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Differential expression of diacylglycerol kinase
Cis involved in inferior parietal lobule-related
dysfunction in schizophrenia with cognitive
impairments
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Abstract

Background Cognitive impairment is the main factor in the poor prognosis of schizophrenia, but its mechanism
remains unclear. The inferior parietal lobule (IPL) is related to various clinical symptoms and cognitive impairment
in schizophrenia. We aimed to explore the relationship between IPL-related functions and cognitive impairment in
schizophrenia.

Methods 136 schizophrenia patients and 146 demographically matched healthy controls were enrolled for a cross-
sectional study. High-spatial-resolution structural and resting-state functional images were acquired to demonstrate
the alternations of brain structure and function. At the same time, the digit span and digit symbol coding tasks of the
Chinese Wechsler Adult Intelligence Test Revised (WAIS-RC) were utilized in assessing the subjects’ cognitive function.
Patients were divided into cognitive impairment and normal cognitive groups according to their cognitive score and
then compared whether there were differences between the three groups in fractional amplitude of low-frequency
fluctuation (fALFF). In addition, we did a correlation analysis between cognitive function and the fALFF for the left IPL
of patients and healthy controls. Based on the Allen Human Brain Atlas, we obtained genes expressed in the left IPL,
which were then intersected with the transcriptome-wide association study results and differentially expressed genes
in schizophrenia.

Results Grouping of patients by the backward digit span task and the digit symbol coding task showed differences in
fALFF values between healthy controls and cognitive impairment patients (P <0.05). We found a negative correlation
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between the backward digit span task score and fALFF of the left IPL in healthy controls (r=—0.388, P=0.003), which
was not seen in patients (r=0.203, P=0.020). In addition, none of the other analyses were statistically significant
(P>0.017). In addition, we found that diacylglycerol kinase { (DGKJ) is differentially expressed in the left IPL and

associated with schizophrenia.

Conclusion Our study demonstrates that the left IPL plays a vital role in cognitive impairment in schizophrenia. DGK{
may act as an essential regulator in the left IPL of schizophrenia patients with cognitive impairment.

Keywords Inferior parietal lobule, Schizophrenia, Cognitive function, Transcriptome

Introduction

Schizophrenia is a chronic mental disorder with an unde-
fined aetiology and is highly recurrent and extremely dis-
abling, affecting more than 20 million people worldwide
[1]. The Chinese Mental Health Survey showed schizo-
phrenia has a weighted lifetime prevalence of 0.6% [2].
The clinical diagnosis and treatment for this disorder
have progressed slowly, thus creating a massive health-
care burden. As a symptom dimension of the disease,
cognitive impairment is one of the critical clinical prob-
lems and difficulties of schizophrenia and a significant
factor in the poor prognosis of schizophrenia [3]. There is
no effective treatment method for cognitive impairment,
and the root is that the mechanism has not been fully
elucidated [4-6].

Magnetic resonance imaging (MRI) is vital in reveal-
ing brain structure and function information in schizo-
phrenia patients. In fMRI studies of schizophrenia, many
researchers have devoted themselves to finding the func-
tional localization of brain regions corresponding to spe-
cific symptoms, including cognitive symptoms [7]. The
adoption of MRI contributes to systematic study on the
brain of schizophrenia patients to explore the mecha-
nisms of cognitive impairment in schizophrenia.

Both amplitude of low-frequency fluctuation (ALFF)
and fractional amplitude of low-frequency fluctuation
(fALFF) are indicators of the intensity of spontaneous
activity in the brain. ALFF has some drawbacks due to
noise [8]. The fALFF effectively avoids the drawbacks
of ALFF by calculation. It has been shown that fALFF
is more sensitive to cognitive domain differences [9].
Therefore, we detected the fALFF function in patients.
The inferior parietal lobule (IPL) is a crucial component
of the frontoparietal network and is involved in cognitive
deficits and various clinical symptoms in schizophrenia.
IPL involves sensorimotor integration [10], semantic pro-
cessing [11], mathematical cognition [12], body image
[13], the concept of self [13], and execution [14]. Many
studies have reported the structural alterations of IPL in
schizophrenia, such as reduced grey matter volume [15].
There is a relationship between brain morphology and
cognitive function [16]. A meta-analysis has shown that
reduced gray matter volume in the IPL is associated with
cognitive function [17]. Similarly, it has also found the

abnormal function of IPL in patients with schizophrenia
[18-20]. However, it is unclear whether changes in IPL
function are correlated with cognitive impairment in
patients with schizophrenia. In addition, the molecular
genetic mechanisms behind the large-scale mechanisms
of cognitive impairment in schizophrenia remain to be
clarified. Common brain phenotypic abnormalities in
schizophrenia include functional abnormalities between
brain regions [21]. Alterations in brain function are asso-
ciated with schizophrenia risk genes on the one hand [22]
and with cognitive function on the other hand [23].

