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Abstract
Background: Interleukin-18 (IL-18) may participate in the development of major depressive disorder, but
the speci�c mechanism remains unclear. This study aimed to explore whether IL-18 correlates with areas
of the brain associated with depression.

Methods: Using a case-control design, 68 subjects (34 patients and 34 healthy controls) underwent
clinical assessment, blood sampling, and resting-state functional Magnetic Resonance Imaging (fMRI).
The total Hamilton depression-17 (HAMD-17) score was used to assess depression severity. Enzyme-
linked immunosorbent assay (ELISA) was used to detect IL-18 levels. Rest-state fMRI was conducted to
explore the spontaneous brain activity.

 Results: The level of IL-18 was higher in patients with depression in comparison with health controls. IL-
18 and degree centrality (DC) were negatively correlated with the left posterior cingulate gyrus in the
depression patient group, but no correlation was found in the healthy control group.

 Conclusion: This study suggests the involvement of IL-18 in the pathophysiological mechanism for
depression and interference with brain activity.

1. Introduction
Depression is a very common disease with a global prevalence of 4% [1] and lifetime prevalence in China
of 6.8% [2]. Although the exact mechanism of depression remains unknown, the classic monoamine,
glutamate, hypothalamic-pituitary-adrenal axis, and neurotrophic hypotheses propose several
pathophysiological etiologies. However, these theories have not fully revealed the pathogenesis of
depression. Several studies suggest the important role of in�ammatory immune factors in depression
development. 

Interleukin-18 (IL-18) is an in�ammatory factor involved in immune function regulation. Prior studies
suggest the involvement of IL-18 in depression-like behaviors in mice [3]. Additionally, several clinical
studies report increased IL-18 peripheral blood levels in patients with depression in comparison to healthy
individuals [4-7]. Furthermore, our prior study demonstrated the involvement of IL-18 in the mechanism
for post-stroke depression (Wu et al., 2020). However, the role of IL-18 remains unclear in depressive
behaviors and warrants further investigation.

Resting-state brain imaging can be used to indirectly analyze spontaneous brain activity changes during
non-task activities through detection of the blood oxygen concentration – a method used widely in
exploring depression etiologies. Degree centrality (DC) is a metric that re�ects the importance of speci�c
brain node or area relative to the whole brain network [8, 9]. In recent years, DC has been used to study
characteristics of brain imaging in depression. Several resting-state imaging studies have demonstrated
DC abnormalities in patients with depression [10, 11]. However in these studies, the association between
IL-18 and the functional activity of depression-related brain areas was not explored.
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In the current study, we measured serum IL-18 levels and analyzed its relationship with depression-related
brain region activity in patients and healthy controls. To our knowledge, this is the �rst study to explore
the correlation between IL-18 and DC.

2. Methods
2.1. Patients and controls 

A case-control study was conducted from June 2019 to November 2020 in the Guangji Hospital a�liated
with Soochow University (Suzhou City, China).  Recruited patients met the following inclusion criteria: (1)
inpatient adults (20 to 65 years-old) and (2) depressive diagnosis meeting DSM-5 criteria. Subjects were
excluded if they were: (1) unable to undergo MRI scanning, (2) left-handed, (3) pregnant females, (4)
febrile within 2 weeks, (5) subjects with immune dysfunction, or (5) subjects with organic psychosis. 

Healthy volunteers were recruited as controls through matching demographic data on enrolled patients.
These volunteers were (1) adults (20 to 65 years old) who did not meet any DSM-5 diagnostic criteria and
(2) of normal intelligence. Subjects were excluded if they were: (1) unable to undergo MRI scanning, (2)
left-handed, (3) pregnant females, (4) febrile within 2 weeks, (5) subjects with immune dysfunction, or (5)
subjects with substance abuse or dependence history within one year, (6) subjects with a HAMD-17 score
greater than or equal to 8 points, or (7) subjects with mental or genetic neurological disorders in �rst-
degree relatives. 

This study was approved by the ethics committee of the Guangji Hospital a�liated to Soochow
University (ethics number 2017YFE0103700). All participants provided the written informed consent. All
study procedures were in compliance with the Declaration of Helsinki.

2.2. Blood sampling and ELISA test

Fasting peripheral blood was collected from the enrolled patients and controls. After centrifugation at
3000 rpm for 10 minutes, the supernatant was stored at -80 °C and the ELISA test was performed
according to the kit manual to obtain the IL-18 concentration.

2.3. Clinical assessment

The Chinese HAMD-17 Depression Rating Scale was used to assess depression due to good reliability
and validity [12]. Subjects with depressive disorders were de�ned as having a HAMD-17 score no less
than 8 points. Clinical assessments were completed by the same psychiatrist. 

