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Abstract
Background  Major depressive disorder (MDD) and schizophrenia (SCH) are common and severe mental disorders 
that are mainly diagnosed depending on the subjective identification by psychiatrists. Finding potential objective 
biomarkers that can distinguish these two diseases is still meaningful.

Methods  In the present study, we investigate the differences in plasma inflammatory cytokines and short-chain fatty 
acids (SCFAs) among patients with MDD (n = 24) and SCH (n = 24), and gender- and age-matched healthy controls 
(HC, n = 27) and identify potential plasma biomarkers.

Results  We found that the concentrations of pro-inflammatory cytokines were increased, whereas the anti-
inflammatory cytokines were decreased in both MDD and SCH. Meanwhile, except for an increase in 4-Methylvaleric 
acid, other SCFAs with statistical differences were reduced in both MDD and SCH. Moreover, potential biomarker 
panels were developed that can effectively discriminate MDD from HC (AUC = 0.997), SCH from HC (AUC = 0.999), and 
from each other (MDD from SCH, AUC = 0.983).

Conclusions  These data suggest that alterations in plasma cytokines and SCFAs might be one of the potential 
features for distinguishing MDD and SCH.

Trial registration  Chinese Clinical Trial Registry: ChiCTR2100051243, registration date: 2021/09/16.
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Introduction
Major depressive disorder (MDD) and schizophrenia 
(SCH) are two types of severe mental disorders with a 
high incidence and recurrence rate and bring serious 
social burden worldwide [1, 2]. The causes of SCH and 
MDD are complex and their pathogenesis is not yet fully 
elucidated [3, 4]. Currently, the diagnosis of MDD and 
SCH mainly depends on the subjective identification of 
relevant symptom groups by psychiatrists, such as the 
patient’s current symptoms and history [5, 6]. However, 
these two disorders have noticeable overlaps in heritage 
patterns and symptoms [7–9]. For example, there is an 
overlap between negative symptoms of SCH and depres-
sive symptoms and some argue depressive symptoms 
should be part of the SCH syndrome [10, 11]. Moreover, 
comorbid MDD in SCH has been identified, and a previ-
ous study has hypothesized that more than 50% of SCH 
patients may develop MDD [12]. Therefore, the develop-
ment of objective molecular markers for MDD and SCH 
will not only help further understand the pathogenesis of 
these two diseases but will also assist in their diagnosis.

Growing evidence elucidated that the activation of 
inflammation has a great influence on the progression of 
MDD and SCH [13, 14], such as abnormality in antibody 
titers, inflammatory markers, and immune cell numbers 
[15, 16]. Of note, changes in inflammatory biomarkers 
such as cytokines and leukocytes derived from periph-
eral blood have been widely investigated. Multiple meta-
analyses with a fairly unanimous consensus indicate that 
in comparison to healthy controls (HC), the concentra-
tions of C-reactive protein (CRP), tumor necrosis fac-
tor (TNF), and interleukin (IL)-6 in the blood of MDD 
patients were increased [17, 18]. Similarly, a quantitative 
review found that plasma/serum levels of soluble IL-2 
receptor (IL-2R) and IL-6 were increased in individuals 
with SCH [19]. Another meta-analysis also found that 
transforming growth factor-β (TGF-β), IL-6, and IL-1β 
were increased in first-episode psychosis SCH during 
acute exacerbations [20]. Importantly, a meta-analysis 
further concluded that antipsychotic treatment decreases 
levels of interferon-γ (IFN-γ) and IL-1β but increases 
IL-12 and IL-2R in the blood [21]. Altogether, altered 
cytokine levels in the plasma are one of the pathological 
manifestations of patients with MDD and SCH. However, 
the comparison in plasma cytokines between MDD and 
SCH and whether characteristic cytokines can serve as 
diagnostic markers that can distinguish MDD and SCH 
still needs further exploration. Besides, previous studies 
have mainly focused on TNF, IL-1β, and IL-6, the differ-
ences between other cytokines in these two diseases still 
need to be clarified.