The current study examined the left IPL local function
and its relevance to cognitive function. To explore the
functional connectivity abnormalities, we obtained rest-
ing-state fMRI data from patients with schizophrenia and
healthy controls. Comparing patients with healthy con-
trols, we intended to investigate the relationship between
IPL and cognitive impairment in patients with schizo-
phrenia. (Fig. 1). In addition, there is a need to explore
the molecular mechanisms behind cognitive impairment
in schizophrenia.

Materials and methods

Subject

We recruited 136 schizophrenia patients from the
Department of Psychiatry at Xijing Hospital and 146
healthy controls through advertising for a cross-sectional
study. One hundred and nine patients were on medica-
tion converted to olanzapine equivalents with a mean
(standard deviation) of 9.50 mg/d (6.94 mg/d), including
that six were on both first- and second-generation anti-
psychotics, and the others were on second-generation
antipsychotics. All subjects signed informed consent. The
Xijing Hospital Institutional Ethics Committee approved
the study, which followed the principles in the Declara-
tion of Helsinki. All subjects were Han Chinese and right-
handed. Exclusion criteria included (1) organic lesions of
the central nervous system; (2) history of neurostimula-
tion, congenital brain development or head trauma, epi-
lepsy, etc.; (3) other types of mental disorders (such as
obsessive-compulsive disorder, depression, anxiety dis-
order, etc.); (4) severe unstable somatic diseases (such as
coronary heart disease, systemic lupus erythematosus,
thyroid disease, hypertension, etc.); (5) substance abuse
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Fig. 1 a, The impairment of left IPL function may play an essential role in the cognitive impairment of schizophrenia. b, Using the digit symbol coding
task scores for grouping, the difference in fALFF values for the left IPL was statistically significant between healthy controls and patients with cognitive
impairment (P=0.014). ¢, Using the forward digit span scores for grouping, the group difference has no statistical significance (P=0.259). d, Using the
backward digit span scores for grouping, the difference in fALFF values for the left IPL was statistically significant between healthy controls and patients
with cognitive impairment (P=0.014). (A: normal cognitive group; B: cognitive impairment group; C: healthy control)

or substance dependence; (6) pregnancy or preparation
for pregnancy, lactation; (7) contraindications for MRI
examination (e.g., pacemaker and other metal implants,
etc.). A full description of the sample is available in the
study by Li et al. [9].

The diagnosis of schizophrenia patients follows the
schizophrenia diagnostic criteria in the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition
(DSM-5) [24]. Two experienced clinical psychiatrists
reached an agreement after an independent diagnosis.
The severity of patients’ symptoms was evaluated by
using the Positive and Negative Syndrome Scale (PANSS)
[25]. Clinical assessment and MRI scans were completed
on the same day.

Cognitive assessment
We assessed the cognition of subjects with the digit span
(forward, backward) and digit symbol coding tasks in

the Wechsler Adult Intelligence Scale-Revised in China
(WAIS-RC). The forward digit span task consists of up to
12 digits, while the backward digit span task consists of
up to 10 digits, with each part arranged from easy to dif-
ficult digits. If a string is repeated correctly, subjects are
asked to proceed to the next string. If there is an error,
the second test uses a new string of the same length. The
test stops for the part that all fails, and the string’s length
is recorded. In the digit symbol coding task, the number
0 to 9 corresponds to a specified symbol, and the subject
is required to quickly fill in the corresponding symbol in
the space under each number from left to right. Subjects
start with the practice program. The time limit of formal
test is 90 s. Ultimately, we obtained data on digit sym-
bol coding and digit span task from 132 patients and 56
healthy controls.
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Image acquisition

Resting-state fMRI and structural T1-weighted imaging
scans were collected for each subject on a General Elec-
tric (GE) Discovery MR750 3.0 T MR. During acquiring
the images, participants were asked to lie flat, remain
still, close their eyes, and not fall asleep. The custom head
ring pads and ear plugs were used to reduce head move-
ment and weaken the scanner’s noise.

