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Background: The immune cells play a substantial role in the development and advancement of asthma. Therefore, we utilized
mendelian randomization (MR) analysis to investigate the correlation between immune cells and asthma.

Objective: Given that immune cells play a crucial role in the onset and progression of the condition, this study aimed to elucidate
the unclear links between immune cells and asthma.

Methods: The publicly available genetic data regarding asthma were obtained from the IEU database, and genetic variation
points were selected as instrumental variables (IVs). Moreover, genetic information concerning immune cells was obtained from
published literature. We used five different methods for dual sample mendelian randomization (MR) analysis, including in-
verse variance weighted (IVW), weighted median (WMI), MR-Egger regression, simple mode (SM), and weighted mode (WM).
Furthermore, sensitivity analysis was utilized to examine the heterogeneity, horizontal pleiotropy, and stability of the outcomes.
Results: IVW results showed that B-cell Activating factor of the TNF family receptor (BAFF-R) on B cell, BAFF-R on IgD™
CD27~ B cell, BAFF-R on IgD" CD24~ B cell, BAFF-R on IgD* CD38%™ B cell, CD33"" HLA DR* CD14%™ myeloid cell, CD25
on B cell, CD25 on IgD™ CD24~ B cell, CD25 on IgD™ CD38™ naive B cell, CD25 on naive-mature B cell, CD25 on transitional
B cell, CD33 on basophil, CD33 on CD14™ monocyte, CD33%™ HLA DR™ CD11b~ myeloid cell, CD33 on CD66b™ myeloid
cell, CD38 on IgD ™ CD38%™ B cell, CD86 on myeloid dendritic cells (DC), HLA DR on CD14~ CD16™ monocyte, IgD" CD38"
lymphocyte, and transitional lymphocyte may be the risk factors of asthma. Moreover, CD11b on CD14" monocyte, CD24 on
IgD" CD38" B cell, CD28 on CD45RA™ CD4™" Treg, CD45 on NK, HLA DR™ CD3~ NK, HLA DR NK cell, IgD~ CD38™ B
cell, PDL-1 on CD14" CD16~ monocyte, and plasmacytoid dendritic cells (DC) were identified as protective factors for asthma.
Conclusion: This study explored the causal relationship between asthma and immune cells and identified immune cells correlated
with asthma development. These immune cells may become new biomarkers or therapeutic targets, provide better treatment
options for the prevention and treatment of asthma, and promote the understanding of asthma.
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Introduction Asthma is a multifactorial complex disorder influ-
enced by genetic predisposition and environmental ele-

Asthma is a heterogeneous disease, usually character- ~ ments. Genetic factors determine individual susceptibil-

ized by chronic airway inflammation and variable expira-
tory airflow limitation. Common clinical symptoms include
recurrent wheezing, shortness of breath, chest tightness,
and coughing [1]. Asthma imposes a considerable global
burden on patients and society, affecting over 300 million
people worldwide, including 25 million in the United States
[2]. Globally, asthma contributes to productivity losses due
to absence from school and work. The adjusted life span
for disability caused by asthma is approximately 15.3 years,
ranking it 22nd globally in terms of impact, similar to other
chronic diseases such as diabetes or Alzheimer’s disease
[3]. Presently, the primary method of treating asthma in-
volves bronchodilators. Alternatively, treatment may also
involve inhibition of inflammation, in which glucocorti-
coids are the main choice [1].

ity to asthma [4]. The pathophysiological mechanism of
asthma involves the complex involvement of multiple cells
from both innate and adaptive immunity [5]. Th2 lym-
phocytes are crucial in this process as they secrete inter-
leukins, such as IL-4, IL-5, and IL-9, which are critical fac-
tors in driving allergic asthma development [6]. Further-
more, dendritic cells (DC), specialized antigen-presenting
cells within the immune system, play an essential role in
regulating Th2 response in the upstream of Th2 lympho-
cytes [7]. Research has found that dendritic cells (DC) can
use p38 « and Fas signaling pathway to regulate Th2 cell-
mediated allergic asthma [8]. On the other hand, B lym-
phocytes play a vital role in immune function, such as anti-
body production, antigen presentation, and cytokines secre-
tion, and they participate in immune regulation and inflam-
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Fig. 1. A flowchart of IV screening. IVs, instrumental variables; GWAS, genome-wide association studies; MR-PRESSO, mendelian

randomization pleiotropy residual sum and outlier; SNPs, single nucleotide polymorphisms.