Short-chain fatty acids (SCFAs) are key mediators in 
the interactions of the microbiota-gut-brain axis [22] 
and play key roles in regulating energy metabolism and 

maintaining intestinal homeostasis. SCFAs influence host 
inflammatory responses and play a role in affecting emo-
tional states and recognition [23]. For example, SCFAs 
can modulate TNF-α and IL-6 release from macrophages 
and IL-17 production from intestinal T cells [24, 25], and 
inhibit the activation of cytokine-induced nuclear factor 
kappa-B (NF-κB) [26]. Moreover, a recent review indi-
cated that patients with MDD may be characterized by 
low SCFAs-producing bacteria and a high abundance of 
pro-inflammatory bacteria [27] and alterations in serum 
SCFAs were also associated with the cognitive impair-
ment of SCH [28]. Besides, SCFAs can also act on the 
G-protein coupled receptors, which were involved in the 
pathogenesis of SCH and MDD [29, 30]. However, there 
are few studies investigating the composition difference 
of SCFAs between MDD and SCH.

Human brain tissues are ideal biological samples for 
the understanding of dysfunction in psychiatric dis-
eases [31]. However, the brain tissue of living psychiatric 
patients is not allowed for clinical biochemical testing. 
Besides, cerebrospinal fluid (CSF) is an ideal sample for 
reflecting central inflammation and metabolism, and 
abnormal inflammation in CSF has been identified as one 
of the pathological features of MDD and SCH [32, 33]. 
However, lumbar puncture is not a routine operation in 
psychiatry and CSF samples were not practically used 
because of safety and ethical concerns. In comparison, 
plasma samples are commonly used in clinical labora-
tories which can be easily acquired at minimal cost and 
risk [34]. Therefore, a plasma-based inflammatory and 
metabolic diagnostic test for MDD and SCH could be 
clinically practical [35–37]. Considering the above, we 
performed a case-control study to investigate concentra-
tions of the plasma cytokines and SCFAs, including che-
mokine C-X-C motif ligand 12 (CXCL12), interleukin-1 
receptor antagonist (IL-1Ra), IL-2, IL-9, IL-4, IL-10, 
IL-17  A, IL-24, IL-33, IL-37, CXCL10, interferon-β 
(IFN-β), IFN regulatory factor 5 (IRF5), TGF-β1 and 
chitinase-3-like protein 1 (YKL-40) by using enzyme-
linked immunosorbent assay (ELISA) and liquid chro-
matography-mass spectrometry (LC-MS) based analysis 
from gender- and age-matched adult patients with MDD 
(n = 24) or SCH (n = 24) and HC (n = 27). We also analyzed 
the correlation between the identified differential profiles 
and clinical symptoms and identified molecular panels 
that can distinguish MDD, SCH and HC.

Methods
Participants
This research adhered to the principles of the Declaration 
of Helsinki. All subjects voluntarily participated in this 
research and provided written informed consent. The 
diagnosis based on the Diagnostic and Statistical Manual 
(DSM-5) of Mental Disorders criteria of SCH and MDD 
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was administered independently by two senior psychia-
trists who were unaware of the design of this study. The 
Positive and Negative Syndrome Scale (PANSS), Ham-
ilton Depression Rating Scale (HAMD), and Hamilton 
Anxiety Scale (HAMA) were used to assess the severity 
of symptoms [38, 39]. The exclusion criteria including 
hypertension; female patients with lactation or men-
struation pregnancy; alcohol abuse or dependence; a 
severely imbalanced diet, such as vegetarians; illicit drug 
use; body mass index (BMI) ≥ 28.0 and the presence of 
other mental disorders. Finally, 24 patients who met the 
DSM-5 criteria for SCH and 24 patients with MDD were 
recruited, along with 27 HCs. Blood samples from all 
participants were collected between 8 AM and 10 AM 
under fasting conditions. The obtained plasma (centri-
fuged at 2000 rpm for 15 min at 4 ℃) were stored in liq-
uid nitrogen until analysis.

Plasma levels of cytokines
In line with the manufacturer’s instructions, concentra-
tions of plasma CXCL12, IL-1Ra, IL-2, IL-4, IL-9, IL-10, 
IL-17 A, IL-24, IL-33, IL-37, IFN-β, CXCL10, IRF5, TGF-
β1 and YKL-40 were measured by using commercially 
available ELISA kits (Shanghai Fanke Industrial Co., Ltd., 
China).

SCFAs measurement
Preparation of short-chain fatty acid standard solution
Accurately weigh 1 mg each of isohexanoic acid and hex-
anoic acid, 10 mg each of butyric acid, acetic acid, isobu-
tyric acid, propionic acid, isovaleric acid and valeric acid, 
add 50% acetonitrile aqueous solution, vortex and mix 
evenly to obtain each standard stock solution. Then pre-
pare the working solution.

