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Abstract

Background An epidemiological association among asthma, blood eosinophil level and chronic rhinosinusitis (CRS)
is well established, but whether consistent genetic relationships exist, and whether this reflects a shared genetic
etiology between CRS and asthma or blood eosinophil level remains unclear.

Methods Data from CRS patients (N=1,255) and healthy controls (N=1,032) were reviewed retrospectively to
investigate associations between clinical characteristics and CRS. Data from white blood cells in the UK biobank
(N=173,480), asthma in the Trans-National Asthma Genetic Consortium (127,669) and CRS (N=272,922) or nasal
polyps (N=264,107) in the FinnGen consortium were used to conduct genetic study, including linkage disequilibrium
score regression analysis to detect genetic associations between aforementioned variables, Mendelian randomization
(MR) analysis to investigate causal relationships of asthma and blood eosinophil levels on CRS, and Bayesian
co-localization to consolidate MR findings and to identify shared genetic signals.

Results We found that blood eosinophil count, blood eosinophil percentages and asthma shared positive and

causal genetic correlations with CRS (all g<0.0001) and CRS with nasal polyps (CRSWNP) (all g <0.0001) in both our
observational and genetic study. Through colocalization analysis, 4 loci are shared among asthma, CRS and CRSwWNP, 7
loci are shared among blood eosinophil count, CRS and CRSWNP, 2 loci are unique to blood eosinophil count and CRS,
and 3 loci are unique to blood eosinophil count and CRSwWNP.

Conclusions These findings contribute to understanding CRS etiology, and provide insights for intervention and
treatment target for CRS comorbid with asthma or high blood eosinophil levels.
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Background

Chronic rhinosinusitis (CRS) is a common disease of
the upper airways that is characterized by a persis-
tent inflammation in the mucosa of nose and paranasal
sinuses. The persistent inflammation can cause peren-
nial nasal blockage, rhinorrhea, and anterior/posterior
nasal drip, which adversely influences quality of life due
to headache, facial pain, and hyposmia [1]. Recently, CRS
with nasal polyps (CRSwWNP), one phenotype of CRS,
has been getting more attention since its heterogenous
and refractory intrinsic property [2]. The disease severity
and inadequate control of CRSwNP is linked to asthma
comorbidity and high blood eosinophil levels [3]. Mean-
while, both CRSWNP and asthma share prominent type 2
inflammation, which is characterized by the presence of
extensive eosinophilic inflammation associated with type
2-related cytokines [4].

Previous genetic analysis found positive correlation
between the effect of asthma-associated variants on the
risk of asthma and CRSwNP (R=0.61) [5]. Large-scale
genome-wide association studies (GWAS) have identi-
fied over 150 independent loci associated with asthma
and 10 loci with nasal polyps (e.g. HLA-DQA1 and IL33),
respectively [5—-10]. Genetic studies have also determined
the overlapping susceptibility loci of CRS and blood
eosinophil count using data from European populations
[11]. However, for most variations, causality is not deter-
mined, and the etiological effect of blood eosinophils on
CRS is still disputed [12, 13], so the shared genetic loci
among CRS, asthma, and blood eosinophil level need to
be further clarified.

An important issue for clinicians in rhinology and
respiratory clinics is how to treat patients with both CRS
and asthma. Although numerous treatments are available
for CRSWNP patients, high recurrence rate in CRSWNP
patients with asthma comorbidity or high blood eosino-
phil levels are still not resolved completely [1]. Recently,
biologicals (e.g. dupilumab) that have been used to treat
CRSwNP with asthma can both improve upper and lower
airway outcome measures [14]. However, hypereosino-
philia and eosinophil-related pulmonary complications
have also been reported following initiation of dupilumab
[15, 16]. In this regard, an improved understanding of
genetic relations among CRS, asthma and blood eosino-
phil count would lead to safer and more effective inter-
ventions for patients with both diseases individually and
when they occur together.

In this study, we conducted observational and genetic
study, including linkage disequilibrium score regres-
sion (LDSC) analysis, to detect relationships among
asthma, blood eosinophil levels and CRS. Then we used
single-variable Mendelian randomization (SVMR) and
multivariable MR (MVMR) analysis to clarify causal
relationships between asthma or blood eosinophils and
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CRS. Finally, colocalization analysis were used to iden-
tify shared variations between two traits. These results
may provide a better understanding of CRS etiology and
an insight of therapy strategies that can simultaneously
address multiple comorbidities in CRS in the future.

