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a b s t r a c t

The immune hypothesis of schizophrenia has gained significant popularity in recent years in schizophrenia
research. Evidence suggests that the peripheral immune system communicates with central nervous
system and the effect propagates through microglial and lymphocyte crosstalk, especially during neuro-
inflammation. Although, there is previous literature indicating changes in lymphocyte population in
schizophrenia, detailed studies with respect to T and B cells are scarce. Mucosal associated invariant T
(MAIT) cells are functionally associated with the gut microbiome. The gut microbiome has been implicated
in the pathogenesis of schizophrenia. However, there is no information on the frequency of MAIT cells in
schizophrenia. Hence, we investigated changes in proportions of T cells, B cells and MAIT cells in peripheral
blood mononuclear cells derived from antipsychotic-free patients with schizophrenia in comparison to
healthy controls. In line with earlier reports, we noted perturbations in Th17 cells. This study for the first
time reports changes in frequencies of MAIT cells in a homogenous population of antipsychotic-free pa-
tients with schizophrenia. These changes, though not common across all patients nevertheless point to the
fact that inflammation is prevalent in a significant subset of schizophrenia cases.

© 2019 Elsevier B.V. All rights reserved.
1. Introduction

Schizophrenia is a neuropsychiatric illness characterized by
cognitive and social deficits affecting approximately 1% of the global
population. The neurobiological basis of schizophrenia has been
poorly defined, partly due to the complexity of the disease. Several
theories such as dopamine (Howes and Kapur, 2009), glutamate
(Gysin et al., 2007), inflammation (Najjar et al., 2013), infection
(Yolken and Torrey, 1995), genetic (Henriksen et al., 2017), and many
others have been proposedwith each theory partially contributing to
understanding of the pathogenesis of schizophrenia. Immune cells
and neuronal cells share several receptors. For example, classic
heumatoid factor antibodies;
lls, T helper-1 cells; Th2 cells,
AIT, double negative (CD4�

lear cells; SNP, single nucle-
ct Consortium; NSAIDs, Non-
neuronal receptors such as dopamine receptors and glutamate re-
ceptors are found in lymphocytes (Buttarelli et al., 2011; Pacheco
et al., 2007). Conversely, immune cell receptors such as toll-like re-
ceptors and chemokine receptors are expressed by neurons (Okun
et al., 2011; Meucci et al., 2000). This leads to two-way interaction
between neuronal and immune cells. Hence, any changes in immune
cells due to inflammatory process or changes in neuronal signalling
due to neuronal dysfunction can directly impact other pathways
including dopamine or glutamate signalling each of which possibly
contributes to pathogenesis of schizophrenia.

The pertinent role of the immune system in maintaining the
neuronal architecture is well established (Ransohoff et al., 2015),
which suggests that changes in immune functioning may play a key
role in the pathogenesis of schizophrenia. Although neuro-
inflammation is predominantly controlled and driven by microglia,
increased blood brain barrier leakiness leads to recruitment of
lymphocytes and macrophages (Najjar et al., 2017; Cai et al., 2018;
Greene et al., 2018). The “Inflammation hypothesis” of schizophrenia
suggests that there is an increased or uncontrolledmicroglial activity
which contributes to neuronal damage and losswhich is consistently
reported in schizophrenia. There is also sufficient evidence to
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indicate that in the event of inflammation, blood brain barrier
leakiness allows homing of T cells into the central nervous system.
Following this, microglia interact with imported T cells, thereby
amplifying the neuro-inflammation through exaggerated production
of pro-inflammatory molecules which in turn leads to escalated
neuronal assault (Juckel et al., 2011; De Picker et al., 2017).