Sample preparation
Take 50 µL of the plasma sample, add 100 µL acetoni-
trile and ultrasound for 30 min (5 ℃, 40 kHz), then take 
the supernatant after centrifugation at 4 ℃ and add 20 

µL 120 mM of EDC.HCL and 20 µL 200 mM 3NPH.
HCL solution, react for 30 min at 40 ℃, then dilute for 
machine testing.

Liquid chromatography-mass spectrometry (LC/MS)
The LC-ESI-MS/MS (UHPLC-Qtrap) was used as 
described previously [40]. The default parameters are 
used and manual inspection is assisted for identify-
ing and integrating ion fragments. Then draw the linear 
regression standard curve and calculate the concentra-
tion results.

Statistical analyses
Statistical analyses were performed using Graphpad 
Prism 8.0.2 software, SPSS 21.0, and R-3.5.3. Continuous 
variables were analyzed by using a one-way analysis of 
variance (normal distribution, represented by mean ± SD) 
or the Kruskal–Wallis test (abnormal distribution) after 
the Shapiro-Wilk test. The counting data was analyzed 
by the χ2 Test. The random forest and ROC analysis was 
performed using the online software MetaboAnalyst 5.0 
(https:/​/www.me​taboana​lyst​.ca/MetaboAnalyst/) and 
the metabolites of Top10 were selected as the candidate 
biomarker panel. The top 10 metabolites with the great-
est differences were selected as the candidate biomarker 
panel and their correlations with clinical parameters were 
assessed by Spearman correlation analysis.

Results
Clinical data analysis
There were no significant differences in terms of age 
(P = 0.506), gender (P = 0.942) and BMI (P = 0.125) among 
the three groups (Table  1). In comparison with the HC 
group, the HAMA, HAMD and PANSS (T, N and G) 
scores in the MDD group were increased, and HAMD 
and PANSS (T, P, N and G) scores in the SCH group 
were also increased. Meanwhile, there were also signifi-
cant differences in terms of HAMA, HAMD and PANSS 
(T, P and N) scores between MDD and SCH groups. In 

Table 1  Comparison of clinical characteristics data and symptom scale assessment among the three groups
Parameter HC (n = 27) MDD (n = 24) SCZ (n = 24) F/ χ2 value P-value
Age [years, M (P25, P75)] a 30 (26, 30) 30 (26, 32.5) 31 (27, 34.75) χ2 = 1.364 0.506
Gender(male/female)b 9/18 7/17 8/16 χ2 = 0.119 0.942
BMI [kg/m2, mean ± SD] c 21.006 ± 3.027 21.014 ± 2.507 22.586 ± 3.607 F = 2.140 0.125
HAMA (mean ± SD) c 4.518 ± 2.101 23.083 ± 8.187 ** 6.001 ± 2.963 ## F = 101.460 < 0.001
HAMD (mean ± SD) c 3.482 ± 1.673 21.917 ± 7.615 ** 6.750 ± 2.952 **## F = 107.419 < 0.001
PANSS (T) (mean ± SD) c 36.074 ± 3.731 58.875 ± 12.319 ** 73.833 ± 16.459 **## F = 66.149 < 0.001
PANSS (P) (mean ± SD) c 7.852 ± 1.199 7.375 ± 1.345 19.708 ± 5.229 **## F = 121.260 < 0.001
PANSS (N) (mean ± SD) c 8.111 ± 1.188 11.125 ± 3.722 ** 15.625 ± 4.614 **## F = 30.754 < 0.001
PANSS (G) (mean ± SD) c 20.111 ± 2.501 40.375 ± 8.355 ** 38.500 ± 10.241 ** F = 55.946 < 0.001
Abbreviations: a Kruskal Wallis; b Chi-square Tests; c One-way analysis of variance (ANOVA). *P < 0.05 vs. HC group, **P < 0.01 vs. HC group; #P < 0.05 vs. MDD group, 
##P < 0.01 vs. MDD group; BMI: body mass index; Values are shown as mean ± SD or M (P25, P75); SD, standard deviation; HAMA, Hamilton Anxiety Scale; HAMD, 
Hamilton Depression Rating Scale; PANSS (T), PANSS total score; PANSS (P), PANSS positive symptom score; PANSS (N), PANSS negative symptom score; PANSS (G), 
PANSS general psychopathological symptom score

https://www.metaboanalyst.ca/MetaboAnalyst/
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comparison with the MDD group, the scores of HAMA 
and HAMD were decreased whereas PANSS (T), PANSS 
(P) and PANSS (N) were increased in the SCH group. 
Moreover, almost all recruited participants never smoked 
or occasionally smoked, and there was no significant dif-
ference among the three groups in terms of exposure to 
secondhand smoke in the past 6 months. Detailed demo-
graphic and clinical characteristics of participants are 
shown in Supplementary Table 1.