matory responses. Recently, Bcl-3 has been found to pre-
vent house dust mite-induced asthma by inhibiting the pro-
duction of IL-10 from B cell [9]. The correlation between
asthma and immune cells is determined by complex reg-
ulatory networks, with various immune cells significantly
related to asthma pathology. However, the correlation be-
tween asthma and immune cells is affected by various in-
terfering factors and reverse causal associations, which lim-
its its causal inference in traditional epidemiological study
[10]. Consequently, assessing which immune cell pheno-
types have a causal relationship with asthma is yet to be
explored.

Mendelian randomization, as a new epidemiological
method to reveal causality, can effectively avoid the prob-

lems of interference factors, reverse causality, representa-
tiveness, and feasibility of RCT studies in observational
studies [11]. Nonetheless, there is a lack of substantial re-
search investigating the causal relationship between asthma
and immune cells utilizing the mendelian randomization
(MR) method. Consequently, we employed the mendelian
randomization (MR) approach using single nucleotide poly-
morphisms (SNPs) as instrumental variables (IVg) to inves-
tigate the potential causal link between immune cells and
asthma. This study aims to offer novel insights into the pre-
vention and management of asthma.
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Table 1. The outcomes of mendelian randomization.
Exposure nsnp Method p OR (95% CI) OR Ici95 OR_uci95
BAFF-R on B cell 20 Weighted median 0.014 1.002 1.000 1.003
20 Inverse variance weighted ~ 0.040 1.001 1.000 1.002
BAFF-R on IgD™ CD27™ B cell 19 Weighted median 0.008 1.002 1.001 1.003
19 Inverse variance weighted ~ 0.005 1.002 1.001 1.003
BAFF-R on IgDT CD24™ B cell 21 Weighted median 0.013 1.002 1.000 1.003
21 Inverse variance weighted  0.023 1.001 1.000 1.002
BAFF-R on IgDt CD384™ B cell 24 Weighted median 0.005 1.002 1.001 1.003
24 Inverse variance weighted ~ 0.012 1.001 1.000 1.002
CD11b on CD14* monocyte B cell 20 Weighted median 0.071 0.999 0.997 1.000
20 Inverse variance weighted  0.044 0.999 0.998 1.000
CD33Y HLA DR CD149™ Myeloid cell 18 Weighted median 0.004 1.003 1.001 1.005
18 Inverse variance weighted  0.001 1.003 1.001 1.004
CD24 on IgD+ CD38"" B cell 24 Weighted median 0.068 0.998 0.996 1.000
24 Inverse variance weighted  0.001 0.998 0.996 0.999
CD25 on B cell 24 Weighted median 0.142 1.001 1.000 1.003
24 Inverse variance weighted ~ 0.043 1.001 1.000 1.002
CD25 on IgDt CD24™ B cell 25 Weighted median 0.073 1.001 1.000 1.002
25 Inverse variance weighted  0.010 1.001 1.000 1.002
CD25 on IgD* CD38 naive B cell 25 Weighted median 0.069 1.002 1.000 1.004
25 Inverse variance weighted  0.036 1.002 1.000 1.003
CD25 on naive—mature B cell 24 Weighted median 0.299 1.001 0.999 1.003
24 Inverse variance weighted  0.002 1.002 1.001 1.003
CD25 on transitional B cell 21 Weighted median 0.247 1.002 0.999 1.005
21 Inverse variance weighted  0.004 1.003 1.001 1.005
CD28 on CD45RAT CD4+ Treg 11 Weighted median 0.012 0.996 0.993 0.999
11 Inverse variance weighted  0.003 0.997 0.994 0.999
CD33 on basophil Myeloid cell 21 Weighted median 0.118 1.001 1.000 1.002
21 Inverse variance weighted  0.019 1.001 1.000 1.001
CD33 on CD14% monocyte 22 Weighted median 0.001 1.002 1.001 1.003
22 Inverse variance weighted  0.024 1.001 1.000 1.002
CD334m HLA DRt CD11b~ Myeloid cell 23 Weighted median 0.002 1.002 1.001 1.003
23 Inverse variance weighted ~ 0.035 1.001 1.000 1.002
CD33 on CD66b* myeloid cell 18 Weighted median 0.003 1.002 1.001 1.003
18 Inverse variance weighted  0.026 1.001 1.000 1.002
CD38 on IgD~ CD38dim 18 Weighted median 0.363 1.001 0.999 1.002
18 Inverse variance weighted ~ 0.023 1.001 1.000 1.002
CD45 on NK cell 24 Weighted median 0.086 0.998 0.995 1.000
24 Inverse variance weighted  0.001 0.996 0.994 0.998
CD86 on myeloid DC 21 Weighted median 0.013 1.004 1.001 1.007
21 Inverse variance weighted  0.014 1.003 1.001 1.005
HLA DR on CD14~ CD16% monocyte 10 Weighted median 0.013 1.006 1.001 1.010
10 Inverse variance weighted  0.000 1.008 1.004 1.012
HLA DR CD3~ NK cell 25 Weighted median 0.003 0.996 0.994 0.999
25 Inverse variance weighted ~ 0.001 0.997 0.995 0.999
HLA DR+ NK cell 19 Weighted median 0.000 0.995 0.993 0.998
19 Inverse variance weighted ~ 0.000 0.996 0.994 0.997
IgD™ CD38 B cell 11 Weighted median 0.047 0.996 0.992 1.000
11 Inverse variance weighted  0.011 0.997 0.994 0.999
IgD* CD38" lymphocyte 26 Weighted median 0.025 1.003 1.000 1.005
26 Inverse variance weighted  0.014 1.002 1.000 1.004
PDL-1 on CD14* CD16~ monocyte 15 Weighted median 0.162 0.998 0.994 1.001
15 Inverse variance weighted ~ 0.002 0.996 0.994 0.999