T cells are copious producers of cytokine and are key mediators of
inflammation. T cells are classified into CD4 helper T (Th) cells and
CD8 Cytotoxic T cells (CTLs). Upon activation, Th cells are differenti-
ated into Th1, Th2, Th17 and regulatory T cells (Treg). Th1 and Th17
cells are pro-inflammatory in nature, Th2 cells are protective and
drive humoral immunity, while T regulatory cells are immunosup-
pressive. Notably, the ratio of Th1/Th2 and Th2/Th17 are used to
indicate the shift of immune balance (Romagnani, 1991; Romagnani,
1999; Kidd, 2003). Important role of T cells has consistently been
reported in patients with schizophrenia, this included altered counts
of various T cell subsets, T cell activation, impaired T cell functions as
well as abnormal T cell receptor repertoires (Debnath, 2015).

Among Tcells, MAITcells are unconventional T cells first reported
in 1999 (Tilloy et al., 1999). Subsequently, they were noted to be
active in the intestinal mucosal region and were hence called as
Mucosal associated invariant T cells (Treiner et al., 2003). These cells
are characterized by the expression of a semi-invariant T cell re-
ceptor (Va7.2-Ja33/12/20) which recognizes an evolutionarily
conserved MHC-related protein 1 (MR-1). The MR-1 can directly
recognise bacterial metabolites (Kjer-Nielsen et al., 2012). The MAIT
cells also express CD161 and IL-18R, which aid in identifying them as
a separate T cell population (Ussher et al., 2014; Xiao and Cai, 2017)
by multiparametric flow cytometry analysis. These cells are further
classified into DNMAIT (double negative), CD4þMAITcells and CD8þ

MAIT cells, based on the presence or absence of CD4 and CD8
markers (Sugimoto et al., 2015). CD8/DNMAITcell ratio is considered
as a marker of senescence in MAIT cells (Novak et al., 2014).

Though a significant correlation between immune cells/cyto-
kine expression and clinical scores in schizophrenia has been
demonstrated in some studies, others reports failed to do so (Miller
and Goldsmith, 2017). Further, the pathogenesis of schizophrenia
has been correlated with several other contributing factors such as
genetics, environmental factors andmicrobiome (Dean andMurray,
2005; Xu et al., 2015; Kanji et al., 2018). For example, G197A Single
Nucleotide Polymorphism (SNP) in the NFAT protein leads to
increased expression of IL-17 which is significantly associated with
inflammation in schizophrenia (Subbanna et al., 2018). This SNP has
been reported to be associated with enhanced autoimmunity
(Arisawa et al., 2008; Nordang et al., 2009; Espinoza et al., 2011).
Further, understanding the role of inflammation may help explain
treatment resistance in schizophrenia (Lin et al., 1998).

Considering the significant differences among genetic and
environmental factors globally, it is imperative to investigate the
role of immune aberrations in the pathophysiology of schizo-
phrenia. Compelling evidence towards this was obtained from
imaging studies indicating significant microglial activity in
schizophrenia. Indeed, there is a substantial increase in microglial
activity in high-risk cases who later develop schizophrenia
(Bloomfield et al., 2016). In addition, studies on peripheral immune
cells, especially lymphocytes also provided robust evidence to-
wards immunopathogenesis of schizophrenia. A recent meta-
analysis of 16 studies probing quantitative changes in lymphocytes
from schizophrenia cases suggested that there were significant
changes in peripheral CD4þ and CD8þ T lymphocytes in patients
who were not on anti-psychotics (Miller et al., 2013). Besides, Th17
cells have been implicated in schizophrenia pathogenesis (Debnath
and Berk, 2014; Ding et al., 2014). Although, earlier studies from
India have investigated plasma cytokine abnormalities in schizo-
phrenia, they have not assessed the immunophenotypes that may
be responsible for the cytokine changes (Kalmady et al., 2014;
Subbanna et al., 2018). Additionally, antipsychotics are shown to
have immuno-modulatory effects and the data on the effects an-
tipsychotics on various lymphocyte populations are inadequate.

