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Correlations between major depressive G

disorder, splenic morphology, and immune
function
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Guogiang Wang'"

Abstract

To analyze the symptoms, courses, and severities of depressive disorder, as well as the morphological changes

in the spleens and related immune mechanisms, we recruited patients with first-episode or recurrent major depres-
sive disorder (MDD) (patient group) and healthy controls (normal group) matched in age and gender. We measured
their plasma MICB (pg/ml), ULBP1 (ng/ml), and splenic volume (cm?) at baseline. The patient group was randomly
assigned to receive (S)-ketamine (study group) or saline (control group), and the above indices were collected again
on the 4th weekend after administration. At baseline, both MICB and splenic volume were significantly higher

in the patient group than in the normal group. A positive correlation was observed between MICB and splenic vol-
ume in the patient group. After (S)-ketamine administration, the elevated splenic volume and MICB levels decreased.
These results suggest that the pathogenesis of MDD may involve abnormal MICB expression and splenic morphology.
(S)-ketamine may ameliorate inflammation and enhance splenic function, thereby relieving MDD symptoms.

Highlights

@ Abnormal immune functions are associated with MDD, characterized mainly by abnormal MICB expression
and splenic morphology.

@ The spleen may be involved in the pathogenesis of depression through regulating MICB-NKG2D.

@ (S)-ketamine may relieve inflammation and improve splenic function, thereby promoting short-term recovery
in patients.
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Background

Stress can disrupt immunity to weaken the host’s defense
against diseases [1]. Accumulating evidence suggests that
the immune system may be involved in the pathogenesis
of stress-related mental disorders, such as depression [2—
5]. Immunity affects how the brain regulates emotional
and behavioral processes. Cytokines in the immune
system participate in neuroinflammation and neurode-
generation [1]. A recent study suggests that the central
nervous system of hamsters, infected with severe acute
respiratory syndrome coronavirus 2, exhibits abnormal
microglial activation, macrophage infiltration, as well
as excessive type I interferon and chemokine responses,
all of which interact to cause immune system dysfunc-
tion [6]. This immune system dysfunction further evokes
arousal, cognitive deficits, executive disorders, and even
emotional disorders such as major depressive disorder
(MDD)[6]. These disorders also develop as the hypotha-
lamic-pituitary-adrenocortical axis, or corticotropin and
monoamine metabolism, is distorted in an abnormal
immune system [3, 7, 8]. Additionally, some immune-
related cytokines play a prominent role in the pathogen-
esis of mental disorders. For example, IL- 6, IL- 10 and
TNF-a are upregulated during the course of MDD [9, 10].

The spleen, responsible for neuroimmune regulation,
communicates with the brain through the autonomic
nervous system [11]. As the largest lymphoid organ of
the human body, the spleen generates immune cells that
capture pathogens and antigens to trigger innate and
adaptive immune responses. Animal studies have shown
that the emotional behaviors of mice under acute stress
are correlated with the transport of monocytes from the
spleen to the brain [12]. Additionally, the expression lev-
els of IL- 6 and TNF-a in the spleen of animal models of
depression are significantly upregulated [13]. These stud-
ies suggest a dynamic interaction between the autonomic
nervous system and the spleen. Some scholars attribute
this interaction to the regulatory role of the brain-spleen
axis [14]. An animal study has shown that the protein
level of natural killer group 2, member D (NKG2D) and
the number of granulocytes in the spleen, the splenic vol-
ume and weight are higher in chronic social defeat stress
(CSDS)-susceptible mice than in normal mice and CSDS-
resilient mice [15]. Additionally, NKG2D expression ele-
vates in the postmortem spleen tissues of MDD patients
[15]. These research outcomes may indicate a correlation
among NKG2D, spleen and mental disorders such as
depression.

NKG2D and its ligands are integral components of the
immune system, and act as an effective defense against
tumors and immune system diseases [16, 17]. NKG2D
can be activated on NK cells, cytotoxic T cells, and other
T cell subsets to eliminate ligand-carrying cells and
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produce pro-inflammatory cytokines [18-22]. NKG2D
ligands include major histocompatibility complex class
I chain-related proteins A and B (MICA/MICB) and UL
binding proteins (ULBP)1-6 [16, 23]. ULBP1 -6 shares
functions with MICA and MICB, but has a different
structure [23]. NKG2D ligands are lowly expressed in
some normal cells, but positively expressed under stimuli
such as tumors or viruses [22]. However, previous stud-
ies have not revealed the relationship between MDD and
MICB or ULBP1.