Alternation of plasma cytokines in MDD and SCH
A total of 15 cytokines were detected in the samples 
from each group. Except for IL-2 (Fig.  1C), there were 
significant differences in the concentrations of CXCL12 
(F = 24.94, P < 0.001, Fig. 1A), IL-1Ra (F = 39.96, P < 0.001, 

Fig. 1B), IL-4 (F = 41.96, P < 0.001, Fig. 1D), IL-9 (F = 59.35, 
P < 0.001, Fig.  1E), IL-10 (F = 59.98, P < 0.001, Fig.  1F), 
IL-17  A (F = 36.35, P < 0.001, Fig.  1G), IL-24 (F = 70.72, 
P < 0.001, Fig.  1H), IL-33 (F = 24.94, P < 0.001, Fig.  1I), 
IL-37 (F = 129.8, P < 0.001, Fig.  1J), IFN-β (F = 3.999, 
P = 0.026, Fig. 1K), CXCL10 (F = 98.21, P < 0.001, Fig. 1L), 
IRF5 (F = 4.856, P = 0.015, Fig.  1M), TGF-β1 (F = 17.97, 
P < 0.001, Fig.  1N) and YKL-40 (F = 40.34, P < 0.001, 
Fig.  1O) among the three groups. Moreover, intercom-
parison showed that concentrations of CXCL12, IL-1Ra, 
IL-4, IL-9, IL-17  A, IL-24, IL-33, CXCL10 and YKL-
40 were increased, whereas IL-10, IL-37 and IRF5 were 
decreased in the MDD group than that in the HC group. 
Similarly, concentrations of CXCL12, IL-1Ra, IL-4, 
IL-9, IL-17  A, IL-24, IL-33, CXCL10 and YKL-40 were 

Fig. 1  The differential concentration of cytokines among MDD, SCH and HC participants. (A) CXCL12, (B) IL-1Ra, (C) IL-2, (D) IL-4, (E) IL-9, (F) IL-10, (G) 
IL-17 A, (H) IL-24, (I) IL-33, (J) IL-37, (K) IFN-β, (L) CXCL10, (M) IRF5, (N) TGF-β1, and (O) YKL-40. Abbreviation: MDD, major depressive disorder; SCH, schizo-
phrenia; HC, healthy control; CXCL12, chemokine C-X-C motif ligand 12; IL-1Ra, interleukin-1 receptor antagonist; IFN-β, interferon-β; CXCL10, chemokine 
C-X-C motif ligand 10; IRF5, IFN regulatory factor 5; TGF-β1, transforming growth factor-β1; YKL-40, chitinase 3-like protein 1. *P < 0.05; **P < 0.01
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increased, whereas IL-10 and IL-37 were decreased in 
the SCH group than that in the HC group. However, the 
concentration of IFN-β was decreased in the SCH group 
than in that of HC group. Importantly, concentrations of 
IL-1Ra, IL-4, IL-9, IL-24, IL-33, CXCL10, IRF5, TGF-β1 
and YKL-40 were increased, while IL-10 and IL-37 were 
decreased in the SCH group when compared with the 
MDD group. Besides, concentrations of IL-10 and IL-37 
were negatively, whereas IL-1Ra, IL-9, CXCL12, IL-17 A, 
IL-4, YKL-40, IL-24, IL-33 and CXCL10 were positively 
correlated with the PNASS score. Meanwhile, concentra-
tions of CXCL12, IL-17 A, IL-4, YKL-40, IL-24 and IL-33 
were positively, whereas TGF-β1, INF-β and IRF5 were 
negatively correlated with HAMD. Moreover, concentra-
tions of CXCL12 and IL-17  A were positively, whereas 
TGF-β1 and IRF5 were negatively correlated with 
HAMA (Fig.  2A). Taken together, the concentrations of 
pro-inflammatory cytokines were increased, while anti-
inflammatory cytokines (such as IL-37 and IL-10) were 
decreased in MDD and SCH, and changes in SCH were 
more pronounced than in MDD.