In this study, we hypothesized that significant alterations occur
in the frequencies of peripheral lymphocyte subsets derived from
antipsychotic-free schizophrenia patients in comparison to healthy
controls. Hence, in the present study we investigated changes in
frequency of T cells, B cells and MAIT cells in PBMCs derived from
antipsychotic-free patients with schizophrenia, using multi-para-
metric flow cytometry to understand their potential role in
schizophrenia.
2. Materials and methods

2.1. Subject selection

The methods adopted for recruiting and collecting samples from
the patient (n¼ 32) and healthy control samples (n¼ 24) have been
detailed in our previous study (Varun et al., 2018). Briefly, schizo-
phrenia cases were identified by a qualified psychiatrist based on
DSM-IV TR criteria (DSM-IV, 2000). The inclusion criteria for schizo-
phrenia patients were subjects aged 18e45 years of both gender,
attending the psychiatry clinic from January 2016 to June 2017 who
were free of antipsychotics for at least 3months. The schizophrenia
cases were classified as either drug naïve or drug free. Drug naïve
cases were defined as patients with schizophrenia who had never
been treated with antipsychotics. Drug free cases were defined as
patients with schizophrenia who had been free of antipsychotics for a
minimum period of 3months prior to enrolment into the study. The
exclusion criteria for the patients were: any activemedication; history
of nicotine or alcohol dependence or opioid use; history of illness in
the past 90 days such as infection or fever. Psychopathology scores
were available for a subset of the schizophrenia patients using the
Positive and Negative Syndrome Scale (PANSS) scale (Kay et al., 1987).
Healthy controls were defined as healthy volunteers unrelated to the
patients, aged 18e45 years of both gender without any history of
psychiatric illness as assessed by an oral interview. The other exclu-
sion criteria were similar to that of patient group as stated above. All
the samples used for this study were also screened for presence of
anti-nuclear antibodies and Rheumatoid Factor antibodies.
2.2. Informed consent

The study was approved by the Institutional Ethics Committee.
Written informed consent for obtaining the blood sample for
research was taken from all the study subjects.
2.3. Sample collection, processing and storage

Approximately 10ml of blood was collected using EDTA vacu-
tainer (BD; USA). The blood samples were processed using density
gradient centrifugation as described previously (Basheer et al.,
2018). In brief, the blood sample was centrifuged and the plasma
was separated. The remaining blood sample was mixed with an
equal volume of RPMI 1640 (Sigma-Aldrich, St. Louis, USA), overlaid
on Histopaque (Sigma-Aldrich) and centrifuged at 400g at room
temperature for 25min. The buffy coat layer was washed in 1� PBS
and transferred to a cryovial containing 90% FCS and 10% DMSO
(Sigma-Aldrich). The cooling was performed by a slow cooling
process, at the rate of �1 �C/min in a cryofreezing container with
isopropanol, overnight at �80 �C (Nazarpour et al., 2012). The
PBMCs were preserved in liquid nitrogen for a period of 2weeks to
16months until immunophenotyping was performed. The viability
of the PBMCs ranged from 58 to 87%.
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2.4. Immunophenotyping

Multi-parametric flow cytometry was performed after staining
with relevant fluorescent monoclonal antibodies to quantify T cell
and B cell subsets, as per theHuman Immunology Project Consortium
(HIPC) guidelines (Maecker et al., 2012; Finak et al., 2016). Briefly, the
T cells were identified as CD3þ positive live lymphocytes. They were
subtyped into CD4 and CD8 cells. The CD4 cells were further classified
into Th1, Th2 and Th17 using CXCR3 and CCR6 surface markers. CD38
and HLA-DR were used to identify activation of cells. B cells were
identified as CD3� CD19þ live lymphocytes. They were further clas-
sified as CD27� (Naïve B cells), CD27þ (Memory B cells), CD38þ

CD20� (plasmablasts) and CD38þ CD24high (Transitional B cells)
surface marker expression. MAIT cells were immunophenotyped
based on previous literature (Ussher et al., 2014; Xiao and Cai, 2017).
Briefly,MAITcellswere identified as lymphocyte subtypewith Va7.2þ

