduct a statistical analysis on medication use and 
smoking status, particularly across diagnostic groups. While 
investigations have probed at the potential effects of treat-
ment on proteomic profiles and associated pathways (50, 
51), to our knowledge none of the specific proteins identi-
fied in this work are known contributors to pharmacody-
namically mediated therapeutic drug response. Recent work 
using a similar analyte panel has reported that the expres-
sions of proteins under study were not primarily driven by 
medication use (52). 
 In conclusion, proteomics is an emerging test in this 
area of psychiatry as differences between young and never- 
medicated subjects have been demonstrated.  Further, larger 
studies have confirmed differences between subjects with 
schizophrenia and controls. While based on a small sample 
size, not adjusted for medication state, these preliminary re-
sults support the potential of proteomics as a diagnostic aid 
in psychiatry. A step forward in this study has demonstrated 
not only differences between 3 serious psychiatric illnesses 
and the control group, but an initial exploration reveal-
ing proteomic measures that can separate schizophrenia, 
schizoaffective disorder, and bipolar illness.
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