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Abstract: Background: Previous studies have shown that macrophage migration inhibitory factor (MIF) is involved in the
pathogenesis of asthma. This study aimed to investigate whether serum MIF reflects a therapeutic response in allergic asthma.
Methods: We enrolled 30 asthmatic patients with mild-to-moderate exacerbations and 20 healthy controls, analyzing the
parameter levels of serum MIF, serum total immunoglobulin E (tIgE), peripheral blood eosinophil percentage (EOS% ), and
fractional exhaled nitric oxide (FeNO). Lung function indices were used to identify disease severity and therapeutic response.
Results: Our study showed that all measured parameters in patients were at higher levels than those of controls. After one week
of treatment, most parameter levels decreased significantly except for serum tIgE. Furthermore, we found that serum MIF
positively correlated with EOS% as well as FeNO, but negatively correlated with lung function indices. Receiver operator
characteristic (ROC) curve analysis indicated that among the parameters, serum MIF exhibited a higher capacity to evaluate
therapeutic response. The area under the curve (AUC) of MIF was 0.931, with a sensitivity of 0.967 and a specificity of 0.800.
Conclusions: Our results suggested that serum MIF may serve as a potential biomarker for evaluating therapeutic response in
allergic asthma with mild-to-moderate exacerbations.
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1 Introduction

Asthma is a common respiratory disease world‐
wide, with an estimated 300 million affected individuals
(To et al., 2012). Its prevalence has been increasing
rapidly, resulting in a heavy financial burden on health‐
care systems. Allergic asthma is the most prevalent
phenotype of asthma and is characterized by airway

hyperresponsiveness (AHR), eosinophilic inflammation,
mucus hypersecretion, and high expression of T helper
type 2 (Th2) cytokines and immunoglobulin E (IgE).
A broad and complicated network of cells and cyto‐
kines is involved in the pathogenesis of allergic
asthma (Agrawal and Shao, 2010; Zhao and Wang,
2018).

Macrophage migration inhibitory factor (MIF) is
a type of upstream mediator which was initially found
to inhibit macrophage movement (Bloom and Bennett,
1966; David, 1966) but later was re-evaluated as a
pro-inflammatory cytokine and pituitary-derived hor‐
mone, potentiating endotoxemia (Bernhagen et al.,
1993; Calandra and Roger, 2003). Nowadays, MIF is
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recognized as a cytokine that exhibits a broad range
of immune and inflammatory activity, such as the
induction of inflammatory cytokines and regulation of
cell proliferation (Das et al., 2011). It has been found
to be involved in the pathogenesis of various disor‐
ders, such as septic shock, acute respiratory distress
syndrome, autoimmune diseases, cardiovascular diseases,
and cancers (Calandra et al., 2000; Lai et al., 2003;
Nishihira et al., 2003; Zernecke et al., 2008; Lang
et al., 2015). Moreover, MIF can antagonize the anti-
inflammatory effects of glucocorticoids (Al-Abed and
VanPatten, 2011) and has the potential to exacerbate
human allergic and inflammatory diseases, including
allergic asthma (Rossi et al., 1998).

Results from animal models of allergic asthma
indicated that both the levels of MIF protein in bron‐
choalveolar lavage fluid (BALF) and MIF messenger
RNA (mRNA) in pulmonary tissues were significantly
elevated in ovalbumin-challenged mice as compared
with controls. Blockade with an anti-MIF antibody
can dramatically decrease the number of inflammatory
cells within BALF and attenuate AHR. Similarly,
treatment with the MIF antagonist of (S, R) -3- (4-
hydroxyphenyl)-4, 5-dihydro-5-isoxazole acetic acid
methyl ester (ISO-1) can reduce transforming growth
factor-β1 (TGF-β1) mRNA and protein expression
levels in pulmonary tissues, thereby inhibiting asthmatic
airway remodeling (Kobayashi et al., 2006; Amano
et al., 2007; Chen et al., 2010). MIF-knockout mice
exhibit less pulmonary inflammation and lower AHR
as compared with wild-type controls. Furthermore,
MIF deficiency also results in lower serum IgE and
decreased levels of Th2 cytokine in BALF and pulmo‐
nary tissues (Mizue et al., 2005; Wang et al., 2006).

Clinical studies have shown that MIF levels in
induced sputum, BALF, and serum are significantly
higher in adult asthmatic patients compared with
those in healthy controls. In addition, symptomatic
asthmatic patients have higher MIF levels com‐
pared with asymptomatic patients (Rossi et al., 1998;
Yamaguchi et al., 2000). Another research group
has found that serum MIF levels are significantly
higher in children with allergic asthma versus healthy
controls (Tan et al., 2012). Genetic polymorphism
studies have also indicated that MIF-173G/C promoter
polymorphism is associated with the risk of develop‐
ing childhood asthma (Wu et al., 2009; El-Adly et al.,
2016).

