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A B S T R A C T

Objective: Macrophage migration inhibitory factor (MIF) has been suggested as a pivotal regulator of innate
immunity and inflammatory. The aim of this study was to measure serum circulating levels of MIF in relation to
the degree of the severity of autism spectrum disorders (ASD).
Methods: One hundred and two Chinese children with ASD and same their age-sex matched typical development
children were included. Concentrations of MIF were tested by Quantikine Human MIF Immunoassay. Serum
levels of homocysteine (HCY), C-reactive protein (CRP) and serum Interleukin 6 (IL-6) were also tested. The
influence of serum levels of MIF on ASD risk and ASD severity were performed by binary logistic regression
analysis.
Results: The serum levels of MIF in the children with ASD (24.7 ± 08.9 ng/ml) were significantly higher than
those of control subjects (18.3 ± 5.5 ng/ml) (t= 6.134, P < 0.001). Levels of MIF increased with increasing
severity of ASD as defined by the CARS score (P < 0.001). In multivariate model, MIF was associated with an
increased risk of ASD (OR 1.11, 95% CI: 1.05–1.17; P < 0.001). MIF improved the combined model (HCY/CRP/
IL-6) to predict ASD (P < 0.001). At admission, 68 children (66.7%) had a severe autism. In these children, the
mean serum level of MIF was higher than in those children with mild to moderate autism (28.1 ± 8.5 ng/ml VS.
17.9 ± 4.7 ng/ml; t= 6.482, P < 0.001). In multivariate model, MIF was still associated with an increased risk
of severe ASD (OR: 1.15, 95% CI: 1.04–1.19; P < 0.001). MIF improved the combined model (HCY/CRP/IL-6)
to predict severe ASD (P < 0.001).
Conclusions: These results identify high serum MIF levels are associated with severity of ASD. Further study is
warranted on the precise involvement of MIF in ASD, and the mechanism by which MIF contributes to ASD
pathogenesis.

1. Introduction

Macrophage migration inhibitory factor (MIF) has been suggested as
the physiologic counter-regulator of glucocorticoid action within the
immune system (Baugh and Bucala, 2002). In recent studies, MIF has
proposed a role as a pivotal regulator of innate immunity (Calandra and
Roger, 2003). It is an important mediator of the innate immune re-
sponse with potential roles in the pathophysiology of inflammatory
(Flaster et al., 2007), autoimmune (Assis et al., 2014), cancer (Nobre
et al., 2017) and cardiovascular disease (Zernecke et al., 2008).

Autism-spectrum disorders (ASD) are neurodevelopmental disorders
whose etiologies were unknown even though the gene–gene and gen-
e–environment interactions role had been suggested (Tordjman et al.,
2014). Recently, an increasing prevalence of ASD has been reported

worldwide, wherein 1 in 68 children is diagnosed with ASD (Anon.,
2014). A recently study reported that the prevalence of ASD in 3-year-
old Chinese children was 1.11% (Wu et al., 2018).

Previous studies had identified a role for MIF in the physiology of
the central nervous system (CNS) due to its role in the immune and
inflammatory responses (Leyton-Jaimes et al., 2018). The role of MIF in
ASD appears to be adversary effects (Leyton-Jaimes et al., 2018). MIF
roles may either be beneficial such as in the case of neurodevelopment,
or adversary such as in the case of spinal cord injury (SCI), tumir-
ogenesis, Alzheimer's disease (AD) and ASD (Leyton-Jaimes et al.,
2018). The neuroimmunopathogenic responses play a fundamental role
in ASD had been suggested (Zimmerman et al., 2005), while some
studies reported that innate rather than adaptive neuroimmune re-
sponses are associated with ASD (Pardo et al., 2005). Thus, we
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proposed that MIF, a mediator of the innate immune response might
play a fundamental role in ASD. Interestingly, (Grigorenko et al.
(2008)) identified MIF as a susceptibility gene for ASD. Comparably
little, however, is known about MIF blood levels in Chinese children
with ASD. This study aims to investigate whether serum circulating
levels of MIF in children with ASD (i) were higher than in control or (ii)
were associated with severity of autistic symptomatology.

2. Methods

In this study, one hundred and two Chinese children with ASD and
same their age-sex matched typical development children were in-
cluded. From March 2017 to March 2018, consecutive children with
ASD admitted to our hospital were identified. Our hospital was an
autism treatment center serving the city. The ASD diagnosis were made
by two developmental pediatricians based on the Diagnostic and
Statistical Manual of Mental Disorders (First, 2013), 5th Edition. All the
included ASD should be newly diagnosed, drug-naïve, and exhibited
symptoms within the typical triad of autistic traits. The included chil-
dren with ASD stick to DSM-5 criteria for ASD (which includes Asper-
ger's).