Alternation of SCFAs in MDD and SCH
As shown in Fig.  3, except for Butyric acid (Fig.  3C), 
there were significant differences in the concentrations of 
Acetic acid (F = 14.33, P < 0.001, Fig. 3A), Propionic acid 
(F = 28.94, P < 0.001, Fig.  3B), Isobutyric acid (F = 90.88, 
P < 0.001, Fig.  3D), Valeric acid (F = 17.36, P < 0.001, 
Fig.  3E), 4-Methylvaleric acid (F = 8.526, P < 0.001, 
Fig. 3F), Isovaleric acid (F = 39.45, P < 0.001, Fig. 3G) and 
Caproic acid (F = 36.47, P < 0.001, Fig.  3H) among the 
three groups. Furthermore, concentrations of Acetic acid, 
Isobutyric acid, Propionic acid, Valeric acid, Caproic acid 
and Isovaleric acid were decreased, while 4-Methylvaleric 
acid was increased in both MDD and SCH groups than 
that in the HC group. However, there is no significant dif-
ference in these detected SCFAs between MDD and SCH. 
Besides, concentrations of Caproic acid, Isovaleric acid, 
Acetic acid, Propionic acid, Isobutyric acid and Valeric 
acid were negatively correlated with PANSS (G), PANSS 
(T), PANSS (N) and HAMD scores (Fig. 2B). Meanwhile, 
concentrations of Caproic acid, Isovaleric acid, Isobu-
tyric acid and Propionic acid were negatively correlated 
with scores of PANSS (P), whereas concentrations of 
Caproic acid, Isobutyric acid, Isovaleric acid, Acetic acid 

Fig. 2  Correlation between levels of cytokines, SCFAs and clinical scale score. (A) Correlation between levels of cytokines and scale scores of HAMA, 
HAMD and PANSS (P, T, N and G). (B) Correlation between levels of SCFAs and scale scores of HAMA, HAMD and PANSS (P, T, N and G). (C) Correlation 
between levels of SCFAs and cytokines. Red and blue squares indicate positive and negative correlations, respectively, and the intensities of the colors 
are proportional to the degree of correlation. *P < 0.05; **P < 0.01; ***P < 0.001. Abbreviation: HAMA, Hamilton Anxiety Scale; HAMD, Hamilton Depression 
Rating Scale; PANSS, Positive and Negative Syndrome Scale; PANSS (T), PANSS total score; PANSS (P), PANSS positive symptom score; PANSS (N), PANSS 
negative symptom score; PANSS (G), PANSS general psychopathological symptom score
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and Valeric acid were negatively correlated with scores 
of HAMA. On the other hand, levels of 4-Methylvale-
ric acid were positively correlated with scores of PANSS 
(T), PANSS (G), HAMD and HAMA. Whereas levels of 
IL-4, CXCL10, IL-24, IL-33, IL-1Ra, IL-17  A, YKL-40, 
CXCL12 and IL-9 were negatively, whereas IL-10 and 
IL-37 were positively correlated with levels of Acetic acid, 
Valeric acid, Isobutyric acid, Isovaleric acid, Caproic acid 
and Propionic acid (Fig. 2C). In addition, concentrations 
of IL-4, CXCL10, IL-33, IL-1Ra and IL-9 were positively 
correlated with levels of 4-Methylvaleric acid, and con-
centration of TGF-β1 was negatively correlated with lev-
els of Butyric acid and Propionic acid. Together, except 
for an increase in 4-Methylvaleric acid, all other SCFAs 
with statistical differences decreased in both MDD and 
SCH. Levels of proinflammatory cytokines were nega-
tively while anti-inflammatory cytokines were positively 
correlated with the concentrations of changed SCFAs.