CD161þ. MAIT cells were classified into CD4þ, CD8þ or DN (CD4�

CD8�)MAITcells. Each subtypewas further assessed for expression of
HLA-DR to indicate activation. The list of fluorochrome labelled an-
tibodies used for this study is provided in Supplementary Table 1. The
gating process followed for immunophenotyping is provided in
Supplementary Fig. 1. The immunophenotyping data was acquired
through FACS Verse flow cytometer (BD Biosciences, USA) with BD
FACSuite interface (v1.0.5.3841). The data acquired were analyzed
using FlowJo software (vX.0.7; Treestar Inc.; USA).

2.5. Statistical analysis

The data for each type of cell was calculated as a percentage of
parent cell population and analyzed using R statistical package
3.5.0. The values obtained for each parameter was assessed for
normality distribution and goodness of fit using the Shapiro-Wilk
Test. For normal data, the parametric unpaired ‘t’ test was used. For
data which did not comply with normal distribution, the non-
parametric Mann Whitney U test was used as described earlier
(Basheer et al., 2018). Grubb's statistical test was used to identify
the significant outliers (p< 0.05) in the data (Adikaram et al., 2014).

Li's test for multiple comparisons was performed. Li's method is
a p value based two-step rejection procedure for testing multiple
hypotheses (Li, 2008). Briefly, this test computes the probability
(Lip) that the derived p value is observed due to a chance, following
multiple comparisons. A Lip> 0.05 (reject hypothesis), suggests
that the there is a true statistically significant difference and further
adjustment of p value is not warranted.

Analysis of covariance (ANCOVA) for 2 independent samples
was used to correct for the effect of age. Pearson's correlation was
used to assess correlation between age, duration of illness or psy-
chopathology score (PANSS) and frequency of cell population.
Spearman's rank correlation coefficient was used to determine the
correlation between gender and frequency of cell population.

3. Results

The demographic details of the study subjects are summarized in
Table 1. The data presented hereby are based on p values obtained
after correcting for age as a covariate. T cell immunophenotyping
revealed no observable difference in the overall percentages of CD4þ

T cells and CD8þ T cells. Additionally, CD3þ CD4þ/CD8þ ratio did not
differ between the controls and patients with schizophrenia
(p¼ 0.52). Subtyping of CD4þ T cells showed significantly elevated
frequencies of Th17 cells (p¼ 0.045) and activated Th17 subset
(p¼ 0.005) in the schizophrenia group (Fig. 1AeB). Comparison of
the ratios of Th1, Th2 and Th17 identified that Th2/Th17 ratio was
significantly lower (p¼ 0.03) in schizophrenia, indicating a shift of
balance towards increased Th17 (Fig. 2A). The summarized results
and statistics of immunophenotyping of T cells and their subtypes
are presented in Supplementary Table 2A. B cell immunopheno-
typing did not reveal any significant difference between the two
groups (Supplementary Table 2B). While total DN MAIT cells were
significantly reduced (p¼ 0.029), the HLA-DRþ DN MAIT cells were
found to be upregulated in schizophrenia patients. In addition, HLA-
DRþ CD4þ MAIT cells were found to be elevated in schizophrenia
patients (Fig. 1CeF).

To establish unambiguous evidence that the statistically significant
differences obtained in the study were not contributed by a potential
outlier, the Grubbs' testwas performed (Adikaramet al., 2014). Grubbs
test is a statistical tool to identify a single probable outlier, which can
potentially skew the represented data. Upon finding a significant
outlier (p< 0.05), the statistics were repeated, by excluding the
detected outlier. The test identified a potential outlier in each of the
following datasets-CCR6þ CXCR3þ T cells, Th1, Activated Th1, Th2,
Activated Th2, Activated Th17, Plasmablasts, Transitional B cells, Total
MAIT cells, CD4þ HLA-DRþ MAIT cells, HLA-DRþ DN MAIT cells.
However, it was observed that the statistical differences remained
valid following the Grubbs test (Supplementary Table 2).

