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ABSTRACT
Objective: 22q11.2 deletion syndrome (22q11.2DS) is a 
neurogenetic disorder whose phenotype includes high 
rates of a schizophrenia-like psychotic disorder and 
immune system abnormalities. Thus, 22q11.2DS is an ideal 
model for studying the relationship between psychosis 
and inflammation. The aim of the present study was to 
identify inflammatory markers that may play a role in the 
pathophysiologic pathways associated with psychosis and 
cognitive deficits in 22q11.2DS.

Methods: Forty-nine individuals with 22q11.2DS (13 with 
psychotic disorders according to DSM-IV criteria and 36 
without psychotic disorders) and 30 age- and sex-matched 
healthy controls underwent psychiatric and cognitive 
assessments at an outpatient clinic. Blood samples from 
all participants were analyzed for C-reactive protein 
(CRP), interleukin (IL)-6, IL-10, tumor necrosis factor alpha 
(TNFα), and IL-1 receptor antagonist levels. The study was 
conducted between August 2014 and September 2015.

Results: The 22q11.2DS participants had elevated levels 
of CRP (P = .004), IL-6 (P = .001), TNFα (P < .001), and IL-
10 (P = .028) compared with controls. Furthermore, the 
psychotic 22q11.2DS participants had higher levels of 
IL-6 (P < .001) and IL-6/IL-10 ratio (used as an indicator for 
proinflammatory activation, P < .001) compared with the 
nonpsychotic 22q11.2DS individuals and controls. IL-6 
levels and the IL-6/IL-10 ratio correlated with the severity 
of the cognitive deficits in the 22q11.2DS participants.

Conclusions: Our preliminary findings indicate 
an involvement of inflammatory processes in the 
pathophysiology of psychosis and cognitive deficits in 
22q11.2DS and are in line with the accumulating evidence 
for the role of neuroinflammation in nonsyndromic 
schizophrenia.
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The complexity of identifying a definitive pathophysiologic 
mechanism(s) for schizophrenia stems from its etiologic 

heterogeneity. One way to try to delineate mechanisms leading to 
schizophrenia is by studying individuals with clinical syndromes 
that have clear genetic etiologies and a highly increased risk for 
schizophrenia. One such genetic syndrome is 22q11.2 deletion 
syndrome (22q11.2DS), also known as velocardiofacial syndrome 
and DiGeorge syndrome. 22q11.2DS syndrome is a common 
neurogenetic disorder with an estimated prevalence of 1:3,000–
1:6,000 live births.1 It is caused by a microdeletion in the long arm 
of chromosome 22 and has a characteristic phenotype, including 
typical facial features, cleft palate, and congenital cardiovascular 
anomalies, as well as hypocalcemia and immunologic abnormalities. 
In addition, all individuals with 22q11.2DS cope with cognitive 
deficits within the borderline range (an average IQ of 75), and 70% 
of them have psychiatric comorbidities.1,2 Most strikingly, about 
one-third of individuals with 22q11.2DS develop schizophrenia-like 
psychotic disorders,3 making it the most common genetic syndrome 
currently associated with schizophrenia.3

Several lines of evidence suggest that neuroinflammatory 
factors are involved in the pathophysiologic mechanisms leading to 
schizophrenia in the general population. Epidemiologic studies have 
demonstrated that children of mothers who were exposed to viral, 
bacterial, or parasitic infections during pregnancy have an increased 
risk of developing schizophrenia.4 An increased prevalence of 
autoimmune conditions (eg, autoimmune thyroiditis, celiac disease, 
or systemic lupus erythematosus) has been reported in patients 
with schizophrenia.5 Additionally, aberrant circulatory levels of 
several markers of inflammation have been found in patients with 
schizophrenia, including high levels of C-reactive protein (CRP) 
and high levels of proinflammatory and anti-inflammatory cytokine 
levels.6–9 Several studies investigated the association between 
serum levels of cytokines and schizophrenia. The most replicated 
associated findings were with interleukin 6 (IL-6) followed by 
tumor necrosis factor alpha (TNFα), interleukin 10 (IL-10), and 
interleukin 1 receptor antagonist (IL-1ra).6–10 These 4 cytokines 
have been suggested as trait or state markers for the psychosis as 
well as for the cognitive deficits associated with schizophrenia.6,9

