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SUMMARY

Objective: It is now well accepted that inflammatory
processes play a role in the etiopathogenesis of psychi-
atric disorders. NLRP3 inflammasome, which is formed
by the combination of NLRP3, ASC and Caspase-1 pro-
teins, and its activator NEK7, takes part in these process-
es. In this study, we aimed to investigate the relationship
between inflammatory markers (i.e. IL-13, IL-18, NLRP3
inflammasome protein levels) and cognitive functions in
patients with obsessive compulsive disorder (OCD).
Method: Forty-two patients between the ages of 18-45
who were diagnosed with OCD were included in the
study. Structured Clinical Interview for DSM-IV Axis |
Disorders (SCID-1), Yale-Brown Obsessive Compulsive
Scale (Y-BOCS), and Hamilton Depression Scale (HAMD)
were used for clinical evaluations. In order to evaluate
cognitive functions, Trail Making Test (TMT), Berg Card
Sorting Test and Category Fluency Test were applied. IL-
1B and IL-18 cytokine levels were determined by the
ELISA method; measurement of the protein amounts of
NLRP3, Caspase-1, ASC and NEK7 were performed by
Western blotting. Results: Serum IL-1beta was negative-
ly correlated with TMT (B-A) (rs=-.36, p= 0.019).
Similarly, ASC was negatively correlated with TMT-B and
TMT (B-A) (rs=-.38, p= 0.03; rs=-0.36, p = 0.04, respec-
tively). However, no statistically significant relationship
was found between other inflammatory parameters
(NLRP3, Caspase-1, and IL-18) and neurocognitive tests.
Discussion: Our results indicate that some aspects of
neurocognitive impairment in patients with OCD might
be related to neuroinflammatory processes, with impli-
cations for our understanding of the pathogenesis of
OCD.
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OZET

Amag: inflamatuar siireclerin psikiyatrik bozukluklarin
etyopatogenezinde rol oynadigi yaygin kabul gérmekte-
dir. Bu streclerde NLRP3, ASC ve Caspase-1 proteinlerinin
bir araya gelmesiyle ve NEK7'nin aktivasyonuyla olusan
NLRP3 inflamatuari yer almaktadir. Bu calismada obsesif
kompulsif bozukluk (OKB) hastalarinda inflamatuar
belirtecler (6r: IL-1B, IL-18, NLRP3 inflamatuar protein
duzeyleri) ile bilissel islevler arasindaki iliskinin
arastirlmasi amaclanmistir. Yontem: OKB tanisi almis
18-45 yas arasi kirk-iki hasta calismaya dahil edilmistir.
Klinik degerlendirmeler icin DSM-IV Eksen I. Bozukluklari
icin Yapilandirlmis Psikiyatrik Gorisme Formu (SCID-I),
Yale Brown Obsesyon Kompulsiyon Olcegi (Y-BOCS) ve
Hamilton Depresyon Olcegi (HAM-D) kullaniimistir.
Bilissel islevleri degerlendirmek icin iz Stirme Testi (TMT),
Berg Kart Esleme Testi ve Kategori Akicilik Testi
uygulanmistir. IL-1B ve IL-18 sitokin seviyeleri ELISA yon-
temi ile belirlenirken NLRP3, Kaspaz-1, ASC ve NEK7'nin

protein miktarlarinin 6lcimu Western blot yontemi ile
gerceklestirilmistir. Bulgular: Serum IL-1beta seviyeleri,
TMT (B-A) ile negatif korelasyon gostermistir (rs=-.36,
p= 0.019). Benzer sekilde ASC, TMT-B ve TMT (B-A) ile
negatif korelasyon gostermistir (sirasiyla rs=-.38,
p=0.03; rs=-0.36, p=0.04). Ancak diger inflamatuar
parametreler (NLRP3, Caspase-1 ve IL-18) ile norobilissel
testler arasinda istatistiksel olarak anlamli bir iliski
bulunamamistir. Sonug: Elde ettigimiz sonuglar, OKB'li
hastalarda noérobilissel bozulmanin bazi yénlerinin
noroinflamatuar sureclerle iliskili olabilecegine isaret
etmektedir ve bu bulgu OKB patogenezinin
anlasilmasina katki saglayabilir.

Anahtar Sozcukler: OKB, Noéroinflamasyon, NLRP3, IL-
1B, Norobilis
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INTRODUCTION

Obsessive-compulsive disorder (OCD) is a com-
mon neuropsychiatric disorder with lifetime preva-
lence of approximately 2.3% (1). OCD is a hetero-
geneous disorder and its etiology is still not clear
(2). Although neuroinflammatory processes are
suggested to play a role in the etiopathogenesis of
OCD, there is a lack of consensus mainly due to
conflicting results obtained from studies where
blood cytokine levels of patients with OCD were
analyzed (3).

It is now well established that neuroinflammation is
observed in some neuropsychiatric (i.e. major
depressive disorder (MDD), bipolar disorder
(BD), schizophrenia) and neurological (i.e.
Parkinson’s disease) disorders, indicating an
altered activity of intracellular multi-protein com-
plexes collectively named as ‘inflammasomes’ (4-9).
The inflammasome components react to a variety
of extracellular and intracellular stimuli by assem-
bling the core inflammasome complex, which pro-
cesses pro-IL-1f and pro-IL-18, to their active
forms IL-1B and IL-18, respectively. This cascade
eventually results in an inflammatory type of cell
death, named ‘pyroptosis’. It is thought that the
delicate balance between activation and inhibition
of inflammasomes can result in disease states.