Methods
Figure 1 shows the overall study design. Further details of
the methods are provided as follows.

Retrospective study

Participants and study design

Data were collected from CRS patients who underwent
endoscopic sinus surgery at Beijing Tongren Hospi-
tal from September 2014 to August 2018. The patients
had been diagnosed with CRS according to the Euro-
pean Position Paper on Rhinosinusitis and Nasal Pol-
yps 2012 guidelines [17]. All CRS patients were adults
with appropriate body mass index (BMI), routine blood
tests, and serum total IgE. We excluded patients with
choanalpolyps, cystic fibrosis, fungal sinusitis, or pri-
mary ciliary dyskinesia. Similarly, the control group data
were collected from healthy adult individuals who had
regular physical examinations at Beijing Tongren hospi-
tal physical examination center during the same period.
None of these participants had any nasal and pulmonary
symptoms and did not present with purulent secretion,
edema/mucosal obstruction. This study was approved by
the Ethics Committee of Beijing Tongren Hospital and
written informed consent from each patient was obtained
before data were collected.

Collection of clinical data and analysis

The weight and height of each participant was recorded
during physical examination for the control group or
after hospitalization for the CRS group. The BMI scores
were determined using each person’s weight in kilogram
and dividing it by the square of their height in meters
(kg/m?). The recommended BMI cut-off values for Chi-
nese people are as follows: 18.5-23.9 kg/m? is consid-
ered normal, 24.0-27.9 is overweight, and >28 kg/m>
is obese [18]. Blood samples were taken during physical
examination or before surgery, and analyzed by an auto-
mated analyzer to get the differential peripheral blood
cell count. For CRS patients, comorbidity with asthma
was also recorded. Evidence of nasal polyps was obtained
using endoscopy. The serum total IgE (kU/I) was ana-
lyzed using an Immuno-Cap Phadiatop (Pharmacia,
Uppsala, Sweden).

Observational data were analyzed using the SPSS
version 23.0 software (IBM Corp, Armonk, NY). The
Kolmogorov—Smirnov test was used to evaluate the
normality of the data, and the non-normally distrib-
uted continuous variables were expressed as median and
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Fig. 1 Overview of this study. First, we identified the profiles of blood cell traits and asthma comorbidity in healthy controls and CRS patients. Second,
we adopted genetic study including LDSC analysis to clarify the genetic correlation of paired traits, single variable and multivariable MR to estimate the
causal role of blood cell traits or asthma on CRS and CRSWNP and colocalization analysis to detect the shared causal genetic signals between traits. Ab-
breviations: CRS, chronic rhinosinusitis; CRSWNP, CRS with nasal polyps, LDSC: linkage disequilibrium score regression; MR, Mendelian randomization; SNP,

single nucleotide polymorphism

interquartile ranges. The Mann—Whitney U test was used
when comparing two different groups. Categorical vari-
ables were expressed as numbers and percentages. Chi-
square test was used to compare proportional differences
between groups. Odds ratio (OR) and 95% confidence
intervals (CI) were calculated using the logistic regres-
sion model. The Benjamini—Hochberg false discovery
rate (q value) was used to adjust for multiple compari-
sons, and q <0.05 was considered significant.

Genetic study

The datasets used in this genetic study part and instru-
mental variable selection in mendelian randomization
are detailed in Additional file 1.

LDSC regression

LDSC analysis regressed the chi-squared statistics for a
single trait to estimate single nucleotide polymorphism
(SNP)-based heritability (h?) or two traits to assess
genetic correlation (rg). This analysis was conducted
using the LDSC software based on GWAS summary sta-
tistics. Pre-estimated LD scores from the 1000 Genomes
European reference population was used as reference

[19]. Default settings were used in our analyses. q<0.05
was considered significant.