Immunologic abnormalities are part of the 22q11.2DS 
phenotype. Such abnormalities range from immunologic deficits 
(eg, thymic hypoplasia and T lymphocytopenia) to an increased 
risk of autoimmune diseases (eg, hypothyroidism, idiopathic 
thrombocytopenia, celiac disease, and juvenile rheumatoid 
arthritis).11,12

Because salient features of the 22q11.2DS phenotype include 
cognitive deficits and an increased risk of schizophrenia and 
immunologic abnormalities, it is a potentially good model for 
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Table 1. Demographic and Clinical Variables of the Study Subgroups

Variable

22q11.2DS
With Psychosis

(n = 13)

22q11.2DS
Without Psychosis

(n = 36)
Controls
(n = 30)

P Value
(ANOVA, χ2, or
Kruskal-Wallis)

Age, mean (SD), y 28.27 (9.84) 22.9 (8.18) 25.39 (7.35) .114
Age range, y 14.75–44.33 12.08–44.67 12.50–40.75
Sex, n (%) female 6 (46.2) 15 (41.7) 12 (40.0) .932
BMI, kg/m2, mean (SD) 28.31 (3.69) 23.62 (5.15) 22.46 (2.15) < .001
Cigarettes smoked per day, mean (SD) 1.82 (6.03) 1.42 (4.54) 0.90 (2.27) .480
Medications

Antipsychotics, n (%) 11 (84.6) 3 (8.3) 0 (0.0) < .001a

Mood stabilizers, n (%) 4 (30.8) 1 (2.8) 0 (0.0) .014a

Antidepressants, n (%) 2 (15.4) 8 (22.2) 0 (0.0) .467a

Stimulants, n (%) 1 (7.7) 6 (16.7) 0 (0.0) .392a

Benzodiazepines, n (%) 2 (15.4) 1 (2.8) 0 (0.0) .168a

Blood draw time, h (SD) 11:47 (1:09) 12:26 (0:50) 12:07 (1:24) .200
aResults of χ2 test between psychotic and nonpsychotic 22q11.2DS participants.
Abbreviations: ANOVA = analysis of variance, BMI = body mass index, SD = standard deviation.

studying a possible role of the immune system in the risk 
for psychosis and cognitive deficits in 22q11.2DS. We 
hypothesized that immune activation, as reflected by higher 
levels of CRP and proinflammatory cytokines (ie, IL-6 
and TNFα) will be more pronounced in individuals with 
22q11.2DS compared with typically developing healthy 
controls as well as in psychotic 22q11.2DS compared with 
nonpsychotic 22q11.2DS individuals. We also hypothesized 
that there will be an association between the severity of the 
neurocognitive deficits and the immune markers among the 
22q11.2DS individuals.

METHODS

Participants
Forty-nine individuals with 22q11.2DS (13 with psychotic 

disorders and 36 without psychotic disorders) were recruited 
from the Behavioral Neurogenetics Center at the Sheba 
Medical Center, Tel Hashomer, Israel. The Behavioral 
Neurogenetics Center is a large tertiary referral center 
that coordinates treatment and research on individuals 
with 22q11.2DS identified by genetic departments and 
through parents’ associations nationwide. The diagnosis 
of 22q11.2DS had been confirmed in all participants by 
fluorescent in situ hybridization and by multiplex ligation 
probe amplification.13 Thirty typically developing healthy 
controls were recruited through advertisements within 

the local community, and they completed the SCL-90-R 
questionnaire14 to rule out any major psychopathology. 
All participants were age- and sex-matched (Table 1), and 
they were recruited and assessed between August 2014 and 
September 2015. All participants were screened to verify that 
they had no inflammatory or infectious conditions prior to 
inclusion in the study. Weight, height, and cigarette smoking 
were recorded, according to participant reports.

The study protocol was approved by the Institutional 
Review Board of the Sheba Medical Center, and informed 
consent was obtained from all participants or their parents 
or guardians.