Characteristic plasma cytokines and SCFAs between MDD 
and HC,SCZ and HC, and SCZ and MDD
As shown in Fig. 4, the top 10 differential cytokines and 
SCFAs, including Caproic acid, Isobutyric acid, CXCL10, 
Isovaleric acid, IL-33, Valeric acid, Propionic acid, IL-24, 
CXCL12 and IL-9 were consisted as a panel that could 
distinguish MDD and HC effectively (AUC = 0.997, 
Fig.  4A, B). Similarly, a panel containing IL-33, IL-24, 
CXCL10, Isobutyric acid, IL-9, YKL-40, IL-4, IL-1Ra, 
IL-10 and IL-17 A could distinguish SCH and HC effec-
tively (AUC = 0.999, Fig. 4C, D). Finally, a panel consist of 
IL-33, CXCL10, IL-10, IL-24, TGF-β1, IL-1Ra, IL-9, YKL-
40, IL-37 and IRF5 could distinguish SCH and MDD 
effectively (AUC = 0.983, Fig.  4E, F). These results indi-
cate that plasma cytokines and SCFAs might be useful for 
screening peripheral biomarkers in patients with MDD 
and SCH.

Discussion
Cytokines are small proteins that are predominantly 
produced by immune cells and are influenced by numer-
ous factors such as genetics, exposure to pathogens and 

Fig. 3  The differential concentration of SCFAs among MDD, SCH and HC participants. (A) Acetic acid, (B) Propionic acid, (C) Butyric acid, (D) Isobutyric 
acid, (E) Valeric acid, (F) 4-Methylvaleric acid, (G) Isovaleric acid, (H) Caproic acid. *P < 0.05; **P < 0.01
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Fig. 4  Potential biomarker panels and AUC value of ROC analysis for discriminating MDD, SCH and HC. Top 10 differential markers identified from random 
forest classifiers based on the combination of cytokines and SCFAs and AUC value of ROC analysis for discriminating the MDD from HC (A, B), SCH from 
HC (C, D) and MDD from SCH (E, F)
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stress [41, 42]. Cytokines can divide into several fami-
lies and provide specialized functions. One of the most 
well-known features is either pro-inflammatory or anti-
inflammatory effects. Both acute and chronic inflamma-
tion was involved in the pathogenesis of MDD, and the 
relationship between proinflammatory cytokines and 
MDD, such as TNFα, IL-1β and IL-6 has been exten-
sively studied [43]. Recently, more cytokines and their 
receptors, including IL-3, IL-4, IL-17  A and TGF-β1, 
have been studied in association with depression [44, 45]. 
Consistent with previous results, we found that CXCL12, 
IL-1Ra, IL-4, IL-9, IL-17  A and IL-33 were increased 
whereas IL-10 was decreased in the MDD group than 
that of the HC group. Importantly, we also found that 
IL-24, CXCL10 and YKL-40 were increased whereas 
IL-37 and IRF5 were decreased in the MDD group than 
the HC group. IL-24 belongs to the IL-10 family and is 
implicated in the inflammatory processes and CXCL10 
is expressed in a variety of cells including macrophages, 
fibroblasts, monocytes, glial cells and neurons, and 
plays roles in mediating the migration of inflamma-
tory leukocytes into inflamed tissues [46]. Meanwhile, 
YKL-40 is an inflammatory biomarker whereas IL-37 is 
an inhibitor of proinflammatory IL-1 family members 
[47]. Although previous studies indicated that polymor-
phisms in IL-24 were possibly involved in the increased 
risk for MDD [48], the expression of CXCL10 was ele-
vated in rats with depressive-like behaviors [49] and 
IL-37 might have therapeutic potential for the regula-
tion of depression-induced inflammatory response [50], 
the changes in the peripheral levels of these cytokines 
in MDD are not yet known. Moreover, IRF5 is a central 
mediator of innate and adaptive immunity and its con-
nection with depression has not been reported yet. Our 
recent work also found that exposure to chronic variable 
stress induces depressive- and anxiety-like behaviors in 
mice and increases IL-17 A and CXCL12 while reducing 
IL-33 in the plasma [51]. Therefore, consistent with pre-
vious reports, the peripheral inflammatory response was 
increased and anti-inflammatory levels were decreased 
in MDD. We further found that levels of CXCL12 and 
IL-17 A were positively correlated while IRF5 was nega-
tively correlated with HAMA and HAMD scores. Mean-
while, levels of IL-4, IL-24 and IL-33 were positively 
correlated with HAMD scores. It suggested that levels of 
CXCL12 and IL-17 A were positively correlated whereas 
IRF5 was negatively correlated with both anxiety and 
depression symptoms, while IL-4, IL-24 and IL-33 were 
only related to depression symptoms.