The typical development children from a kindergarten near the
hospital were assigned to as the controls. In order to exclude the pos-
sibility that the controls could have any sub-clinical autistic features, all
control subjects were also clinically examined by the above two pe-
diatricians. The exclusion criteria of the included children were (1)
other congenital diseases(N= 2), or an acute or chronic infectious
disease during the previous three months(N=4); (2) any food or drug
allergy(N=3); (3) use of any medication to address behavior/focus/
attention during the previous six months(N= 1); and (4) known ge-
netic disease(N=1). The protocol and informed consent for this study
were reviewed and approved by the Institutional Review Board of the
Affiliated Hospital of Jining Medical University. The details of the study
were explained to the parents of the participating children, and written
informed consents were obtained from the parents.

At admission, demographic data (age and sex), body mass index
(BMI, kg/m2), family history of ASD and time from ASD onset to ad-
mission were obtained. The severity of autistic symptomatology was
measured by the Childhood Autism Rating Scale (CARS) score using the
Chinese version (Zhang et al., 2014) (The CARS comprise 15 items, and
a scale from 1 to 4 in each of 15 areas). The severity of ASD was divided
into two groups according to CARS scores. Mild-to-moderate autism
was defined as a total score of 30–37, whereas more than 37 denotes
severe autism (Esnafoglu and Ayyıldız, 2017).

Fasting serum samples were collected at first morning at 8:00 for
measurement of MIF. Concentrations of MIF were tested by Quantikine
Human MIF Immunoassay using a commercially available ELISA kit
(Catalog Number DMF00B; R&D Systems, Inc. Minneapolis, USA). The
minimum detectable dose (MDD) of human MIF ranged was 0.068 ng/
ml. The measuring range of the MIF is between 0.2 ng/ml and 10 ng/ml
(defined by the lower detection limit and the maximum of the master
curve). Serum and platelet-poor plasma samples require a 10-fold di-
lution. Thus, the test range of the MIF is between 2 ng/ml and 100 g/ml.
The coefficients of variation (CV) for the intra-and inter-assay re-
producibility were 4.5%–6.0% and 8.4–9.8%, respectively. In addition,
serum levels of homocysteine (HCY), C-reactive protein (CRP) were also
tested using an enzyme cycling method by OLYMPUS AU2700
(OLYMPUS, Tokyo, Japan), and serum Interleukin 6 (IL-6) was also
tested by ELISA method.

3. Statistical analysis

All statistical analysis was performed with SPSS for Windows, ver-
sion 22.0 (SPSS Inc., Chicago, IL, USA), and R version 2.8.1. Results are
expressed as percentages for categorical variables and as mean (stan-
dard deviation, SD) for the continuous variables. Student’s paired t-test

was used to compare the values in control and autistic children.
Correlations among continuous variables were assessed by the Pearson
rank-correlation coefficient.

The influence of serum levels of MIF on ASD risk and ASD severity
were performed by univariate and multivariate logistic regression
analysis. In the multivariate logistic regression analysis, confounding
factors including age, sex, BMI, the time from symptom onset to ad-
mission and serum levels of HCY, IL-6, and CRP were adjusted. The
results are expressed as adjusted odds ratios (ORs) with the corre-
sponding 95% confidence intervals (CIs).

Receiver operating characteristic (ROC) curves were utilized to
evaluate the accuracy of serum MIF and other biomarkers to diagnose
ASD risk and severity. Area under the curve (AUC) was calculated as
measurements of the accuracy of the test. The combined model I (HCY/
CRP/IL-6) and combined model II (HCY/CRP/IL-6/IMF) were assessed
in the ROC curves. To test whether the MIF level improves score per-
formance, we considered the two logistic regression models with
combined model I and combined model II. Under the lower-dimen-
sional sub-model, the difference in deviance between the two models
has a X2 distribution with 1 ° of freedom. Furthermore, care was taken
to adjust for the optimistic bias of in-sample prediction error estimates
using a fivefold cross-validation scheme. Previous studies found that
some inflammatory markers (CRP and IL-6) (Yang et al., 2015; Brown
et al., 2014) and homocysteine (Tu et al., 2013) were associated with
autism risk and severity. Thus, in this study, we included those bio-
markers in the logistic regression analysis model and adjusted them. In
addition, we also compared those factors with MIF in the ROC curves
and the discriminatory ability was tested by AUC. Statistical sig-
nificance was defined as p < 0.05.

