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ABSTRACT: Background: Schizophrenia (SCZ) is still a challenging, refractory, and severe disorder. It is not a fully understood
disease with genetic and epigenetic susceptibility and about 80% substantial heritability. The CUB and Sushi multiple domains 1
(CSMD1) gene is implicated in neurogenesis, memory, immunity, neuropsychology, and monoamine metabolism. Thus, it is one of
the powerful genes involved in the pathogenesis of SCZ. Purpose: To evaluate the possible role of the CSMDI gene’s mRNA
expression and its serum protein as markers for the early diagnosis of the first-episode SCZ in familial high-risk (FHR) Egyptian
children and young adults. Subjects and methods: This case—control study included 80 first-episode drug-naive SCZ patients from
FHR Egyptian children and young adults and 80 healthy participants, as controls, from the FHR-susceptible children and young
adults but did not develop SCZ. In this study, the CSMDI gene’s mRNA expression and CSMDI serum levels were measured in the
peripheral blood, and these levels were correlated with the lipid profile of the study populations. Results: The CSMDI gene’s mRNA
expression and its” protein levels were significantly decreased in the SCZ patients compared to controls. The receiver operating
characteristic (ROC) curve analysis succeeded in distinguishing SCZ patients from those not having SCZ using cutoff points of
<0.711 and <4.83 ng/mL for the CSMDI gene’s mRNA expression and serum protein level, respectively. At these levels, the
diagnostic sensitivities were 93.75 and 91.25%; specificity was 92.5%; positive predictive value (PPV) were 92.6 and 92.4%; and
negative predictive values (NPVs) were 93.7 and 91.4%, respectively. Also, the ROC curve analysis succeeded in discriminating
those with suicidal tendencies. Conclusion: CSMD1 gene’s mRNA expression might be a reliable and early diagnostic predictor of
first-episode SCZ in the FHR Egyptian children and young adults.

B INTRODUCTION occupational functioning are generally associated with SCZ.°
Discovering the full range of Schizophrenia (SCZ) genes and In adolescence and young adulthood, SCZ and associated
learning the dysregulation that underlies SCZ are difficult."” psychosis usually arise, while premorbid deficits can also

Estimates of the global SCZ prevalence as a psychiatric
disorder among noninstitutionalized individuals are 0.33—
0.75%.> SCZ is among the world’s top 15 leading causes of
disability, with an increased risk of premature mortality.’ Received:  July 9, 2021
Schizophrenia characteristics include negative symptoms, such Accepted:  August 19, 2021
as a flat affect or poverty of speech; positive symptoms, Published: September 4, 2021
including hallucinations or delusions; disorganized speech; and

impairments in cognition, including attention, memory,

learning, and executive functions. Impairments of social and

present in childhood.”
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When the disease manifests before age 18, it is defined as
early-onset schizophrenia (EOS), a subcategory of SCZ
associated with more familial vulnerability and poor out-
comes.® For early prevention and intervention paradigms,
effective prospective detection of individuals who continue to
experience persistent psychosis will significantly advance.
Unfortunately, the clinical examination is a poor predictor of
subsequent psychosis transition even among the ultra-high-risk
groups. However, a wide variety of risk factors for SCZ have
been identified, including familial susceptibility. At this time,
no individual biomarker or combination of biomarkers can
allow accurate prospective prediction for individuals at familial
high-risk (FHR) of emerging psychosis due to the complex and
multilevel nature of the psychotic illness.”

Therefore, there is an essential need to identify biomarkers
and clinical, physical, or neuroimaging signs that can predict
the possibility of subsequent psychosis development in high-
risk individuals.

Peripheral blood measurements of biomarkers are non-
invasive and widely used methods compared to the difficult
accessibility of brain tissue from SCZ patients. Liew et al.'
showed that ~81.9% of the genes expressed in the brain were
also found in the peripheral blood.'”'* Most recently, the
suggestion of the presence of an SCZ signature by the blood
exosomal metabolites concentrations showed a 25 blood-
exosome metabolite panel in pathways related to glycerophos-
pholipid metabolism and the biosynthesis of phenylalanine,
tyrosine, and tryptophan."

Besides genetics, the epigenetic markers as microRNAs
(miRNAs) have generated significant interest in SCZ patho-
genesis because of their actions implicated in neural differ-
entiation, synaptic plasticity, and cognitive functions.'*
Interestingly, several SCZ genome-wide association studies
(GWAS) loci showed several miRNA-137 target genes that
harbor SCZ-associated variants; one of them is the CUB and
Sushi multiple domains 1 (CSMDI) gene."”

Elevated expression of complement components genes as
complement component 4 (C4) and their protein concen-
trations in SCZ was suggested in many reports. Even high
baseline levels of C4 were proposed to predict worse clinical
outcomes of SCZ.'°~"® This supports the hypothesis that SCZ
may be a neuroimmune disorder."”’

The complement system components are groups of plasma
proteins that play a role in the immune system function. The
C3 is cleaved by C3 convertase into C3a and C3b active
particles amplifying the immune cascade. This amplification
leads to immune functions through opsonization, chemotaxis,
and cell lysis.”” Specific circulating plasma proteins—known as
complement control proteins (CCPs)—regulate complement
system effects. One of these proteins is CSMD1, or membrane-
associated complement receptor type 1. The fragments 1 and
2 of CSMD1 bind C4 and C3 and facilitate their degradation
by Factor I. The CSMD1 protein comprises CUB domains
separated by Sushi domains, followed by an additional 15
tandem segments of the Sushi domains.””

The CSMDI gene is located on chromosome 8p23.2. It
encodes a critical cell adhesion molecule that is highly
expressed in extracellular and plasma membrane-associated
proteins in the central nervous system (CNS) and to a lesser
extent in testes; indeed, it is almost undetectable in most other
tissues, ie., it can be said that CSMDI has brain specificity.
Unlike other complement inhibitors, CFH, C4BP, and DAF
are highly enriched in peripheral tissues versus the CNS.”*~**

The CSMD1 protein is most pronounced in the cortex, the
hippocampus, and present in a comparatively low quantity in
the cerebellum. It is also present in the neuropills and at
synapses and is expressed predominantly by neurons.*®

The CSMDI is involved in brain circuits’ development,
regeneration, axon and angiogenesis guidance, signaling,
connection, neurotransmission, and plasticity. It is showed
that a more significant fraction of GABAergic neurons than
glutamatergic neurons express CSMDI1. The CSMDI gene
knockout induces behaviors reminiscent of blunted emotional
responses, anxiety, and depression, suggesting an influence of
the CSMDI gene on neuropsychopathology and endopheno-
types of the negative symptom spectra in SCZ patients.”> >’

The CSMD1 protein is a complement activation and
inflammation inhibitor in the brain. There is growing attention
to complement activation in neuropsychiatric brain-related
disorders because it is crucial for synaptic plasticity.'® The
inappropriate hypofunction of complement inhibitors as
CSMD1 had a role in the pruning hypothesis of SCZ. The
most significant risk factor for the onset of SCZ is temporal
proximity to the developmental period of late adolescence or
early adulthood. Similarly, complement-dependent synaptic
pruning processes have been demonstrated to be devel-
opmentally regulated.”

A human GWAS on the cerebrospinal fluid (CSF) levels of
monoamine metabolites showed that the CSMDI gene was
correlated with regulating the ratio between dopamine and
serotonin metabolites in the CSE.”” One of the largest GWAS
in SCZ identified five loci; one of them is the CSMDI gene
locus, which has known functions in the nerve growth
cone.”*™%

Around 4.9% of SCZ patients die due to suicide, which is
higher than the general population, with the highest incidence
in the early stages of the disease.”” So, it is essential to predict
the suicide tendency in SCZ patients; this will save many souls.