Correction for multiple comparisons by Li's statistical test did
not warrant any further adjustments for p values (Supplementary
Table 2). Hence, unadjusted p values were used for interpretation of
the data. Further, the usefulness of adjusted p value has been
strongly debated, especially in exploratory and immunopheno-
typing studies (Rothman, 1990; Hashimoto et al., 2011; Basheer
et al., 2018).

Further, we did not observe statistically significant correlation
between the percentages of cells and age, gender or duration of
illness (Table 2). Psychopathology scores were available for 21/32
patients and did not reveal any correlation with immune
parameters.

4. Discussion

A plethora of literature exists on the immunophenotyping of
PBMCs from schizophrenia patients with varied findings, globally
(Craddock et al., 2007; Muller et al., 2000; Ozdin et al., 2017; Muller
and Schwarz, 2010; Maino et al., 2007; Debnath and Berk, 2014).
However, there are no studies on immunophenotypes among pa-
tients with schizophrenia from India. It is now well recognised that
peripheral immune cells contribute to neuronal modelling directly
or through microglial cells (Peruzzotti-Jametti et al., 2014). Indeed,
studies have convincingly demonstrated that the peripheral immune
cells such as lymphocytes and monocytes contribute to several
functions of the central nervous system such as learning, formation
of spatial memory and dendritic spine remodelling thus highlighting
the importance of interrogating aberrations among peripheral im-
mune cells in neuropsychiatric illnesses (Garre et al., 2017; Derecki
et al., 2010). Although alterations in Th1 and Th2 cells were consid-
ered important in schizophrenia, recent evidence has implicated
dysregulated Th17 cells (Muller et al., 2000; Debnath and Berk, 2014).
This view has been further refined to suggest a possible role for IL-
23/IL-17 pathway through Th17 as one of the central driving factors
responsible for neuroinflammation in schizophrenia (Debnath and
Berk, 2017). Further, aberrant microglial cell activation in the central
nervous system leads to altered neuroplasticity, commonly observed
in schizophrenia (De Picker et al., 2017).

In this study, we demonstrate changes in frequencies of Th17
cells and activated Th17 cells in schizophrenia patients compared to
controls. Alterations in the ratio of T helper subtypes are suggestive
of changes in immune balance. For example, Th2 cells are anti-in-
flammatory in nature and drive humoral immunity in contrast to
Th1 and Th17 cells which are pro inflammatory (Kidd, 2003). A
decreased Th2/Th17 ratio indicating a shift in balance towards the
pro-inflammatory phenotype was observed in our study, suggest-
ing an inflammatory process similar to previously reported



Fig. 1. Scatter plot representing data for percentage of cells found to be significantly dysregulated in this study between schizophrenia patients and healthy controls. Horizontal bars
depict mean. X-axis indicates the samples. Y-axis indicates the percentage of cells from parent population. A) Th17 cells. B) Activated Th17 cells. C) HLA-DRþ CD4þ MAIT cells. D) DN
MAIT cells. E) HLA-DRþ DN MAIT cells.
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observations (Ding et al., 2014). Though drug naïve and drug free
schizophrenia cases had differences in treatment history, we did
not observe any significant difference in frequencies of T cells or
their subtypes (Supplementary Table 3).