4. Results

Characteristics of the ASD and controls were presented in Table 1.
The mean CARS score on admission was 42.3points (SD: 7.0). The mean
time from symptom onset to admission was 139 days (SD: 75). In those
children, 30.4% (n=31) had onset age of autism symptoms in the first
3 months, while 26.5% (n=27) were more than 6 months. There were
no siblings in the ASD group. All autistic subjects were receiving special
treatment.

Table 1
Characteristics of the ASD and control cases.

Variable ASD(N=102) Control
cases(N=102)

p-valueǂ

Sex(female/male) 22/80 22/80 —
Age (years, Mean ± SD) 4.5(1.3) 4.5(1.3) —
BMI (kg/m2, Mean ± SD) 16.6(1.7) 17.4(1.9) 0.12
The time from symptom onset

to admission (days,
Mean ± SD)

139(75) — —

Family history of ASD, n (%) 11(10.8) 1(0.98) <0.001
CARS (Mean ± SD) 42.3(7.0) 21.9(4.3) < 0.001
Mild to moderate autism＃, N

(%)
34(33.3) — —

Laboratory findings,
Mean ± SD

MIF (ng/ml,) 24.7(8.9) 18.3(5.5) < 0.001
HCY(μmol/l) 13.2(4.5) 10.5(3.1) < 0.001
CRP(mg/dl) 6.1(1.6) 5.0(1.3) < 0.001
IL-6(pg/ml) 7.2(1.6) 5.9(1.4) < 0.001

Data are presented as mean ± standard deviation (SD) or numbers (%).
ASD: Autism spectrum disorders; BMI, body mass index; CARS, Childhood
Autism Rating Scale; HCY, homocysteine; CRP; C-reactive protein; IL-6;
Interleukin 6; MIF, Macrophage migration inhibitory factor.

ǂ P value was tested by Student’s paired t-test.
＃ A total score of between 30 and 36 indicates mild-to-moderate autism,

whereas the interval between 37 and 60 denotes severe autism.
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The serum levels of MIF in the children with ASD (24.7 ± 08.9 ng/
ml) were significantly higher than those of control subjects
(18.3 ± 5.5 ng/ml) (t= 6.134, P < 0.001; Table 1 and Fig. 1). In
addition, serum levels of HCY, CRP and IL-6 were also higher in autistic
children than in controls (P < 0.05; Table 1 and Fig. 1). Levels of MIF
increased with increasing severity of ASD as defined by the CARS score.
A statistically significant positive correlation was found between the
serum levels of MIF and the CARS score indicating severity of autism
(r= 0.496; P < 0.001). Furthermore, there was a modest positive
correlation between levels of MIF and CRP (r= 0.264; P= 0.002), IL-
6(r= 0.302; P < 0.001) and HCY (r= 0.241; P= 0.012). No statisti-
cally significant correlations between MIF values and age of diagnosis
(P= 0.33), sex (P= 0.15) and BMI (P=0.17) were found.

In the univariate model matching for controls, MIF as a continuous
variable was associated with an increased risk of ASD (OR 1.23, 95%
CI:1.15-1.35; P < 0.001). In multivariate model, MIF was still asso-
ciated with an increased risk of ASD (OR 1.11, 95% CI: 1.05–1.17;
P < 0.001) even after adjusted for BMI, blood levels of HCY, Hs-CRP
and IL-6, Table 2. Based on the ROC curve, the optimal cutoff value of
serum MIF levels as an indicator for auxiliary diagnosis of ASD was

projected to be 27.3 ng/ml, which yielded a sensitivity of 40.3% and a
specificity of 95.1% (Fig. 2), with the area under the curve at 0.71
(95%CI, 0.64-0.78; P < 0.001). With an AUC of 0.71, MIF showed a
significantly greater discriminatory ability as compared with HCY
(P= 0.03), while was in the range of CRP (P=0.075) and IL-
6(P= 0.69), Table 3 and Fig. 2. Interestingly, MIF improved the com-
bined model I to predict ASD (AUC of the combined model I, 0.79; 95%
CI, 0.74–0.83; AUC of the combined model II, 0.84; 95% CI, 0.78–0.89).
This improvement was stable in an internal 5-fold cross validation that
resulted in an average AUC (standard error) of 0.79 (0.032) for the
combined model I and 0.84 (0.028) for the combined model II, corre-
sponding to a difference of 0.05(0.004, P= 0.009), Table 3. The 5-fold
cross-validated mean squared prediction error decreased from 0.185
(0.011) in the model I to 0.176 (0.012) in the model II, corresponding
to an average decrease of 0.009 (0.009).