2.4. Image data collection

Resting-state imaging data was collected using Siemens SKYPE 3.0T MRI equipment. Prior to resting-
state imaging, patients were scanned for anatomical positioning using parameters of 192 slices, 1 mm
slice thickness, TR of 2530.0 ms, TE of 2.98 ms, FOV of 256 mm x 256 mm, and an element size of 1.0
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mm x 1.0 mm x 1.0 mm. EPI sequence was used to acquire rs-MRI BOLD signal with parameters of 32
layers, 3.5 mm layer thickness, TR 2000.0 ms, TE 30.0 ms, FOV 224 mm x 224 mm, 64 x 64 matrix, 90°
�ip angle, and voxel size of 3.5 mm x 3.5 mm x 3.5 mm.

2.5. Image data pre-processing

Data was pre-processed by the cortex-based resting-state fMRI data analysis package DPABISurf
developed by DPABI/DPABISurf. DPABISurf calls fMRIprep to pre-process the structural and functional
magnetic resonance data and provides a series of statistical and visualization tools through fMRIprep.

The process involved: (1) removing the �rst 10 time points to ensure the magnetic �eld signal uniformity,
(2) converting the data to BIDS format and call fmriprep1.5.0 docker, (3) pre-processing of structural
image data, (4) pre-processing of functional image data, (5) nuisance regression, and (6) �ltering and
smoothing.

Pre-processed image results were processed through online quality control to eliminate subjects with
large T1 structural image translations and fuzzy functional images with poor quality or incomplete
functional image coverage. Subject data with head movements greater than 3 mm and 3 degrees was
excluded and the remaining data was retained for statistical analysis. 

2.6. Statistical analysis

The differences between groups of normally distributed continuous, non-normally distributed continuous,
and categorical variables used two independent sample t-tests, the Mann-Whitney-rank sum test, and chi-
square analysis, respectively. Using SPSS 24.0, data was statistically analyzed with a two-tailed
statistical signi�cance set at p<0.05. 

The relationship between resting-state fMRI data and serum IL-18 levels was analyzed with DPABISurf
statistical analysis using Matlab 2017b software. Pearson correlation was performed and corrected
through threshold-free cluster enhancement (TFCE) to determine whether brain region differences
between groups were present at the whole brain level. The false positive rate (family wise error rate) level
was controlled at p<0.025 and the Bonferroni correction was performed on the two brain hemispheres.

3. Results
A total of 37 depression patients (10 men and 27 women) and 35 demographic-matched healthy controls
(8 men and 27 women) were recruited for the study. The following subjects were excluded from the study:
one male patient diagnosed with bipolar disorder during the study, one male and one female patient who
were unable to undergo MRI scan due to discomfort, and one healthy female with head movement
exceeding 3 mm. Thus, a total of 68 patients (34 depression patients and 34 healthy controls) were
included in the study (Table 1). Pearson correlation analysis showed a positive correlation between IL-18
and age in patients with depression (r=0.403, P=0.018). The serum levels of IL-18 in patients with
depression and healthy people can be seen in the 
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Figure 1 and serum IL-18 levels were statistically increased in patients with depression compared to
healthy controls (Z=-4.729, P<0.001). Similarly, the HAMD-17 score were also signi�cantly higher in
patients with depressions (P<0.001).

Pearson correlation analysis of serum IL-18 level and resting-state fMRI imaging using covariates of
patient age, gender, and years of education was completed to determine differences at the whole brain
level between depression patients and healthy controls. Correction was made by the replacement test
processed by TFCE. The false positive rate was controlled at p<0.025 and Bonferroni correction was
performed on both hemispheres of the brain. DC of the left posterior cingulate gyrus was negatively
correlated with IL-18 in patients with depression (p<0.05). However, there was no correlation between DC
and the HAMD-17 score. Further results and speci�c correlations can be seen in Figures 2 and 3.

4. Discussion
To the best of our knowledge, this is the �rst study to investigate the correlation between the IL-18 and
DC. Furthermore, we explored the possible mechanism of IL-18-mediated depression and interference
with depression-related brain activity. In patients with depression, DC of the left posterior cingulate gyrus
was signi�cantly and negatively correlated with serum IL-18 levels. This association may be related to the
neuronal activity of the left cingulate gyrus. Furthermore, a correlation was not found in healthy controls. 

As a pro-in�ammatory cytokine of the IL-1 superfamily, IL-18 can synthesize several other cytokines
including TNF-𝛼 and IL-1𝛽 [13]. Additionally, IL-18 plays a vital role in the regulation of innate and
adaptive immunity, where abnormal regulation may cause various autoimmune diseases [14, 15]. As an
important regulator of immune activity, IL-18 has been found that it may be related to the occurrence of
schizophrenia [16],,and may also be involved in the pathogenesis of depression.