Multiple studies showed the relation of the CSMD1 gene to
schizophrenic patients. To our knowledge, there is no data in
the literature highlighting the importance of this gene for the
prediction and early diagnosis of first-episode SCZ in drug-
naive FHR Egyptian children and young adults. Due to the
brain specificity of CSMD], it can be used in the investigation
of SCZ risk. Therefore, we aimed to evaluate the CSMDI
gene’s mRNA expression as a marker for the early diagnosis of
the first episode of SCZ in drug-naive FHR Egyptian children
and young adults. It has been presumed that gene expression is
a crucial stage at which the genotypes critically influence the
SCZ phenotypes. The serum CSMD1 protein level was also
assessed to determine if any other factors affect the CSMDI
gene’s serum protein level to be an easy and early predictive
test for psychosis from the peripheral blood.

B RESULTS AND DISCUSSION

Results. Demographics and Clinical Data of the Study
Population (Table 1). There was no significant difference
between SCZ patients and controls regarding age and sex.
Cognitive dysfunction, positive symptoms, and negative
symptoms were substantial for the diagnosis of SCZ in SCZ
patients. Suicide tendency was observed in 48.8% of SCZ cases
(Table 1).

CSMD1 Gene’s mRNA Expression Level, Serum Levels of
CSMD1 Protein, and Lipid Profile (Table 2). There was a
significant decrease in high-density lipoprotein cholesterol
(HDL-c) levels, while there was a significant elevation in low-
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Table 1. Demographics and Clinical Data of the Study
Population”

cases (n =  control (n =
80) 80) test of sig. P
Sex
male 35 (43.8%) 43 (53.8%) x* = 1.601 0.206
female 45 (56.3%) 37 (46.3%)
Age (years)
mean + SD 17.8 £ 3.8 17.5 3.7 U= 30710 0.659
median (min— 18(12—24)  17(12—24)
max)
<18 years 43(53.8%) 46(57.5%)  x*=0228 0.633
>18 years 37(46.3%) 34(42.5%)
mean + SD 17.8 + 3.8 175 £ 37 U= 30710 0.659
median (min— 18(12—24) 17(12—-24)
max)
Positive symptoms
no 2 (2.5%) 80 (100%) = <0.001%*
152.195%

yes 78 (97.5%) 0 (0%)
Negative symptoms
no 30 (37.5%) 80 (100%)  x* =72.727*  <0.001*
yes 50 (62.5%) 0 (0%)
Cognitive dysfunction
no 52 (65%) 80 (100%)  y* =33.939%  <0.001*
yes 28 (35%) 0 (0%)
Suicide tendency
no 41 (51.3%) 80 (100%) x> = 51.570%  <0.001*
yes 39 (48.8%) 0 (0%)

“¢*: chi-square test U: Mann—Whitney test, * p < 0.0S is statistically
significant.

density lipoprotein cholesterol (LDL-c) levels in SCZ patients
compared to controls. The mRNA expression and the serum
protein levels of the CSMD1 gene were significantly decreased
in SCZ patients compared to controls. Correlating the CSMD1
mRNA level to its serum protein level in the SCZ patients and
controls revealed a significant (p < 0.01) positive correlation (r
= 0.99 and 0.94, respectively) (Figure 1 and Table 2).

RN e
MDY

CSMDI mRNA kel (DI mRNA v

(a) The SCZ group (n=80) (b) The control group (n=80)

Figure 1. Correlation between the CSMDI gene’s mRNA and serum
protein levels (a) in the SCZ patients and (b) in the control group.

Correlating the CSMD1 Gene’s mRNA Expression Level
and Its Serum Protein Level to Demographics and Clinical
Data. In SCZ patients (Table 3), there was a significant
correlation between the positive symptoms and increased
suicidal tendency, while there was a nonsignificant correlation
regarding age, sex, negative symptoms, and cognitive
dysfunction. In controls (supplementary data, Table S1), the
CSMD1 gene’s mRNA expression level and protein level show
a significant correlation with sex; these levels were increased in
females than males.

Correlation between the CSMD1 Gene’s mRNA and Its
Serum Protein Levels with Age and Lipid Profile. In SCZ
patients (Table 4), there was a significant positive correlation
between the CSMDI1 gene’s mRNA expression level and its
serum protein level with HDL (p = 0.024) and a significant
negative correlation with LDL-c (p = 0.011). In controls
(supplementary material, Table S2), the CSMDI gene’s mRNA
expression level and serum protein level showed a significant
positive correlation with HDL, LDL, and cholesterol levels and
a significant negative correlation with TAG levels.

Correlation between Suicide Tendency and the Lipid
Profile Parameters. In SCZ patients (Table $), LDL-c,
cholesterol, and TAG levels were significantly lower in SCZ
patients with suicide tendencies than without. Also, there was a
significant correlation of higher cholesterol levels to a younger
age (childhood), negative symptoms, and absence of cognitive
dysfunction. In controls (supplementary data, Tables S3—S6),
LDL and cholesterol were significantly higher levels in females
while the TAG levels were significantly higher in males.

Univariate and Multivariate Regression Analysis for the
Demographics, Clinical Data, CSMD1 Gene’s mRNA Level,
CSMD1 Serum Protein Level, and Lipid Profile Affecting SCZ
(Table 6). The univariate logistic regression for SCZ risk
showed that LDL increased the risk by 1.026-fold, followed by
cholesterol by 1.013-fold, then triglycerides (TG) by 1.009-
fold. The CSMD1 gene’s mRNA level and its serum protein
level increased the SCZ risk by 0.007- and 0.426-fold,
respectively. The multivariate logistic regression for SCZ risk
showed that decreased CSMDI gene’s mRNA level is the only
risk factor for SCZ. At the same time, it was a protective factor
when its level increases. Adjusted odd’s ratio (Table 7) by sex,
age, HDL, LDL, cholesterol, and TAG revealed that the
CSMD1 gene’s mRNA level and its serum protein level
maintained their importance as SCZ risk factors by 0.003- and
0.373-fold, respectively (Tables 6 and 7).

The ROC curve analysis was applied to assess the diagnostic
utility of the CSMD1 gene’s mRNA expression and its serum
protein level to predict the SCZ patients of high-risk familial
susceptibility (Figure 2 and Table 8). It revealed that the best
cutoff point for the CSMDI1 gene’s mRNA expression is
<0.711; at this level, the CSMDI1 gene’s mRNA level had a
diagnostic sensitivity of 93.75% and a specificity of 92.50%,
with a positive predictive value (PPV) of 92.6% and a negative
predictive value (NPV) of 93.7%. The best cutoff point for the
CSMD1 serum protein level is <4.83 ng/mL; at this level, the
CSMD1 serum concentration had a diagnostic sensitivity of
91.25% and a specificity of 92.5%, with a PPV of 92.4% and an
NPV of 91.4%.

The ROC curve analysis was applied to assess the diagnostic
utility of the CSMD1 gene’s mRNA expression and its serum
protein level to predict suicide susceptibility (Figure 3 and
Table 9). It succeeds in distinguishing those having a suicidal
tendency at cutoff points of >0.091 and >0.722 ng/mlL,
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CSMDI mRNA level
mean + SD

median (min—max)

cases (n = 80)

0.19 + 0.28
0.09(0—1.29)

CSMD1 serum protein level (ng/ml)

mean + SD
median (min—max)
HDL (mg/dL)
mean + SD
median (min—max)
LDL-c (mg/dL)
mean + SD
median (min—max)
Cholesterol (mg/dL)
mean + SD
median (min—max)
TAG (mg/dL)
mean + SD

median (min—max)

1.6+ 1.8
0.7(0.1-8.1)

46 +7.9
43.8 (32.2-69.1)

141.7 + 534
156.2(70—226.3)

211.6 + 66.7
251.2(137.3-298.9)

124.1 £ 71.1
163.2(37.5-225.2)

Table 2. CSMD1 Gene’s mRNA Expression Level, Serum Levels of CSMD1 Protein, and Lipid Profile”

control (n = 80) test of sig.
111 + 0.32 U = 384.50%
1.25(0.01-1.34)
6.8 + 2.1 U = 337.0%
7.1(0.6—9.8)
604 + 8.2 U = 728.0%
62.6 (42.3-73.9)
101.8 + 17.2 U = 2296.0%
106.4(65.6—133.9)
181.1 + 132 U = 3040.0
182.1(154.9—198.4)
1002 + 24.2 U = 2956.0

92.2(62.5-151.9)

<0.001*

<0.001*

<0.001*

0.002*

0.585

0.40S

“U: Mann—Whitney test * p < 0.0S is statistically significant; HDL: high-density lipoprotein; LDL: low-density lipoprotein; TAG: triacylglycerol.