Measures
Neuropsychiatric assessment. All 22q11.2DS participants 

and their parents were interviewed using the Hebrew version 
of the Schedule for Affective Disorders and Schizophrenia for 
School-Aged Children, Present and Lifetime (K-SADS-PL)15 
or the Structured Clinical Interview for DSM-IV Axis I 
Disorders (SCID).16

Neurocognitive assessment. Neurocognition was assessed 
by the Penn Computerized Neurocognitive Battery (CNB). 
The CNB is a 1-hour long computerized battery consisting 
of 14 tests assessing 5 neurocognitive domains: executive 
function, episodic memory, complex cognition, social 
cognition, and sensorimotor speed. With the exception of 2 
tests that are purely speed tests, each test provides measures 
of both accuracy (number of correct responses) and speed 
(median time for correct responses), and an efficiency 
score is calculated by averaging the accuracy and speed 
scores of each test. Then, the score for each CNB test was 
z-transformed using the mean and standard deviation of a 
demographically matched typically developing sample, as 
previously described.17 An additional domain is the general 
neurocognitive profile (GNP) that is calculated as the 
mean of the 5 other domains. The CNB was developed for 
large-scale genomic studies17 and applied in developmental 
samples,18 schizophrenia consortia,19 as well as studies of 
22q11DS,20,21 and it is highly correlated with IQ.22 The CNB 
was translated into Hebrew and its use in Israeli 22q11.2DS 
individuals has been recently validated.23
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■■  22q11.2DS is associated with immunologic abnormalities 
especially in individuals with schizophrenia-like psychotic 
disorder, and therefore this syndrome is an excellent 
model to study the potential role of neuroinflammatory 
processes leading to schizophrenia.

■■ Psychotic 22q11.2DS participants had higher levels of 
proinflammatory markers (ie, IL-6 and IL-6/IL-10 ratio) 
compared with nonpsychotic 22q11.2DS individuals and 
controls.

■■ In the 22q11.2DS group, IL-6 levels correlated with poorer 
cognitive performance.
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potential covariates or fixed factors. When significant effects 
were observed for the MANCOVA, univariate ANCOVAs 
were conducted to evaluate group differences in individual 
cytokines. The IL-6/IL-10 ratio was compared among the 
22q11.2DS psychotic subgroup, the nonpsychotic subgroup, 
and the controls by ANOVA with Scheffe post hoc tests. 
Within the 22q11.2DS group, Pearson product-moment 
correlations were conducted to test for correlations between 
the immune markers and CNB domain scores. In addition, a 
MANCOVA was conducted to test the potential effect of age, 
BMI, sex, and cigarette smoking on the association between 
IL-6 and neurocognitive function.

RESULTS

22q11.2DS Versus Controls
The mean ± SD CRP levels were significantly higher for 

the 22q11.2DS group compared with the controls (5.36 ± 7.86 
vs 0.71 ± 0.52 mg/L, F = 9.13, P = .004, Figure 1A) with a 
significant effect of BMI (F = 24.78, P < .001). There were no 
significant effects of age, sex, or cigarette smoking on the 
CRP levels.

On MANCOVA, both the proinflammatory and anti-
inflammatory cytokines were significantly different between 
the 22q11.2DS group and the control group (F = 9.92, P < .001 
for the proinflammatory cytokines and F = 3.87, P = .026 for 
the anti-inflammatory cytokines). BMI had a significant 
effect on both cytokine groups (F = 6.19, P = .004 for the 
proinflammatory cytokines and F = 3.83, P = .026 for the anti-
inflammatory cytokines). Sex, age, and cigarette smoking 
had no significant effect on cytokine levels. Follow-up 
ANCOVAs revealed that all cytokines, except IL-1ra, were 
significantly higher in the 22q11.2DS group compared with 
the healthy controls (IL-1ra was elevated in a marginally 
significant manner)—IL-6: 2.06 ± 1.71 vs 0.58 ± 0.13 pg/
mL (F = 12.91, P = .001) with significant effects of both age 

Figure 1. Comparison of C-Reactive Protein Levels Among the Study Groupsa

aAnalysis of covariance with age, sex, body mass index, and cigarettes smoked per day entered as potential 
covariates or fixed factors.