Data preprocessing

As in the previous study, we processed the data through
the Data Processing Assistant for Resting-State fMRI
Advanced Edition (DPARSFA) V4.4 [9]. The steps were:
(1) converting the DICOM image format to NIfTT; (2)
removing the first ten time points for each subject; (3)
slice timing correction; (4) realignment; (5) the regres-
sion of covariates, including global mean signal, six head
motion parameters, white matter signal, and cerebro-
spinal fluid signals; (6) coregistering the T1-weighted
images to the functional images; (7) normalizing coreg-
istered images to the Montreal Neurological Institute
space; (8) smoothing.

ALFF calculation

The ALFF of the BOLD signal was performed using
DPARSFA V4.4 to identify regional brain function [26].
The data were filtered by bandpass (0.01-0.08 Hz) for
ALFF. fALFF was the ratio of the power of each fre-
quency in the low-frequency range to the power of the
entire frequency range.

Gene expression

A full description of RNA-seq data collection and analy-
sis is available elsewhere [27] Total RNA was extracted
using the Trizol reagent kit. Eukaryotic mRNA was sub-
sequently enriched by Oligo(dT) beads, while prokary-
otic mRNA was enriched by the removal of rRNA with
the Ribo-ZeroTM magnetic kit. The enriched mRNA was
then broken into short fragments using a broken buffer
and reverse transcribed into cDNA using random prim-
ers. Second strand cDNA was synthesized using DNA
polymerase I, RNase H, ANTP and buffer. cDNA frag-
ments were then purified, end-repaired, poly(A) added,
and ligated to Illumina sequencing adapters. Finally,
PCR amplification and sequencing used Illumina Nova-
seq6000. We searched through a web Allen Human Brain

Table 1 Results of subgroups of patients with schizophrenia

normal cognitive  cognitive
groups impairment
groups
digit symbol coding 7 114
digit span (forward) 43 57
digit span (backward) 19 98

Page 4 of 8

Atlas (http://human.brain-map.org/) and acquired the
genes expressed in IPL. Then, we compared the tran-
scriptome-wide association study (TWAS) results of
schizophrenia [28] and differentially expressed genes in
schizophrenia [27] with the genes expressed in IPL.

Statistical analysis

We used WAIS-RC scores to describe cognitive group-
ing, i.e., a cutoff of scores of <—1.0 SD to describe the
group with cognitive impairment, and scores of >—0.5
SD to describe a group with normal cognitive function
[29]. Then we compared the differences between the
three groups in fALFF using the one-way ANOVA test.
In addition, we made the Pearson correlation analysis
between ALFF of the left IPL of patients and healthy con-
trols and digit symbol coding task score, forward digit
span task score, and backward digit span task score. To
verify whether positive symptoms could affect cognitive
scores, we did a Pearson correlation analysis between
positive symptom scores and digit symbol coding task
score, forward digit span task score, and backward digit
span task score. In addition, Pearson correlation analysis
between medication dose and cognitive scores was per-
formed in patients with schizophrenia. P<0.05 was con-
sidered statistically significant.

Results

Demographical and clinical characteristics

Demographic data are shown in Supplementary Table 1.
There were no statistically significant differences between
schizophrenia patients and healthy controls on charac-
teristics other than educational attainment.

Cognitive Impairments

Grouping of patients by the backward digit span task and
the digit symbol coding task showed differences in fALFF
values between healthy controls and cognitive impair-
ment patients (P<0.05). All other differences analyzed
were not statistically significant (P>0.05).

Clinical correlates

The results of the subgroups of patients with schizophre-
nia are shown in Table 1. We made the correlation analy-
sis between ALFF of the left IPL (x=—38, y=—58, z=38,
radius = 6 mm) [30] of patients and healthy controls and
digit symbol coding task score, forward digit span task
score, and backward digit span task score in WAIS scale.
The results showed a negative correlation in healthy con-
trols (r = -0.388, P=0.003) but were not seen in patients
(r=0.203, P=0.020; Fig. 2). In addition, none of the other
correlation analyses was statistically significant (P>0.05,
Bonferroni correction, 0.05/3). The above findings dem-
onstrate that the cognitive impairment in schizophre-
nia patients is obvious, and the function of the left IPL
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Fig. 2 There was a negative correlation between digit span task score and
fALFF in the left IPL in healthy controls (r=-0.388, P=0.003), but was not
seen in patients (r=0.203, P=0.020)

involved in working memory is impaired in patients with
schizophrenia. In addition, the results of the correlation
analysis between positive symptom scores and digit sym-
bol coding and digit span scores were not statistically sig-
nificant, indicating that positive symptoms do not affect
digit symbol coding and digit span results. The results
of the correlation analysis between medication dose and
cognitive scores in schizophrenia patients were not sta-
tistically significant.