Table 3. Correlation between the CSMD1 Gene’s mRNA and Its Serum Protein Levels with Demographics and Clinical Data in

the SCZ Patients”

CSMDI mRNA level

no. median (min—max)
Sex
male 35 0.1 (0.0-0.9)
female 45 0.1 (0.0-1.3)
U (P-value) 725.0 (0.544)
Age
children (<18 years) 43 0.1 (0-1.1)
adolescents (>18 years) 37 0.1 (0-1.3)
U (P-value) 756.0 (0.703)
Positive symptoms
no 2 0.0 (0.0-0.0)
yes 78 0.1 (0.0-1.3)
U (P-value) 2.0* (0.003%)
Negative symptoms
no 30 0.1 (0.0-1.1)
yes 50 0.1 (0.0-1.3)
U (P-value) 687.50 (0.534)
Cognitive symptoms
no 52 0.1 (0.0-1.1)
yes 28 0.1 (0.0-1.3)
U (P-value) 612.0 (0.242)
Suicide tendency
no 41 0.0 (0.0-1.0)
yes 39 0.1 (0.0-1.3)
U (p) 557.50* (0.020%)

“i: Mann—Whitney test. * P < 0.05 is statistically significant.

CSMD1 serum protein level

mean + SD median (min—max) mean + SD
+ 0.2 0.8 (0.2-5.7) 1.7 £ 1.7
+ 03 0.7 (0.1-8.1) 14+ 1.8
724.0 (0.538)
0.2 0.8 (0.1-0.62) +
02+ 0 0.7 (0.1-8.1) 15+ 19
747.0 (0.640)
+ 0.0 0.2 (0.2-0.2) 02+0
+ 03 0.8 (0.1-8.1) 16 £ 1.8
5.0* (0.008%*)
+ 03 0.7 (0.1-6.2) 1.6 + 1.8
+ 03 0.8 (0.2—-8.1) 15+ 1.8
692.0 (0.564)
02=+0 0.7 (0.1-6.2) 1.7 +
2+ 0.7 (0.2-8.1) 13+ 17
606 (0.218)
0.1+ 02 0.6 (0.1-5.7) 1+12
03 +03 0.9 (0.2-8.1) 21+ 21

539.0% (0.012%)

respectively. At these levels, the diagnostic sensitivities were
61.54 and 66.67%; specificities were 68.29 and 63.4%; PPVs
were 64.9 and 63.4%; and NPVs were 65.1 and 66.7%,
respectively.

B DISCUSSION

Schizophrenia is a neuropsychiatric condition with a worldwide
lifetime prevalence of around 1%. It impairs the mental and
social functioning, whose onset typically occurs in late

24131

adolescence to young adulthood.” The period of late
adolescent development is of particular interest to psychiatric
study, as the age of onset of major neuropsychiatric disorders,
especially SCZ, corresponds to this time frame.

Chronic psychosocial pressures, including childhood adver-
sity, relocation, and urbanity, have been identified as raising
the risk of SCZ, in addition to genetic factors, neuro-
developmental risks, and cannabis use. Besides, acute stress

plays a part in inducing psychotic symptoms.*®

https://doi.org/10.1021/acsomega.1c03637
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Table 4. Correlation between the CSMD1 Gene’s mRNA

and Its Serum Protein Levels with Age and Lipid Profile in

SCZ Patients”

CSMD1 mRNA level CSMD1 protein level

T P T P
age (years) —0.026 0.822 —0.042 0.711
HDL 0.249 0.026* 0.252 0.024*
LDL-c -0.262 0.019%* —0.283 0.011*
cholesterol —0.085 0.454 —0.112 0.322
TAG —0.058 0.608 —0.097 0.391

“re: Spearman coefficient. * P < 0.0S is statistically significant.

Table S. Correlation between Suicide Tendency and the
Lipid Profile Parameters in SCZ Patients”

suicide tendency

no (n = 41) yes (n = 39) U p

HDL
mean + SD 464 +92 457 + 6.2 754.0 0.661
median (min—  44.3 43.8

max) (33.8—69.1) (32.2-55.5)
LDL
mean + SD 182 + 32.3 99.4 + 352 166.0%  <0.001%*
median (min— 190.7 (84.1—  88.5 (70—

max) 226.3) 214.1)
Cholesterol
mean + SD 264.5 + 37.5 1559 + 39.5 165.0%  <0.001%
median (min—  275.2(138.8—  143.4 (137.3—

max) 298.9) 280.1)
TAG
mean + SD 180.9 + 43 644 + 37.5 112.0%  <0.001%*
median (min—  193.4 (44.9— 54.3 (37.5—

max) 225.2) 171.5)

“U: Mann—Whitney test. * P < 0.0S is statistically significant.

Compared to healthy controls and treated patients, brain
imaging investigations have shown that medication-naive
patients with SCZ have substantially decreased thalamic and
caudate volumes. People with SCZ need medication for a
lifetime. Early detection and care of these patients can help in
monitoring symptoms before the occurrence of severe
problems and boost the long-term outlook.””

Table 7. Univariate and Multivariate Analysis for the
Parameters Affecting SCZ after Adjusting the Odd’s Ratio
by Sex, Age, HDL, LDL, Cholesterol, and TAG Levels®?

crude odd’s ratio adjust odd’s ratio

p OR (95% CI) p OR (95% CI)
CSMD1 <0.001*  0.007 <0.001*  0.003
mRNA (0.002—0.024) (0.0—0.035)
level
CSMD1 <0.001*  0.426 <0.001*  0.373

protein (0.339-0.536)
level
“OR: odd’s ratio, CI: confidence interval, * P < 0.05 is statistically
significant. YNB. the odd’s ratio was adjusted by sex, age, HDL, LDL,
cholesterol, and TAG.

(0.241-0.576)

100%
80%-
2 60%
2
=
7]
c
[
)
40%
0% i
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w— CSMD1 MRNA level
seees CSMD1 Protein level
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1 I | 1 I
0% 20% 40% 60% 80% 100%
100 - Specificity

Figure 2. ROC curve for the CSMDI gene’s mRNA and its serum
protein levels to diagnose SCZ patients from the controls.

The origins of the hypothesis of dopamine lie in two lines of
testimony: first, clinical studies have indicated that dopami-

Table 6. Univariate and Multivariate Regression Analysis for the Demographics, Clinical Data, CSMD1 Gene’s mRNA Level,
CSMD1 Serum Protein Level, and Lipid Profile Affecting scz?

univariate multivariate

p OR (95% CI) P OR (95% CI)
sex (female) 0.207 1.494(0.801—2.786)
age (years) 0.365 0.987(0.959—1.015)
positive symptoms 0.996
negative symptoms 0.997
cognitive symptoms 0.998
suicide tendency 0.997
CSMDI1 mRNA level <0.001%* 0.007(0.002—0.024) 0.011%* 0.001(0.0-0.177)
CSMD1 protein level <0.001%* 0.426(0.339—0.536) 0.329 1.615 (0.617—4.223)
HDL <0.001%* 0.832(0.790—0.876) 0.263 0.867(0.676—1.113)
LDL-c <0.001%* 1.026(1.016—1.035) 0.815 1.028(0.816—1.295)
cholesterol <0.001%* 1.013(1.006—1.020) 0.936 1.009(0.803—1.269)
TAG 0.006* 1.009(1.002—1.015) 0.479 0.982(0.932—1.033)