0

2

4

6

8

CR
P,

 m
g/

L 
(M

ea
n,

 S
EM

)

P = .409

0

5

10

15

CR
P,

 m
g/

L 
(M

ea
n,

 S
EM

)

Psy
chotic

 22q11.2DS

Nonpsy
chotic

 22q11.2DS

22q11.2DS

Contro
ls

P = .004

A. 22q11.2DS vs controls B. Psychotic vs nonpsychotic 22q11.2DS

Immunologic testing. Blood samples were collected from all 
participants on the same day the behavioral assessments were 
carried out. All samples were drawn around noon (mean time 
for all samples was 12:13 ± 1:09 h) and processed within an 
hour. Samples were analyzed for CRP levels in the automated 
mega-laboratory at Sheba Medical Center. In addition, sera 
were separated and frozen at −80°C until assayed for IL-1ra, 
IL-6, IL-10, and TNFα. Cytokine assessment was performed 
for the entire cohort at the same run using multiplex Luminex 
X-MAP technology (Cat # ECSTM09, R and D Systems, 
Minneapolis, Minnesota) according to the manufacturer’s 
instructions. The ratio between IL-6 and IL-10 was calculated 
in order to assess for a possible shift of the immune system 
in favor of proinflammatory over anti-inflammatory activity.

Data Analyses
Statistical analyses were conducted using IBM SPSS 

Statistics for Windows v.20 (IBM Corp, Armonk, New York). 
First, the 22q11.2DS individuals and the healthy controls were 
compared. Then, the psychotic 22q11.2DS participants were 
compared with the nonpsychotic 22q11.2DS participants. 
Variables that did not distribute normally underwent log 
transformation to obtain normality (except for the cigarettes 
smoked per day variable). Analysis of covariance (ANCOVA) 
was used to compare group differences in CRP levels (first for 
22q11.2DS vs healthy controls and then for the psychotic vs 
the nonpsychotic 22q11.2DS subgroups). Body mass index 
(BMI) values were calculated and entered alongside age, sex, 
and cigarette smoking status as potential covariates or fixed 
factors.

To reduce the possibility of type 1 error, we used 2 
multivariate analyses of covariance (MANCOVAs) to test 
for overall differences in cytokine levels between groups: 
one was for proinflammatory cytokines (IL-6 and TNFα) and 
the other was for anti-inflammatory cytokines (IL-1ra and 
IL-10), with age, sex, BMI, and cigarette smoking status as 
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22q11.2DS With Psychosis  
Versus 22q11.2DS Without Psychosis

The 22q11.2DS psychotic subgroup (n = 13) 
consisted of the following diagnoses: schizophrenia 
(n = 10), schizoaffective disorder (n = 2), and 
psychotic disorder not otherwise specified (n = 1). 
The psychotic 22q11.2DS subgroup had higher levels 
of CRP compared with the nonpsychotic subgroup 
(10.74 ± 11.93 vs 2.86 ± 2.81 mg/L, respectively), but 
this difference was not statistically significant because 
of a confounding effect of BMI (group: F = 0.70, 
P = .409, BMI: F = 11.37, P = .002) (Figure 1B). Age, 
sex, and cigarette smoking status had no significant 
effects on the CRP levels. On the MANCOVAs, 
the psychotic 22q11.2DS subgroup had an overall 
significant difference in the proinflammatory 
cytokine levels (IL-6 and TNFα) compared with 
the nonpsychotic 22q11.2DS subgroup (F = 3.80, 
P = .031) with a marginally significant effect of BMI 
(F = 3.16, P = .054), but not in the anti-inflammatory 
cytokines (IL-1ra and IL-10). Age, sex, and cigarette 
smoking had no significant effects the cytokine 
levels. On the follow-up ANCOVAs conducted 
for the proinflammatory cytokines, the psychotic 
22q11.2DS subgroup had significantly higher levels 
of IL–6 compared with the nonpsychotic subgroup 
(4.45 ± 2.60 vs 1.41 ± 0.67 pg/mL, F = 18.60, P < .001; 
Figure 2B) with a nonsignificant effect of BMI. 
There were no significant differences in TNFα levels 
between the psychotic and nonpsychotic 22q11.2DS 
subgroups.