Different types of inflammasomes share the com-
mon organizational structure: the upstream sen-
sors, the adapters, and downstream effectors (10).
One of the most well-known families of sensors is
the ‘nucleotide-binding oligomerization domain,
leucine-rich repeat’ (NLR) family. NLR family
proteins are grouped based on the presence of
effector domains at their N-terminal, namely
NLRA (ATD domain), NLRB (BIR domain),
NLRC (CARD domain), and NLRP (Pyrin
domain). The largest subfamily of NLRs in humans
is the NLRP family, with 14 members; two of the
four most well-characterized types of inflamma-
somes belong to this subfamily and NLRPI,
NLRP3, NLRC4, and AIM2 are named after their
sensor proteins. NLRP3 is known to respond to a
variety of stimuli, such as gram-positive and gram-
negative bacteria, pore-forming toxins, several viral
proteins, silica, aluminum, beta-glucan, ATP, K+

76

efflux, ROS, mitochondrial dysfunction, etc. (11).
Owing to its involvement in an extended array of
inflammatory responses, NLRP3 inflammasome
has been studied broadly.

The other components of NLRP3 inflammasome
are the adaptor protein ASC (Apoptosis associated
speck-like protein containing a caspase recruitment
domain), Caspase-1 (cysteine- aspartic acid pro-
tease 1), and the more recently identified upstream
activator kinase NEK7 (NIMA related kinase 7)

(12).

Activation of the NLRP3 inflammasome is thought
to occur in two phases: priming, when stimuli acti-
vate the NF-KB pathways leading to expression of
NLRP3 and pro IL-18 (13). The second signal
leads to activation of the NLRP3 and formation of
the inflammasome complex. NEK7 plays a role in
transmission of certain stimuli to NLRP3, thereby
acting as an upstream regulator. Formation of the
inflammasome complex leads to maturation of pro-
caspase 1 into active caspase-1, which cleaves pro-
1L-1B and pro-IL-18 into their active forms.

On the other hand, it is also well known that neu-
rocognitive deficits are one of the main symptoms
in OCD, which leads to functional impairments,
and are suggested to be associated with resistance
to treatment (14-16). Particularly, defective cogni-
tion is proposed as one of the significant symptoms
in neuropsychiatric disorders by the NIMH
Research Criteria Project (17). OCD patients dis-
play a wide range of neurocognitive impairments:
A meta-analysis of neurocognitive deficits in OCD
reported that there are some impairments in inhi-
bition, planning/problem solving, visual memory,
set-shifting and reward-based decision making abi-
lities (14). Another meta-analysis revealed that
processing speed and verbal fluency are also
impaired in patients with OCD (15). Changes in
immune activation, as evaluated by neuroinflam-
matory markers, have been reported to be associat-
ed with reduced cognitive performance in patients
with neurological and psychiatric disorders and
healthy controls (18- 24). Therefore, it is important
to investigate possible relationships between
inflammasomes and neurocognitive deficits in
OCD in order to better understand the pathogene-
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sis of the cognitive impairment in OCD.

Our previous findings indicated that blood NLRP3
inflammasome levels are related with OCD (25).
While there is plenty of evidence in the literature
that indicates patients with OCD show significant
neurocognitive deficits and have differences in the
neuroinflammatory process, there is scarcity of
studies that investigate the relationship between
these two aspects (3, 14). To our knowledge, only
one study examined such a relationship and found
that neurocognitive abilities in patients with OCD
were affected adversely by the neuroinflammation
processes (26).

The aim of this study is to evaluate the possible
association between NLRP3 inflammasome path-
way and cognitive processes in OCD. Based on our
previous observations of altered NLRP3 pathway
in OCD patients and the known roles of the
immune system in cognitive impairment, we
hypothesized that altered NLRP3 inflammasome
pathway in OCD could be associated with cognitive
impairment. In this scope, we tested possible rela-
tionships between inflammatory parameters (IL-
lbeta and ILI18 cytokine levels; NLRP3, ASC,
Caspasel, and NEK?7 protein levels) and neurocog-
nitive test variables (BERG Card Sorting Test, Trail
Making Test, Category Fluency Test) in OCD
patients.

The findings of this study may contribute to the
mechanistic understanding of inflammatory and
cognitive processes in OCD and eventually it may
lead to development of new treatment strategies
directed to inflammatory mechanisms.

METHOD

Participants and Procedures

This cross-sectional study was carried out between
February-November 2018 with 42 patients diag-
nosed with OCD at the psychiatry outpatient clinic
of Dokuz Eylil University Hospital. Structured
Clinical Interview for DSM-IV Axis I Disorders
(SCID-I) was used for OCD diagnosis. Then,
sociodemographic data was collected and the
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patients were evaluated with the Yale-Brown
Obsessive Compulsive Scale (Y-BOCS) and the
Hamilton Depression Rating Scale (HAM-D). For
molecular studies, fasting peripheral venous blood
samples were collected between 9:00 and 11:00 a.m
in the morning. Berg Card Sorting Test (BCST),
Trail Making Test (TMT) A and B forms and
Categorical Fluency Test were used for the neu-
ropsychological evaluation.