“OR: odd’s ratio, CI: confidence interval, * P < 0.05 is statistically significant PNB. All variables with p < 0.05 were included in the multivariate.
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Table 8. Agreement (Sensitivity, Specificity) for CSMD1 Gene’s mRNA and Its Serum Protein Levels to Diagnose the SCZ
Patients from the Controls®”®

http://pubs.acs.org/journal/acsodf

AUC P-value 95% CI cutoff sensitivity specificity PPV NPV
CSMDI1 mRNA level 0.940% <0.001%* 0.899-0.981 <0.711 93.75 92.50 92.6 93.7
CSMD1 protein level 0.947 <0.001%* 0.911-0.983 <4.998 93.75 91.25 91.5 93.6

“AUC: area under a curve, P-value: probability value, CI: confidence interval. “NPV: negative predictive value PPV: positive predictive value. “* P

< 0.05 is statistically significant.
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Figure 3. ROC curve for CSMDI mRNA level and CSMD1 serum
protein level to predict suicide tendency (n = 39).

nergic agonists and stimulants may cause psychosis in healthy
people and exacerbate psychosis in SCZ patients, and second,
the finding that the dopamine system is affected by
antipsychotic drugs.36

Significant associations between the CSMD1 gene and SCZ
were observed in many reports, with nominally significant
associations recorded for depression and bipolar disorder
(BPD). Besides, in healthy subjects, risk variants in the
CSMD1 gene affect cognition and brain activation. The
CSMD1 protein is one of the complement control proteins.
It inhibits C3 in vitro. In the CNS, complement is tightly
regulated as it is involved in synaptic pruning and phagocytosis
dependent on microglia. In fact, it is proposed that the CSMD1
gene may play a role in aberrant synaptic elimination in many
neurodegenerative disorders. Therefore, the impact of CSMD1
protein on the pathogenesis of SCZ and depression-related
phenotypes can be mediated by immune and synaptic
dysregulation.”

In this work, all of the SCZ patients were drug-naive with
first-episode FHR-SCZ. The study population was homoge-
neous in age; all had no other principal physical diagnosis.

Since patients were young at an early stage of the disease, they
were expected to grow their brains. Therefore, we speculate
that these patients’ transcription changes are likely to be
essential to the disease process.

In our study, the CSMDI gene’s mRNA and its serum
protein levels in the FHR-SCZ were significantly decreased
compared to FHR controls. These results support the CSMD1
genetic susceptibility to SCZ. Our results agreed with Liu et
al,”” who demonstrated that expression levels of the CSMDI
gene in Han Chinese patients with SCZ were lower in
peripheral blood mononuclear cells (PBMCs) than in healthy
controls. In the PBMCs of SCZ patients following anti-
psychotic therapy, the expression levels of the CSMDI gene
were higher than those in the baseline SCZ patients. These
findings ensure that the CSMDI gene’s mRNA expression is
involved in the SCZ molecular pathogenesis and can affect the
efficacy of antipsychotics against SCZ.*

The CSMD1 has been validated as one of microRNA (MiR)-
137 targets. MiR-137 was involved in both regulation of adult
neurogenesis and neuron maturation, and hence could be
involved in the pathogenesis of SCZ. Several studies have
shown that the CSMDI gene rs10503253’s A allele is
associated with cognitive dysfunction and reported as a
primary and core SCZ deficiency. The CSMDI1 gene is,
therefore, regarded as an essential susceptibility for SCZ.*’

In this study, multivariate logistic regression for SCZ risk
showed that the CSMD1 gene’s mRNA level is the only risk
factor for SCZ when its level decreases. At the same time, it
was a protective factor when its level increases. This risk is
maintained after adjusting the odd’s ratio by sex, age, HDL,
cholesterol, and TAG levels. Also, both mRNA and protein
expression’s ROC curves demonstrated high specificity and
sensitivity of the CSMDI gene in early diagnosis of SCZ in
FHR individuals and predicting suicide tendencies with good
NPV and PPV. Also, its value as an early predictor is confirmed
by the significant correlation between the CSMDI gene’s
mRNA and protein expression with the positive symptoms and
increased suicidal tendencies. These results were in agreement
with Liu and Sainz.””*’ They reported that the level of CSMD1
was decreased in SCZ patients who did not receive any
medications. They also found that the level of CSMDI1 was
increased after taking antipsychotic medication with marked
relief of SCZ symptoms.

Table 9. Agreement (Sensitivity, Specificity) for CSMD1 mRNA Level and CSMD1 Protein Level to Predict Suicide Tendency

in SCZ Patients (n = 39)“"¢

AUC P-value 95% CI
CSMD1 mRNA level 0.651 0.020% 0.530-0.772
CSMDL1 protein level 0.663 0.012%* 0.543—-0.783

cut off sensitivity specificity PPV NPV
>0.091 61.54 68.29 64.9 65.1
>0.722 66.67 63.41 63.4 66.7

“AUC: area under a curve, P-value: probability value, CI: confidence interval. “NPV: negative predictive value, PPV: positive predictive value. “* P

< 0.0S is statistically significant.
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The study population was 160 children and adolescents of schizophrenic parents (i.e. familial high-risk susceptibles). They
were selected in the period from January 2019 to March 2020.

Eighty (80) subjects have developed SCZ with moderate to
severe PANNS score and they were the case group. They
diagnosed as SCZ according to DSM-5 criteria.

The remaining 80 subjects did not developany
schizoaffective manifestationsi.e. completely healthy
and considered the control group.

They are sex and age-matched to the case group.

The baseline blood samples of these 80 patients
that developed SCZ manifestations, were included
in the study after they are surely diagnosed as SCZ

after 6 months of start of symptoms.

A baseline peripheral blood sample was taken from the study populationand are subjected to RNA extraction and serum
separation for CSMD1 gene's mRNA expression and its serum protein level with lipid profile assessment.

Figure 4. Study design.

Our study showed a significant positive correlation of the
CSMD1 gene’s mRNA expression and its protein level with
HDL-c and a significant negative correlation with LDL-c in
SCZ patients. In patients with suicidal attempts, there was no
significant statistical difference between HDL and those with
no suicidal history in the SCZ group. At the same time, there
was a significant statistical decrease in LDL, cholesterol, and
TG in patients experiencing suicide attempts. These results
agreed with the series of Ainiyet et al.*'

There is a neurochemical linkage between suicide and
decreased serum cholesterol levels. This hypothesis suggests a
reduced serotonergic activity due to a decrease in cholesterol
in the lipid rafts of synaptic membranes and the incidence of
steroid modulation that leads to increased impulses to suicide
in those patients.*”

Cholesterol and mental disorder have an appealing, complex,
and perplexing relationship, but with contradictory evidence.
The lack of response to psycho-pharmacotherapy can be
predicted even by the blood cholesterol level.*

The SCZ, obsessive-compulsive disorder, panic disorder,
generalized anxiety disorder, and posttraumatic stress disorder
have been correlated with elevated cholesterol levels.
Depression, antisocial personality disorder, borderline person-
ality disorder, and dissociative disorder have been related to
low cholesterol levels.**

Our results showed higher blood cholesterol levels in SCZ
patients than the FHR controls but still higher in the healthy
FHR controls than the standard reference levels. Also, our SCZ
patients with suicidal thoughts and cognitive dysfunction have
had lower cholesterol levels than those without suicidal
thoughts. It was previously suggested that decreased
cholesterol levels contributed to decreased serotonergic
transmission due to changes in serotonin receptors and affinity
and function of transporters. Low peripheral and central
cholesterol levels have been hypothesized to reduce the lipid
viscosity of neuronal cell membranes, causing a reduction in
the availability of presynaptic serotonin transporters and

24134

postsynaptic serotonin receptors., increasing suicide risk in
scz."