https://www.biolifesas.org/

5108

Journal of

BIOLOGICAL REGULATORS

and Homeostatic Agents

Table 1. Continued.

Exposure nsnp Method P OR (95% CI) OR _Ici95 OR_uci95

Plasmacytoid DC 24 Weighted median 0.025 0.998 0.995 1.000
24 Inverse variance weighted  0.011 0.998 0.996 0.999

Transitional lymphocyte 25 Weighted median 0.000 1.007 1.003 1.010
25 Inverse variance weighted  0.000 1.006 1.003 1.009

BAFF-R, B-cell Activating factor of the TNF family receptor; DC, dendritic cells; OR, odds ratio; CI, confidence

interval.
Table 2. Specific information on immune cells.

Trait Panel Trait_type Effect
BAFF-R on B cell B cell MFI Risk factor
BAFF-R on IgD™ CD27" B cell B cell MFI Risk factor
BAFF-R on IgD+ CD24™ B cell B cell MFI Risk factor
BAFF-R on IgD* CD38%™ B cell B cell MFI Risk factor
CD24 on IgD+ CD38" B cell B cell MFI down
CD25 on B cell B cell MFI Risk factor
CD25 on IgD* CD24™ B cell B cell MFI Risk factor
CD25 on IgD+ CD38 naive B cell B cell MFI Risk factor
CD25 on naive—mature B cell B cell MFI Risk factor
CD25 on transitional B cell B cell MFI Risk factor
CD38 on IgD™ CD384m B cell B cell MFI Risk factor
IgD™ CD38™ B cell B cell Relative count Protective factor
IgDT CD38" lymphocyte B cell B cell Relative count Risk factor
Transitional lymphocyte B cell B cell Relative count Risk factor
CD86 on myeloid DC cDC MFI Risk factor
Plasmacytoid DC cDC Relative count Protective factor
HLA DR on CD14~ CD16* monocyte Monocyte MFI Risk factor
PDL-1 on CD14+ CD16 monocyte Monocyte MFI Protective factor
CD11b on CD14* monocyte Monocyte MFI Protective factor
CD33 HLA DRt CD14%™ Myeloid cell ~ Myeloid cell MFI Risk factor
CD33 on basophil Myeloid cell MFI Risk factor
CD33 on CD141 monocyte Myeloid cell MFI Risk factor
CD334m HLA DR+ CD11b~ Myeloid cell  Myeloid cell MFI Risk factor
CD33 on CD66bT myeloid cell Myeloid cell MFI Risk factor
CD45 on NK cell TBNK MFI Protective factor
HLA DRT CD3™ NK TBNK Relative count Protective factor
HLA DR NK cell TBNK Absolute count Protective factor
CD28 on CD45RAT CD47 Treg Treg MFI Protective factor

MF]I, median fluorescence intensity; TBNK, T cells, B cells, and natural killer cells.