Individuals who were between the ages of 18-45, li-
terate, diagnosed with OCD were included in the
study by applying a random sampling method.
Being diagnosed with alcohol and substance abuse,
schizophrenia, bipolar disorder, neurological disor-
ders, clinical inflammatory or metabolic disease
were exclusion factors from the study. Patients who
received electroconvulsive therapy, corticosteroids,
statins, antihypertensive or non-steroidal anti-
inflammatory treatments in the last 6 months were
excluded from the study. If a participant had used
an anti-inflammatory drug in the past five days,
blood draws and psychiatric evaluations were post-
poned to a later date. Additionally, people with any
signs of infection in the week before blood draw
were not included in the study. For the neuropsy-
chological evaluation, individuals who had a mental
retardation diagnosis or a visual impairment at a
level that could prevent the application of neu-
ropsychological tests, or who had a neurological
disorder or who had participated in any of the neu-
ropsychological tests in the last 6 months were
excluded from this study. Patients with OCD who
participated in the study were diagnosed in Dokuz
Eylul University psychiatry clinics prior to the
study. 9 patients were not using any psychiatric
medication, 21 of them were taking antidepressants
and 12 of them were using drug combinations (an-
xiolytic, antidepressant, antipsychotics). Two of the
patients were excluded from the study because they
had psychotic features.

All protocols and methods were approved by the
Dokuz Eylil University Non-Interventional
Research Ethics Committee (2021 / 05-06, Protocol
n0.2021/14-27). Verbal and written informed con-
sents were obtained from all participants.
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2.2.Clinical Assessment

Sociodemographic Form: This form, which was cre-
ated by the authors based on the literature, was
used to gather information about the sociodemo-
graphic characteristics of the participants.

The Structured Clinical Interview for DSM-IV Axis 1
Disorders (SCID-I): 1t is a structured clinical inter-
view form which was developed by First et al for
DSM-1V Axis I disorders (27). It was developed to
standardize SCID-I diagnostic evaluation by ensu-
ring the application, investigating the symptoms
and increasing its reliability and validity. The vali-
dity and reliability of it was conducted by
Ozkiirkgiigil et al (28).

Yale-Brown Obsession and Compulsion Scale (Y-
BOCS): This scale measures the severity of obses-
sive and compulsive symptoms which was devel-
oped by Goodman et al. (29, 30). Turkish validity
and reliability study was conducted by
Karamustafalioglu et al. (31).

Hamilton Depression Rating Scale (HAM-D):
Hamilton Depression Rating Scale is a 17 item test
which measures the severity of depression and was
developed by Max Hamilton (1960) (32) and struc-
tured by Williams in 1978 (33). The scale questions
the symptoms of depression in the last week.
Turkish validity and reliability studies of the scale
were performed (34).

Neuropsychological Assessment

BERG Card Sorting Test: Berg Card Sorting Test
(BCST) evaluates executive functions and cognitive
flexibility by measuring perseverative responses,
errors and completed categories (35). It was found
appropriate to use BCST instead of Wisconsin
Card Sorting Test (WCST) since it is equivalent to
WCST and can be freely accessed on ‘Psychology
Experiment Building Language (PEBL)’ (36).

Trail Making Test: The trail making test (TMT) con-
sists of two parts that are A form and B form. While
TMT-A is used for measuring psychomotor speed
and focused attention; TMT-B form is used to mea-
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sure executive functions, cognitive flexibility, and
visual-spatial processing (37, 38). Turkish vali-dity
and reliability study was conducted by Tiirkes et al.
(39).

Categorical Fluency Test: Categorical fluency test
was used in order to evaluate executive functions.
The participant is asked to count as many animal
names as they can within one minute. The total
number, the cluster average, and the number of
transitions between clusters are evaluated (36).

Determination of Biochemical Parameters

Peripheral blood mononuclear cells (PBMCs) were
isolated from fresh venous blood samples and used
later for protein extraction. Expression of the
NLRP3 inflammatory components were analyzed
by Western Blotting using PBMCs. Antibodies used
for each protein were anti-Caspase-1 (Abcam Cat
# abl872), anti-ASC (AG, Cat # 25B-0006-C),
anti-NEK7 (Abcam, Cat # ab13351), anti-NLRP3
(AG, Cat # 20B-0O014-C), anti-B-actin (Abcam,
Cat # ab6227). Membranes were incubated with
Luminata Forte Western HRP Substrate
(Luminata, WBLUF0500) and quantified using a
chemiluminescence imaging system (Vilber
Lourmat, ECX-F20L). Image analysis was per-
formed using on-site software and protein levels
were calculated with reference to B-actin.

Serum IL-1B and IL-18 cytokine levels were mea-
sured by Enzyme Linked Immunosorbent Test
(ELISA). ELISA analysis was performed on serum
samples isolated from blood collected in yellow
capped gel bottom tubes. ELISA was performed
according to the manufacturer's instructions for IL-
1B (Thermo Scientific, Invitrogen, Cat # BMS224-
2) and IL-18 (Thermo Scientific, Invitrogen, Cat #
BMS267NST). Standard curves were used to deter-
mine the concentration of IL-1 and IL-18 in each
sample.

Statistical Analysis

Statistical analysis was performed with Statistical
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Package for the Social Sciences (SPSS) v24 (IBM).
Mean=standard deviations were shown for all
measured data while numerical data were indicated
as percentages. Normal distribution was deter-
mined using the Kolmogorov-Smirnov test. For the
non-normally distributed data, the Spearman Rank
order test was used to evaluate relationships
between neurocognitive and biological variables. P
value <.05 was taken as statistically significant.