Schizophrenia’s pathophysiology involves inflammatory and
immune pathways. They are integrated with redox regulation,
which affects membrane lipids’ composition and serum lipids
causing dyslipidemia. Thus, serum and membrane lipids’
abnormalities and the neuronal membrane lipid composition
change in neuronal cells can affect neurotransmission,
symptoms, and behavior in SCZ.*

There was a significant statistical difference between SCZ
patients and controls regarding cognitive symptoms, negative
symptoms, and positive symptoms in the current study. This
finding was consistent with the results of Sarkar et al.** and
Mitral et al.*’ Sarkar et al.* reported that negative symptoms
of SCZ that persist longer than positive ones are more
challenging to treat. The deficit syndrome depends on the
severity of SCZ.

This study had some limitations. First, the few drug-naive
patients with an accurate EOS diagnosis made the study
sample relatively limited. Second, the mRNA expression and
serum protein analyses were performed in the peripheral
blood; therefore, due care should be taken when inferring these
results into the brain. Peripheral biomarkers have been
proposed to mimic identical pathological processes occurring
in the brain. Therefore, abnormalities in the blood are
potential disease pathology indicators. Third, no extended
follow-up was performed for the healthy FHR controls due to
the COVID-19 pandemic.

B CONCLUSIONS

Our study indicated that the CSMDI gene is associated with
SCZ pathogenesis. The CSMDI gene might be a promising
predictor marker for SCZ in Egyptian FHR children and young
adults.
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Figure 5. CSMDI gene’s mRNA expression.
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B MATERIALS AND METHODS

Study Population and Setting. This study was approved
by the ethical committee of the Faculty of Medicine, Menoufia
University, with approval number 112020BIO. Oral and
written informed consent was obtained from the participants
or their legal guardians after discussing the study’s aim and
procedures. This research was conducted in the Medical
Biochemistry and Molecular Biology Department in collabo-
ration with the Neuropsychiatry Department and Central
Laboratory, Menoufia University and Hospitals, between
January 2019 and March 2020.

The study population was 160 children and adolescents of
schizophrenic parents (i.e., FHR-susceptible) with an age range
of 12—24 years (Figure 4). Eighty subjects have developed
first-episode SCZ (represent the SCZ patients group) with
mild to moderate PANNS score. The first episode of SCZ was
selected to avoid the influence of the antipsychotic medication
on our results. The patient must have had at least two of the
following indications for the diagnosis of SCZ: delusions,
hallucinations, disorganized speech, disorganized or catatonic
actions, and negative symptoms. These symptoms persist for at
least 6 months, during which the patient must have had at least
1 month of active symptoms (or less if effectively treated)
associated with social or occupational decline. The SCZ
diagnosis was based on the Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition (DSM-5).** We excluded
patients with (1) previously diagnosed and treated chronic
SCZ patients; (2) schizoaffective disorder, depressive, and
bipolar disorders with psychotic features; (3) severe neurologic
diseases that might affect their cognitive functions (i.e.,
significant head injury, cerebrovascular disease, seizure
disorder); (4) chronic unstable medical condition, e.g., poorly
controlled diabetes, and hypertension; (5) BMI > 25.1 kg/ m?;
(6) severe visual or hearing impairment; (7) substance abuse
or dependence in the past 3 months, and any substance

addiction have been ruled out; (8) the presence of any other
neuroinflammatory or any autoimmune disease; and (9) the
patients with metabolic syndrome. The remaining 80 subjects
did not develop SCZ manifestations, i.e., wholly healthy, and
considered the control group. They are sex- and age-matched
to the case group.

All of the study participants were subjected to complete
history and clinical examination. Laboratory molecular
investigations for the CSMDI gene’s mRNA expression were
performed by the real-time quantitative polymerase chain
reaction (qQPCR) technique. The concentration of serum
CSMD1 was measured using the enzyme-linked immunosorb-
ent assay (ELISA) method. Lipid profile (including total
cholesterol (TC), triglycerides (TG), high-density lipoprotein
cholesterol (HDL-c), and low-density lipoprotein cholesterol
(LDL-c)) was measured by spectrophotometric methods using
Cobas-C.

Procedures. Samples Collection. Whole peripheral blood
(5 mL) was taken under complete aseptic conditions, and 1
mL was evacuated in an ethylenediaminetetraacetic acid
(EDTA) Vacutainer tube for RNA extraction. The remaining
4 mL of the blood sample has been put into a plain tube and
allowed to clot for 2 h at room temperature. Then, they
centrifuged at 3000 rpm for 15 min to obtain the serum. The
RNA extract and the serum were stored in sterilized Eppendorf
tubes at —80 °C till analysis.

Measurement of the Serum CSMD1 Concentration. This
is performed using an ELISA kit supplied from MyBiosource,
Inc. (Southern California, San Diego) with (catalog number
MBS7206464) according to the manual instructions.

Estimation of mRNA Gene Expressions. The total RNA
was extracted from blood leukocytes using miRNeasy RNA
Mini Kit (Qiagen, Applied Biosystems), depending on the
manufacture’s guidance. Then, QuantiTect Reverse Tran-
scription Kit (Qiagen, Applied Biosystems) was used to
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synthesize the complementary DNA (cDNA) in compliance
with the manual’s instructions. Finally, the QuantiTect synergy
brands (SYBR) Green master mix PCR Kit (Qiagen, Applied
Biosystems) with primers (supplied from Thermo Fisher
Scientific, Inc.) was used to perform the second-stage real-time
PCR for measuring CSMD1 gene’s mRNA levels. The forward
and reverse primers for the human CSMDI gene are S'-
GTCTGGGCTCGTGGATATGT-3" and 5'-CAGGTCTCG-
GAAGGACAGAG-3’, respectively. Glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) was used as an internal
reference gene with the following forward and reverse primers
for the human GAPDH gene: 5-GCACCGTCAAGGCTGA-
GAAC-3" and 5-TGGTGAAGACGCCAGTGGA-3’, respec-
tively. A final volume of each PCR reaction was 20 uL,
containing 10 yL of SYBR Green 2X QuantiTect PCR Master
Mix, 3 yuL of cDNA, 1 uL of forward primer, 1 yL of reverse
primer, and 5 yL of RNase-free H,O. The cycling conditions
of the PCR reaction mix were as follows: incubation for 3 min
at 94 °C, followed by 50 cycles, denaturation for 30 s at 94 °C,
annealing for 40 s at 55 °C, and extension for 31 s at 72 °C.
Data analysis was done by version 2.0.1 of Applied Biosystems
7500 program. The comparative AACt method was used for
the relative quantification (RQ) of the gene’s expression.”” The
mRNA expression level of the CSMDI gene was normalized to
the housekeeping gene’s mRNA levels, GAPDH. To confirm
the precision of the amplification and absence of primer
dimers, the melting curve analysis was performed (Figure SB).

Statistical Analysis. Data were fed to the computer and
analyzed using IBM-SPSS software package version 20.0. (IBM
Corp, Armonk, NY). The Kolmogorov—Smirnov test was used
to verify the normality of the distribution of variables.
Comparisons between groups for categorical variables were
assessed using the chi-square test. The Mann—Whitney test
was used to compare two groups for abnormally distributed
quantitative variables. The Spearman coefficient was used to
correlate between distorted distributed quantitative variables.
The receiver operating characteristic (ROC) curve was used to
determine the diagnostic performance of the markers. Area
more than 50% gives an acceptable presentation, and area of
100% is the best performance for the test. To detect the most
independent/ affecting factor for affecting SCZ used logistic
regression analysis. The significance of the obtained results was
judged at the 5% level.

B ASSOCIATED CONTENT

® Supporting Information

The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acsomega.1c03637.