The aforementioned studies have revealed that MIF
plays an essential role in the pathogenesis of allergic
asthma. However, the utility of MIF in clinical practice
remains unclear. This study aimed to explore whether
serum MIF could be a potential biomarker to reflect a
therapeutic response in patients with allergic asthma.

2 Subjects and methods

2.1 Participants

We recruited a total of 30 hospitalized patients
with exacerbations of allergic asthma and 20 matched
healthy controls from Zhengzhou Second People’s
Hospital, China, between April 2018 and March 2019.
All patients experienced at least one symptom of acute
asthma such as breathlessness, wheezing, cough, or
chest tightness, and were diagnosed via spirometry with
bronchial reversibility or provocation tests according to
the Global Initiative for Asthma (GINA) guidelines
(GINA, 2019). In addition, all patients were catego‐
rized as mild-to-moderate exacerbations and they were
able to pass initial lung function tests. Atopic status
was identified by positive skin prick tests, and the
allergens selected were house dust mites, animal dan‐
der, grass pollens, tree pollens, and molds. Exclusion
criteria were as follows: (1) the presence of respiratory
infections or other respiratory diseases, (2) existence
of autoimmune diseases or other chronic severe sys‐
temic diseases, (3) use of systemic corticosteroids within
one week before admission, (4) use of long-acting or
short-acting bronchodilators within 24 h before admis‐
sion, (5) pregnancy or lactation, (6) patients with such
severe exacerbations that they could not tolerate lung
function tests, and (7) smokers. Control individuals were
non-allergic, non-smoking subjects, and without a his‐
tory of chronic respiratory conditions or other sys‐
temic diseases.

2.2 Treatment protocol

According to the GINA guidelines for the therapy
of asthma exacerbations (GINA, 2019), and keeping
in mind the continuing deterioration risk to these pa‐
tients, all enrolled subjects were intravenously treated
with methylprednisolone (40 mg/d), accompanied with
inhaled budesonide and terbutaline suspension. The total
dose of corticosteroids was no more than 1 mg/(kg·d).
Furthermore, the duration of treatment until the
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symptoms of exacerbation were significantly con‐
trolled was one week.

2.3 Lung function tests

According to the operating standards for lung
function examination, as recommended by American
Thoracic Society and European Respiratory Society
(ATS/ERS) guidelines (Miller et al., 2005), lung function
tests were performed in asthmatic patients using a
spirometer (JAEGER®, Germany) before and after treat‐
ment. The collected data included forced expiratory
volume in 1 s (FEV1), forced vital capacity (FVC),
FEV1/FVC, peak expiratory flow (PEF), mean forced
expiratory flow between 25% and 75% of FVC
(MFEF25–75), forced expiratory flow when 25%, 50%,
and 75% of FVC had been exhaled (FEF25, FEF50, and
FEF75, respectively), and the percentage of predicted
values (%pred) for the above indices.

2.4 Detection of serum MIF, total IgE, and peripheral
blood eosinophil percentage

Fasting peripheral venous blood samples were
collected from both healthy controls and asthmatic
patients before and after treatment. In addition to mea‐
suring eosinophil percentage (EOS% ) using samples
in ethylene diamine tetraacetic acid (EDTA) anticoag‐
ulant tubes, other blood samples in non-anticoagulant
tubes were centrifuged at 500g for 10 min to isolate
sera, which were then cryopreserved at −80 ℃ until
analysis. All serum samples were subjected to enzyme-
linked immunosorbent assay (ELISA; Boster Bio,
China) and electrochemiluminescence immunoassay
(ECLI; KingMed Diagnostics, China) to detect the
levels of serum MIF and total IgE (tIgE), respectively.

2.5 Measurement of fractional exhaled nitric oxide

Fractional exhaled nitric oxide (FeNO) levels were
measured in healthy controls and asthmatic patients
before and after treatment via an exhaled nitric oxide
analyzer (Sunvou®, China), according to the ATS/ERS
guidelines (ATS/ERS, 2005) and the manufacturer’s
instructions. FeNO measurements were performed
before lung function tests for asthmatic patients, using
ppb (part per billion) as the measurement unit.

2.6 Statistical analysis

Data analysis was performed using SPSS 19.0
(SPSS Inc., Chicago, IL, USA), and graphics were

generated by GraphPad Prism 5.0 (GraphPad Soft‐
ware, Inc., La Jolla, CA, USA). Categorical data were
described as number (percentage). In addition, the nor‐
mally and non-normally distributed continuous data
were described as mean±standard deviation (SD) and
median (interquartile range (IQR)), respectively. The
variables in asthmatic patients as determined during pre-
and post-treatment were compared using a paired-
sample t-test and Wilcoxon signed rank test for nor‐
mally and non-normally distributed data, respectively.
The data of asthmatic patients and healthy controls were
compared using the Mann-Whitney U test. Differences
in categorical data between groups were analyzed
using a chi-squared (χ2) test. Correlations between the
indices were analyzed using Spearman’s correlation
analysis. Receiver operator characteristic (ROC) curve
analysis was used to assess the capacity of different
parameters to profile the response to therapy in
asthmatic patients, based on the improvement of lung
function tests before and after treatment. A P-value
of <0.05 was considered to be statistically significant.