Mendelian randomization

For MR analysis, we used inverse-variance weighted
(IVW) MR as the primary method, which makes the
fundamental assumption that all included SNPs are
valid instrumental variables. Additional sensitivity
analyses include MR-Egger and weighted median. MR-
Egger regression can provide a valid effect estimate even
though all SNPs are invalid instruments [20]. The weight
median approach selects the median MR estimates as
the causal estimate and provides a consistent effect esti-
mate if more than 50% of the information comes from
valid SNPs [21]. Cochrane’s Q value was used to assess
the heterogeneity. The MR-Egger intercept and MR plei-
otropy residual sum and outlier tests were used to detect
horizontal pleiotropy [22, 23]. Leave-one-out analyses
were also performed to detect high influence points [22].
The SVMR analysis was performed using TwoSampleMR
(version 0.5.6) and MR (version 0.5.1) packages and the
MVMR analysis was conducted using the MVMR pack-
ages (version 0.5.6) in R software 4.1.2 (https://www.r-pr
oject.org/). q<0.05 was considered significant.
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Colocalization analysis

We used Coloc, a Bayesian test to identify the prob-
ability of evidence consistent with a shared causal signal
involved in blood eosinophil count and asthma with CRS
and CRSwNP, respectively [24]. For these analyses, we
considered the 70 SNPs that were significantly associated
with blood eosinophil count or 13 SNPs associated with
asthma were used as relevant instrumental variables. We
extracted summary statistics for these variants (as well
as variants 500 kb upstream and downstream [25]) from
the blood eosinophil count or asthma GWAS and CRS or
CRSwWNP GWAS statistics. Bayesian colocalization was
then implemented for each independent region in the R
package coloc (https://CRAN.R-project.org/package=c
oloc). Briefly, Coloc estimate the prior probabilities for
a SNP being associated with each trait (p1 and p2) and
for a SNP being associated with both traits (p12) [24].
We used the default setting in our analyses. We set the
threshold for strong evidence of colocalization at poste-
rior probability > 0.70 [26].

Results

Retrospective study

Blood eosinophil, monocyte levels and asthma are
independent risk factors for CRSwWNP

A total of 1,032 healthy participants, 1255 CRS patients,
and 960 CRSwNP patients were included in this study.
Detailed descriptive statistics for each subgroup are
shown Table 1. Briefly, when compared to healthy con-
trols, participants in the CRS and CRSwNP group had
lower female proportions, higher white cells count, lower
lymphocyte count and neutrophil percentage, higher
blood monocyte and eosinophil levels (all q<0.05). In
addition, CRSWNP group had elder participants when
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compared to CRS group (q<0.05). While the BMI index,
overweight ratio, blood lymphocyte and neutrophil count
did not show significant difference among three groups.
Logistic regression analysis showed that blood mono-
cyte count (OR=1.05, 95%CI=1.04-1.06, q<0.001) and
percentage (OR=1.30, 95%CI=1.21-1.40, g<0.001),
blood eosinophil count (OR=1.02, 95%CI=1.02-1.03,
q<0.001) and percentage (OR=1.31, 95%CI=1.22-1.40,
q<0.001) were risk factors for CRS patients when com-
pared to healthy controls. And blood monocyte count
(OR=1.02, 95%CI=1.01-1.02, q<0.001) and percentage
(OR=1.35, 95%CI=1.18-1.51, q<0.001), blood eosino-
phil count (OR=1.03, 95%CI=1.02-1.03, q<0.001) and
percentage (OR=1.62, 95%CI=1.52-1.72, q<0.001),
and asthma comorbidity (OR=3.80, 95%CIl=2.23-6.47,
q<0.001) were independent risk factors for CRSWNP
when compared to healthy controls or CRS without nasal

polyps (Fig. 2).

Genetic study

Blood eosinophil levels and asthma are genetically related
with CRSwNP

Then we performed LDSC regression analysis to assessed
genetic correlations among blood cell traits, asthma and
CRS or CRSwNPD, respectively. As shown in Fig. 3, blood
eosinophil counts and percentage showed significant,
moderate, and positive genetic correlations with CRS
(count: r,=0.33; percentages: r,=0.32, <0.001), CRSWNP
(count: r,=0.45; percentages: r,=0.45 q<0.001) and
asthma (count: r,=0.36; percentages: r,=0.35; q<0.001).
Meanwhile, asthma was also genetically correlated with
CRS (rg:0.46, q<0.001) and CRSWNP (rg:0.45, q<0.001).
Detailed information was listed in Table S1 in Additional
file 2.