Materials and Methods

Data Sources

Genetic data regarding asthma were retrieved from the
IEU database (https://gwas.mrcieu.ac.uk/) accessed on De-
cember 5, 2023. The dataset included 56,087 asthma pa-
tients and 428,511 control subjects, all of whom are Eu-
ropean origin, with a total of 9,587,836 SNPs. Moreover,
genetic information concerning immune cells was obtained
from published literature. The study included the effects of
about 22 million variants in a cohort of 3757 subjects from
Sardinians, focusing on 731 immune phenotypes, includ-
ing 118 absolute cell counts (AC), 192 Relative cell counts

(RC), median fluorescence intensity (MFI) of 389 surface
antigens, and 32 morphological parameters [12]. Details
about the data are given in Supplementary Material 1. As
the study data used were from public databases, no further
ethical approval was necessary.

1Vg Selection

To ensure the authenticity and accuracy of the causal
association between immune cells and asthma, the follow-
ing screening criteria were used to select the most suit-
able IVg: @ To obtain more comprehensive data, the SNPg
most relevant to cellular immunity were selected from the
genome-wide association studies (GWAS) data of immune
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Fig. 2. Core assumptions regarding the selection of variations.

cells (p < 5 x 107%). @ Based on the independence as-
sumption of MR, each SNP must be independent of one an-
other. To avoid linkage disequilibrium (LD) between indi-
vidual IVg, we established an R2 threshold of 0.001 and a
domain width of 10,000 KB. @ Additionally, to avoid the
bias caused by weak Vg, we considered IV with F statis-
tic >10 as strong and reserved it for subsequent analysis.
@ Furthermore, to ensure that the same SNP has the same
allele in the immune cell group and asthma group, the palin-
drome SNP was removed. The process of [V screening is
shown in Fig. 1.

MR Assumptions

According to the requirements of MR analysis, genetic
variation as IVs must adhere to the following three core
assumptions. @ Independence assumption: The selected
IVg were independent of the confounding factors affect-
ing immune cells and asthma; @ Correlation assumption:
There was a strong correlation between IVg and asthma.
The correlation strength between IVg and exposure factors
was evaluated using F statistics, where F >10 indicates ful-
filment of the correlation assumption; @ Exclusive assump-
tion: The IVg affect asthma through immune cells, without
involvement through other ways. There should be no hori-
zontal pleiotropy between IVg and asthma (Fig. 2).

Statistical Methods

This study used R 4.3.2 software (http://www.Rproje
ct.org) for MR analysis and sensitivity analysis. The origi-
nal codes are given in Supplementary Material 2.

MR Analysis

In this study, inverse variance weighted IVW), MR-
Egger regression, weighted median (WMI), simple mode
(SM), and weighted mode (WM), were used for MR analy-
sis to investigate a causal correlation between immune cells
and asthma. In case of no horizontal pleiotropy, the IVW
result serves as the main result. This approach does not
consider the intercept term in regression analysis and uses
the reciprocal of the result variance as a weight for fitting.
Based on the presence of heterogeneity, [IVW selects either
fixed or random effects models. The MR-Egger regression
gives the advantage of yielding consistent estimates even
when all IVg show genetic pleiotropy. The main advan-
tage of the WMI method lies in its ability to consistently
estimate causal relationship even in the presence of over
50% invalid IVs. SM is not as powerful as other methods,
but its advantage lies in providing robustness against gene
pleiotropy [13]. WM is sensitive to the difficult bandwidth
selection for mode estimation [14]. Therefore, MR-Egger
regression, WMI, SM, and WM were used as supplemen-
tary methods. A p-value < 0.05 was utilized to indicate
statistically significant differences.

Sensitivity Analysis

Heterogeneity was assessed using Cochran’s Q statis-
tic, while outliers were identified through the mendelian
randomization pleiotropy residual sum and outlier (MR-
PRESSO) test and subsequently excluded. The MR analy-
sis was then re-conducted. Horizontal pleiotropy was eval-
uated employing MR-Egger, where statistically significant
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differences in intercept terms indicated significant horizon-
tal pleiotropy. The stability of MR results was assessed
through the leave-one-out method, scatter plot, and funnel
plot. The statistically significant difference was determined
atp < 0.05.