3 Results

3.1 Participants’ characteristics

General characteristics such as age, height, weight,
body mass index (BMI), and gender exhibited no statis‐
tically significant differences between asthmatic patients
and matched healthy controls (P>0.05). Twenty-three
patients (76.7%) were newly diagnosed with asthma,
with onset less than three weeks prior to the study.
Eleven patients (36.7%) also suffered from allergic
rhinitis, while five (16.7%) had a family history of
allergy and six (20.0%) had a history of atopy. The
proportions of mild and moderate exacerbations in
asthmatic patients were 46.7% and 53.3%, respectively
(Table 1).

3.2 Comparisons of lung function indices before
and after treatment in asthmatic patients

As expected, the post-treatment indices, including
PEF % pred, FEV1 % pred, FEV1/FVC, FEV1/FVC
%pred, FEF25 %pred, FEF50 %pred, FEF75 %pred, and
MFEF25–75 %pred, were significantly improved compared
with the pre-treatment indices in asthmatic patients
(P<0.01; Table 2).
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3.3 Comparisons of serum MIF, tIgE, EOS%, and
FeNO levels before and after treatment in asthmatic
patients and healthy controls

The post-treatment levels of serum MIF decreased
dramatically compared with the pre-treatment levels
((9.71±7.41) ng/mL vs. (29.20±14.42) ng/mL, P<
0.0001; Fig. 1a). Nevertheless, they remained higher
than those of healthy controls ((9.71±7.41) ng/mL vs.
(3.44±1.03) ng/mL, P<0.0001; Fig. 2a).

Similarly, the post-treatment levels of both EOS%
and FeNO decreased significantly compared with
the pre-treatment levels ((3.44±1.78)% vs. (8.17±
5.04)%, P<0.0001 and (51.47±22.77) ppb vs. (81.37±
30.67) ppb, P<0.0001, respectively; Figs. 1b and 1c).
Nevertheless, the post-treatment levels of both markers
in asthmatic patients were still higher than those of
healthy controls by about 50% ((3.44±1.78)% vs.
(1.71±0.81)%, P<0.0001 and (51.47±22.77) ppb vs.

(21.70±5.57) ppb, P<0.0001, respectively; Figs. 2b
and 2c).

However, the post-treatment serum tIgE levels
showed no significant difference compared with the
pre-treatment levels (302.95 (275.45) IU/mL vs.
289.35 (307.98) IU/mL, P=0.061; Fig. 1d). Also, the
post-treatment serum tIgE levels in asthmatic patients
were significantly higher than those in healthy controls
(302.95 (275.45) IU/mL vs. 46.45 (54.47) IU/mL,
P<0.0001; Fig. 2d).

3.4 Correlations among the levels of serum MIF,
EOS%, and FeNO in asthmatic patients

Spearman’s correlation analyses showed that
serum MIF, EOS%, and FeNO levels in asthmatic pa‐
tients positively correlated with each other before and
after treatment (Fig. 3). However, serum tIgE level
did not correlate with serum levels of MIF, EOS%, or
FeNO (data not shown).

Table 2 Comparisons of lung function indices before and after treatment in asthmatic patients

Index
PEF %pred
FEV1 %pred
FEV1/FVC
FEV1/FVC %pred
FEF25 %pred
FEF50 %pred
FEF75 %pred
MFEF25‒75 %pred

Pre-treatment (n=30)
64.16±22.80
66.38±20.94
65.54±10.27
78.94±12.27
49.64±27.77
38.44±21.21
31.93±14.79
37.50±17.82

Post-treatment (n=30)
85.62±19.78
85.91±16.33
72.71±8.00
87.19±9.47
70.05±24.49
56.19±22.50
45.00±22.56
53.18±20.87

P-value
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

0.001
<0.001

PEF: peak expiratory flow; FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; FEF25, FEF50, FEF75: forced expiratory flow
when 25%, 50%, and 75% of FVC have been exhaled, respectively; MFEF25‒75: mean forced expiratory flow between 25% and 75% of FVC; %pred:
percentage of predicted value.

Table 1 Characteristics of participants

Characteristics
Age (year)
Height (cm)
Weight (kg)
BMI (kg/m2)
Gender (M/F)
Smoker
Atopy
Allergic rhinitis
Allergic family history
Newly diagnosed asthma
Severity of exacerbations

Mild
Moderate
Severe

Asthmatic patients (n=30)
45.47±16.09

165.43±7.34
68.60±13.55
24.91±3.60

14/16
0

6 (20.0%)
11 (36.7%)
5 (16.7%)

23 (76.7%)

14 (46.7%)
16 (53.3%)

0

Healthy controls (n=20)
40.33±15.31

163.50±8.07
64.00±10.14
23.82±2.18

9/11
0
0
0
0

P-value
0.211*

0.336*

0.142*

0.161*

0.908**

Data are expressed as number (percentage), number/number, or mean±standard deviation. * t-test; ** Chi-squared test. BMI: body mass index; M:
male; F: female.
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3.5 Correlations among serum levels of MIF and