Table 1 Demographic and clinical characteristics of participants in healthy control, CRS, and CRSWNP groups

Variables HC CRS CRSWNP CRS vs. HC CRSWNP vs. HC
(N=1032) (N=1255) (N=960) P q P q
Age (years) 41 (33,49) 42 (32,53) 43 (33,53) 0.25 033 0.006 0.008
Female, No. (%) 443 (42.90) 420 (33.50) 321(33.40) <0.001 <0.001 <0.001 0.009
BMI (kg/mz) 2444 (22.14,26.93)  24.68 (22.34, 27.00) 24.61 (22.34,27.00) 0.86 0.93 0.57 0.16
BMI> 24, No. (%) 574 (55.60) 719 (58.30) 562 (58.50) 045 0.53 017 044
Comorbid asthma (%) - 188 (15.0) 179 (18.6) - - - -
Serum total IgE (kU/1) - 73.00 (29.40-173.00)  77.80(31.50-186.00) - - - -
Blood white cells count (x10%/L) 6.01(5.11,7.14) 6.35(542,742) 6.43 (5.45,7.50) <0.001 <0.001 <0.001 <0.001
Blood lymphocytes count (x10°%L)  1.99(1.62,241) 2.05(1.67,2.45) 2.06 (1.69, 2.48) 011 0.16 0.02 0.44
Blood lymphocytes percent (%) 33.40(2843,38.60) 32.50(27.20,37.80) 32.25 (2740, 37.40) 0.002 0.003 0.001 0.002
Blood neutrophils count (x10%/L) 3.52(2.85,4.36) 3.51(2.80,4.41) 3.57(2.82,442) 0.95 0.95 0.52 0.31
Blood neutrophils percent (%) 59.00 (53.60,64.10)  56.10(50.20, 62.30) 55.90 (50.20, 62.10) <0.001 0.009 <0.001 0.009
Blood monocyte count (x10%/L) 0.25(0.19,0.34) 0.36 (0.28,0.46) 0.36 (0.29, 0.46) <0.001 <0.001 <0.001 <0.001
Blood monocyte percent (%) 4.08 (3.27,5.46) 5.70 (4.50, 7.00) 5.70 (4.70, 6.90) <0.001 <0.001 <0.001 <0.001
Blood eosinophils count (x10°/L) 0.10 (0.06,0.18) 0.25(0.12,0471) 0.27 (0.14,0.44) <0.001 <0.001 <0.001 <0.001
Blood eosinophils percent (%) 1.70(1.06, 2.80) 3.80(1.98, 6.20) 4.20(2.30, 6.50) <0.001 <0.001 <0.001 <0.001

Values are presented as the median (interquartile range) or numbers (percentage). q values are the P values adjusted for false discovery rate. Abbreviations: HC,
healthy controls; CRS, chronic rhinosinusitis; CRSWNP, chronic rhinosinusitis with nasal polyps; BMI, body mass index
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Fig. 2 Logistic regression analysis of the risk factors associated with CRS. Results are expressed as the OR and 95% Cl. Abbreviations: CRS, chronic rhino-
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Fig. 3 Heatmap of genetic correlations among blood cell traits and asthma on CRS, or CRSWNP. Asterisks indicate genetic correlations surviving multiple
testing correction (q < 0.05). Detailed results after Benjamini—-Hochberg correction are provided in Table S1 in Additional file 2. Abbreviations: CRS, chronic
rhinosinusitis; CRSWNP, chronic rhinosinusitis with nasal polyps; WBC, white blood cell counts; LYM, blood lymphocyte counts; NEU, blood neutrophil
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Blood eosinophil and asthma have causal roles in CRSwWNP

We further clarified the true causality among blood
eosinophil level, asthma and other immune cell types
associated with CRS and CRSwNP using SVMR anal-
ysis. The primary results are presented in Fig. 4A.
After adjustments, in CRS patients, blood monocyte
count (OR=1.09, 95%CI=1.02-1.16, q=3.51x107?),
blood monocyte percentage (OR=1.09, 95%CI=1.02—
1.17, q=3.32x10"%), blood eosinophil count
(OR=1.14, 95%CI=1.03-1.27, q=4.67x1072%), blood