At admission, 68 children (66.7%) had a severe autism
(CARS > 36). In these children, the mean serum level of MIF was
higher than in those children with mild to moderate autism
(28.1 ± 8.5 ng/ml VS. 17.9 ± 4.7 ng/ml; t= 6.482, P < 0.001;
Fig. 3 and Table 4). Similarly, serum levels of HCY, CRP and IL-6 were
also higher in severe autism than in mild to moderate autism

Fig. 1. Distribution of serum biomarkers in children with ASD and controls. All
data are mean and standard deviation (SD). P values refer to Student’s paired t-
test for differences between groups. ASD: Autism spectrum disorders; HCY,
homocysteine; CRP; C-reactive protein; IL-6; Interleukin 6; MIF, Macrophage
migration inhibitory factor.

Table 2
Univariate and Multivariate logistic regression analysis for ASD risk and se-
verity.

Parameter Univariate Analysis Multivariate Analysis a

OR (95%CI) P OR (95%CI) P

ASD risk＃

MIF 1.23(1.15–1.35) < 0.001 1.11(1.05–1.17) < 0.001
HCY 1.26(1.07–1.48) 0.005 1.14(1.03–1.25) 0.012
CRP 1.69(1.10–2.18) < 0.001 1.51(1.19–1.93) 0.001
IL-6 1.82(1.20–2.44) < 0.001 1.63(1.28–2.06) < 0.001
ASD severe severity ǂ

MIF 1.24(1.13–1.37) < 0.001 1.15(1.04–1.19) < 0.001
HCY 1.18(1.06–1.32) 0.003 1.12(1.02–1.26) 0.025
CRP 1.39(1.05–1.84) 0.020 1.29(0.99–1.83) 0.053
IL-6 1.95(1.10–2.89) 0.004 1.72(1.14–2.60) 0.010

ASD: Autism spectrum disorders; BMI, body mass index; CARS, Childhood
Autism Rating Scale; HCY, homocysteine; CRP; C-reactive protein; IL-6;
Interleukin 6; MIF, Macrophage migration inhibitory factor.

＃ Adjusted for, BMI, Family history of ASD, serum levels of MIF, HCY, CRP
and IL-6.

ǂ Adjusted for, age, sex, BMI, family history of ASD, the time from symptom
onset to admission, serum levels of MIF, HCY, CRP and IL-6; A total score of
between 30 and 36 indicates mild-to-moderate autism, whereas the interval
between 37 and 60 denotes severe autism.

Fig. 2. Receiver operator characteristic curve demonstrating sensitivity as a
function of 1-specificity for predicting the ASD based on the model in-
corporating all 4 biomarkers and the relative contribution of each biomarker
alone (initial cohort). Combined model included HCY/IL-6/CRP/MIF. ASD:
Autism spectrum disorders; HCY, homocysteine; CRP; C-reactive protein; IL-6;
Interleukin 6; MIF, Macrophage migration inhibitory factor.

Table 3
Prediction of ASD risk and severity.

Parameter AUC

OR (95%CI) P

ASD risk
MIF 0.71(0.64–0.78) —
HCY 0.66(0.59–0.74) 0.03
CRP 0.70(0.63–0.77) 0.75
IL-6 0.72(0.65–0.79) 0.69
Combined model I (HCY/CRP/IL-6) 0.79(0.74–0.83) <0.001
Combined model II (MIF/HCY/CRP/IL-6) 0.84(0.78–0.89) <0.001
ASD severe severity
MIF 0.85(0.78–0.93)
HCY 0.68(0.58–0.79) <0.001
CRP 0.64(0.52–0.75) <0.001
IL-6 0.65(0.54–0.77) <0.001
Combined model I (HCY/CRP/IL-6) 0.73(0.66–0.79) <0.001
Combined model II (MIF/HCY/CRP/IL-6) 0.91(0.85–0.97) 0.002

ASD: Autism spectrum disorders; HCY, homocysteine; CRP; C-reactive protein;
IL-6; Interleukin 6; MIF, Macrophage migration inhibitory factor.
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(P < 0.05; Table 4 and Fig. 3). In the univariate model, MIF as a
continuous variable was associated with an increased risk of severe ASD
(OR: 1.24, 95% CI: 1.13–1.37; P < 0.001). In multivariate model, MIF
was still associated with an increased risk of severe ASD (OR: 1.15, 95%
CI: 1.04–1.19; P < 0.001) even after adjusted for age, sex, BMI, family
history of ASD, the time from symptom onset to admission, blood levels
of HCY, Hs-CRP and IL-6.