Since 2000, multiple studies have confirmed the pow-
erful antidepressant and anti-suicide effects of ketamine
in patients with MDD or bipolar disorder [24-27]. A
slow infusion of ketamine (0.5 mg/kg over 40 min) sig-
nificantly reduces depressive symptoms lasting about one
week [28]. Ketamine is a racemic mixture consisting of
two enantiomers, (R)-ketamine and (S)-ketamine. Simi-
lar to ketamine, (S)-ketamine is definitely effective, safe
and well-tolerated in relieving depression [29]. The anti-
depressant mechanism of ketamine and its enantiomers
remains unclear. Neurophysiological evidence suggests
that changes in frontoparietal connectivity and altera-
tions in GABA-A receptor function underpin the anti-
depressant effects of ketamine [30]. These effects may
be related to the improvement on the metabolism of the
right habenula and on the function of the medial and
orbitofrontal cortex networks [31]. Additionally, keta-
mine may produce antidepressant effects by activating
the D1 receptor to partially restore synaptic plasticity in
the nucleus accumbens [32]. As demonstrated by Zhang
et al., ketamine can reverse CSCD-induced increases in
NKG2D protein levels, granulocyte count and spleen
weight in mice [15]. Another study shows that chronic
variable stress (CVS) induces depression and anxiety-like
behavior, as well as significant changes in plasma inflam-
matory factors of mice; but after the administration of
(S)-ketamine, antidepressant and anti-anxiety effects are
observed, and the inflammatory disturbances caused by
CVS are also partially restored [33]. The complement
system is a vital in the innate immune response and cru-
cial for synaptic plasticity. Some scholars propose that
ketamine may exert its antidepressant effects by regulat-
ing the complement system [34]. These studies indicate
that the antidepressant mechanism of ketamine may also
involve immune responses.

Therefore, we are encouraged to investigate whether
certain immunological features, such as plasma levels
of MICB and ULBP1 and spleen volume, are altered in
patients with MDD, and whether S-ketamine has an effect
on these features. In this study, we hypothesized that the
immune system takes on a different profile in patients
with MDD, and the plasma levels of some cytokines, such
as MICB and ULBP1, may be dysregulated to change the
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morphology of the spleen. The purpose of this 4-week
study was to investigate whether there were abnormali-
ties in plasma MICB and ULBP1 levels and spleen mor-
phology in patients with severe depression, and whether
S-ketamine combined with standardized antidepressants
could improve the above indexes.

Methods

Patients and enrollment

From October 2020 to December 2022, we recruited
patients with first-episode or recurrent MDD and sex-
and age-matched controls at Wuxi Mental Health Center
and Wuxi Hospital of Traditional Chinese Medicine. All
the participants had normal audio-visual functions, as
well as abilities to comprehend and complete tests.

The criteria for enrolling patients were as follows: (1)
meeting the diagnostic criteria for MDD in the fifth edi-
tion of the Diagnostic and Statistical Manual of Mental
Disorders (DSM- 5), and not meeting any other psychiat-
ric diagnosis; (2) taking no antidepressants if the patient
was in the first episode, or in the previous 4 weeks if the
patient was in relapsed MDD. The criteria for enrolling
normal controls were as follows: not meeting any diag-
nostic criteria for depressive disorder or other mental
disorders in DSM- 5. The common inclusion criteria
for patients and normal controls were as follows: age
between 18 and 65 years old, either gender, Han Chinese.
The common exclusion criteria for patients and normal
controls were: (1) severe medical and surgical diseases,
nervous system diseases; (2) abnormal laboratory tests
(e.g., blood routine, liver and kidney function, etc.); (3)
pregnancy or lactation; (4) participation in clinical trials
of other drugs in the previous three months; (5) recent
severe infection, and receipt of drugs that might affect
immune function; (6) substance dependence or abusing
(including tobacco and alcohol). Additionally, to mini-
mize the potential confounding effects of height and
weight on spleen volume, we endeavored to select sub-
jects with comparable height and weight profiles [35, 36].