Accumulation evidence indicates that immune dys-
function plays a critical role in the pathogenesis of SCH 
[52, 53] and the alternations of cytokines in SCH have 
also been widely reported. A previous meta-analysis by 
Goldsmith et al. showed concentrations of IL-6, IL-8, 

TNF-α, IL-10, IL-12, soluble IL-2 receptor (sIL-2R) and 
transforming growth factor-β (TGF-β) were increased 
whereas IL-4 was decreased in first-episode psychosis 
(FEP) versus HC [54]. Orhan et al. found plasma levels 
of monocyte chemoattractant protein-1 (MCP-1) and 
YKL-40 were increased in FEP patients [55]. Similar to 
these studies, the present results showed that IL-1Ra, 
IL-9, IL-33, TGF-β1, IL-4 and YKL-40 were increased in 
the SCH group versus HC group. Inconsistently, another 
study showed serum IL-1Ra was increased while there 
were no significant differences in IFN-γ, IL-1β, TNF-α 
and IL-8 in patients with SCH who were first episode 
and drug-naive or antipsychotic-free over the past 6 
months versus HC [56]. Moreover, a meta-analysis by 
Frydecka et al. showed elevated levels of IL-1Ra, IL-6, 
IL-7, IFN-γ, IL-8, IL-9, IL-10, IL-13 in multiple-episode 
schizophrenia (MES) patients while there were no signifi-
cant differences in those cytokines between first-episode 
schizophrenia (FES) patients and controls [57]. These 
inconsistent results suggest that the source of the sample 
(plasma or serum) and the number of episodes have a 
potential influence on the levels of peripheral cytokines. 
Meanwhile, we also showed that CXCL12, IL-24 and 
IL-17 A were increased whereas IL-37 and IFN-β1 were 
decreased in the SCH group than that of the HC group, 
which has not been reported previously. CXCL12 is an 
anti-inflammatory chemokine factor that regulates auto-
immune inflammatory response [58]. IL-17  A is central 
to psoriasis pathogenesis that drives IL-24 expression 
in the skin [59], the latter plays a key role in the patho-
genesis of pro-inflammatory autoimmune disorders [60]. 
On the contrary, IL-37 exerts broad protective effects on 
inflammatory diseases and autoimmune diseases [61]. 
IFN-β inhibits T cell activation and it has been used for 
the treatment of multiple sclerosis [62]. Importantly, 
these cytokines were positively or negatively correlated 
with PANSS scores, suggesting that SCH is accompa-
nied by abnormal peripheral autoimmune inflammation. 
On the other hand, Goldsmith et al. also found that the 
levels of IL-6, TNF-α, soluble interleukin-2 receptor (sIL-
2R) and IL-1RA were increased in patients with SCH and 
MDD versus controls [54]. Another work found weak 
evidence for causal associations of sIL-2Rα and IL-9 with 
SCH and it indicated that the IL-6/IL-6R pathway may 
represent a novel therapeutic target for both SCH and 
MDD [63], raising the possibility of common underly-
ing pathways in SCH and MDD for immune dysfunction. 
Notably, we found that several inflammatory cytokines 
such as IL-4, IL-33, TGF-β1 and YKL-40 were increased 
whereas IL-10 and IL-37, natural suppressors of inflam-
matory and immune responses were decreased in SCH 
versus MDD. It suggests that the level of plasma inflam-
mation in patients with SCH is higher than that in MDD 
in the present study.
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Except for an energy source of colonocytes, circulating 
short-chain fatty acids (SCFAs) can cross the blood-brain 
barrier (BBB) and regulate oxidative stress, metabolism 
and neuro-inflammation [22, 64], which are involved in 
the pathology of MDD and SCH [65, 66]. In the present 
study, we found that there was no significant difference 
in Acetic acid, Isobutyric acid, Propionic acid, Isova-
leric acid, Valeric acid and Caproic acid between MDD 
and SCH, while levels of these SCFAs were decreased in 
both MDD and SCH versus HC. On the other hand, we 
also found 4-Methylvaleric acid, a precursor of pogos-
tone [67], was increased in both MDD and SCH groups 
and was positively correlated with PANSS (G and T) or 
HAMA/HAMD scores. These results indicated that the 
alternation of SCFAs might be the common feature of 
these two diseases. Nevertheless, a recent study found 
the total content of serum SCFAs was increased in first-
episode depression [30]. However, our recent work found 
that levels of Isobutyric acid, Caproic acid, and Propi-
onic acid were decreased in the plasma of MDD and 
were negatively correlated with the scores of HAMD 
and HAMA [68]. Similarly, Peng et al. found that the 
level of Valeric acid was decreased in SCH than that in 
the HC group, whereas there were no significant differ-
ences in Acetic acid, Butyric acid, Isovaleric acid and 
total SCFAs’ level between SCH and HC [28]. Li et al. 
found there was no significant difference in serum levels 
of butyric acid between SCH at baseline and HC, while it 
was increased after 24-week risperidone treatment [69]. 
However, another study showed reduced Acetic acid, 
total SCFAs and acetic acid/ propionic acid ratio in SCH 
than HC [70]. Therefore, differences in peripheral SCFAs 
observed in MDD and SCH versus HC were inconsistent 
across studies, and the reasons behind need to be further 
elucidated.