FeNO and lung function indices in asthmatic patients

Spearman’s correlation analyses showed that serum

MIF levels in asthmatic patients negatively correlated

with lung function indices before and after treatment,

including FEV1 %pred (r=−0.379, P=0.003), PEF %pred
(r=−0.396, P=0.002), and FEF50 %pred (r=−0.292,
P=0.023) (Fig. 4a). Similarly, FeNO levels in asthmatic
patients negatively correlated with lung function indices
before and after treatment, including FEV1/FVC (r=
−0.358, P=0.005), FEV1/FVC % pred (r=−0.350, P=

Fig. 1 Comparisons of serum MIF (a), EOS% (b), FeNO (c), and tIgE (d) levels before and after treatment in asthmatic
patients (n=30). MIF, macrophage migration inhibitory factor; EOS%, eosinophil percentage; FeNO, fractional exhaled
nitric oxide; ppb, part per billion; tIgE, total immunoglobulin E.

Fig. 2 Comparisons of serum MIF (a), EOS% (b), FeNO (c), and tIgE (d) levels between post-treatment asthmatic
patients (n=30) and healthy controls (n=20). MIF, macrophage migration inhibitory factor; EOS%, eosinophil
percentage; FeNO, fractional exhaled nitric oxide; ppb, part per billion; tIgE, total immunoglobulin E.
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0.006), and MFEF25–75 % pred (r= − 0.328, P=0.010)
(Fig. 4b). However, neither the levels of serum tIgE
nor EOS% correlated with any lung function indices
in asthmatic patients (data not shown).

3.6 ROC curve analysis for evaluating the capacity
of different parameters to profile therapeutic response

ROC curve analysis showed that for MIF, the area
under the curve (AUC) was 0.931 (95% confidence
interval (CI): 0.863‒1.000, P<0.001), as determined
by Youden index; the cut-off value was 12.8 ng/mL,
with a sensitivity of 0.967 and a specificity of 0.800.
Similarly, for EOS% , the AUC was 0.837 (95% CI:
0.731‒0.942, P<0.001), with a sensitivity of 0.800 and a
specificity of 0.567 at the cut-off value of 4.55%. For
FeNO, the AUC was 0.783 (95% CI: 0.662 ‒ 0.904,

P<0.001), with a sensitivity of 0.833 and a specificity
of 0.500 at the cut-off value of 55.5 ppb. For tIgE, the
AUC was 0.479 (95% CI: 0.332 ‒ 0.627, P=0.784),
which indicated that it cannot be used to evaluate thera‐
peutic response (Fig. 5).

4 Discussion

According to current clinical practice guidelines,
blood eosinophil count and FeNO are the most useful
biomarkers for evaluating airway eosinophil inflam‐
mation in allergic asthma (Dweik et al., 2011; GINA,
2019). A previous study has shown no difference be‐
tween EOS% and blood eosinophil count in detecting
eosinophilic inflammation (Zhang et al., 2014). In this

Fig. 3 Correlations among the levels of serum MIF, EOS%, and FeNO in asthmatic patients before and after treatment
(n=60). Spearman’s correlation analyses showed that serum MIF, EOS%, and FeNO levels positively correlated with
each other. MIF, macrophage migration inhibitory factor; EOS%, eosinophil percentage; FeNO, fractional exhaled
nitric oxide; ppb, part per billion.

Fig. 4 Correlations among serum levels of MIF and FeNO and lung function indices in asthmatic patients before and after
treatment (n=60). Spearman’s correlation analyses showed that serum MIF levels in asthmatic patients negatively correlated
with lung function indices, including FEV1 %pred, PEF %pred, and FEF50 %pred (a), and that FeNO levels in asthmatic
patients negatively correlated with lung function indices, including FEV1/FVC, FEV1/FVC %pred, and MFEF25‒75 %pred
(b). FEV1, forced expiratory volume in 1 s; MIF, macrophage migration inhibitory factor; PEF, peak expiratory flow;
FVC, forced vital capacity; FeNO, fractional exhaled nitric oxide; ppb, part per billion; FEF50, forced expiratory flow
when 50% of FVC has been exhaled; MFEF25‒75, mean forced expiratory flow between 25% and 75% of FVC; %pred,
percentage of predicted value.
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study, we found that asthmatic patients had higher
serum MIF levels than the controls, and post-treatment
levels of serum MIF decreased dramatically, accompa‐
nying reduced levels of EOS% and FeNO. Further‐
more, serum MIF levels positively correlated with the
levels of both EOS% and FeNO. These findings suggest‐
ed that serum MIF correlates with eosinophilic inflamma‐
tion and reflects inflammation severity, which is in agree‐
ment with the results of previous studies (Bozza et al.,
2020).