RESULTS

Forty-two OCD patients participated in this study.
40.5% of them were male. The mean age of the
patients was 29.36, and the mean total year of edu-
cation was 12.57. Participants’ mean score of
YBOCS was 25.33+6.67; the mean score of
Hamilton Depression Score was 14.17+8.16. The
mean duration of disease was 6.80%5.93 years.
Other demographic variables, psychiatric comor-

Table 1. Sociodemographic and clinical characteristics of participants

Variables M+SD Min Max
Age (vear) 2036- 367 10 85
Education (total vear) 125353 5 18
Duration of disease (year) 6.8+5.93 050 2100
YBOCS BIH667 2600
HDRS 14174816 0.00 3100
Gender (%)
Femile 15(503)
Male 17(403)
Marital Status
Marmied 15357
Single 171064.3)
Job Status
Workmg 133y
Not working 19(69)
Comorbidities n(%)
Major depressive disorder (recent) 8(19)
Major depressive disorder renussion) (119
Dysthymia 819
Generalized ancdety disorder T(167)
Pamic disorder 30
Agaraphobia 124
Specific phobia (119
Post-Taumatic sress disorder (remission) 1024)
Psychiatic Medication (%)
No medication 9214
Antidepressants 21 (30)
Drug combinations 12(286)

YBOCS: Yale-Brown Obsessive Compulsive Scale, HDRS: Hamilten Depression Rating Scale

Turkish J Clinical Psychiatry 2022;25:75-83

bidities, and type of psychiatric medication used
are summarized in Table 1.

Spearman rank-order correlation test showed that
there was a significant negative correlation
between IL-18 and TMT (B-A) (rs=-.36,
p=0.019). ASC protein level was negatively corre-
lated with TMT-B and TMT (B-A) (rs=-.38,
p=0.03 and rs=-0.36 p=0.04, respectively) (Table
2).

Regression analysis tests for determining whether
sociodemographic variables such as gender, age,
and IL-1Beta and ASC levels predicts patients’
TMT B-A, TMT-B scores yielded nonsignificant
results.

DISCUSSION

In this study, we showed that TMT B-A is negative-
ly correlated with serum IL-1B, while TMT B and
TMT B-A are negatively correlated with ASC le-
vels in PBMCs. The interplay between the immune
system and the central nervous system is well-
known to play roles in the pathophysiology of se-
veral neurodevelopmental and neuropsychiatric
disorders, including OCD (40). However, it is not
known whether cognitive functioning in OCD is
affected by inflammation or not. Although cogni-
tive impairments have been consistently reported
in OCD including those related to mental flexibili-
ty, attention, memory, decision making, inhibition,
verbal reasoning and planning (41), its neurobio-
logical roots have not been elucidated. Cytokines
affecting cognitive functions through modulating
synaptic plasticity and neurogenesis can be one of
the factors underlying cognitive impairments in
OCD (42, 43). However, there is scarcity of studies
that investigated a possible association between
cognitive abilities and cytokine levels in OCD. IL-
1B, a member of the interleukin family, is one of
the most studied cytokines in OCD (44) and also
associated with cognition-related processes. For
the first time Schneider et al. demonstrated
increased expression of IL-1B during long-term
potentiation (LTP) which is a synaptic strengthen-
ing process central to learning and memory (45). To
our knowledge, our study is the second in literature
investigating the relationship between cytokine le-
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Table 2. Cetrelations between nenropsycholegical tests, and NLEP3 inflammaseme and cytokine levels

in patients with OCD.

BCST-

Corect  BCST- BOST-
U

- BCST-
Variables | TMT-A TMI-B TMI(®B-4A) (T NC PEV  CLRY%

Lip | OO mONT 036 008 =007 0086 =029 =il
Pl 0913 pD1%  p=00I8  p0660 =085 p=088 pbist p0.90

Lig | ™37 FOND 0185 =026 002 =000 0195 =001
- pO131 p0183 028 pe0116 p=0789 pOS60 p=0214 p08M

NEET | =029 =033 =006 =02 =016 =029 =023 =050
western | pOM6  pe033 0084 p0153 peO36S p0200 peOARR 0T

Caspasel- | =000 =014  r=0166 =047 =024 =0I60 =013 =0190
western | p=0000  p=0430  pe03S5 pe0A13 pO p3NE pe0SR p001

NRP} | =028 =01 =005 =006 =029 =03 =0050 =007
western | p=0107 p=03% pe0802  pe0TS5 pe0200 peDASE pe0TER pOM0

ASC- | m=0085 =0381 =036 =006 =0265 =080 =0209 =028
western | p=0310  p=0.031  p=0dl  pe088S p=014 100 pe02S0 pOISS

NPT: Newropsychological Test Parformence, TMT: Trail Making Tast, CF: Category Fluency, BCST: Berg Card Sorting
Test, KC: Number of Categories Completed, CR: Corect Response, PE: Perseverative Emor, CLR.: Concepmal Level
Fesponses

vels and neuropsychological parameters in OCD
(26). Karagiizel et al. (26) showed that the TMT-A
score was positively correlated with TNF-a, while
IL-6 was positively associated with TMT-A and
TMT-B and TNF-a and IL-6 were negatively corre-
lated with Stroop interference effects. It may be
concluded that these cytokines may have a counter
effect on attention and cognitive inhibition in OCD
patients (26). In our study TMT B-A was found to
be negatively correlated with IL-1B, which is
thought to take part in synaptic pruning and cau-
sing impaired neuroplasticity and impaired cogni-
tion (46). TMT is one of the extensively used neu-
ropsychological evaluation tests for investigating
executive functioning, speed of cognitive process-
ing and visuo-motor speed (47). TMT-B perfor-
mance was found to be related with
inhibition/interference control, working memory,
set-shifting and cognitive flexibility while B-A is
considered as an absolute index of executive cont-
rol abilities like attention and set-shifting and cog-
nitive flexibility by eliminating visuoperceptual and
working memory demands (48). Considering neu-
rocognitive deficits in OCD, one can speculate that
alterations in cytokines may play a role.