Based on the ROC curve, the optimal cutoff value of serum level of
MIF as an indicator for auxiliary diagnosis of severe ASD was projected
to be 22.2 ng/ml, which yielded a sensitivity of 76.5% and a specificity
of 91.2% (Fig. 4), with the area under the curve at 0.85 (95%CI, 0.78-
0.93; P < 0.001). With an AUC of 0.85, MIF showed a significantly
greater discriminatory ability as compared with HCY (P < 0.001), CRP
(P < 0.001) and IL-6(P < 0.001), Table 3 and Fig. 4. Interestingly,
MIF improved the combined model I to predict ASD severity (AUC of
the combined model I, 0.73; 95% CI, 0.66–0.79; AUC of the combined
model II, 0.91; 95% CI, 0.85–0.97). This improvement was stable in an
internal 5-fold cross validation that resulted in an average AUC (stan-
dard error) of 0.73 (0.044) for the combined model I and 0.91 (0.030)

for the combined model II, corresponding to a difference of 0.14(0.014,
P < 0.001), Table 3. The 5-fold cross-validated mean squared predic-
tion error decreased from 0.198 (0.013) in the model I to 0.183 (0.012)
in the model II, corresponding to an average decrease of 0.016 (0.003).

5. Discussion

MIF mediates both acute and chronic inflammatory responses (Twu
et al., 2014), and it has potent paracrine and autocrine stimulatory
effects on cell growth and survival and enhances the production of in-
flammatory cytokines (Funamizu et al., 2013). A previous study found
that probands with autism spectrum disorder exhibited higher circu-
lating MIF levels than did their unaffected siblings (Grigorenko et al.,
2008). In this study, we found that elevated serum level of MIF was
associated with higher risk of ASD and severe ASD in a Chinese cohort.
These associations persisted after multivariate adjustment for tradi-
tional risk factors. To our knowledge, this was the first study to evaluate
the relationship of MIF, a mediator of the innate immune response, with
risk of ASD and severe ASD in Chinese children. These data identified
MIF as a potential ASD susceptibility risk factors and support the pre-
vious suggestions of a role for innate immunity in the etiopathogenesis
of ASD.

Human serum from depressed patients showed significantly ele-
vated MIF levels (Musil et al., 2011). In addition, serum MIF level was
suggested to be a potential pharmacodynamic and/or monitoring
marker of schizophrenia (Okazaki et al., 2018). However, the exact
mechanism by which MIF elicits its function on depression is con-
troversial (Moon et al., 2012). In this study, we found that ASD children
had significantly elevated MIF levels. Additionally, higher circulating
MIF levels are correlated with the severity of multiple ASD symptoms
(Grigorenko et al., 2008). Our findings supported this conclusion.

ASD may be accompanied by an activation of the macrophages, and
increased production of pro-inflammatory cytokines could play a role in
the pathophysiology of ASD (Al-Ayadhi, 2005). MIF might contribute to
the pathogenesis of ASD through regulates the expression of innate
cytokines (Calandra and Roger, 2003). Pharmacologic inhibitors of MIF
are presently in previous studies (Grigorenko et al., 2008), and thera-
pies aimed specifically at MIF pathways in patients with ASD might be
feasible.

Fig. 3. Distribution of serum biomarkers in mild-to-moderate ASD and severe
ASD. All data are mean and standard deviation (SD). P values refer to Student’s
paired t-test for differences between groups. A total score of between 30 and 36
indicates mild-to-moderate autism, whereas the interval between 37 and 60
denotes severe autism. 1= mild-to-moderate ASD(n= 34); 2= severe ASD
(n=68). ASD: Autism spectrum disorders; HCY, homocysteine; CRP; C-reactive
protein; IL-6; Interleukin 6; MIF, Macrophage migration inhibitory factor.

Table 4
Characteristics of the ASD with mild-to-moderate severity and severe severity＃.