Relation between the CSMDI gene’s mRNA level and
CSMD1 serum protein level with different parameters in
the control group (Table S1); relation between the
CSMD1 gene’s mRNA level and CSMD1 serum protein
level and different parameters in the control group
(Table S2); relation between HDL and LDL with
different parameters in the cases and control groups
(Tables S3 and S4); and relation between cholesterol
and TAG with different parameters in the cases and
control groups (Tables SS and S6) (PDF)

B AUTHOR INFORMATION

Corresponding Author
Noha Rabie Bayomy — Department of Medical Biochemistry
and Molecular Biology, Menoufia University, Shebin El-Kom
13829, Egypt; © orcid.org/0000-0001-7496-3369;
Phone: +201062651315; Email: noharabie@yahoo.com

Authors

Eman Masoud Abd El Gayed — Department of Medical
Biochemistry and Molecular Biology, Menoufia University,
Shebin El-Kom 13829, Egypt

Mohamed Soliman Rizk — Department of Medical
Biochemistry and Molecular Biology, Menoufia University,
Shebin El-Kom 13829, Egypt

Ahmed Nabil Ramadan — Department of Neuropsychiatry,
Menoufia University, Shebin EI-Kom 13829, Egypt

Complete contact information is available at:
https://pubs.acs.org/10.1021/acsomega.1c03637

Author Contributions

N.RB. (the corresponding author) and EM.A.E.G. contrib-
uted to the conception, design, and acquisition of data;
laboratory work; analysis and interpretation of data; and
drafting and revising the manuscript. M.S.R. performed
laboratory work and revised the manuscript. AN.R. selected
the study participants and revised the manuscript.

Notes

The authors declare no competing financial interest.

The datasets generated and/or analyzed during the current
study are not publicly available as the privacy of this pilot study
could be compromised but are available from the correspond-
ing author on reasonable request.

B ACKNOWLEDGMENTS

The authors express their appreciation and thanks to Eman A.
Elghobashy for her kind assistance in the laboratory work in
the central laboratory of Menoufia College of Medicine.

B REFERENCES

(1) Van de Leemput, J.; Hess, J. L,; Glatt, S. J.; Tsuang, M. T.
Genetics of Schizophrenia: Historical Insights and Prevailing
Evidence. Adv. Genet. 2016, 96, 99—141.

(2) Ohi, K; Hashimoto, R.; Yamamori, H.; Yasuda, Y.; Fujimoto,
M.; Umeda-Yano, S.; Fukunaga, M.; Watanabe, Y.; Iwase, M.; Kazui,
H.; Takeda, M. The impact of the genome-wide supported variant in
the cyclin M2 gene on grey matter morphology in schizophrenia.
Behav. Brain. Funct. 2013, 9, No. 40.

(3) Moreno-Kiistner, B.; Martin, C.; Pastor, L. Prevalence of
psychotic disorders and their association with methodological issues.
A systematic review and meta-analyses. PLoS One 2018, 13,
No. e0195687.

(4) Disease and Injury Incidence and Prevalence Collaborators
(2017). Global, regional, and national incidence, prevalence, and years
lived with disability for 328 diseases and injuries for 195 countries,
1990-2016: a systematic analysis for the Global Burden of Disease
Study. Lancet 2017, 390, 1211—1259.

(5) Simon, G. E.; Stewart, C.; Yarborough, B. J; Lynch, F;
Coleman, K. J.; Beck, A.; Operskalski, B. H.; Penfold, R. B.; Hunkeler,
E. M. Mortality Rates After the First Diagnosis of Psychotic Disorder
in Adolescents and Young Adults. JAMA Psychiatry 2018, 75, 254—
260.

(6) American Psychiatric AssociationDiagnostic and Statistical
Manual of Mental Disorders; Sth ed., American Psychiatric Association,
Arlington, 2013.

https://doi.org/10.1021/acsomega.1c03637
ACS Omega 2021, 6, 24128—24138


https://pubs.acs.org/doi/10.1021/acsomega.1c03637?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acsomega.1c03637/suppl_file/ao1c03637_si_001.pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Noha+Rabie+Bayomy"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0001-7496-3369
mailto:noharabie@yahoo.com
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Eman+Masoud+Abd+El+Gayed"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Mohamed+Soliman+Rizk"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Ahmed+Nabil+Ramadan"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c03637?ref=pdf
https://doi.org/10.1016/bs.adgen.2016.08.001
https://doi.org/10.1016/bs.adgen.2016.08.001
https://doi.org/10.1186/1744-9081-9-40
https://doi.org/10.1186/1744-9081-9-40
https://doi.org/10.1371/journal.pone.0195687
https://doi.org/10.1371/journal.pone.0195687
https://doi.org/10.1371/journal.pone.0195687
https://doi.org/10.1016/S0140-6736(17)32154-2
https://doi.org/10.1016/S0140-6736(17)32154-2
https://doi.org/10.1016/S0140-6736(17)32154-2
https://doi.org/10.1016/S0140-6736(17)32154-2
https://doi.org/10.1001/jamapsychiatry.2017.4437
https://doi.org/10.1001/jamapsychiatry.2017.4437
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.1c03637?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Omega

http://pubs.acs.org/journal/acsodf

(7) Stevens, J. R; Prince, J. B; Prager, L.; Stern, T. A. Psychotic
Disorders in Children and Adolescents: A Primer on Contemporary
Evaluation and Management. Prim. Care. Companion. CNS. Disord.
2014, 16, No. PCC.13f01514.

(8) Clemmensen, L.; Vernal, D. L.; Steinhausen, H. C. A systematic
review of the long-term outcome of early-onset schizophrenia. BMC
Psychiatry 2012, 12, No. 150.

(9) Shah, J. L; Tandon, N.; Keshavan, M. S. Psychosis prediction
and clinical utility in familial high-risk studies: Selective review,
synthesis, and implications for early detection and intervention. Early
Interv. Psychiatry 2013, 7, 345—360.

(10) Liew, C. C.; Ma, J; Tang, H. C.; Zheng, R,; Dempsey, A. A.
The peripheral blood transcriptome dynamically reflects system-wide
biology: A potential diagnostic tool. J. Lab. Clin. Med. 2006, 147,
126—132.

(11) Miller, B. J.; Buckley, P.; Seabolt, W.; Mellor, A.; Kirkpatrick, B.
Meta-analysis of cytokine alterations in schizophrenia: clinical status
and antipsychotic effects. Biol. Psychiatry 2011, 70, 663—671.

(12) Upthegrove, R.; Manzanares-Teson, N.; Barnes, N. M.
Cytokine function in medication-naive first episode psychosis: a
systematic review and meta-analysis. Schizophr. Res. 2014, 155, 101—
108.

(13) Du, Y,; Chen, L; Li, X. S.; Li, X. L; Xu, X. D.; Tai, S. B.; Yang,
G. L; Tang, Q; Liu, H; Liu, S. H; Zhang, S. Y,; Cheng, Y.
Metabolomic Identification of Exosome-Derived Biomarkers for
Schizophrenia: A Large Multicenter Study. Schizophr. Bull. 2021,
47, 615—623.

(14) Dy, Y.; Yu, Y,; Hu, Y.; Li, X. W.; Wei, Z. X; Pan, R. Y;; Li, X.
S;; Zheng, G. E; Qin, X. Y,; Liu, Q. S.; Cheng, Y. Genome-Wide,
Integrative Analysis Implicates Exosome-Derived MicroRNA Dysre-
gulation in Schizophrenia. Schizophr. Bull. 2019, 45, 1257—1266.

(15) Kwon, E.; Wang, W.; Tsai, L. H. Validation of schizophrenia-
associated genes CSMD1, C100rf26, CACNA1C and TCF4 as miR-
137 targets. Mol. Psychiatry 2013, 18, 11—12.

(16) Sekar, A.; Bialas, A. R.; de Rivera, H.; Davis, A.; Hammond, T.
R.; Kamitaki, N.; Tooley, K.; Presumey, J.; Baum, M.; Doren, V. V,;
Genovese, G.; Rose, S. A,; Handsaker, R. E.; et al. Schizophrenia
Working Group of the Psychiatric Genomics Consortium; J.; Carroll,
M.C; Stevens, B.; hizophrenia risk from complex variation of
complement component 4. Nature 2016, 530, 177—183.