Peripheral in�ammation is highly associated with depressive symptoms, increasing the risk for major
depressive disorder. However, the exact mechanism of in�ammation-induced depression remains unclear.
One prior study showed that elevated levels of IL-6, a pro-in�ammatory cytokine, were negatively
correlated with changes in the sub-genual anterior cingulate cortex (sgACC) and may suggest depressive
changes [17]. This suggests that IL-6 may interfere with central nervous system function. As IL-6 acts as
a cytokine downstream of IL-1, it may be positively correlated with serum IL-18 levels – suggesting that
IL-18 may also cause abnormal changes in brain activity.

The posterior cingulate gyrus is highly connected and metabolically active [18] component of the default
network [19]. As the default network is closely related to cognitive function, the posterior cingulate gyrus
is involved with attention, executive, and cognitive function [20-23]. It is hypothesized that the posterior
cingulate gyrus plays a pivotal role in supporting internally directed cognition [19, 24]. Several studies
have shown periods of “cognitive freedom” with increase cingulate gyrus cortex activity during periods of
autobiographical memory recall and non-controlled brain activity [25-27]. However, other studies suggest
that the posterior cingulate gyrus plays a more direct role in adjusting attention focus – internal idea
retrieval, episodic and semantic memory, and behavioral responses to external environments [28, 29]. The
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posterior cingulate gyrus has been proposed to regulate the metastable state of the whole brain internal
network, adjust brain activity stability, and control the degree of change in neural activities – all of which
affect attention [30]. Additionally, changes in posterior cingulate cortex (PCC) activity with arousal and its
interaction with other neural networks may suggest an important role in conscious awareness [31]. 

Prior imaging studies have suggested that patients with depression have abnormalities in the structure
and function of the posterior cingulate gyrus. One study highlighted the reduction in functional
connectivity from the posterior cingulate back to the caudate body in patients with depression [32]. In
depression, enhanced PCC and sgACC activity is associated with excessive ruminant thinking, a
behavioral characteristic of the disorder [33]. Several studies have shown that ruminative thinking is a
risk factor for the development and maintenance of depression [34-36].    

One widely accepted hypothesis is the interference of in�ammation on neurotransmitters (serotonin,
dopamine, and norepinephrine) within brain neural circuits that induce emotional responses. This is
suggested to be due to the activity of pro-in�ammatory cytokines (including IL-18) on indoleamine-2,3-
dioxygenase in reducing extracellular serotonin (5-HT) [37]. Studies show that 5-HT subtypes (5-HT1A
and 5-HT2A) both affect the default mode network (DMN) – suggesting its close relationship with clinical
manifestations of depression [38, 39]. While the DMN is known to be closely related to rumination and
depression, the core component involves the posterior cingulate gyrus [19]. Thus, serotonin may also
affect the posterior cingulate gyrus. Furthermore, recent studies have demonstrated an interaction
between IL-18 and 5-HT may cause alexithymia [40]. Thus, IL-18, a peripheral pro-in�ammatory cytokine,
may affected individual brain neurons through 5-HT modulation inducing corresponding changes in brain
activity and manifestation of affective disorders.

The current study found that IL-18 showed a signi�cant and negative correlation with DC values in the
left posterior cingulate gyrus. This suggests that elevated IL-18 may affect 5-HT to cause neural circuit
modulation in the left cingulate gyrus and interference in the back left cingulate region. Furthermore,
abnormal levels of IL-18 may also be related to the pathogenesis of depression. The DC level in the left
posterior cingulate gyrus showed a signi�cant and negative correlation with IL-18 in depression patients.
This suggests that abnormal levels of IL-18 in the peripheral blood may interfere with functional brain
activity – suggesting a relationship between depression onset and IL-18. As the brain is highly connected
with surrounding regions, these changes suggest a decrease in signal and hub function in the primary
affected neural region and its surrounding connected brain areas. These brain activity changes may be
related to an individual’s attention, executive, memory, and emotional function. These decreases in
regulatory functions may be related to depression-like manifestations – suggesting that IL-18 mediates
the pathogenesis of depression through an in�ammatory response.  

5. Limitations And Conclusion
The negative correlation between IL-18 and DC in the left cingulate gyrus suggests that IL-18 cause
regional interference and dysfunction, resulting in depression-like manifestations such as low mood and
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reduced executive function. This may suggest that IL-18 mediates the pathophysiological mechanism of
depression and interferes with brain activity. However, resting-state fMRI cann’t re�ect brain activity
during emotional and cognitive tasks. To further verify functions of various brain regions, a combination
of task-state and resting-state fMRI should be used for future studies.
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Figure 1

The serum levels of IL-18 in patients with depression and healthy people in the Peripheral blood. MDD:
major depressive disorder, Control: healthy control;
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Figure 2

Correlation between IL-18 levels and DC in patients with depression and healthy people in the whole
brain. Blue clusters are the brain area with negative correlation. MDD: major depressive disorder, HC:
healthy control; L: left hemisphere; R: right hemisphere.

Figure 3
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IL-18 and DC in brain imaging of patients with depression.