This study was approved by the Ethics Committee of
Wuxi Mental Health Center (Batch Number: WXM-
HCIRB2020LLky039). All subjects provided informed
consent.

Study design

This was the first controlled study on the relation-
ship between MICB, ULBP1, and spleen morphology
in MDD patients. Given the limited existing data on
intervention effects, the sample size was determined
based on the minimum required for significant differ-
ences in scale scores after treatment with (S)-ketamine
and the minimum sample size required for t-tests. We
first compared the plasma MICB and ULBP1 levels and
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the splenic volume of MDD patients (patient group) and
healthy controls (normal group). Then, the patient group
was randomly divided into the study group and the con-
trol group. The study group was given (S)-ketamine, and
the control group was given saline. The patient group
was given selective serotonin reuptake inhibitors (SSRIs)
and/or selective serotonin and norepinephrine reuptake
inhibitors (SNRIs) for standardized antidepressant treat-
ment. Specifically, 16 cases received escitalopram (10-20
mg/day), 25 cases received sertraline (50-200 mg/day),
14 cases received fluvoxamine (100-300 mg/day), 10
cases received duloxetine (40—60 mg/day), and 15 cases
received combined medications. The healthy control
group did not receive any drug intervention. The MICB,
ULBP1, and splenic volume were compared between
the study group and the control group at baseline and
4 weeks after administration. (Fig. 1).

Scales

General information was collected using a self-made
scale, including name, sex, age, nationality, educational
time, occupation, brief medical history, allergy history,
surgical trauma history, medication history, tobacco and
alcohol history, weight, height, and so on. Montgom-
ery—Asberg Depression Rating Scale (MADRS) was used
to evaluate the symptoms and the effects of antidepres-
sants [37]. The 6-item Clinician-Administered Dissocia-
tion Symptom Scale was utilized to evaluate dissociative
symptoms [38]. A reduction of 30% or more in MADRS
score was defined as effective, and cure as MADRS <10
[29, 39].

(S)-ketamine administration

One intravenous injection of (S)-ketamine was adminis-
tered. To prevent accidental inhalation due to vomiting,
patients were instructed to fast for 6 h before the start
of administration. The dosage of (S)-ketamine (trade
name: Esketamine Hydrochloride Injection, 2 ml:50 mg,
Jiangsu Hengrui Pharmaceutical Co., Ltd.) was set at 0.4
mg/kg [29, 40]. An infusion of 0.9% sodium chloride (50
ml) was administered via a micropump over 50 min. The
procedure was conducted by experienced nurses. During
administration, patients inhaled oxygen (1-2 L/min), and
blood pressure, pulse, respiratory rate, oxygen saturation,
consciousness, and acute adverse reactions were moni-
tored and recorded every 10 min.

Preparation of plasma samples and measurement of MICB
and ULBP1

Blood samples were collected by venipuncture, sepa-
rated twice and cryopreserved. For the patient group,
blood was sampled once before and after treatment,
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Fig. 1 Diagram for a controlled Study of administered (S)-ketamine for patients with MDD. Abbreviations: MDD, major depressive disorder. The

study group received (S)-ketamine, while the control group received saline

respectively; for the normal group, blood was collected
only once at baseline.

All plasma samples were analyzed using enzyme-
linked immunosorbent assay (ELISA) to measure the
concentrations of MICB and ULBP1. Human MICB
ELISA Kit (96 T, American Thermo Scientific Com-
pany) and Human ULBP1 ELISA Kit (96 T, American
Thermo Scientific Company) were used for this pur-
pose [41, 42].