Given that propionic acid, Acetic acid, Valeric acid, 
isobutyric acid and pogostone showed immune-modula-
tory effects [71–74], we speculate that there may be an 
interaction between SCFAs and cytokines. We found that 
altered SCFAs were negatively correlated with the level 
of proinflammatory cytokines but positively correlated 
with the level of anti-inflammatory cytokines like IL-10 
and IL-37, indicating the alternations in SCFAs might 
influence psychiatric symptoms by affecting the immune 
response. Besides elucidating the compositions of cyto-
kines and SCFAs in MDD and SCH, we also wanted to 
know which combinational molecular could discrimi-
nate MDD and SCH (from each other and from HC). 
For this purpose, we identified potential molecular pan-
els that could distinguish patients with MDD from those 
with SCH or HC, with AUC values of 0.983 and 0.999, 
respectively. A previous study reported that changes in 
fecal SCFAs and plasma inflammatory cytokines such 
as TNF-α and IL-1Ra were associated with changes in 

depression or anxiety symptoms [75]. Another study 
found that SCFAs including acetic acid, propanoic acid, 
butyric acid, isobutyric acid, isovaleric acid and isohexa-
noic acid, and several neurotransmitters were remarkably 
decreased in SCH cases with aggression than those with-
out [76]. Therefore, changes in peripheral fatty acids and 
inflammatory cytokines may be characteristic of underly-
ing MDD and SCH.

It should be noted that the results of IL-4 from differ-
ent studies are controversial in SCH. Consistent with our 
result, concentrations of IL-4 in serum in relapse patients 
with SCH were higher than in controls [77], while 
another work indicated that IL-4 was not increased in 
patients with first-onset SCH, and it was even decreased 
in chronic schizophrenia-spectrum disorder [78]. Simi-
larly, we found that CXCL10 was increased while another 
work showed that serum concentrations of CXCL10 were 
decreased in patients with SCH [79]. Nevertheless, a pre-
vious study found that all concentrations of fecal SCFAs 
except for isocaproic acid were diminished in depressed 
patients [80], whereas another work showed that levels 
of total SCFAs and acetic acid in serum were increased 
in drug-naïve, first-episode SCH [70]. Therefore, the dif-
ference in cytokines and SCFAs levels may be related to 
factors such as the sample source, the stage of disease 
development and the severity of mental symptoms.

Nevertheless, several limitations also should be clari-
fied. The present study was only based on cross-sectional 
studies and has a limited number of cases, a large sample 
of cohort study should be considered. Meanwhile, the 
influence of antidepressants or antipsychotics and other 
treatment methods (neuroregulation and psychotherapy) 
on cytokines and SCFAs cannot be ruled out. Moreover, 
further exploration is needed to investigate the interac-
tions between plasma cytokines and SCFAs and other 
reported molecular features that can distinguish MDD 
and SCH patients from HC, such as the kynurenine 
(KYN) pathway of tryptophan. KYN is not only a key link 
between the brain-gut axis, but also one of the underly-
ing molecular mechanisms that was involved in MDD 
and SCH [81–83].

Conclusions
We characterized different plasma cytokines and SCFAs 
in adult patients with MDD and SCH. Moreover, we 
developed potential molecular panels to discriminate 
patients with MDD from HC, SCH from HC and each 
other. Although the findings might help to understand 
the pathogenesis of these two diseases further, they still 
need to be confirmed by large sample size studies includ-
ing discovery and validation cohorts.
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