We used corticosteroids and bronchodilators to
treat asthmatic patients during exacerbations according
to GINA clinical guidelines, and lung function indices
were regarded as the objective indicators to identify
disease severity and therapeutic response. We found
that the significantly improved lung function indices
following treatment paralleled the markedly decreased
serum MIF levels. In addition, similar to the negative
relationship between FeNO and lung function indices,
there were also weak but significant inverse correla‐
tions between serum MIF levels and primary lung
function indices, including FEV1 % pred and FEV1/
FVC. These results showed that serum MIF is associ‐
ated with disease severity and can serve as a biomarker
to evaluate illness relief and therapeutic response in
acute asthma. Also, serum MIF level negatively corre‐
lated with the lung function index of FEF50 % pred,
which is often useful to assess the small airway (Bar-
Yishay et al., 2003; Pellegrino et al., 2005), indicating
that serum MIF might also reflect the functional improve‐
ment of the small airway.

To further evaluate the capacity of serum MIF
to profile the response to therapy, we conducted
ROC analysis and compared it with other measured

biomarkers, such as EOS% , FeNO, and serum tIgE.
Our results demonstrated that most parameters, ex‐
cept for serum tIgE, are valid for evaluating therapeu‐
tic response. In particular, we found that the AUC for
MIF (0.931) was higher than those for EOS% (0.837)
and FeNO (0.783), displaying a sensitivity of 0.967
and a specificity of 0.800 (using a cut-off value of
12.8 ng/mL). These results suggested that serum MIF
exhibited a higher capacity among the parameters to
evaluate therapeutic response in acute asthma.

It is known that serum IgE is a conventional bio‐
marker in allergic asthma. However, it has certain limita‐
tions and might not be useful enough to assess disease
severity and evaluate treatment response within acute
asthma. Some studies have shown that serum IgE
might differentiate severe asthma in children but not
adults (Fitzpatrick et al., 2006; Chung et al., 2014). A
two-week asthmatic treatment study reported that
serum tIgE level could not predict response to routine
treatment in acute asthma (Razi and Moosavi, 2010).
Another four-week asthmatic treatment study indicat‐
ed that clinical response was not associated with se‐
rum IgE level (Cai et al., 2007). In line with these re‐
sults, our study showed that serum tIgE levels were
significantly higher as compared with controls but did
not markedly decrease after treatment and did not corre‐
late with lung function indices. ROC curve analyses
also revealed that serum tIgE was invalid for evaluat‐
ing therapeutic response within asthma exacerbation.
These results suggested that serum tIgE level might not
accurately reflect the response to short-term treatment
of allergic asthma. On the contrary, our one-week treat‐
ment study indicated that serum MIF exhibited higher
sensitivity for evaluating therapeutic response in short-
term treatment.

In conclusion, our study indicated that serum MIF
correlates with eosinophilic inflammation and disease
severity in allergic asthma. Serum MIF may serve as
a potential biomarker for evaluating therapeutic response
in allergic asthma with mild-to-moderate exacerbations.
However, due to the limitations of our study, large-
scale sample research and long-term studies still need
to be pursued.

Acknowledgments
The study was supported by the Henan Province Medical

Science and Technology Research Project (No. 2018020737),
China.

Fig. 5 ROC curve analysis for evaluating the capacity of
different parameters to profile therapeutic response. ROC,
receiver operator characteristic; MIF, macrophage migra‐
tion inhibitory factor; EOS%, eosinophil percentage; FeNO,
fractional exhaled nitric oxide; tIgE, total immunoglobu‐
lin E.

Author contributions
Huiyuan ZHU and Shaochun YAN designed the study,

wrote and edited the manuscript. Huiyuan ZHU performed
the clinical and experimental research and data analysis.
Zhong ZHANG, Xiaolin LI, Zheng LIU, Xing MA, Lina
ZHOU, Lin ZHANG, Mingming FENG, Yiwei GENG, and
Aixin ZHANG participated in the collection of clinical and
experimental data. Aiguo XU, Jingshuo WU, and Sabina
JANCIAUSKIENE coordinated the research project. All authors
have read and approved the final manuscript, and therefore have
full access to all the data in the study and take responsibility
for the data’s integrity and security.

Compliance with ethics guidelines
Huiyuan ZHU, Shaochun YAN, Jingshuo WU, Zhong

ZHANG, Xiaolin LI, Zheng LIU, Xing MA, Lina ZHOU, Lin
ZHANG, Mingming FENG, Yiwei GENG, Aixin ZHANG,
Sabina JANCIAUSKIENE, and Aiguo XU declare that they
have no conflict of interest.

All procedures were conducted in accordance with the
Helsinki Declaration of 1975, as revised in 2008 (5). The
medical ethics committee of Zhengzhou Second People’s
Hospital approved the study, and all participants signed the
written informed consent.