Although B cells have been implicated in autoimmunity in
schizophrenia (Ezeoke et al., 2013) the findings of this study did not
reveal any statistically significant alterations in B cells or subsets
between schizophrenia patients and healthy controls. In the pre-
sent study stringent selection criteria were used for patients, to rule
out confounding factors such as nicotine or alcohol abuse unlike
previous studies. These factors may have probably caused the al-
terations in B cells reported earlier (Ganguli and Rabin, 1993;
Steiner et al., 2010). Interestingly, B cell subsets did not significantly
differ between drug naïve or drug free cases except for transitional
B cells which were found to be decreased in drug free cases. The B
cell subsets in general showed a trend of decrease in drug free cases
in comparison to drug naïve cases. These findings are consistent
Fig. 2. Scatter plots representing ratio of cells. Horizontal bar represents the mean value. X-
population. A) Th2/Th17 ratio. B) CD8/DN MAIT ratio.
with a previously reported observation that there is a marginal
decrease in B cell counts following antipsychotic therapy (Steiner
et al., 2010). Further, it should be noted that this study assessed
changes in frequencies, and hence it is unknown if there are any
functional changes in the B cells.

We have investigated the role of MAIT cells for the first time in
schizophrenia. MAIT cells were chosen for immunophenotyping
analysis based on the accumulation of circumstantial evidence.
MAIT cells are predominantly CD8þ cells that can produce IL-6 and
IL-17 which are reported to be increased in schizophrenia (Chase
et al., 2016; Coulter et al., 2017; Debnath and Berk, 2017; Ghazarian
et al., 2017). Microbiome studies on schizophrenia have consis-
tently indicated an association with Lactobacillus species, (Nguyen
et al., 2018) which has been suggested to modulate MAIT cell ac-
tivity (Johansson et al., 2016). MAIT cells thus may serve as a
possible link for understanding the interaction between the
microbiome and immune system in schizophrenia.
axis indicates the samples. Y-axis indicates the ratio of percentage of cells from parent



Table 1
Demographic data of schizophrenia patients and controls recruited for the study.

Parametera Schizophrenia patients Healthy controls Statistics

Number of subjects n¼ 32 n¼ 24 e

Age
(In years)

21e45 years
(31.55± 4.97)

19e35 years
(28.75± 3.72)

z¼ 1.89;
p¼ 0.057

Gender
(Male/female)

20/12 14/10 c2¼ 0.099;
p¼ 0.75

Drug status 22 drug naïve
10 drug-free

e e

Duration of illness reported
(In months)

6e130
(14.84± 22.01)

e e

History of smoking, nicotine/alcohol dependence, opioid abuse Nil Nil e

Anti-nuclear antibodies (1:80 dilution) Nil Nil e

RF antibodies Nil Nil e

a The PANSS clinical scores were available only for 21/32 patients. The Scale for the Assessment of Positive Symptoms (SAPS) was 40.38 ± 18.6 and Scale for the Assessment
of Negative Symptoms (SANS) was 41.66± 26.9.
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In this study, DN MAIT cells were found to be decreased in
schizophrenia patients in comparison to control samples. MAIT cell
subsets did not significantly differ between drug naïve or drug free
cases. There is evidence to suggest that MAIT cells vary by age, but
are not strongly different in reproductive age (Walker et al., 2014;
Novak et al., 2014). Similar findings were also observed in our study
(Fig. 3). It has also been previously suggested that a decrease in
CD8/DN MAIT cell ratio is reflective of senescence (Novak et al.,
2014). However, in this study the CD8/DN MAIT cell ratio was
higher (p¼ 0.011) in patients, indicating persistence as opposed to
senescence (Fig. 2B). The precise molecular basis for these obser-
vations is unclear at present.

The activity of MAIT cells is functionally associated with gut
microbiome (Treiner et al., 2003). The majority of MAIT cell popu-
lation are contributed by CD8þ MAIT cells and DN MAIT cells, both
of which have similar cytokine expression profiles (Brozova et al.,
2016). The observation of a significant downregulation of DN MAIT
cells in schizophrenia patients with concurrent observation of
increased activation of DNMAITcells is consistent with the fact that
Tcells undergo significant activation induced apoptotic death (Zhan
et al., 2017). DN MAIT cells are shown to be depleted in SLE and in
other inflammatory disorders similar to our observations (Cho
et al., 2014; Touch et al., 2018). Thus, we speculate that the reduced
DN MAIT cells indicate ongoing inflammation, probably mediated
by the gut microbiome. Earlier reports have demonstrated an as-
sociation between gut microbiome and schizophrenia (Schwarz
et al., 2018). This is further strengthened by the fact that subjects in
our study were screened for potential confounding factors such as
Anti-nuclear antibodies, RF antibodies, nicotine or alcohol depen-
dence, infections and opioid use (Table 1).