Differentially expressed
genes in schizophrenia
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Gene expression
DGKU{ was differentially expressed in the left IPL and
associated with schizophrenia (Fig. 3).

Discussion

Our study explores the relationship between IPL dys-
function and cognitive impairment in schizophrenia. The
results show that IPL functional impairment may work
on cognitive impairment in schizophrenia (Fig. 4). In
addition, DGK{ is differentially expressed in the left IPL
and associated with schizophrenia.

Regional abnormalities in the frontoparietal network,
the hub node of the brain connectome, have been asso-
ciated with cognitive impairment in schizophrenia [29,
31-33], especially the connection between the DLPFC-
IPL [31]. Although the parietal cortex, especially the
IPL, is generally considered an essential component of
network disorders in schizophrenia, compared with the
hippocampus, prefrontal cortex, or cingulate gyrus,
IPL has received less attention [13]. fMRI study has
shown that patients with cognitive impairment display
decreased frontoparietal network connectivity and that
higher ALFF of IPL corresponds to worse cognitive func-
tion [29]. Multimodal studies have also indicated that
most brain regions with dysfunctions and structural

Allen Human
Brain Atlas

Fig.3 The TWAS results of schizophrenia [28], differentially expressed genes in schizophrenia, and the genes expressed in IPL were intersected. DGK{ was

differentially expressed in the IPL and associated with schizophrenia
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Cognitive impairments /

Fig. 4 Disrupted IPL function may play a vital role in cognitive impairment in schizophrenia. DGK{ may act as an essential regulator in the left IPL of

schizophrenia patients with cognitive impairment

abnormalities associated with cognitive impairment typi-
cally contain IPL.

Our findings demonstrate the relationship between the
dysfunction of left IPL and cognitive impairment, prove
that IPL has a significant role in the cognitive impairment
of schizophrenia, and reveals the biological phenotype of
schizophrenia. In addition, the conclusions also provide
evidence that the left IPL can be used as a new target for
noninvasive neurostimulation for cognitive impairment in
schizophrenia, which can help to optimize the current clini-
cal treatment strategies.

In the present study, cognitive assessments were made
using the digit span (forward, backward) and digit sym-
bol coding tasks. In the digit symbol coding and backward
digit span tasks, we found differences in fALFF in the left
IPL between healthy controls and cognitive impairment
patients. This suggests that the left IPL of cognitive impair-
ment patients has impaired functions involved in working
memory and processing speed. Previous studies have shown
that patients with schizophrenia are more likely to have
impaired working memory [34] and processing speed [35].
However, subgroup studies of patients have yet to be con-
ducted. The digit symbol coding task is sensitive to schizo-
phrenia [36] and reflects processing speed. The digit symbol
coding task score is a characteristic indicator of cognitive
deficits in schizophrenia. Koshiyama et al. investigated the
relationship between brain structure and cognitive func-
tion in patients with schizophrenia. They showed a positive
correlation between the volume of the right nucleus accum-
bens and the digit symbol coding task scores in the group of
patients [37]. The digit span test reflects working memory.

Moreover, memory and schizophrenia cognition are closely
related. There is a significant association between cortical
thickness in frontoparietal regions and digit span score in
children [38]. Although previous studies have focused on
the association between frontal lobes and working memory
in schizophrenia, the relevance of parietal lobes to working
memory remains largely unknown.