References
Agrawal DK, Shao ZF, 2010. Pathogenesis of allergic airway

inflammation. Curr Allergy Asthma Rep, 10(1):39-48.
https://doi.org/10.1007/s11882-009-0081-7

Al-Abed Y, VanPatten S, 2011. MIF as a disease target: ISO-1
as a proof-of-concept therapeutic. Future Med Chem,
3(1):45-63.
https://doi.org/10.4155/fmc.10.281

Amano T, Nishihira J, Miki I, 2007. Blockade of macrophage
migration inhibitory factor (MIF) prevents the antigen-
induced response in a murine model of allergic airway
inflammation. Inflamm Res, 56(1):24-31.
https://doi.org/10.1007/s00011-007-5184-9

ATS/ERS (American Thoracic Society, European Respiratory
Society), 2005. ATS/ERS recommendations for standardized
procedures for the online and offline measurement of exhaled
lower respiratory nitric oxide and nasal nitric oxide, 2005.
Am J Respir Crit Care Med, 171(8):912-930.
https://doi.org/10.1164/rccm.200406-710ST

Bar-Yishay E, Amirav I, Goldberg S, 2003. Comparison of
maximal midexpiratory flow rate and forced expiratory
flow at 50% of vital capacity in children. Chest, 123(3):
731-735.
https://doi.org/10.1378/chest.123.3.731

Bernhagen J, Calandra T, Mitchell RA, et al., 1993. MIF is a
pituitary-derived cytokine that potentiates lethal endotox‐
aemia. Nature, 365(6448):756-759.
https://doi.org/10.1038/365756a0

Bloom BR, Bennett B, 1966. Mechanism of a reaction in vitro
associated with delayed-type hypersensitivity. Science,
153(3731):80-82.
https://doi.org/10.1126/science.153.3731.80

Bozza MT, Lintomen L, Kitoko JZ, et al., 2020. The role of
MIF on eosinophil biology and eosinophilic inflamma‐
tion. Clin Rev Allergy Immunol, 58(1):15-24.
https://doi.org/10.1007/s12016-019-08726-z

Cai C, Yang J, Hu SP, et al., 2007. Relationship between uri‐
nary cysteinyl leukotriene E4 levels and clinical response
to antileukotriene treatment in patients with asthma.
Lung, 185(2):105-112.
https://doi.org/10.1007/s00408-006-0001-8

Calandra T, Roger T, 2003. Macrophage migration inhibitory
factor: a regulator of innate immunity. Nat Rev Immunol,
3(10):791-800.
https://doi.org/10.1038/nri1200

Calandra T, Echtenacher B, le Roy D, et al., 2000. Protection
from septic shock by neutralization of macrophage migra‐
tion inhibitory factor. Nat Med, 6(2):164-170.
https://doi.org/10.1038/72262

Chen PF, Luo YL, Wang W, et al., 2010. ISO-1, a macrophage
migration inhibitory factor antagonist, inhibits airway
remodeling in a murine model of chronic asthma. Mol
Med, 16(9-10):400-408.
https://doi.org/10.2119/molmed.2009.00128

Chung KF, Wenzel SE, Brozek JL, et al., 2014. International
ERS/ATS guidelines on definition, evaluation and treat‐
ment of severe asthma. Eur Respir J, 43(2):343-373.
https://doi.org/10.1183/09031936.00202013

Das R, Moss JE, Robinson E, et al., 2011. Role of macro‐
phage migration inhibitory factor in the Th2 immune
response to epicutaneous sensitization. J Clin Immunol,
31(4):666-680.
https://doi.org/10.1007/s10875-011-9541-7

David JR, 1966. Delayed hypersensitivity in vitro: its media‐
tion by cell-free substances formed by lymphoid cell-
antigen interaction. Proc Natl Acad Sci USA, 56(1):72-77.
https://doi.org/10.1073/pnas.56.1.72

Dweik RA, Boggs PB, Erzurum SC, et al., 2011. An official
ATS clinical practice guideline: interpretation of exhaled
nitric oxide levels (FeNO) for clinical applications. Am J
Respir Crit Care Med, 184(5):602-615.
https://doi.org/10.1164/rccm.9120-11ST

El-Adly TZ, Kamal S, Selim H, et al., 2016. Association of
macrophage migration inhibitory factor promoter poly‐
morphism −173G/C with susceptibility to childhood
asthma. Cent Eur J Immunol, 41(3):268-272.
https://doi.org/10.5114/ceji.2016.63126

Fitzpatrick AM, Gaston BM, Erzurum SC, et al., 2006.
Features of severe asthma in school-age children: atopy
and increased exhaled nitric oxide. J Allergy Clin Immunol,
118(6):1218-1225.

518



J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2021 22(6):512-520 |

Author contributions
Huiyuan ZHU and Shaochun YAN designed the study,

wrote and edited the manuscript. Huiyuan ZHU performed
the clinical and experimental research and data analysis.
Zhong ZHANG, Xiaolin LI, Zheng LIU, Xing MA, Lina
ZHOU, Lin ZHANG, Mingming FENG, Yiwei GENG, and
Aixin ZHANG participated in the collection of clinical and
experimental data. Aiguo XU, Jingshuo WU, and Sabina
JANCIAUSKIENE coordinated the research project. All authors
have read and approved the final manuscript, and therefore have
full access to all the data in the study and take responsibility
for the data’s integrity and security.