Measurement of splenic volume

Splenic volume was measured in the Radiology Depart-
ment of Wuxi Mental Health Center using a PHILIPS
64-row 128-layer spiral CT, model Ingenuity Core 128
and workstation ADW4.5, with parameters set as fol-
lows: tube voltage (120 kV), tube current (143 mAs),
rotation time (0.8 s), pitch (1.375), matrix (512 * 512),
scanning range (500 mm), pixel (148%), display field
of view (35.0 * 40.5 cm), layer spacing (3 mm). After
spleen scanning, the images were reconstructed into
slices 0.625 mm thick and sent to ADW4.5 workstation.
All subjects were scanned for the spleen according to
the same parameters, and one-dimensional measure-
ment of spleen on coronal images were performed by
qualified radiologists. The longest distance between the
poles of the spleen was measured as its diameter and
recorded manually. All CT image data were transferred
to a workstation dedicated to 3D CT volume analysis.
The volume and size of the spleen were measured by
the same radiologist. Another radiologist analyzed the
splenic volumes of randomly selected subjects to check
for consistency [43].

Statistical analysis

IBM SPSS version 19.0 was used for statistical analysis.
All measurement data were expressed as mean * stand-
ard deviation (Mean + SD). Two-Way Repeated Meas-
ures ANOVA was used to compare MADRS scores at
different time points between the study group and the
control group. To analyze changes in spleen volume
and assess the effects of potential confounding factors,
such as age, height and weight, on spleen volume, we
used the following statistical methods. First, analysis
of covariance (ANCOVA) was performed. Age, height,
and weight were included as covariates in the model to
control the potential effects of these factors on spleen
volume. Spleen volume =p, +/, Xtreatment group
effect + /3, x age +f; Xheight + 5, X weight +¢, where
B, is the constant term; 5, B, 55, and S, are the regres-
sion coefficients for each variable, and ¢ represents the
error term. Second, correlation analysis was performed.
Pearson’s correlation coefficient was used to assess the
linear correlation between spleen volume and covari-
ates such as age, height, and weight. Pearson’s correla-
tion coefficient ranges from — 1 to 1, where values close
to 1 indicate a strong positive correlation, values close
to — 1 indicate a strong negative correlation, and values
close to 0 indicate no correlation.

The differences in MICB, ULBP1 and splenic vol-
ume between the patient group and the normal group,
as well as between the study group and the control
group, were analyzed by independent sample ¢-tests.
Paired sample ¢-tests were used to compare the val-
ues of MICB, ULBPI, and splenic volume before and
after treatment within the study group and the con-
trol group. Additionally, the correlations between
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symptom scores, plasma MICB levels, and splenic vol-
ume were assessed. P< 0.05 was considered statisti-
cally significant.

Results

Demographic and clinical data

A total of 160 participants were recruited, including
80 in the normal group (30 males and 50 females) and
80 in the patient group (36 males and 44 females). The
patients were further randomly divided into two groups:
the (S)-ketamine combined with antidepressant group
(study group, n= 40; 18 males and 22 females) and the
saline combined with antidepressant group (control
group, n= 40; 18 males and 22 females). There were no
significant differences in gender (y’=0.925, P=0.335),
age (¢=-0.587, P=0.558), or education time (¢=- 0.957,
P=0.158) between the patient group and the normal
group. Similarly, no significant differences were observed
in age (t=1.048, P=0.298) and education time (t=-
1.084, P=0.282) between the study group and the control
group. (See Table 1).

Effect of (S)-ketamine

After 24 h of administration, 10 patients in the study
group showed complete remission (MADRS <10),
another 10 patients showed effective remission
(MADRS score reduction >30%), 18 patients showed
partial remission, and 2 patients showed no remission.
These results are consistent with previous studies [29,
40]. Additionally, at 28 days after administration, the
overall clinical symptoms of depression in the study
group were milder than those in the control group, as
reflected by the MADRS score (P < 0.001). See Tables 2
and 3, and Fig. 2 for MADRS scores at different time
points and Two-Way Repeated Measures ANOVA
results.

Table 1 Comprehensive contrast of demographic and clinical data
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Comparison of MICB, ULBP, and spleen volume

between the patient group and the normal group

at baseline

At baseline, the patient group had significantly higher
levels of MICB than that in the normal group (¢=29.837,
P<0.001). No significant difference was observed in
ULBP1 (ng/ml) (P>0.05). The splenic volume in the
patient group was significantly larger than that in the
normal group (¢=3.024, P=0.003). ANCOVA showed
that age, height and weight had no significant effect on
spleen volume (P> 0.05). (See Table 4).