(17) Boyajyan, A.; Khoyetsyan, A.; Chavushyan, A. Alternative
complement pathway in schizophrenia. Neurochem. Res. 2010, 3§,
894—898.

(18) Mondelli, V.; Di Forti, M,; Morgan, B. P.; Murray, R. M,;
Pariante, C. M,; Dazzan, P. Baseline high levels of complement
component 4 predict worse clinical outcome at 1-year follow-up in
first-episode psychosis. Brain. Behav., Immun. 2020, 88, 913—915.

(19) Howes, O. D.; McCutcheon, R. Inflammation, and the neural
diathesis-stress hypothesis of schizophrenia: a reconceptualization.
Transl. Psychiatry 2017, 7, No. e1024.

(20) Benros, M. E.; Mortensen, P. B.; Eaton, W. W. Autoimmune
diseases and infections as risk factors for schizophrenia. Ann. N. Y.
Acad. Sci. 2012, 1262, 56—66.

(21) Woo, J. J; Pouget, J. G.; Zai, C. C.; Kennedy, J. L. The
complement system in schizophrenia: where are we now and what’s
next? Mol. Psychiatry 2020, 25, 114—130.

(22) Kraus, D. M,; Elliott, G. S.; Chute, H.; Horan, T.; Pfenninger,
K. H,; Sanford, S. D.; Foster, S.; Scully, S.; Welcher, A. A.; Holers, V.
M. “CSMD1 is a novel multiple domain complement-regulatory
protein highly expressed in the central nervous system and epithelial
tissues”. J. Immunol. 2006, 176, 4419—4430.

(23) HYPERLINK “https://www.google.com/url?sa=t&rct=j&q=
&esrc=s&source=web&cd=&cad=rja&uact=8&ved=
2ahUKEwiO0zq2996vyAhVhDWMBHU4SBGkQFnoECAsQA
Q&url=https%3A%2F%2Fwww.genecards.org%2Fcgi-
bin%2Fcarddisp.pl%3Fgene%3DCSMDI1&usg=
AOvVaw267kwSgkJ9HyCxTgTDdLgn” CSMD1 Gene - GeneCards.
https://www.genecards.org/cgi-bin/carddisp.pl>gene=CSMD1.

(24) Escudero-Esparza, A.; Kalchishkova, N.; Kurbasic, E.; Jiang, W.
G.; Blom, A. M. The novel complement inhibitor human CUB and
Sushi multiple domains 1 (CSMD1) protein promotes factor I-
mediated degradation of C4b and C3b and inhibits the membrane
attack complex assembly. FASEB j 2013, 27, S083—5093.

(25) Baum, Matthew L. The Schizophrenia Associated Gene, CSMD1,
Encodes a Brain-Specific Complement Inhibitor. Doctoral dissertation,
Harvard University, 2018, Graduate School of Arts &Sciences.

(26) Steen, V. M.; Nepal, C; Ersland, K. M.; Holdhus, R.; Nevdal,
M.; Ratvik, S. M.; Skrede, S.; Havik, B. Neuropsychological deficits in
mice depleted of the schizophrenia susceptibility gene CSMD1. PLoS
One 2013, 8, No. €79501.

(27) Liu, Y; Fu, X; Tang, Z,; Li, C;; Xu, Y.; Zhang, F,; Zhou, D ;
Zhu, C. Altered expression of the CSMDI gene in the peripheral
blood of schizophrenia patients. BMC Psychiatry 2019, 19, No. 113.

(28) Schizophrenia Psychiatric Genome-Wide Association Study
(GWAS) Consortium. Genome-wide association study identifies five
new schizophrenia loci. Nat. Genet. 2011, 43, 969—976.

(29) Bergen, S. E.; Petryshen, T. L. Genome-wide association studies
of schizophrenia: does bigger lead to better results? Curr. Opin.
Psychiatry. 2012, 25, 76—82.

(30) Cross-Disorder Group of the Psychiatric Genomics
Consortium. Identification of risk loci with shared effects on five
major psychiatric disorders: a genome-wide analysis. Lancet 2013,
381, 1371—-1379.

(31) Schizophrenia Working Group of the Psychiatric Genomics
Consortium. Biological insights from 108 schizophrenia-associated
genetic loci. Nature 2014, S11, 421—427.

(32) Goes, F. S; McGrath, J.; Avramopoulos, D.; Wolyniec, P.;
Pirooznia, M.; Ruczinski, I; Nestadt, G.; Kenny, E. E,; Vacic, V,;
Peters, I; Lencz, T.; Darvasi, A.; Mulle, J. G.; Warren, S. T.; Pulver, A.
E. Genome-wide association study of schizophrenia in Ashkenazi
Jews. Am. J. Med. Genet,, Part B 2015, 168, 649—659.

(33) Sakamoto, S.; Takaki, M.; Okahisa, Y.; Mizuki, Y.; Inagaki, M.;
Ujike, H.; Mitsuhashi, T.; Takao, S.; Ikeda, M.; Uchitomi, Y.; Iwata,
N.; Yamada, N. Individual risk alleles of susceptibility to
schizophrenia are associated with poor clinical and social outcomes.
J. Hum. Genet. 2016, 61, 329—334.

(34) Palmer, B. A; Pankratz, V. S.; Bostwick, J. M. The lifetime risk
of suicide in schizophrenia: a reexamination. Arch. Gen. Psychiatry
2005, 62, No. 247.

(35) Arroll, M. A;; Wilder, L.; Neil, J. Nutritional interventions for
the adjunctive treatment of schizophrenia: a brief review. Nutr. J.
2014, 13, No. 91.

(36) Howes, O. D.; McCutcheon, R.;; Owen, M. J.; Murray, R. The
role of genes, stress, and dopamine in the development of
schizophrenia. Biol. Psychiatry 2017, 81, 9—20.

(37) Haijma, S. V,; Haren, V. N.; Cahn, W.; Koolschijn, P.C.M.P.;
Pol, H. H. E,; Kahn, R. S. Brain volumes in schizophrenia: A meta-
analysis in over 18 000 subjects. Schizophr. Bull. 2013, 39, 1129—
1138.

(38) Samsom, J. N.; Wong, A.H.C. Schizophrenia and depression co-
morbidity: what we have learned from animal models. Front.
Psychiatry 2015, 6, No. 13.

(39) Sainz, J.; Prieto, C.; Ruso-Julve, F.; Crespo-Facorro, B. Blood
gene expression profile predicts response to antipsychotics. Front. Mol.
Neurosci. 2018, 11, No. 73.

(40) Liu, Y.; Cheng, Z.; Wang, J.; Jin, C.; Yuan, J.; Wang, G.; Zhang,
F.; Zhao, X. No association between the rs10503253 polymorphism in
the CSMD1 gene and schizophrenia in a Han Chinese population.
BMC Psychiatry 2016, 16, No. 206.

(41) Ainiyet, B.; Rybakowski, J. K. Suicidal behavior in schizophrenia
may be related to low lipid levels. Med. Sci. Monit. 2014, 20, 1486—
1490.

(42) da Graga Cantarelli M.; Tramontina, A. C.; Leite, M. C,;
Gongalves, C. A. Potential neurochemical links between cholesterol
and suicidal behavior. Psychiatry Res. 2014, 220, 745—751.