Results

1V Selection Results

A total of 18,621 SNPs were selected as [Vg through
screening of immune cell GWAS data, with each IV meet-
ing F >10.

MR Analysis

IVW results showed that: B-cell Activating factor of
the TNF family receptor (BAFF-R) on B cell (odds ratio
(OR) = 1.001, 95% confidence interval (CI) 1.000~1.002,
p < 0.05), BAFF-R on IgD™ CD27~ B cell (OR = 1.002,
95% CI 1.001~1.003, p < 0.05), BAFF-R on IgD™ CD24~
B cell (OR = 1.001, 95% CI 1.000~1.002, p < 0.05),
BAFF-R on IgD* CD38%™ B cell (OR = 1.001, 95%
CI 1.000~1.002, p < 0.05), CD33" HLA DR* CD14d4m
Myeloid cell (OR = 1.003, 95% CI 1.001~1.004, p <
0.05), CD25 on B cell (OR = 1.001, 95% CI 1.000~1.002,
p < 0.05), CD25 on IgD* CD24~ B cell (OR = 1.001,
95% CI 1.000~1.002, p < 0.05), CD25 on IgD™ CD38~
naive B cell (OR = 1.002, 95% CI 1.000~1.003, p <
0.05), CD25 on naive-mature B cell (OR = 1.002, 95% CI
1.001~1.003, p < 0.05), CD25 on transitional B cell (OR
= 1.003, 95% CI 1.001~1.005, p < 0.05), CD33 on ba-
sophil (OR =1.001, 95% CI 1.000~1.001, p < 0.05), CD33
on CD14" monocyte (OR = 1.001, 95% CI 1.000~1.002,
p < 0.05), CD33%™ HLA DR* CDI11b~ Myeloid cell
(OR = 1.001, 95% CI 1.000~1.002, p < 0.05), CD33 on
CD66b™ myeloid cell (OR = 1.001, 95% CI 1.000~1.002, p
< 0.05), CD38 on IgD~ CD38%™ B cell (OR = 1.001, 95%
CI 1.000~1.002, p < 0.05), CD86 on myeloid DC (OR =
1.003, 95% CI 1.001~1.005, p < 0.05), HLADR on CD14~
CD16™" monocyte (OR = 1.008, 95% CI 1.004~1.012, p
< 0.05), IgD* CD38 lymphocyte (OR = 1.002, 95% CI
1.000~1.004, p < 0.05), and transitional lymphocyte (OR =
1.006, 95% CI 1.003~1.009, p < 0.05) may be potential risk
factors for asthma. Furthermore, CD11b on CD141 mono-
cyte (OR = 0.999, 95% CI 0.998~1.000, p < 0.05), CD24
on IgD* CD38 B cell (OR =0.998, 95% CI 0.996~0.999,
p < 0.05), CD28 on CD45RAY CD4*Treg (OR = 0.997,
95% CI 0.994~0.999, p < 0.05), CD45 on NK cell (OR =
0.998, 95% CI 0.996~0.999, p < 0.05), HLA DR* CD3~
NK cell (OR=10.997,95% CI10.995~0.999, p < 0.05), HLA
DR NK cell (OR =0.996, 95% CI 0.994~0.997, p < 0.05),
IgD~ CD38~ B cell (OR =0.997, 95% CI 0.994~0.999, p
< 0.05),PDL-1 onCD14" CD16~ monocyte (OR =0.996,
95% C1.0.994~0.999, p < 0.05), and plasmacytoid DC (OR
=0.998, 95% CI 0.996~0.999, p < 0.05) were observed as
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protective factors for the development of asthma. The find-
ings of mendelian randomization are shown in Table 1. The
specific information on immune cells is shown in Table 2.

Sensitivity Analysis

Heterogeneity was assessed using Cochran’s Q statis-
tic. The results indicated that there was no significant het-
erogeneity between 5 merged IVg (p < 0.05), and the fixed
effect model was used for IVW analysis. Heterogeneity
was found among 23 merged IVg (p > 0.05), and a random
effects model was used for IVW analysis. Outliers were
identified using the MR-PRESSO method, with results sug-
gesting the absence of outlier values (p > 0.05). We as-
sessed horizontal pleiotropy through MR-Egger, and the
findings did not show the presence of horizontal pleiotropy
(p > 0.05, Table 3). Moreover, the stability of MR results
was evaluated by the leave-one-out method, scatter plot,
and funnel plot. The results indicated no significant im-
pact of a single SNP on the stability of the study results
(Supplementary Material 3, Supplementary Material 4,
and Supplementary Material 5). Therefore, it is believed
that the MR analysis results concerning immune cells and
asthma demonstrate stability.