Variable Moderate
(N=34)

Severe
cases(N=68)

p-value ǂ

Sex (Male/female) 5/29 17/51 0.24
Age (years, Mean ± SD) 4.6(1.3) 4.5(1.2) 0.85
BMI (kg/m2, Mean ± SD) 17.2(1.8) 16.3(1.4) 0.22
The time from symptom onset to

admission (days,
Mean ± SD)

150(100) 124(59) 0.11

CARS (Mean ± SD) 36.4(5.6) 45.3(5.6) < 0.001
Laboratory findings,

Mean ± SD
MIF (ng/ml) 17.9(4.7) 28.1(8.5) < 0.001
HCY(μmol/l) 11.3(3.6) 14.1(4.6) 0.002
CRP(mg/dl) 5.6(1.5) 6.4(1.6) 0.016
IL-6(pg/ml) 6.5(1.6) 7.5(1.5) 0.002

Data are presented as mean ± standard deviation (SD) or numbers (%).
ASD: Autism spectrum disorders; BMI, body mass index; CARS, Childhood
Autism Rating Scale; HCY, homocysteine; CRP; C-reactive protein; IL-6;
Interleukin 6; MIF, Macrophage migration inhibitory factor.

＃ A total score of between 30 and 36 indicates mild-to-moderate autism,
whereas the interval between 37 and 60 denotes severe autism.

ǂ P value was tested by Student’s paired t-test or x2 test.

Fig. 4. Receiver operator characteristic curve demonstrating sensitivity as a
function of 1-specificity for predicting the severe ASD based on the model in-
corporating all 4 biomarkers and the relative contribution of each biomarker
alone (initial cohort). Combined model included HCY/IL-6/CRP/MIF. A total
score of between 30 and 36 indicates mild-to-moderate autism, whereas the
interval between 37 and 60 denotes severe autism. ASD: Autism spectrum
disorders; HCY, homocysteine; CRP; C-reactive protein; IL-6; Interleukin 6; MIF,
Macrophage migration inhibitory factor.
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There are several other mechanisms by which MIF might be asso-
ciated with ASD. First, a strong relationship between polymorphisms
within the MIF promoter and ASD related behavior has been observed
(Grigorenko et al., 2008). Second, among the genes associated with
ASD are mutations in CHD7 (Jiang et al., 2013). Interestingly, it has
been suggested that expression of the CHD7 gene increases with the
presence of MIF and that this augmentation is mediated by PAX6,
known to be essential in early neurodevelopment of the mouse brain
(Fukaya et al., 2016). These findings suggest that MIF might be in-
volved in the early stages of neurodevelopment in cooperation with
genes such as CHD7. Third, intricate association between MIF and the
immune system of individuals suffering from ASD had been proposed.
(Vargas et al. (2005)) have suggested that autistic phenotypes may have
neuroglial and innate neuroimmune system activation in the brain and
CSF. It is known that MIF is implied in immunomodulation processes
(Calandra and Roger, 2003). Last, elevating MIF in neuronal cells in-
hibited the accumulation of misfolded superoxide dismutase (SOD) 1
and its association with the intracellular membranes and extended
survival of mutant SOD1-expressing motor neurons (Israelson et al.,
2015). (Wang et al. (2016)) shown that SOD play a role in the patho-
physiology of ASD. Further study is warranted on the precise involve-
ment of MIF in ASD, and the mechanism by which MIF contributes to
ASD pathogenesis.

This study was accompanied by limitations. First, the number of
children that were included in the study was rather low, and data from
a single center. These initial findings will require further study in other
samples of probands with ASD in order to determine their replicability.
Second, in this study, serum concentration of MIF was measured only
once at baseline of the study cohort. The fasting serum samples were
collected at first morning at 8:00. Without serial measurement of the
circulating MIF, this study yielded no data regarding when and how
long MIF were changed in these patients. Interestingly, a previous study
found that plasma MIF exhibits a significant circadian rhythm in normal
human subjects, with a peak around 08:00 at a similar time to the peak
of plasma cortisol (Petrovsky et al., 2003). Further study should be
carried out to resolve this question. Third, polymorphisms within the
MIF might play a role in the pathophysiology of ASD (Grigorenko et al.,
2008). However, in this study we did not obtain this information.
Lastly, our data do not imply any causal relationship between circu-
lating MIF and development of ASD. In addition, no other human tissue
except for peripheral blood was available.

6. Conclusions

These results identify high serum MIF levels are associated with
severity of ASD. Further study is warranted on the precise involvement
of MIF in ASD, and the mechanism by which MIF contributes to ASD
pathogenesis. If this association is confirmed, therapies aimed specifi-
cally at MIF pathways in patients with ASD might be feasible.
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