A growing body of evidence supports the multifacto-
rial nature of schizophrenia susceptibility, which includes
smoking, obesity, inflammation, and genetic factors. Smok-
ing may increase the risk of developing schizophrenia
[39]. Moreover, smoking rates are higher in schizophre-
nia. Molecular genetic studies have revealed a common
genetic root of schizophrenia and smoking [40]. Inflamma-
tory processes are known to play a role in the etiology of
schizophrenia. One study found high plasma resistin levels
in both first-episode schizophrenia patients and chronic
schizophrenia patients, suggesting a role for resistin in the
inflammatory process in both acute and chronic phases of
psychosis [41]. However, previous findings do not support
the idea that inflammation plays a major role in cognitive
impairment in schizophrenia [42]. Adolescents with psychi-
atric disorders have unhealthy lifestyles, which may contrib-
ute to increased obesity rates [43]. However, some studies
suggest that obesity in schizophrenia is primarily caused by
antipsychotic medications [44]. It has also been suggested
that schizophrenia itself can increase the body mass index
(BMI), leading to obesity [45]. However, it has not found dif-
ferences in BMI between patients with schizophrenia and
healthy controls [46]. In addition, oxidative mechanisms
may also play a role in the pathogenesis of schizophrenia,
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with one study finding a correlation between elevated total
antioxidant levels and suicidal behavior [47].

Studies have shown that DGKC is critical for immune
response [48]. Studies on the potential role of inflammation
in the etiology of schizophrenia have been widely reported.
Studies have shown that the inflammatory process might
destroy cognition’s neurobiological mechanism [49]. In
addition, Miiller et al. [50] concluded that anti-inflamma-
tory add-on risperidone could improve the cognition of
schizophrenia patients. Therefore, our study indicates that
DGK{ may be engaged in the molecular mechanism of
function impairment in IPL through immunomodulatory
function and serve an essential role in the cognitive impair-
ment of schizophrenia.

In addition, it has been shown that DGK{ is a vital regu-
lator of long-term depression and long-term potentiation
(LTP) in the hippocampus, and DGK{ may be a negative
regulator of LTP under physiological conditions [51]. LTP is
the physiological basis of memory. In schizophrenia, mem-
ory and cognitive function are closely related. LTP may be
related to the neuropathological mechanism of cognitive
impairment in schizophrenia [52]. Therefore, DGK{ may
affect the cognitive function of schizophrenia by regulating
LTP.

There are some limitations of our study. First, our study
concentrated on a limited period during the illness with-
out studying the different stages of schizophrenia. Several
aspects of the current study deserve further discussion, and
future work should include the normal cognitive group of
patients with schizophrenia for multi-group comparisons.
Second, the lack of relevant information made it impos-
sible to explore the effects of extrinsically influenced factors
on the current findings. Therefore, relevant data should be
added for analysis in future studies. The molecular mecha-
nism of IPL functional alterations leading to cognitive
impairment in schizophrenia deserves further exploration.
Furthermore, physical stimuli, such as electroconvulsive
therapy and repetitive transcranial magnetic stimulation,
can be performed to detect the effect of activating left
IPL on cognitive impairment, thus demonstrating that
the left IPL plays a vital role in cognitive impairment in
schizophrenia.

In summary, the dysfunction of left IPL may play an
essential role in the cognitive impairment of schizophre-
nia. The differential expression of DGK{ may be involved
in IPL-related dysfunction in schizophrenia with cognitive
impairments.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512888-023-04955-x.

[ Supplementary Material 1 ]

Page 7 of 8

Acknowledgements
We thank Prof. Huaning Wang for supporting this study.

Authors’ contributions

Xiao-Fan Liu wrote the original draft and prepared formal analysis; Shu-Wan
Zhao, Jing-Wen Fan,Yu-Fei Fu and Yue-Wen Gu prepared writing review and
editing; Jin-Jin Cui did the validation; Hong Yin and Ya-Hong Zhang did the
supervision; Kun Chen did the validation; Long-Biao Cui did the methodology;
All authors reviewed the manuscript.

Funding

National Natural Science Foundation of China (82271949) and Project funded
by China Postdoctoral Science Foundation (Grant Nos. 2020M683739 and
2019TQ0130).

Data availability
The data underlying this article will be shared on reasonable request from the
corresponding author.

Declarations

Ethics approval and consent to participate

The study was approved by the Xijing Hospital Institutional Ethics Committee
and followed the principles in the Declaration of Helsinki. All subjects or legal
guardians (for those under age of 18 years) of the patients signed informed
consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Radiology, Xi'an People’s Hospital, Xi'an, China
?Schizophrenia Imaging Lab, Fourth Military Medical University, Xi‘an,
China

3Departmem of Radiology, The Second Medical Center, Chinese PLA
General Hospital, Beijing, China

“Department of Psychiatry, Xijing Hospital, Fourth Military Medical
University, Xi'an, China

°Department of Human Anatomy and K. K. Leung Brain Research Centre,
Fourth Military Medical University, Xi'an, China

5Shaanxi Provincial Key Laboratory of Clinic Genetics, Fourth Military
Medical University, Xi'an, China

’Department of Radiology, The First Affiliated Hospital of Xi‘an Jiaotong
University, Xi'an, China

Received: 21 April 2023 / Accepted: 13 June 2023
Published online: 21 July 2023

References

1. James SL, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi N, Abbastabar
H, Abd-Allah F, Abdela J, Abdelalim A, et al. Global, regional, and national
incidence, prevalence, and years lived with disability for 354 diseases and
injuries for 195 countries and territories, 1990-2017: a systematic analysis for
the Global Burden of Disease Study 2017. Lancet. 2018;392(10159):1789-858.