IL-6/IL-10 Ratio
There was an overall group effect on the IL-6/

IL-10 ratio. Post hoc analysis revealed that the IL-6/
IL-10 ratio significantly differed among all 3 groups 
and was significantly higher in psychotic 22q11.2DS 
participants compared with nonpsychotic 22q11.1DS 
participants that were higher than healthy controls 
(4.32 ± 7.69 vs 1.71 ± 2.53 vs 0.58 ± 0.31, F = 11.44, 
P < .001) (Figure 3).

Association Between IL-6 Levels and 
Neurocognitive Deficits in 22q11.2DS

The IL-6 levels in the 22q1.2DS group correlated 
negatively with several CNB domains: executive 
functions (r = −0.427, P = .017), episodic memory 
(r = −0.398, P = .024), praxis speed (r = −0.493, 
P = .004), and the GNP (r = −0.490, P = .004) (Figure 
4A and 4B). To control for the potential effects of 
age, sex, BMI, and cigarette smoking, we repeated 
the association using a MANCOVA. Results showed 
that only IL-6 had a significant effect on the cognitive 
measures (F = 3.22, P = .028), and post hoc ANCOVA 
showed that there was significant effect of IL-6 levels 
on executive functions, episodic memory, praxis 
speed, and GNP scores.

Figure 3. IL-6/IL-10 Ratio for Psychotic 22q11.2DS Versus 
Nonpsychotic 22q11.2DS and Controls

Abbreviations: IL-6 = interleukin 6, IL-10 = interleukin 10.
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Figure 2. Comparison of Cytokine Levels Among the Study Groupsa

aMultivariate analysis of covariance with age, sex, body mass index, and cigarettes 
smoked per day entered as potential covariates or fixed factors.

Abbreviations: IL-1ra = interleukin 1 receptor antagonist, IL-6 = interleukin 6, 
IL-10 = interleukin 10, TNFα = tumor necrosis factor alpha.
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and BMI (F = 4.16, P = .045 and F = 8.28, P = .005, respectively); 
TNFα: 8.44 ± 1.65 vs 6.99 ± 0.87 pg/mL (F = 14.15, P < .001) with 
a significant effect of BMI (F = 5.30, P = .024); IL-10: 1.32 ± 0.63 vs 
0.98 ± 0.36 pg/mL (F = 5.05, P = .028); IL-1ra: 1,114.04 ± 369.35 vs 
925.05 ± 315.78 pg/mL (F = 3.55, P = .064) with a significant effect 
of BMI (F = 7.68, P = .007) (Figure 2A).
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DISCUSSION

In the present study, we sought to examine the potential 
contribution of immune processes to psychosis and cognitive 
deficits in 22q11.2DS. We first demonstrated higher levels 
of CRP and 3 of the 4 tested cytokines (IL-6, TNFα, and 
IL-10) in individuals with 22q11.2DS compared with healthy 
controls. We further demonstrated that psychotic 22q11.2DS 
individuals had higher circulatory levels of IL-6 and IL-6/IL-10 
ratio compared with nonpsychotic 22q11.2DS individuals. 
Moreover, IL-6 level and the IL-6/IL-10 ratio were also found 
to be associated with several cognitive deficits in individuals 
with 22q11.2DS. Thus, our preliminary results support the 
possibility that inflammatory processes are involved not 
only in the somatic manifestations of 22q11.2DS (eg, high 
rates of infectious diseases, especially during infancy, and 
increased rates of autoimmunity disorders), but also in the 
neuropsychiatric phenotype as expressed in psychosis and 
cognitive deficits. We are aware of only 2 previous studies 
that examined cytokine levels in 22q11.2DS,24,25 but there 
are no studies that examined CRP levels in this population. 
To the best of our knowledge, this is also the first report 
on the relationship among proinflammatory immune 
markers, psychosis, and cognitive deficits in 22q11.2DS. Our 
findings are in line with previous studies on nonsyndromic 
schizophrenia that have suggested a possible underlying 
low-grade inflammatory pathophysiologic mechanism for 
schizophrenia that differs from more overt inflammatory 
conditions, such as autoimmune diseases (eg, rheumatoid 
arthritis) or other noninfectious inflammatory conditions 
(eg, atherosclerosis).26

The finding that IL-6 levels were elevated in the psychotic 
compared with the nonpsychotic 22q11.2DS subjects is also 
consistent with findings in nonsyndromic schizophrenia that 
have indicated that IL-6 is the most consistently replicated 
inflammatory marker associated with schizophrenia.6,27 
The elevated IL-6/IL-10 ratio in the psychotic 22q11.2DS 
participants suggests a possible reduction in the levels of 
protective anti-inflammatory factors that may contribute to 
the development of psychosis.