Compliance with ethics guidelines
Huiyuan ZHU, Shaochun YAN, Jingshuo WU, Zhong

ZHANG, Xiaolin LI, Zheng LIU, Xing MA, Lina ZHOU, Lin
ZHANG, Mingming FENG, Yiwei GENG, Aixin ZHANG,
Sabina JANCIAUSKIENE, and Aiguo XU declare that they
have no conflict of interest.

All procedures were conducted in accordance with the
Helsinki Declaration of 1975, as revised in 2008 (5). The
medical ethics committee of Zhengzhou Second People’s
Hospital approved the study, and all participants signed the
written informed consent.

References
Agrawal DK, Shao ZF, 2010. Pathogenesis of allergic airway

inflammation. Curr Allergy Asthma Rep, 10(1):39-48.
https://doi.org/10.1007/s11882-009-0081-7

Al-Abed Y, VanPatten S, 2011. MIF as a disease target: ISO-1
as a proof-of-concept therapeutic. Future Med Chem,
3(1):45-63.
https://doi.org/10.4155/fmc.10.281

Amano T, Nishihira J, Miki I, 2007. Blockade of macrophage
migration inhibitory factor (MIF) prevents the antigen-
induced response in a murine model of allergic airway
inflammation. Inflamm Res, 56(1):24-31.
https://doi.org/10.1007/s00011-007-5184-9

ATS/ERS (American Thoracic Society, European Respiratory
Society), 2005. ATS/ERS recommendations for standardized
procedures for the online and offline measurement of exhaled
lower respiratory nitric oxide and nasal nitric oxide, 2005.
Am J Respir Crit Care Med, 171(8):912-930.
https://doi.org/10.1164/rccm.200406-710ST

Bar-Yishay E, Amirav I, Goldberg S, 2003. Comparison of
maximal midexpiratory flow rate and forced expiratory
flow at 50% of vital capacity in children. Chest, 123(3):
731-735.
https://doi.org/10.1378/chest.123.3.731

Bernhagen J, Calandra T, Mitchell RA, et al., 1993. MIF is a
pituitary-derived cytokine that potentiates lethal endotox‐
aemia. Nature, 365(6448):756-759.
https://doi.org/10.1038/365756a0

Bloom BR, Bennett B, 1966. Mechanism of a reaction in vitro
associated with delayed-type hypersensitivity. Science,
153(3731):80-82.
https://doi.org/10.1126/science.153.3731.80

Bozza MT, Lintomen L, Kitoko JZ, et al., 2020. The role of
MIF on eosinophil biology and eosinophilic inflamma‐
tion. Clin Rev Allergy Immunol, 58(1):15-24.
https://doi.org/10.1007/s12016-019-08726-z

Cai C, Yang J, Hu SP, et al., 2007. Relationship between uri‐
nary cysteinyl leukotriene E4 levels and clinical response
to antileukotriene treatment in patients with asthma.
Lung, 185(2):105-112.
https://doi.org/10.1007/s00408-006-0001-8

Calandra T, Roger T, 2003. Macrophage migration inhibitory
factor: a regulator of innate immunity. Nat Rev Immunol,
3(10):791-800.
https://doi.org/10.1038/nri1200

Calandra T, Echtenacher B, le Roy D, et al., 2000. Protection
from septic shock by neutralization of macrophage migra‐
tion inhibitory factor. Nat Med, 6(2):164-170.
https://doi.org/10.1038/72262

Chen PF, Luo YL, Wang W, et al., 2010. ISO-1, a macrophage
migration inhibitory factor antagonist, inhibits airway
remodeling in a murine model of chronic asthma. Mol
Med, 16(9-10):400-408.
https://doi.org/10.2119/molmed.2009.00128

Chung KF, Wenzel SE, Brozek JL, et al., 2014. International
ERS/ATS guidelines on definition, evaluation and treat‐
ment of severe asthma. Eur Respir J, 43(2):343-373.
https://doi.org/10.1183/09031936.00202013

Das R, Moss JE, Robinson E, et al., 2011. Role of macro‐
phage migration inhibitory factor in the Th2 immune
response to epicutaneous sensitization. J Clin Immunol,
31(4):666-680.
https://doi.org/10.1007/s10875-011-9541-7

David JR, 1966. Delayed hypersensitivity in vitro: its media‐
tion by cell-free substances formed by lymphoid cell-
antigen interaction. Proc Natl Acad Sci USA, 56(1):72-77.
https://doi.org/10.1073/pnas.56.1.72

Dweik RA, Boggs PB, Erzurum SC, et al., 2011. An official
ATS clinical practice guideline: interpretation of exhaled
nitric oxide levels (FeNO) for clinical applications. Am J
Respir Crit Care Med, 184(5):602-615.
https://doi.org/10.1164/rccm.9120-11ST

El-Adly TZ, Kamal S, Selim H, et al., 2016. Association of
macrophage migration inhibitory factor promoter poly‐
morphism −173G/C with susceptibility to childhood
asthma. Cent Eur J Immunol, 41(3):268-272.
https://doi.org/10.5114/ceji.2016.63126

Fitzpatrick AM, Gaston BM, Erzurum SC, et al., 2006.
Features of severe asthma in school-age children: atopy
and increased exhaled nitric oxide. J Allergy Clin Immunol,
118(6):1218-1225.