It was also reported that cytokines act as neuro-
modulators affecting memory and processing speed
(43). A previous study showed that IL-1pB as being
one of the cytokine levels which was positively cor-
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related with a faster decline in executive function-
ing in older adults (49). IL-1 is thought to regulate
synaptic plasticity and influence hippocampal-
dependent memory, also, it was suggested that an
inverted U-shape pattern of IL-1f activity meaning
basal level of IL1p was needed in order to maintain
healthy memory functioning. Therefore, we can
speculate that TL-1B is required to be at a certain
level to modulate cognitive function (43, 50).
Another study indicated that modest increase in
IL-1B levels might lead to improvement in memory
function, however, inhibition of IL-1p signaling or
excess levels of IL-1f might cause memory dys-
function (51). IL-1B might modulate normal brain
functioning via suppressing glutamate transmission
(52). The cascade of events in inflammatory pro-
cesses may damage the hippocampus, leading to
difficulties in memory and learning as it was repor-
ted in a study with OCD patients (53).

Furthermore, we found a negative relationship
between ASC protein levels and TMT-B and TMT
B-A. ASC has been found to be related to the
spread of inflammation (54). Considering its mo-
dulatory effect on inflammatory processes, another
study reported that the difference in ASC protein
levels between the healthy controls and patients
with Mild Cognitive Impairment was greater than
the difference between the patients with
Alzheimer’s disease (AD) and healthy controls
(55). Therefore, it may be thought that ASC might
be playing a protective inflammatory role particu-
larly at early stages in the development of AD. In
line with this hypothesis, we found that ASC levels
might also be affecting executive functioning in
patients with OCD. Therefore, it is possible to con-
clude that our findings are in accordance with the
findings reporting that increased inflammatory
cytokines are inversely correlated with cognition
(56).

One of the limitations of our study is that the
healthy group was not included in the study.
Therefore it is hard to evaluate these variables
between OCD patients and healthy people.
Another limitation is the relatively small number of
patients included in the study. Also medication use
of patients for their depression and OCD symp-
toms can be the most important confounding fac-
tor, considering the known effects of certain
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antidepressants on NLRP3 levels.

Further studies are needed to compare proinflam-
matory cytokine levels and perform various neu-
ropsychological assessments simultaneously in a
larger number of OCD patients and healthy con-
trols. In this study, most of the patients were taking
medication. In order to avoid this major confound-
ing factor, future studies should be performed in
drug-naive patients with OCD.

CONCLUSION

Considering the lack of studies searching for alter-
ations in neuroinflammation and its association
with the other neuropsychological dimensions par-
ticularly in OCD, our study is one of the pioneer
studies in this field. Further research is needed in
this promising area. Applying a more detailed neu-
ropsychological battery, using pharmacological
strategies that manipulates NLRP3 pathway and
recruiting drug-naive OCD patients without
comorbid disorders or medical conditions will pro-
vide more specific findings.

Disclosure statement

The authors declare no conflicts of interest in this
work.

Role of Funding Sources

This study was supported by the Turkish Scientific
and Technological Research Council TUBITAK
project 217S128 (TA). TUBITAK had no further
role in study design; in the collection, analysis and
interpretation of data, in the writing of the report;
and in the decision to submit the paper for publica-
tion.

Correspondence address: Melike Tetik, Dokuz Eylul University,
Health Sciences Institute, Department of Neuroscience 35340
Balcova, Izmir, Turkey meliketetik2008@gmail.com

REFERENCES

1. Ruscio AM, Stein DJ, Chiu WT, Kessler RC. The epidemiol-
ogy of obsessivecompulsive disorder in the National
Comorbidity Survey Replication. Mol. Psychiatry 2010; 15:53-
63. DOI: 10.1038/mp.2008.94

2. Pauls DL, Abramovitch A, Rauch SL, Geller DA. Obsessive—
compulsive disorder: an integrative genetic and neurobiological
perspective. Nat. Rev. Neurosci 2014; 15:410-424. DOI:
10.1038/nrn3746

3. Cosco TD, Pillinger T, Emam H, Solmi M, Budhdeo S, Prina
AM, Maes M, Stein DJ, Stubbs B, Carvalho AF. Immune aber-
rations in obsessive-compulsive disorder: a systematic review
and meta-analysis. Mol. Neurobiol 2019; 56:4751-4759. DOI:
10.1007/s12035-018- 1409-x

4. Kim HK, Andreazza AC, Elmi N, Chen W, Young LT. Nod-
like receptor pyrin containing 3 (NLRP3) in the post-mortem
frontal cortex from patients with bipolar disorder: a potential
mediator between mitochondria and immune-activation. J.
Psychiatr. Res 2016; 72:43-50. DOI:
10.1016/j.jpsychires.2015.10.015