eosinophil percentage (OR=1.27, 95%Cl=1.15-1.41,
q=2.91x107°), and asthma (OR=1.49, 95%CI=1.34—
1.66, q=2.44x10"'%) had positive causal effect on CRS
(Fig. 4A, Table S2 in Additional file 2). In CRSwNP
patients, genetically predicted blood neutrophil percent-
age (OR=0.70, 95%CI=0.55-0.90, q=2.15x10"2) had
negative causal effect on CRSwNP, while blood eosino-
phil count (OR =1.43, 95%CI=1.18-1.73, q=1.42x 1073,
blood eosinophil percentage (OR=1.63, 95%CI=1.35—
197, q=584x10"°%, and asthma (OR=2.34,
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Fig. 4 Single-variable (A) and multivariable MR analysis (B and C) to estimate the effect of white blood cell traits and asthma on CRS and CRSWNP. As-
sociations were assessed using the inverse-variance weighted approach. Abbreviations: MR, Mendelian randomization; SNP, number of single nucleotide
polymorphism; CRS, chronic rhinosinusitis; CRSWNP, chronic rhinosinusitis with nasal polyps; WBC, white blood cell counts; LYM, blood lymphocyte
counts; NEU, blood neutrophil count; MONO, blood monocyte count; EOS, blood eosinophil count. g indicates the P values adjusted for the false discov-
ery rate. g and P values <0.05 are shown in bold
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Results

Fig. 5 Sankey plot displays the posterior probabilities for genes with evidence of colocalization. Variables, including asthma and blood eosinophil count,
were colocalized with CRS and CRSWNP. The results were shown in right part of the plot. The thickness of the curve from outcomes to results represent
values of posterior probabilities. Only the results with posterior probability > 0.70 are reported here (power calculations see Table S7-S10 in Additional file
2). Abbreviations: CRS, chronic rhinosinusitis; CRSWNP, chronic rhinosinusitis with nasal polyps

95%CI=1.95-2.81, q=1.59x107'%) had positive causal
effect on CRSwNP (Fig. 4A, Table S3 in Additional file
2). The conventional IVW leave-one-out analysis did not
identify any high leverage points with high influence, and
the MR-Egger intercept analysis did not indicate hori-
zontal pleiotropy (Table S2-S3 in Additional file 2). How-
ever, any potential influence of white blood cell traits on
asthma was not detected (Table S4 in Additional file 2).

MVMR analysis was performed to correct confound-
ing effects and to identify independent causal risk fac-
tors associated with CRS and CRSwNP, by adjusting for
variables in absolute count and percentages of circulating
blood white cells, respectively (Fig. 4B and C). The causal
effect of blood eosinophil count on CRS (OR=1.44,
95%CI=1.20-1.74, q=3.33x10"%) and CRSwNP
(OR=2.05, 95%CI=1.52-2.77, q=1.05x10"°) was still
robust. Meanwhile, the causal effect of asthma on CRS
(OR=1.50, 95%CI=1.33-1.71, q=1.31x10"°%) and
CRSWNP (OR=2.49, 95%CI =2.04-3.05, q=2.06x 10"%)
was also consistent with the effect estimated by SVMR.
(Table S5-S6 in Additional file 2). MVMR-Egger sensitiv-
ity analysis showed consistent estimate effect. MR-Egger
intercept analysis did not indicate horizontal pleiotropy
(Table S5-S6 in Additional file 2).

Blood eosinophil and asthma share genetic signals with
CRSwNP

Finally, we performed Bayesian colocalization to identify
shared genetic signals associated with blood eosinophil
count, asthma, CRS and CRSwNP. This analysis identified

4 shared loci (C1lorf30, TSLP, STAT6, and SMADS3)
colocalized among asthma, CRS and CRSwNP, 7 shared
loci (BCL2, CCDC26, TSBP1, CEBPE, ILIRLI1, ALOXIS,
and RBX1I) colocalized among blood eosinophil count,
CRS and CRSwWNP, 2 unique loci (IRFI-AS1 and BCL2A1I)
colocalized between blood eosinophil count and CRS,
and 3 unique loci (ATXN2, IL33, and LINC01221) colo-
calized between blood eosinophil count and CRSwNP
(Fig. 5, Table S7-S10 in Additional file 2).

Discussion

By leveraging large GWAS datasets, our study first pro-
vided insights into the shared genetic architecture under-
lying asthma, blood eosinophils levels, and CRS. These
shared genes may be prioritized indicators for treatment
in CRS patients with multiple comorbidities from genetic
view.