Changes in MICB and ULBP1

At baseline, no significant difference was observed in
MICB levels between the study group and the control
group (P>0.05). At 28 days after treatment, the MICB
level in the study group was significantly lower than that
in the control group (t=- 5.700, P<0.00I). Addition-
ally, MICB levels in the study group decreased signifi-
cantly from baseline (t=6.742, P<0.001), while that in
the control group decreased slightly, but not significantly
(P>0.05).

There was no difference in ULBP1 between the study
group and the control group at baseline or at 28 days
after treatment (P> 0.05). However, it was significantly
lower than that at baseline in the study group (¢=4.201,
P<0.001), while it decreased slightly, but not significantly
in the control group (P> 0.05) (See Table 5).

Changes in splenic volumes

At baseline, no significant difference in splenic volume
was observed between the study group and the control
group. At 4 weeks after treatment, splenic volume in the
study group decreased significantly compared with that
at baseline (t=2.729, P=0.009), while that in the control
group decreased slightly but not significantly (P> 0.05).
Additionally, no significant difference in splenic volume

Indexes Patient Group (n =80) Normal Group (n =80) t/x° P
Study Group (n =40) Control Group (n =40)

Male/Female 18/22 18/22 30/50 0.925%P 0.335

Age (years) 3792 +£11.74 39.00+11.44 -0.587 0.558
39.30 £10.69 36.55 +£12.69 1.048 0.298

Education time (years) 14.11 £2.58 1451 +2.71 -0.957 0.158
1380 £2.67 1443 £2.48 1.084 0282

Note: the patient group = the MDD group; both the study group and the control group were included in the MDD group, with (S)-ketamine as the intervention factor

2 x*-test

b Contrasting the patient group with the normal control group
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Fig. 2 Trend of Marginal Means of MADRS scores in the study group [(S)-ketamine] and the control group (saline). The figure illustrates
that both the study group and the control group exhibited a decreasing trend in scores following treatment. Specifically, the study group had lower
scores than the control group at 24 h, 1 weekend, and 4 weekends, with the most significant difference observed at 24 h

Table 2 MADRS scores of the study group and the control group at different time points

Group Time

Baseline 24h 1 week 4 weeks
Study Group (n =40) 37.65 +5.65 244041183 22.28+11.03 18.50 +10.35
Control Group (n =40) 35534733 35534733 30.20 £6.75 23.35+6.63

Note: MADRS Montgomery-Asberg Depression Rating Scale; both the study group and the control group were included in the MDD group, with (S)-ketamine as the

intervention factor

Table 3 MADRS scores multivariate test results

Effect Value® Hypothesis df Partialn? F P

Time 0.874 3.000 0.874 17564  <0.001
Time X 0.503 3.000 0.503 2569 <0001
Group

The Mauchly test result (W=0.307, P<0.001) indicated that the data violated
the sphericity assumption and exhibited asymmetry. Therefore, a multivariate
test was employed. The Bonferroni-adjusted test results revealed a significant
time effect on MADRS scores (F=175.64, P<0.001). The partial n?value of 0.874
suggested that time had a substantial impact on the variation in the patients’
MADRS scores. The interaction effect results (time point x group) (F=25.69,
P<0.007) demonstrated that the changes in symptom scores over time differed
between the study group and the control group. The partial n? value of 0.503
indicated that group assignment significantly influenced the changes in the
patients’ MADRS scores. In other words, different treatment methods had a
significant impact on symptom scores

Note: MADRS Montgomery-Asberg Depression Rating Scale; both the study
group and the control group were included in the MDD group, with (S)-ketamine
as the intervention factor

2 Pillal’s Trace

was observed between the study group and the control
group at 4 weeks (P> 0.05) (See Table 5).

Correlation analysis

Correlation analysis revealed a positive correlation
between MICB and splenic volume in the patient group
(r=0.276, P=0.013) (See Fig. 3).