As for the cognitive aspect, there are only a few studies 
on the relationship between inflammation and cognition 
deficits in schizophrenia. In line with our findings of an 
inverse correlation between cognitive deficits and IL-6 levels, 
one study on nonsyndromic schizophrenia demonstrated 
a correlation between IL-6 levels and poorer cognitive 
performance.28 

Our study has several limitations that should be 
acknowledged. The sample size, especially that of the 
22q11.2DS psychotic individuals, is relatively small. 
Therefore, our investigation needs to be replicated with a 
larger number of subjects to further establish our findings. 
In addition, we measured circulatory blood markers as 
indicators of brain inflammatory processes. Although 
commonly studied in nonsyndromic schizophrenia,26 the 
relevance of an alteration of the central nervous system 
function by circulatory cytokines is unclear. However, it 
has been suggested that circulating CRP and cytokines are 
able to cross the blood-brain barrier, eventually leading 
to a neurotransmitter imbalance and cognitive deficits 
documented in schizophrenia,29 thus making peripheral 
cytokines potentially relevant to the neuroinflammatory 

Figure 4. Correlations Between IL-6 Levels and CNB Scores in 22q11.2DS

Abbreviations: CNB = Penn Computerized Neurocognitive Battery, IL-6 = interleukin 6.
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mechanism. A third limitation is that some of our 22q11.2DS 
participants were on antipsychotics, a fact that might have 
influenced our results. Of note, previous studies have 
shown that antipsychotics (the most common type of 
medication taken by our 22q11.2DS participants) have an 
anti-inflammatory effect.30–32 The fact that antipsychotics 
were taken mostly by the psychotic 22q11.2DS individuals, 
who still showed higher levels of IL-6 (despite the putative 
anti-inflammatory effect of antipsychotics), suggests that 
untreated psychotic 22q11.2DS participants would have 
shown even more prominent IL-6 levels. Still, this speculation 
merits further investigation.

Our preliminary findings warrant confirmation by 
further research on the role of neuroinflammatory processes 
in the pathways leading to psychosis and cognitive deficits 
in 22q11.2DS. We demonstrated an association between 
proinflammatory immune system activation and psychotic 
disorders and the severity of cognitive deficits in 22q11.2DS. 
Our results are in line with accumulating evidence for the 
role of neuroinflammation in nonsyndromic schizophrenia. 
There are potential important clinical applications to our 
results. For example, if the finding of elevated IL-6 levels in 

22q11.2DS-related psychosis will be replicated, an anti-IL-6 
receptor agent, such as tocilizumab, could be an optional 
treatment in 22q11.2DS individuals with psychosis. It is 
noteworthy that such clinical trials with IL-6 receptor 
antagonists are now being conducted in nonsyndromic 
schizophrenia.33 Future studies should also look at the 
possible association between other immune markers and 
mechanisms of inflammation with 22q11.2DS psychosis 
and cognitive deficits. Several reports considered N-methyl-
d-aspartate receptor autoantibodies or the autoantibodies 
associated with systemic lupus erythematosus psychosis as 
being putative candidate markers.34,35 The measurement of 
microglial activation by neuroimaging studies may be also 
relevant to 22q11.2DS psychosis. Such specific brain imaging 
studies have already been conducted in nonsyndromic 
schizophrenia and in ultra-high-risk individuals.36

In conclusion, our preliminary findings indicate 
an involvement of inflammatory processes in the 
pathophysiology of psychosis and cognitive deficits in 
22q11.2DS and contribute to the accumulating evidence 
for the role of neuroinflammation in nonsyndromic 
schizophrenia.
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