We found blood eosinophil count and asthma were
two independent causal factors for CRS and CRSwNP
in MR analysis. Mechanism research showed that acti-
vated eosinophils release abundant eosinophilic granule
proteins, cytokines, chemokines, and lipid mediators
that participate in epithelial damage, new bone forma-
tion and olfactory dysfunction in CRSwNP patients
[27-31]. Preclinical studies also suggested that patients
with higher baseline blood eosinophil counts had greater
efficacy in mepolizumab treatment for CRSWNP [32, 33].
In this regard, we further emphasized the causal role
of blood eosinophils in CRS or CRSWNP pathogenesis
from genetic view. We also found asthma exerted causal
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effect on CRS or CRSwNP in our study. A strong asso-
ciation between asthma and CRS (OR =3.47) was primar-
ily observed in large sample of epidemiological survey
in Europe [34]. Bronchial biopsies of asthmatic chil-
dren show marked remodeling very early that may even
predate the onset of nasal symptoms and may occur in
absence of eosinophilic inflammation [35, 36]. Compar-
ing nasal mucosa, which is more highly adapted to meet
environment insults, lower airways are more suscep-
tible [37]. Hence, these early abnormalities from asthma
patients in lower airways may increase CRSwNP suscep-
tibility in later life.

Currently, the “one airway, one disease” concept that
upper and lower airway disorders exhibit similar patho-
physiological or inflammatory profiles has been well
established [37, 38], which lay a theoretical foundation
for disease prevention and treatment especially when
a single CRS patient has multiple comorbid manifesta-
tions of type 2 inflammation. Here, using colocaliza-
tion analysis, 4 shared genes (CIlorf30, TSLP, STATS,
and SMAD3) between asthma and CRS, 12 shared loci
(BCL2, CCDC26, TSBPI1, CEBPE, ILIRL1, ALOXIS,
RBX1, IRF-AS1, BCL2A1, ATXN2, IL33 and LIN01221)
between blood eosinophil count and CRS were colocal-
ized. Among these genes, target for TSLP is licensed for
severe asthma and in the clinical phase for CRSWNP [39].
Other colocalized genes (STAT6, SMAD3, BCL2, CEBPE,
ILIRL1, ALOX15) have been validated well in mechanism
studies in CRSWNP [40—-45], which may be potential new
targets for comorbidity issues of type 2 inflammation.
Except for above verified genes, we found blood eosino-
phil count had 2 (IRF-AS1 and BCL2A1I) and 3 unique
loci (ATXN2, IL33 and LIN01221) for CRS and CRSwNP,
respectively. Monoclonal antibody target for IL-33
has been on the stage of clinical trial in CRSWNP [46].
BCL2A1 is mainly expressed in hematopoietic system,
where it facilitates mast cell, lymphocyte and macro-
phage activation, thus promotes inflammation response
[47]. Ataxin-2, which is encoded by the ATXN2 gene,
is a multifunctional protein of the rough endoplasmic
reticulum, where it modulates mTOR signals, which has
played an important role in CRSWNP pathogenesis [48].
However, the gene function of IRF-AS1 and LIN0I1221 in
inflammatory process have not been reported yet.

However, there are also several limitations in our study.
Firstly, due to the lack of GWAS summary statistics in
Chinese populations, the conclusions of the MR study
were primarily based on European ancestry populations,
especially FinnGen data have a well-established genetic
isolate and a unique gene pool distinguished from other
Europeans [49], which may have population-specific
genetic variations affecting generalizability. Secondly,
we only included CRS patients from a single center in
the retrospective study. There may be some selection
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bias. Thirdly, the number of CRS and CRSwNP cases
remains relatively small. SNPs extracted from the CRS
or CRSWNP were limited and highly overlapped with
asthma and blood eosinophil count. Thus, reverse causa-
tion between asthma and CRS or CRSWNP could not be
achieved using MR analysis. Fourthly, although our study
suggests potential therapeutic targets, the clear pathway
for translation into clinical practice may need further
investigations.

Conclusions

In conclusion, the present study confirmed a potential
causal link between blood eosinophil count or asthma
with CRS. And we found 4 shared genes between asthma
and CRS or CRSwNP, 12 shared loci between blood
eosinophil count and CRS or CRSwWNP. Except for these
developed targets (TSLP and IL33), other genes may be
potential new targets for comorbidity issues of type 2
inflammation and may prioritize for mechanism research
in near future.
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