Discussion

The main findings of this study are as follows: (1) The
patient group had significantly higher splenic volume and
MICB levels than those in the normal group. Addition-
ally, a positive correlation was observed between MICB
and splenic volume in the patient group. (2) After (S)-
ketamine or saline administration, the splenic volume
was significantly smaller than that at baseline in the study
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Table 4 Comparison of MICB, UBLP1, and splenic volume between the patient group and the normal group at baseline

Indexes Patient Group (n =80) Normal Group (n =80) t P

MICB (pg/ml) 164.94 £1647 99.73 £10.52 29.837 <0.001
UBLP1 (ng/ml) 11523 £6.32 11636 +75 -0.343 0.732
Splenic volume (cm?) 199.02 +68.81 170.50 +48.78 3.024 0.003

Note: the patient group = the MDD group

Table 5 Changes of MICB, UBLP1, and splenic volume before and after (S)-ketamine administration between the study group and the

control group

Indexes Baseline 4 weeks t P

MICB (pg/ml) Study Group (n =40) 16693 +12.17 138.63 +26.15 6.742 <0.001
Control Group (n =40) 162.95+19.83 163.68 +943 -0.276 0.784

UBLPT (ng/ml) Study Group (n =40) 11591 +6.48 110.26 £8.60 4.201 <0.001
Control Group (n =40) 11455 +6.17 11250 +£9.21 1.108 0275

Splenic volume Study Group (n =40) 198.04 +71.40 173.83 £55.32 2.729 0.009

(cm’) Control Group (n =40) 200.01 £67.03 194.52 £63.48 0.669 0.508

Note: Both the study group and the control group were included in the MDD group, with (S)-ketamine as the intervention factor; the unit of splenic volume is cubic

centimeter, cm?

r=0.276
500 =0.013
“C 400 T
o
0]
£ 3004
5
2
> 200-
c
@
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Fig. 3 Correlation between MICB and Splenic volume in the patient
group (MDD) at baseline

group; in the control group, the splenic volume was only
slightly but not significantly smaller. No significant differ-
ence was observed at 4 weeks. (3) After administration of
(S)-ketamine or saline, the MICB and ULBP1 in the study
group were significantly lower than those at baseline,
while the MICB and ULBP1 decreased slightly but not
significantly in the control group. A significant difference
in MICB levels was observed between the study group
and the control group at 4 weeks, but not in ULBP1.
Plasma MICB levels remain low in healthy individu-
als, but increase in many immune diseases and malig-
nant tumors [16, 17, 22]. Some scholars have proposed

that the level of NKG2D ligand-NKG2D may indicate the
severity of inflammation in vivo [22]. Studies have shown
that stress can activate NKG2D transcription in CSDS
mice, and increase its levels in splenic cells, thereby alter-
ing spleen volume and weight. Mouse spleen NKG2D
expression is positively correlated with spleen weight
[15]. Another study has found that the number of splenic
cells (mainly lymphocytes) in NKG2D-deficient mice
decreases, compared with that in age-matched control
mice, and NKG2D deficiency retards the development
of NK cells [44]. These studies suggest that, in animal
models, NKG2D may be involved in spleen function.
Increased expression of NKG2D in the spleen may lead
to depression-like phenotypes and increase spleen size
and weight [15]. In this study, the plasma MICB level
and the splenic volume in the patient group were signifi-
cantly higher than those in the normal group, consistent
with findings in animal studies. Notably, a positive cor-
relation was observed between MICB and splenic volume
(r=0.276, P=0.013), which is consistent with the find-
ings of Zhang et al. [15]. Thus, we speculate that MICB
may be dysregulated in the progression of MDD, and
the MICB-NKG2D pathway may increase immune cells
in the spleen, resulting in an enlargement in the splenic
volume.