2. HuangY,WangY,Wang H, Liu Z, Yu X, Yan J, Yu Y, Kou C, Xu X, Lu J, et al. Preva-
lence of mental disorders in China: a cross-sectional epidemiological study.
Lancet Psychiatry. 2019,6(3):211-224.

3. Mucci A, Galderisi S, Gibertoni D, Rossi A, Rocca P, Bertolino A, Aguglia
E, Amore M, Bellomo A, Biondi M, et al. Factors associated with real-life
functioning in persons with schizophrenia in a 4-year follow-up study of the
Italian network for research on psychoses. JAMA Psychiatry. 2021,78(5):550-9.

4. McCutcheon RA, Reis Marques T, Howes OD. Schizophrenia-an overview.
JAMA Psychiatry. 2020;77(2):201-10.

5. Goff DC.The pharmacologic treatment of schizophrenia-2021. JAMA.
2021;325(2):175-6.


https://doi.org/10.1186/s12888-023-04955-x
https://doi.org/10.1186/s12888-023-04955-x

Liu et al. BMC Psychiatry

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

(2023) 23:526

Kahn RS. On the origins of schizophrenia. Am J Psychiatry. 2020;177(4):291-7.
Canario E, Chen D, Biswal B. A review of resting-state fMRI and its use to
examine psychiatric disorders. Psychoradiology. 2021;1(1):42-53.

Chai X, Zhang R, Xue C, Li Z, Xiao W, Huang Q, Xiao C, Xie S. Altered patterns
of the fractional amplitude of low-frequency fluctuation in drug-naive first-
episode unipolar and bipolar depression. Front Psychiatry. 2020;11:587803.

Li P, Zhao SW,Wu XS, Zhang YJ, Song L, Wu L, Liu XF, Fu YF, Wu D, Wu WJ, et al.
The association between lentiform nucleus function and cognitive impair-
ments in schizophrenia. Front Hum Neurosci. 2021;15:777043.

Fogassi L, Ferrari PF, Gesierich B, Rozzi S, Chersi F, Rizzolatti G. Parietal

lobe: from action organization to intention understanding. Science.
2005,308(5722):662-7.

Chou TL, Chen CW, Wu MY, Booth JR. The role of inferior frontal gyrus and
inferior parietal lobule in semantic processing of chinese characters. Exp
Brain Res. 2009;198(4):465-75.

Wu SS, Chang TT, Majid A, Caspers S, Eickhoff SB, Menon V. Functional hetero-
geneity of inferior parietal cortex during mathematical cognition assessed
with cytoarchitectonic probability maps. Cereb Cortex. 2009;19(12):2930-45.
Torrey EF. Schizophrenia and the inferior parietal lobule. Schizophr Res.
2007,97(1-3):215-25.

Singh-Curry V, Husain M. The functional role of the inferior parietal lobe in the
dorsal and ventral stream dichotomy. Neuropsychologia. 2009;47(6):1434-48.
Bhojraj TS, Francis AN, Montrose DM, Keshavan MS. Grey matter and cogni-
tive deficits in young relatives of schizophrenia patients. Neurolmage.
2011;54(Suppl 1):287-92.

Zhao Q, Li J, Xiao Y, Cao H, Wang X, Zhang W, Li S, Liao W, Gong Q, Lui S.
Distinct neuroanatomic subtypes in antipsychotic-treated patients with
schizophrenia classified by the predefined classification in a never-treated
sample. Psychoradiology. 2021;1(4):212-24.

Pico-Perez M, Vieira R, Fernandez-Rodriguez M, De Barros MAP, Radua J, Mor-
gado P. Multimodal meta-analysis of structural gray matter, neurocognitive
and social cognitive fMRI findings in schizophrenia patients. Psychol Med.
2022;52(4):614-24.