5. Alcocer-Gémez E, de Miguel M, Casas-Barquero N, Nufez-
Vasco J, Sanchez-Alcazar JA, Fernandez-Rodriguez A, Cordero
MD. NLRP3 inflammasome is activated in mononuclear blood
cells from patients with major depressive disorder. Brain Behav.
Immun 2014; 36:111- 117. DOI: 10.1016/j.bbi.2013.10.017

6. Kaufmann FN, Costa AP, Ghisleni G, Diaz AP, Rodrigues
ALS, Peluffo H, Kaster MP. NLRP3 inflammasome-driven path-

Turkish J Clinical Psychiatry 2022;25:75-83

ways in depression: clinical and preclinical findings. Brain
Behav. Immun 2017; 64:367-383. DOI: 10.1016/.bbi.2013.10.017

7.Mao Z, Liu C,Ji S, Yang Q, Ye H, Han H, Xue Z. The NLRP3
inflammasome is involved in the pathogenesis of Parkinson’s
disease in rats. Neurochem. Res 2017; 42:1104- 1115. DOI:
10.1007/s11064-017-2185-0

8. Saresella M, Piancone F, Marventano I, Zoppis M, Hernis A,
Zanette M, Trabattoni D, Chiappedi M, Ghezzo A, Canevini
MP, la Rosa F, Esposito S, Clerici M. Multiple inflammasome
complexes are activated in autistic spectrum disorders. Brain
Behav. Immun 2016; 57:125-133. DOI: 10.1016/j.bbi.2016.03.009

9. Frank MG, Weber MD, Watkins LR, Maier SE. Stress-
induced neuroinflammatory priming: a liability factor in the eti-
ology of psychiatric disorders. Neurobiol. Stress 2016; 4:62-70.
DOI: 10.1016/j.ynstr.2015.12.004

10. Zheng D, Liwinski T, Elinav E. Inflammasome activation
and regulation: toward a better understanding of complex mech-
anisms. Cell Discov 2020; 6:1-22. DOI: 10.1038/s41421-020-
0167-x

11. He Y, Hara H, Nuafiez G. Mechanism and regulation of
NLRP3 inflammasome activation. Trends Biochem Sci 2016;
41:1012-1021. DOI: 10.1016/j.tibs.2016.09.002

12. Sun Z, Gong W, Zhang Y, Jia Z. Physiological and
Pathological Roles of Mammalian NEK7. Front. Physiol 2020;
11:1608. DOI: 10.3389/fphys.2020.606996

81



Tetik M, Onder Uzgan B, Aykac C, Ekinci B, Yaras T, Kuruoglu A, Akgdl O, Alkin T.

13. Chen X, Liu G, Yuan Y, Wu G, Wang S, Yuan L. NEK7
interacts with NLRP3 to modulate the pyroptosis in inflamma-
tory bowel disease via NF-kB signaling. Cell Death Dis 2019;
10:1-12. DOI: 10.1038/s41419-019-2157-1

14. Bora E. Meta-analysis of neurocognitive deficits in unaffect-
ed relatives of obsessivecompulsive disorder (OCD): compari-
son with healthy controls and patients with OCD. Psychol.Med
2020; 50:1257-1266. DOI: 10.1017/S0033291720001634.

15. Shin N, Lee T, Kim E, Kwon J. Cognitive functioning in
obsessive-compulsive disorder: a meta-analysis. Psychol. Med
2014; 44:1121. DOI: 10.1017/S0033291713001803

16. Roh KS, Shin MS, Kim MS, Ha TH, Shin YW, Lee KJ, Kwon
JS. Persistent cognitive dysfunction in patients with
obsessive-compulsive disorder: A naturalistic study. Psychiatry
Clin. Neurosci 2005; 59:539-545. DOI: 10.1111/j.1440-
1819.2005.01411 x.

17. Morris SE, Cuthbert BN. Research Domain Criteria: cogni-
tive systems, neural circuits, and dimensions of behavior.
Dialogues Clin. Neurosci 2012; 14:29.
DOI:10.31887/DCNS.2012.14.1/smorris.

18. Cunningham C, Campion S, Lunnon K, Murray CL, Woods
JE, Deacon RM, Rawlins JNP, Perry VH. Systemic inflammation
induces acute behavioral and cognitive changes and accelerates
neurodegenerative disease. Biol. Psychiatry 2009; 65:304-312.
DOI:10.1016/j.biopsych.2008.07.024.

19. Patanella AK, Zinno M, Quaranta D, Nociti V, Frisullo G,
Gainotti G, Tonali PA, Batocchi AP, Marro C. Correlations
between peripheral blood mononuclear cell production of
BDNEF, TNF-alpha, IL-6, IL-10 and cognitive performances in
multiple sclerosis patients. J.Neurosci. Res 2010; 88:1106-1112.
DOI: 10.1002/jnr.22276

20. Balldin VH, Hall JR, Barber RC, Hynan L, Diaz-Arrastia R,
O'Bryant SE. The relation between inflammation and neuropsy-
chological test performance. J. Alzheimer’s Dis
2012;2012:703871. DOI: 10.1155/2012/703871

21. Bettcher BM, Kramer JH. Longitudinal inflammation, cog-
nitive decline, and Alzheimer's disease: a mini-review. Clin.
Pharmacol. Ther 2014; 96:464-469. DOI:10.1038/clpt.2014.147

22. Ribeiro-Santos R, Lucio Teixeira A, Vinicius Salgado J.
Evidence for an immune role on cognition in schizophrenia: a
systematic review. Curr. Neuropharmacol 2014; 12:273-280.
DOI: 10.2174/1570159X1203140511160832

23. Bauer IE, Pascoe MC, Wollenhaupt-Aguiar B, Kapczinski F,
Soares JC. Inflammatory mediators of cognitive impairment in
bipolar disorder. J. Psychiatr. Res 2014; 56:18-27.
DOI:10.1016/j.jpsychires.2014.04.017.