(43) Nasrallah, H. A. The puzzling relationship between cholesterol
and psychopathology. Indian ]. Psychol. Med. 2017, 39, 109—113.

https://doi.org/10.1021/acsomega.1c03637
ACS Omega 2021, 6, 24128—24138


https://doi.org/10.4088/PCC.13f01514
https://doi.org/10.4088/PCC.13f01514
https://doi.org/10.4088/PCC.13f01514
https://doi.org/10.1186/1471-244X-12-150
https://doi.org/10.1186/1471-244X-12-150
https://doi.org/10.1111/eip.12054
https://doi.org/10.1111/eip.12054
https://doi.org/10.1111/eip.12054
https://doi.org/10.1016/j.lab.2005.10.005
https://doi.org/10.1016/j.lab.2005.10.005
https://doi.org/10.1016/j.biopsych.2011.04.013
https://doi.org/10.1016/j.biopsych.2011.04.013
https://doi.org/10.1016/j.schres.2014.03.005
https://doi.org/10.1016/j.schres.2014.03.005
https://doi.org/10.1093/schbul/sbaa166
https://doi.org/10.1093/schbul/sbaa166
https://doi.org/10.1093/schbul/sby191
https://doi.org/10.1093/schbul/sby191
https://doi.org/10.1093/schbul/sby191
https://doi.org/10.1038/mp.2011.170
https://doi.org/10.1038/mp.2011.170
https://doi.org/10.1038/mp.2011.170
https://doi.org/10.1038/nature16549
https://doi.org/10.1038/nature16549
https://doi.org/10.1038/nature16549
https://doi.org/10.1038/nature16549
https://doi.org/10.1007/s11064-010-0126-2
https://doi.org/10.1007/s11064-010-0126-2
https://doi.org/10.1016/j.bbi.2020.01.014
https://doi.org/10.1016/j.bbi.2020.01.014
https://doi.org/10.1016/j.bbi.2020.01.014
https://doi.org/10.1038/tp.2016.278
https://doi.org/10.1038/tp.2016.278
https://doi.org/10.1111/j.1749-6632.2012.06638.x
https://doi.org/10.1111/j.1749-6632.2012.06638.x
https://doi.org/10.1038/s41380-019-0479-0
https://doi.org/10.1038/s41380-019-0479-0
https://doi.org/10.1038/s41380-019-0479-0
https://doi.org/10.4049/jimmunol.176.7.4419
https://doi.org/10.4049/jimmunol.176.7.4419
https://doi.org/10.4049/jimmunol.176.7.4419
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiOzq2996vyAhVhDWMBHU4SBGkQFnoECAsQAQ&url=https%3A%2F%2Fwww.genecards.org%2Fcgi-bin%2Fcarddisp.pl%3Fgene%3DCSMD1&usg=AOvVaw267kwSgkJ9HyCxTgTDdLgn
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiOzq2996vyAhVhDWMBHU4SBGkQFnoECAsQAQ&url=https%3A%2F%2Fwww.genecards.org%2Fcgi-bin%2Fcarddisp.pl%3Fgene%3DCSMD1&usg=AOvVaw267kwSgkJ9HyCxTgTDdLgn
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiOzq2996vyAhVhDWMBHU4SBGkQFnoECAsQAQ&url=https%3A%2F%2Fwww.genecards.org%2Fcgi-bin%2Fcarddisp.pl%3Fgene%3DCSMD1&usg=AOvVaw267kwSgkJ9HyCxTgTDdLgn
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiOzq2996vyAhVhDWMBHU4SBGkQFnoECAsQAQ&url=https%3A%2F%2Fwww.genecards.org%2Fcgi-bin%2Fcarddisp.pl%3Fgene%3DCSMD1&usg=AOvVaw267kwSgkJ9HyCxTgTDdLgn
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiOzq2996vyAhVhDWMBHU4SBGkQFnoECAsQAQ&url=https%3A%2F%2Fwww.genecards.org%2Fcgi-bin%2Fcarddisp.pl%3Fgene%3DCSMD1&usg=AOvVaw267kwSgkJ9HyCxTgTDdLgn
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiOzq2996vyAhVhDWMBHU4SBGkQFnoECAsQAQ&url=https%3A%2F%2Fwww.genecards.org%2Fcgi-bin%2Fcarddisp.pl%3Fgene%3DCSMD1&usg=AOvVaw267kwSgkJ9HyCxTgTDdLgn
https://www.genecards.org/cgi-bin/carddisp.pl?gene=CSMD1
https://doi.org/10.1096/fj.13-230706
https://doi.org/10.1096/fj.13-230706
https://doi.org/10.1096/fj.13-230706
https://doi.org/10.1096/fj.13-230706
https://doi.org/10.1371/journal.pone.0079501
https://doi.org/10.1371/journal.pone.0079501
https://doi.org/10.1186/s12888-019-2089-4
https://doi.org/10.1186/s12888-019-2089-4
https://doi.org/10.1038/ng.940
https://doi.org/10.1038/ng.940
https://doi.org/10.1097/YCO.0b013e32835035dd
https://doi.org/10.1097/YCO.0b013e32835035dd
https://doi.org/10.1016/S0140-6736(12)62129-1
https://doi.org/10.1016/S0140-6736(12)62129-1
https://doi.org/10.1038/nature13595
https://doi.org/10.1038/nature13595
https://doi.org/10.1002/ajmg.b.32349
https://doi.org/10.1002/ajmg.b.32349
https://doi.org/10.1038/jhg.2015.153
https://doi.org/10.1038/jhg.2015.153
https://doi.org/10.1001/archpsyc.62.3.247
https://doi.org/10.1001/archpsyc.62.3.247
https://doi.org/10.1186/1475-2891-13-91
https://doi.org/10.1186/1475-2891-13-91
https://doi.org/10.1016/j.biopsych.2016.07.014
https://doi.org/10.1016/j.biopsych.2016.07.014
https://doi.org/10.1016/j.biopsych.2016.07.014
https://doi.org/10.1093/schbul/sbs118
https://doi.org/10.1093/schbul/sbs118
https://doi.org/10.3389/fpsyt.2015.00013
https://doi.org/10.3389/fpsyt.2015.00013
https://doi.org/10.3389/fnmol.2018.00073
https://doi.org/10.3389/fnmol.2018.00073
https://doi.org/10.1186/s12888-016-0923-5
https://doi.org/10.1186/s12888-016-0923-5
https://doi.org/10.12659/MSM.890884
https://doi.org/10.12659/MSM.890884
https://doi.org/10.1016/j.psychres.2014.10.017
https://doi.org/10.1016/j.psychres.2014.10.017
https://doi.org/10.4103/0253-7176.203117
https://doi.org/10.4103/0253-7176.203117
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.1c03637?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Omega http://pubs.acs.org/journal/acsodf

(44) Jakovljevic, M.; Reiner, Z.; Milicic’, D. Mental disorders,
treatment response, mortality, and serum cholesterol: a new holistic
look at old data. Psychiat. Danub 2007, 19, 270—281.

(45) Solberg, D. K.; Havard, B.; Helge, R.; Andreassen, O. A. Lipid
profiles in schizophrenia associated with clinical traits: a five-year
follow-up study. BMC Psychiatry 2016, 16, No. 299.

(46) Sarkar, S.; Hillner, K; Velligan, D. I. Conceptualization and
treatment of negative symptoms in schizophrenia. World J. Psychiatry
2015, 5, 352—361.

(47) Mitra, S.; Mahintamani, T.; Kavoor, A. R; Nizamie, S. H.
Negative symptoms in schizophrenia. Ind. Psychiatry J. 2016, 25, 135—
144.

(48) Ezequiel, U. Neuropsychological subtypes of schizophrenia and
prefrontal circuits. Neurobiology 2016, 7, No. 280516.

(49) Navarro, E.; Heras, G. S.; Castafo, M. J.; Solera, J. Real-time
PCR. Clin. Chem. Acta 2018, 439, 231—250.

24138

https://doi.org/10.1021/acsomega.1c03637
ACS Omega 2021, 6, 24128—24138


https://doi.org/10.1186/s12888-016-1006-3
https://doi.org/10.1186/s12888-016-1006-3
https://doi.org/10.1186/s12888-016-1006-3
https://doi.org/10.5498/wjp.v5.i4.352
https://doi.org/10.5498/wjp.v5.i4.352
https://doi.org/10.4103/ipj.ipj_30_15
https://doi.org/10.1016/j.cca.2014.10.017
https://doi.org/10.1016/j.cca.2014.10.017
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.1c03637?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