Backes V, Kellermann T, Voss B, Kramer J, Depner C, Schneider F, Habel U.
Neural correlates of the attention network test in schizophrenia. Eur Arch
Psychiatry Clin Neurosci. 2011;261(Suppl 2):155-60.

Guo S, Kendrick KM, Yu R, Wang HL, Feng J. Key functional circuitry altered

in schizophrenia involves parietal regions associated with sense of self. Hum
Brain Mapp. 2014;35(1):123-39.

Yildiz M, Borgwardt SJ, Berger GE. Parietal lobes in schizophrenia: do they
matter? Schizophr Res Treatment. 2011; 2011:581686.

Brugger SP, Howes OD. Heterogeneity and homogeneity of regional

brain structure in schizophrenia: a meta-analysis. JAMA Psychiatry.
2017,74(11):1104-11.

JiY, Zhang X, Wang Z, Qin W, Liu H, Xue K, Tang J, Xu Q, Zhu D, Liu F, et al.
Genes associated with gray matter volume alterations in schizophrenia.
Neurolmage. 2021;225:117526.

Holleran L, Kelly S, Alloza C, Agartz |, Andreassen OA, Arango C, Banaj N,
CalhounV, Cannon D, CarrV, et al. The relationship between white matter
microstructure and general cognitive ability in patients with schizophre-

nia and healthy participants in the ENIGMA consortium. Am J Psychiatry.
2020;177(6):537-47.

American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition; 2013.

Kay SR, Fiszbein A, Opler LA. The positive and negative syndrome scale
(PANSS) for schizophrenia. Schizophr Bull. 1987;13(2):261-76.

Chao-Gan Y, Yu-Feng Z. DPARSF: a MATLAB toolbox for “Pipeline” data analysis
of resting-state fMRI. Front Syst Neurosci. 2010;4:13.

Cui LB, Zhao SW, Zhang YH, Chen K, Fu YF, Qi T, Wang M, Fan JW, Gu YW, Liu
XF, et al. Multi-omic transcriptional, brain, and clinical variations in schizo-
phrenia. medRxiv. 2023.05.30.23290738. https://doi.org/10.1101/2023.05.30.2
3290738.

Gusev A, Mancuso N, Won H, Kousi M, Finucane HK, Reshef Y, Song L, Safi A,
Schizophrenia Working Group of the Psychiatric, Genomics C, McCarroll S,

et al. Transcriptome-wide association study of schizophrenia and chromatin
activity yields mechanistic disease insights. Nat Genet. 2018;50(4):538-48.
Lewandowski KE, McCarthy JM, Ongur D, Norris LA, Liu GZ, Juelich RJ, Baker
JT. Functional connectivity in distinct cognitive subtypes in psychosis.
Schizophr Res. 2019;204:120-6.

Greenman DLB, La MAN, Shah S, Chen Q, Berman KF, Weinberger DR, Tan HY.
Parietal-prefrontal feedforward connectivity in association with schizophrenia
genetic risk and delusions. Am J Psychiatry. 2020;177(12):1151-8.

31

32,

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Page 8 of 8

Sui J, Pearlson GD, Du Y, Yu Q, Jones TR, Chen J, Jiang T, Bustillo J, Calhoun VD.
In search of multimodal neuroimaging biomarkers of cognitive deficits in
schizophrenia. Biol Psychiatry. 2015;78(11):794-804.

Erkol C, CohenT, Chouinard VA, Lewandowski KE, Du F, Ongur D. White mat-
ter measures and cognition in schizophrenia. Front Psychiatry. 2020;11:603.
Meng X, Jiang R, Lin D, Bustillo J, Jones T, Chen J, Yu Q DuY, Zhang Y, Jiang T,
et al. Predicting individualized clinical measures by a generalized prediction
framework and multimodal fusion of MRI data. Neurolmage. 2017;145(Pt
B):218-29.

Trapp W, Dotterweich S, Hintner L, Wollny H, Lautenbacher S, Hajak G. Speed
and capacity of working memory and executive function in schizophrenia
compared to unipolar depression. Schizophr Res Cogn. 2017;10:1-6.
Heinrichs RW, Pinnock F, Muharib E, Hartman L, Goldberg J, McDermid Vaz

S. Neurocognitive normality in schizophrenia revisited. Schizophr Res Cogn.
2015;2(4):227-32.

Dickinson D, Ramsey ME, Gold JM. Overlooking the obvious: a meta-analytic
comparison of digit symbol coding tasks and other cognitive measures in
schizophrenia. Arch Gen Psychiatry. 2007;64(5):532-42.