24. Rocha NP, Reis HJ, Berghe PV, Cirillo C. Depression and
cognitive impairment in Parkinson's disease: a role for inflam-
mation and immunomodulation? Neuroimmunomodulation
2014; 21:88-94. DOI: 10.1159/000356531.

25. Tetik M, Direk N, Onder B, Aykac C, Ekinci B, Yaras T,
Kuruoglu A, Ermis C, Alkin T, Oktay Y. Blood Levels of
NLRP3 Inflammasome Components is Associated with
Obsessive ~ Compulsive  Disorder.  medRxiv ~ 2020.
DOT:https://doi.org/10.1101/2020.01.30.20019646.

26. Karagiizel EO, Arslan FC, Uysal EK, Demir S, Aykut DS,

82

Tat M, Karahan SC. Blood levels of interleukin-1 beta, inter-
leukin-6 and tumor necrosis factor-alpha and cognitive func-
tions in patients with obsessive compulsive disorder. Compr.
Psychiatry 2019; 89:61-66. DOLI:
10.1016/j.comppsych.2018.11.013

27. First MB, Spitzer RL, Gibbon M, Williams JB. User's guide
for the Structured clinical interview for DSM-IV axis I disorders
SCID-I: clinician version. American Psychiatric Pub, 1997.

28. Ozkﬁrkgﬁgil A, Aydemir O, Yildiz M, Esen Danaci
A,Koroglu IV E. DSM-IV eksen I bozukluklar1 igin
yapilandirilmig klinik goriismenin Tirkceye uyarlanmasi ve
giivenilirlik calismast. flag Tedavi Derg 1999; 12:233-236.

29. Goodman WK, Price LH, Rasmussen SA, Mazure C,
Delgado P, Heninger GR, Charney DS. The yale-brown obses-
sive compulsive scale: II. Validity. Arch. Gen. Psychiatr 1989;
46:1012-1016. DOI: 10.1001/archpsyc.1989.01810110054008

30. Goodman WK, Price LH, Rasmussen SA, Mazure C,
Fleischmann RL, Hill CL, Heninger GR, Charney DS. The
Yale-Brown obsessive compulsive scale: I. Development, use,
and reliability. Arch. Gen. Psychiatry 1989; 46:1006-1011. DOI:
10.1001/archpsyc.1989.01810110048007

31. Karamustafalioglu K, Ucigik A, Ulusoy M, Erkmen H. Yale-
Brown ObsesyonKompulsiyon Derecelendirme Olgegi’nin
Gegerlilik ve Givenilirlik Calismasi. 29. Ulusal Psikiyatri
Kongresi Program ve Bildiri Ozetleri Kitab1 1993; 86.

32. Hamilton M. A rating scale for depression. J. Neurol.
Neurosurg. Psychiatry 1960; 23:56. DOI: 10.1136/jnnp.23.1.56

33. Williams JB. A structured interview guide for the Hamilton
Depression Rating Scale. Arch. Gen. Psychiatry 1988; 45:742-
747. DOL: 10.1001/archpsyc.1988.01800320058007

34. Akdemir A, Orsel S, Dag I, Tiirkgapar H, Iscan N, Ozbay H.
Hamilton Depresyon Derecelendirme Olgegi (HDDO)’nin
gecerligi, givenirligi ve klinikte kullanimi. 3P Dergisi 1996;
4:251-259.

35. Fox CJ, Mueller ST, Gray HM, Raber J, Piper BJ. Evaluation
of a short-form of the Berg Card Sorting Test. PloS one 2013;
8:€63885. DOI: 10.1371/journal.pone.0063885.

36. Mueller ST, Piper BJ. The psychology experiment building
language (PEBL) and PEBL test battery. J. Neurosci. Methods
2014; 222:250-259. DOI: 10.1016/j.jneumeth.2013.10.024

37. Crowe SE The differential contribution of mental tracking,
cognitive flexibility, visual search, and motor speed to perfor-
mance on parts A and B of the Trail Making Test. J. Clin.Psychol
1998; 54:585-591. DOLI: 10.1002/(sici)1097-
4679(199808)54:5<585::aidjclp4>3.0.co;2-k.

38. Reitan RM. Validity of the Trail Making Test as an indicator
of organic brain damage. Percept. Mot. Ski 1958; 8:271-276.
DOI: 10.2466/pms.1958.8.3.271.

39. Turkes N, Can H, Kurt M, Dike¢ BE. iz Siirme Testi’nin 20-
49 yas araliginda Tirkiye icin norm belirleme ¢alismasi. Turk
Psikiyatri Derg 2015; 26: 189-196. DOI: 10.5080/u7739

40. Kerr D, Krishnan C, Pucak ML, Carmen J. The immune sys-
tem and neuropsychiatric diseases. Int. Rev. Psychiatry 2005;
17:443-449. DOI: 10.1080/0264830500381435.