Discussion

We utilized publicly available genetic data to investi-
gate the causal connection between 731 immune cell char-
acteristics and asthma. To our knowledge, this is the first
mendelian randomized analysis of the causal association
between numerous immune cell phenotypes and asthma.
Among the four identified immune characteristics (MFI,
RC, AC, and MP), 28 immune cell phenotypes exhibited
significant causal effects on asthma.

Our study revealed a positive correlation between the
proportion of BAFF-R on B cells and the risk of asthma.
BAFF-R, encoded by the TNFRSF13C gene, is one of the
primary receptors for promoting the survival of B cells.
BAFF is essential for the growth and maintenance of B
cells, enhancing their longevity. A previous study has
demonstrated a significant role of BAFF in promoting the
growth and maturation of progenitor B cells in the mouse
lung [15]. Furthermore, three distinct B cell immunophe-
notypes expressing BAFF-R (BAFF-R on IgD~ CD27~B
cell, BAFF-R on IgD™ CD24~ B cell, BAFF-R on IgD™
CD38%™) were identified as risk factors for the develop-
ment of asthma.

Our study demonstrated that CD24 expression on
IgDt CD38br B cells acts as a protective factor against
asthma. This effect might be associated with the presence of
CD24 molecules on the cell membrane surface. It suggests
that CD247 could be a protective factor against asthma. A
study has indicated that CD24"*CD27% B cells produce IL-
10 to alleviate allergic and autoimmune inflammation [16].
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Table 3. Mendelian sensitivity analysis.

Immune cells Cochran’s Q statistic MR-Egger regression MR-PRESSO
Method Cochran’s Q P Egger intercept SE p RSSobs P

BAFF-R on B cell MR-Egger 1.59 x 10 5.96 x 107! 1.51 x 10 334x10%  656x101  2.00x10' 570 107!
VW 1.62x10  6.47 x 107!

BAFF-R on IgD™ CD27 B cell MR-Egger 2.11x 10 2.20x 1071 —4.21 %107 3.94x10% 9.16x101 221x101  3.98x 107!
VW 2.12x 10 2.71 x 1071

BAFF-R on IgD* CD24™ B cell MR-Egger 1.86 x 10 483 x 107! 1.87 x 10 296 x10*  535x101  221x10Y  5.00x 107!
VW 1.90 x 10 522 x 1071

BAFF-R on IgD* CD38%™ B cell MR-Egger 1.86 x 10 4.83 x 1071 1.87 x 10 296x10%  535x101  221x101  5.00x 10!
VW 1.90 x 10 522 %1071

CD11b on CD14F monocyte B cell MR-Egger 2.12x 10 2.71 x 1071 -8.96 x 107° 328 x 104 788x101 225x101 424 x107!
IVw 2.13x 10 3.23x 107!

CD33" HLA DR+ CD149™ Myeloid cell ~ MR-Egger 2.06 x 10 1.95x 107! 3.49 % 107° 564 x10% 951 x1071  232x101  285x 107!
VW 2.06 x 10 2.45x 1071

CD24 on IgDt CD38 B cell MR-Egger 2.97 x 10 1.26 x 107! 9.02 x 107° 3.58x10%  8.03x101  3.17x10'  2.09x 107!
VW 2.98 x 10 1.56 x 107!

CD25 on B cell MR-Egger 1.69 x 10 7.70 x 1071 ~1.16 x 10 2.79x10%  6.82x101  1.79x 101  820x 107!
VW 1.71 x 10 8.06 x 1071

CD25 on IgD* CD24~ B cell MR-Egger 1.94 x 10 6.81 x 107! 9.41 % 107° 290x 104  748x101  2.14x101  7.25x107!
vw 1.95x 10 7.27 x 107!