At 4 weeks after (S)-ketamine administration, MICB
levels in the study group decreased significantly from
baseline, but only slightly in the control group. The
MICB in the study group was significantly lower than
that in the control group (P<0.00I). Previous studies
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have shown that ketamine has anti-inflammatory effects.
Subanesthetic doses of ketamine (10 mg/kg) effectively
reduce circulating classical proinflammatory monocytes
and increase the expression of other M2 macrophage
subtypes in the spleen and central nervous system [45].
Animal studies have also shown that ketamine has anti-
NKG2D properties, making ketamine a potential drug
for treating certain inflammation-related diseases, such
as Crohn’s disease and rheumatoid arthritis [15]. Persis-
tent immune injury may also be related to the inefficacy
of antidepressants for refractory or recurrent depression
[46]. Combined with the previous finding that ketamine
can reverse the increase of NKG2D in mice [15], the pre-
sent study suggests that (S)-ketamine may repress MICB
expression and reduce, at least in part, the inflammatory
response in MDD patients. Another result of this study
supports this suggestion: compared with that at baseline,
the plasma ULBP1 level did not change in the control
group at 4 weeks, while that in the study group decreased
significantly. This indicates that (S)-ketamine may have
ameliorated the inflammatory response in the study
group. The harmful effects of stress may be attributed to
its immunosuppressive characteristics [47]. Some animal
studies have shown that reducing inflammation mitigates
the harmful effects of stress [48, 49]. This may explain
why depressive symptoms in the study group were gen-
erally milder than those in the control group at 4 weeks,
and also suggests that antidepressant mechanism of (S)-
ketamine may be partially achieved by repressing inflam-
mation in the body.

Over the past two decades, psychiatric studies have
provided support for the hypothesis that inflammatory
processes and brain-immune interactions are involved in
the pathogenesis of major depression, and that inflamma-
tion may lead to serotonin and noradrenergic dysfunc-
tion. Stimuli, such as inflammation and chronic stress,
can trigger the activation of brain immune cells called
microglia, which release pro-inflammatory cytokines.
These cytokines can lead to major depression and neu-
rodegeneration by activating the hypothalamus-pituitary
adrenal axis and increasing the activity of indoleamine
2,3-dioxygenase (IDO) [11]. The spleen connects the
immune system to the central nervous system through
the brain-spleen axis. The interaction between the
splenic autonomic nervous system and immune cells is
dynamic, maintaining the balance of the neuroimmune
system [14]. When this balance is broken, the neural net-
work may lose its stability, leading to the activation of
microglia and ultimately neuroinflammation [11]. Stud-
ies have shown that in the Alzheimer’s disease model,
the spleen structure of mice is destroyed and severely
enlarged, accompanied by a decrease in B lymphocytes
[50], and a significant increase in chemokine receptors
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in spleen tissue [51]. A study has identified that 53 genes
are differentially expressed in the spleen of depression
rats (including 11 enriched in amino acid biosynthesis in
the spleen), and the percentage of lymphocytes increase
significantly [52]. Additionally, the expression of colony-
stimulating factor 1 receptor and transcription factor
PU.1 in spleen tissue of MDD patients is altered [53].
These findings indicate the spleen may play a role in seri-
ous mental disorders, such as MDD [14]. Studies have
shown that lipopolysaccharide can increase expression of
genes in the heme biosynthesis II pathway in mice, thus
eliciting e depressive-like behavior in mice and chang-
ing spleen weight or plasma proinflammatory cytokine
levels. The used of ketamine can block the above pro-
cesses, reverse the increase in spleen weight, eliminate
inflammation, and produce a lasting antidepressant effect
[54]. This suggests that improving spleen function may
help relieve depressive symptoms [47]. In this study, the
splenic volume in the study group at 4 weeks was signifi-
cantly smaller than that at baseline, suggesting inflam-
mation was resolved and spleen function was restored
following the administration of S-ketamine.

It was noteworthy that at 4 weeks, the spleen volume
in the control group also showed a downward trend,
although this change was not statistically significant com-
pared with that at baseline. This trend may have led to the
lack of statistical difference in spleen volume between the
study group and the control group at 4 weeks. There are
many reasons for the enlargement of splenic volume. In
most cases, splenomegaly is not caused by pathological
changes of the spleen itself, but by complications of other
systemic diseases. The physiology in the human body
is far more complex than that of experimental animals.
In this study, due to the limitations of clinical research
conditions, we could not control the subjects'diet, medi-
cation, etc., which is also a limitation of this study. This
may lead to other factors affecting spleen morphology.
For example, drugs (including antidepressants) can inter-
fere with the size and function of the spleen [55]. There-
fore, the relationship between the spleen and depression
remains to be further studied.

Conclusion

The splenic abnormalities may be involved in the patho-
genesis of MDD via the MICB-NKG2D pathway. In
addition to its rapid antidepressant effect, (S)-ketamine
can also attenuate inflammatory responses and enhance
splenic function to promote short-term recovery in
patients.
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