519



| J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2021 22(6):512-520

https://doi.org/10.1016/j.jaci.2006.08.019
GINA (Global Initiative for Asthma), 2019. Global strategy

for asthma management and prevention, 2019. https://
ginasthma.org/wp-content/uploads/2019/06/GINA-2019-
main-report-June-2019-wms.pdf

Kobayashi M, Nasuhara Y, Kamachi A, et al., 2006. Role of
macrophage migration inhibitory factor in ovalbumin-
induced airway inflammation in rats. Eur Respir J, 27(4):
726-734.
https://doi.org/10.1183/09031936.06.00107004

Lai KN, Leung JC, Metz CN, et al., 2003. Role for macro‐
phage migration inhibitory factor in acute respiratory dis‐
tress syndrome. J Pathol, 199(4):496-508.
https://doi.org/10.1002/path.1291

Lang T, Foote A, Lee JPW, et al., 2015. MIF: implications in
the pathoetiology of systemic lupus erythematosus. Front
Immunol, 6:577.
https://doi.org/10.3389/fimmu.2015.00577

Miller MR, Hankinson J, Brusasco V, et al., 2005. Standardis‐
ation of spirometry. Eur Respir J, 26(2):319-338.
https://doi.org/10.1183/09031936.05.00034805

Mizue Y, Ghani S, Leng L, et al., 2005. Role for macrophage
migration inhibitory factor in asthma. Proc Natl Acad
Sci USA, 102(40):14410-14415.
https://doi.org/10.1073/pnas.0507189102

Nishihira J, Ishibashi T, Fukushima T, et al., 2003. Macro‐
phage migration inhibitory factor (MIF): its potential
role in tumor growth and tumor-associated angiogenesis.
Ann N Y Acad Sci, 995(1):171-182.
https://doi.org/10.1111/j.1749-6632.2003.tb03220.x

Pellegrino R, Viegi G, Brusasco V, et al., 2005. Interpretative
strategies for lung function tests. Eur Respir J, 26(5):
948-968.
https://doi.org/10.1183/09031936.05.00035205

Razi E, Moosavi GA, 2010. Serum total IgE levels and total
eosinophil counts: relationship with treatment response in
patients with acute asthma. J Bras Pneumol, 36(1):23-28.
https://doi.org/10.1590/s1806-37132010000100006

Rossi AG, Haslett C, Hirani N, et al., 1998. Human circulating
eosinophils secrete macrophage migration inhibitory factor
(MIF). Potential role in asthma. J Clin Invest, 101(12):
2869-2874.
https://doi.org/10.1172/JCI1524

Tan YQ, Cao LF, Shen J, et al., 2012. Climatic factors
correlate with innate immune response in children with
Dermatophagoides farinae-induced allergic asthma. J
Int Med Res, 40(2):740-747.
https://doi.org/10.1177/147323001204000239

To T, Stanojevic S, Moores G, et al., 2012. Global asthma
prevalence in adults: findings from the cross-sectional
world health survey. BMC Public Health, 12:204.
https://doi.org/10.1186/1471-2458-12-204

Wang B, Huang XZ, Wolters PJ, et al., 2006. Cutting edge:
deficiency of macrophage migration inhibitory factor
impairs murine airway allergic responses. J Immunol,
177(9):5779-5784.
https://doi.org/10.4049/jimmunol.177.9.5779

Wu J, Fu S, Ren X, et al., 2009. Association of MIF promoter
polymorphisms with childhood asthma in a northeastern
Chinese population. Tissue Antigens, 73(4):302-306.
https://doi.org/10.1111/j.1399-0039.2008.01206.x

Yamaguchi E, Nishihira J, Shimizu T, et al., 2000. Macro‐
phage migration inhibitory factor (MIF) in bronchial
asthma. Clin Exp Allergy, 30(9):1244-1249.
https://doi.org/10.1046/j.1365-2222.2000.00888.x

Zernecke A, Bernhagen J, Weber C, 2008. Macrophage migra‐
tion inhibitory factor in cardiovascular disease. Circula‐
tion, 117(12):1594-1602.
https://doi.org/10.1161/CIRCULATIONAHA.107.729125

Zhang XY, Simpson JL, Powell H, et al., 2014. Full blood
count parameters for the detection of asthma inflammatory
phenotypes. Clin Exp Allergy, 44(9):1137-1145.
https://doi.org/10.1111/cea.12345

Zhao ST, Wang CZ, 2018. Regulatory T cells and asthma. J Zhe‐
jiang Univ-Sci B (Biomed & Biotechnol), 19(9):663-673.
https://doi.org/10.1631/jzus.B1700346

520