Koshiyama D, Fukunaga M, Okada N, Yamashita F, Yamamori H, Yasuda Y,
Fujimoto M, Ohi K, Fujino H, Watanabe Y, et al. Role of subcortical structures
on cognitive and social function in schizophrenia. Sci Rep. 2018;8(1):1183.
Botdorf M, Riggins T. When less is more: thinner fronto-parietal cortices are
associated with better forward digit span performance during early child-
hood. Neuropsychologia. 2018;121:11-8.

Sagud M, Mihaljevic Peles A, Pivac N. Smoking in schizophrenia: recent find-
ings about an old problem. Curr Opin Psychiatry. 2019;32(5):402-8.

Ohi K, Kuwata A, Shimada T, Kataoka Y, Yasuyama T, Uehara T, Kawasaki Y.
Genome-wide variants shared between smoking quantity and schizophrenia
on 15925 are associated with CHRNAS expression in the brain. Schizophr Bull.
2019;45(4):813-23.

Sahpolat M, Ari M, Kokacya MH. Plasma apelin, visfatin and resistin levels in
patients with first episode psychosis and chronic schizophrenia. Clin Psycho-
pharmacol Neurosci. 2020;18(1):109-15.

Bora E. Peripheral inflammatory and neurotrophic biomarkers of cog-

nitive impairment in schizophrenia: a meta-analysis. Psychol Med.
2019;49(12):1971-9.

Chao AM, Wadden TA, Berkowitz RI. Obesity in adolescents with psychiatric
disorders. Curr Psychiatry Rep. 2019;21(1):3.

Correll CU, Sikich L, Reeves G, Johnson J, Keeton C, Spanos M, Kapoor S,
Bussell K, Miller L, Chandrasekhar T, et al. Metformin add-on vs. antipsychotic
switch vs. continued antipsychotic treatment plus healthy lifestyle education
in overweight or obese youth with severe mental illness: results from the
IMPACT trial. World Psychiatry. 2020;19(1):69-80.

Liang J, CaiY, Xue X, Li X, Li Z, Xu C, Xie G, Yu Y. Does schizophrenia itself cause
obesity? Front Psychiatry. 2022;13:934384.

Sahpolat M, Ari M. Higher prevalence of metabolic syndrome and related
factors in patients with first-episode psychosis and schizophrenia: a cross-
sectional study in Turkey. Nord J Psychiatry. 2021;75(1):73-8.

Kokacya M, Celikel A, Copoglu U, Zeren C, Eren A, Sahpolat M, Ozcan O.
Evidence for oxidative stress in suicide cases - a postmortem study. Int Neu-
ropsychiatric Disease J. 2016;6(3):1-6.

Singh BK, Kambayashi T. The immunomodulatory functions of diacylglycerol
kinase zeta. Front Cell Dev Biol. 2016;4:96.

Fourrier C, Singhal G, Baune BT. Neuroinflammation and cognition across
psychiatric conditions. CNS Spectr. 2019,24(1):4-15.

Muller N. Inflammation and the glutamate system in schizophrenia: implica-
tions for therapeutic targets and drug development. Expert Opin Ther
Targets. 2008;12(12):1497-507.

Seo J,Kim K, Jang S, Han S, Choi SY, Kim E. Regulation of hippocampal long-
term potentiation and long-term depression by diacylglycerol kinase zeta.
Hippocampus. 2012;22(5):1018-26.

Salavati B, Rajji TK, Price R, Sun Y, Graff-Guerrero A, Daskalakis ZJ. Imaging-
based neurochemistry in schizophrenia: a systematic review and implications
for dysfunctional long-term potentiation. Schizophr Bull. 2015;41(1):44-56.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1101/2023.05.30.23290738
https://doi.org/10.1101/2023.05.30.23290738

	﻿Differential expression of diacylglycerol kinase ζ is involved in inferior parietal lobule-related dysfunction in schizophrenia with cognitive impairments
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Subject
	﻿Cognitive assessment
	﻿Image acquisition
	﻿Data preprocessing
	﻿ALFF calculation
	﻿Gene expression
	﻿Statistical analysis

	﻿Results
	﻿Demographical and clinical characteristics
	﻿Cognitive Impairments
	﻿Clinical correlates

	﻿Discussion
	﻿References