41. Benzina N, Mallet L, Burguicre E, N’diaye K, Pelissolo A.

Turkish J Clinical Psychiatry 2022;25:75-83



Relation of ASC and IL-1beta with Neurocognitive Parameters in

Patients with Obsessive-Compulsive Disorder

Cognitive dysfunction in obsessive-compulsive disorder. Curr.
Psychiatry Rep 2016; 18:1-11. DOI: 10.1007/s11920-016-0720-3

42. Wilson CJ, Finch CE, Cohen HJ. Cytokines and cognition—
the case for a head-to-toe inflammatory paradigm. J. Am.
Geriatr. Soc 2002; 50:2041-2056. DOI: 10.1046/j.1532-
5415.2002.50619.x

43. McAfoose J, Baune B. Evidence for a cytokine model of cog-
nitive function. Neurosci.Biobehav. Rev 2009; 33:355-366. DOI:
10.1016/j.neubiorev.2008.10.005.

44. Marazziti D, Mucci E Lombardi A, Falaschi V, Dell'Osso L.
The cytokine profile of OCD: pathophysiological insights. Int. J.
Interfero Cytokine Mediador. Res 2015; 7:35-42. DOI:
10.2147/1JICMR.S76710.

45. Schneider H, Pitossi F, Balschun D, Wagner A, Del Rey A,
Besedovsky H. A neuromodulatory role of interleukin-1p in the
hippocampus. PNAS 1998; 95:7778-7783. DOI:
10.1073/pnas.95.13.7778

46. Rosenblat JD, Cha DS, Mansur RB, McIntyre RS. Inflamed
moods: a review of the interactions between inflammation and
mood disorders. Prog. Neuro-Psychoph. 2014; 53:23-34. DOI:
10.1016/j.pnpbp.2014.01.013.

47. Strauss E, Sherman E, Spreen OA compendium of neu-
ropsychological tests. New York: Oxford University Press, 2006.
DOI: 10.1080/09084280701280502.

48. Sanchez-Cubillo I, Peridnez J, Adrover-Roig D, Rodriguez-
Sanchez J, Rios-Lago M, Tirapu J, Barcelo E. Construct validity
of the Trail Making Test: role of task-switching, working memo-
ry, inhibition/interference control, and visuomotor abilities. J.
Int.  Neuropsychol. Soc:JINS  2009; 15:438. DOI:
10.1017/51355617709090626.

49. Beydoun MA, Weiss J, Obhi HK, Beydoun HA, Dore GA,
Liang H, Evans MK,Zonderman AB. Cytokines are associated
with longitudinal changes in cognitive performance among
urban adults. Brain. Behav. Immun 2019; 80:474-487. DOI:
10.1016/j.bbi.2019.04.027.

50. Ross FM, Allan SM, Rothwell NJ, Verkhratsky A. A dual
role for interleukin-1 in LTP in mouse hippocampal slices. J.
Neuroimmunol 2003; 144:61-67.
DOI:10.1016/j.jneuroim.2003.08.030.

51. Goshen I, Kreisel T, Ounallah-Saad H, Renbaum P,
Zalzstein Y, Ben-Hur T, LevyLahad E, Yirmiya R. A dual role
for interleukin-1 in hippocampal-dependent memory processes.
Psychoneuroendocrinology 2007; 32:1106-1115.
DOI:10.1016/j.psyneuen.2007.09.004.

52. Luk WP, Zhang Y, White TD, Lue FA, Wu C, Jiang C-G,
Zhang L, Moldofsky H. Adenosine: a mediator of interleukin-
1B-induced hippocampal synaptic inhibition. J. Neurosci 1999;
19:4238-4244. DOI: 10.1523/JNEUROSCI.19-11-04238.1999

53. Elderkin-Thompson V, Irwin MR, Hellemann G, Kumar A.
Interleukin-6 and memory functions of encoding and recall in
healthy and depressed elderly adults. Am. J. Geriatr.Psychiatry
2012; 20:753-63. DOI: 10.1097/JGP.0b013e31825d08d6.

54. Franklin BS, Bossaller L, De Nardo D, Ratter JM, Stutz A,
Engels G, Brenker C, Nordhoff M, Mirandola SR, Al-Amoudi
A, Mangan MS, Zimmer S, Monks BG, Fricke M,Schmidt RE,
Espevik T, Jones B, Jarnicki AG, Hansbro PM, Busto P,

Turkish J Clinical Psychiatry 2022;25:75-83

Rothstein AM,Hornemann S, Aguzzi A, Kastenmiiller W, Latz
E. The adaptor ASC has extracellular and'prionoid'activities
that propagate inflammation. Nat. Immunol 2014; 15:727-737.
DOI:10.1038/ni.2913.

55. Scott XO, Stephens ME, Desir MC, Dietrich WD, Keane
RW, de Rivero Vaccari JP. The inflammasome adaptor protein
ASC in mild cognitive impairment and Alzheimer’s disease. Int.
J. Mol. Sci 2020; 21:4674. DOI: 10.3390/ijms21134674.

56. Hope S, Hoseth E, Dieset I, Mgrch RH, Aas M, Aukrust P,
Djurovic S, Melle I, UelandT, Agartz I, Ueland T, Westlye LT,
Andreassen OA. Inflammatory markers are associated with gen-
eral cognitive abilities in schizophrenia and bipolar disorder
patients and healthy controls. Schizophr. Res 2015; 165:188-194.
DOI: 10.1016/j.schres.2015.04.004

83