The lack of correlation between the immunophenotypes and
age, gender, duration of illness or Psychopathology scores (PANSS)
emphasises the fact that all cases of schizophrenia do not present
with inflammation. By definition, a trait marker reflects the
possible role of the marker in question in the development of the
disorder, while a state marker correlates with the status of clinical
symptomatology in the patients (Chen et al., 2006). Thus, we pro-
pose that the altered frequencies of T cells and MAIT cell subsets
Table 2
Correlation analysisa.

Th 17 Activated Th 17 CD8þ

Age
(R2)

0.002 0.017 0.1

Gender
(rs; p value)

0.293; 0.102 0.255; 0.158 0.258

Duration of illness
(R2)

0.0503 0.001 0.0

a Statistically significant correlation was not observed against any variables tested.
may possibly represent trait markers as opposed to state markers.
Though, the meta-analysis by Miller et al., suggested the CD4/CD8
ratio as a possible state marker for schizophrenia, we did not find
any significant alterations.

The findings of this study complement another recently re-
ported study from a different set of patients from this centre,
showing significant changes in plasma IL-1b, IL-6, IL-17F and IL-22
(Subbanna et al., 2018). The immunophenotyping panels recom-
mended by HIPC guidelines do not allow for differentiation be-
tween Th17 from Th22 based on the surface markers CCR6 and
CXCR3 (Finak et al., 2016). Thus, considering the previously re-
ported increase in IL-22 plasma levels in patients with schizo-
phrenia, a limitation of the present study is that the alterations in
Th22 cells were not investigated.

Several clinical trials have investigated the effect of antipsy-
chotics in combination with Non-Steroidal Anti-Inflammatory
Drugs (NSAIDs) especially for treatment resistant schizophrenia
cases. However, not all patients were found to benefit from the
adjunctive therapy (Nitta et al., 2013). This highlights the impor-
tance of identifying the sub-group of schizophrenia patients with
inflammation who may benefit from such therapy. However, there
are no definitive markers for detecting inflammation in schizo-
phrenia patients. The Th17 cell frequency has been suggested as a
promising marker for inflammation. Our study, in addition to Th17
cells, reveals that the frequency of MAIT cells may serve as an
important marker of inflammation in schizophrenia.

5. Conclusion

In conclusion, the multiparametric flow cytometry based immu-
nophenotyping of PBMCs employed in this study reveals a substantial
disturbance in percentages of Th17 and MAIT cells, both of which are
potentially inflammatory. The finding that these changes are not
common across, but rather seen in a subgroup of schizophrenia cases,
suggests that these patients may be possible candidates for anti-in-
flammatory therapy. Further, this study for the first time demon-
strates a possible association of schizophreniawithMAITcells, thereby
providing a possible mechanism for the involvement of microbiome.
T cells CD4þ HLA-DRþ

MAIT cells
DN MAIT DN HLA-DRþ

MAIT cells

16 0.116 0.0003 0.032

; 0.152 0.23; 0.202 0.248; 0.170 0.298; 0.097

14 0.236 0.0052 0.0194



Fig. 3. Correlation of frequency of MAIT cells with age. X-axis represents Age (in years) Y-axis represents percentage of Total MAIT cells from parent population. Dotted line
represents the linear correlation between age and percentage of total MAIT cells. A) Schizophrenia. B) Healthy controls.
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Supplementary data to this article can be found online at
https://doi.org/10.1016/j.schres.2019.08.013.
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