CD25 on IgD* CD38 naive B cell MR-Egger 3.43 x 10 6.13 x 1072 -1.82x 10 418x10%  6.67x10t  3.71x101  9.00 x 1072
VW 3.46 x 10 7.52 %1072

CD25 on naive—mature B cell MR-Egger 232 %10 391x100 220x10%  2.77x10* 434x10" 2.82x 101 4.07x107!
VW 2.39x 10 4.12x 1071

CD25 on transitional B cell MR-Egger 2.47 x 10 1.72 x 107! 7.63 x 107° 4.06x10%  853x101 289x10% 1.83x107!
VW 2.47 x 10 2.13 x 1071

CD28 on CD45RA* CD4+ MR-Egger 8.52 4.83 x 1071 —2.74 x 1074 524x10%  6.14x101  1.06x 101  6.08 x 1071
VW 8.79 5.52x 107!

CD33 on basophil MR-Egger 1.81 %10 5.14 x 107! -2.15x 10 2.87x10%  4.64x101  213x101  5.69x 107!
IVw 1.87 x 10 542 %1071

CD33 on CD14* monocyte MR-Egger 3.08 x 10 5.78 x 1072 —4.05 % 107 410x10% 335x10t 388x10% 1.11x107!
VW 3.23x 10 544 x 1072

CD334m HLA DRt CD11b~ Myeloid cell MR- Egger 2.63 x 10 1.97 x 107! —4.87 x 10 3.74x 107 2.07x101  3.82x10' 1.56x 107!
VW 2.84 x 10 1.64 x 107!

CD33 on CD66b* myeloid cell MR-Egger 1.54 x 10 4.98 x 1071 -5.02x 10 449x10%  281x101 254x10% 299 x 107!
VW 1.66 x 10 4.81 x 107!
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Table 3. Continued.

Immune cells Cochran’s Q statistic MR-Egger regression MR-PRESSO
Method Cochran’s Q p Egger intercept SE p RSSobs p

CD38 on IgD™ CD38dim MR-Egger 1.98 x 10 227 %1071 -4.30 x 10°° 3.94x10%  9.14x101 227 x 10! 3.29x 10!
IVW 1.99 x 10 2.81x 107!

CD45 on NK cell MR-Egger 3.19x 10 7.89 x 1072 —6.05x 10 395x10%  140x101  3.81x10! 7.10 x 1072
VW 3.53 x 10 4.84 x 1072

CD86 on myeloid DC MR-Egger 2.77 x 10 9.00 x 1072 1.43 x 1074 510x 104 7.82x 1071 3.21x 10! 8.90 x 1072
IVW 2.78 x 10 1.15% 107!

HLA DR on CD14™ CD161 monocyte ~MR-Egger 2.31x10 3.23 %1073 ~2.68 x 1074 891104 7.71x10" 435x 10! 5.90 x 1072
IVW 2.34 %10 5.42 %1073

HLA DR+ CD3™ NK cell MR-Egger 2.92 x 10 1.74 x 1071 8.02x 107 377x10%  833x10'  3.31x10! 1.85x 107!
IVW 2.93 x 10 2.11x 101

HLA DR* NK cell MR-Egger 1.93 x 10 3.12x 107! 8.76 x 107° 441 x10%  845x10!  2.07x 10! 436 x 1071
IVw 1.93 x 10 3.72x 107!

IgD™ CD38™ B cell MR-Egger 9.42 3.99 x 107! -1.29x 10 570 x 104 826x 1071  1.08 x 10! 5.91x 107!
IVW 9.47 4.88 x 1071

IgDt CD38" lymphocyte MR-Egger 3.39x10 8.57 x 1072 -3.86 x 107 324 x10%  245x1071  3.83x 10! 1.19x 107!
IVW 3.60 x 10 7.23 x 1072

PDL~1 on CD14* CD16™ monocyte MR-Egger 1.14 x 10 5.76 x 1071 -5.86 x 1074 470x 104  234x101  1.55x 10" 5.44 x 1071
IVW 1.30 x 10 528 x 1071

Plasmacytoid DC MR-Egger 4.78 x 10 1.17 x 103 -1.00 x 1074 3.94x10%  8.02x101 512x 10! 2.00 x 1073
IVW 4.79 x 10 1.73 x 1073

Transitional lymphocyte MR-Egger 3.13x10 1.16 x 107! -2.54 %10 514 %104 626x101  3.45x 10! 1.68 x 107!
IVw 3.16 x 10 1.37x 107!

IVW, inverse variance weighted.
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Concurrently, our study identified two B cell immunophe-
notypes (BAFF-R on IgD™ CD24~ B cell, CD25 on IgD™
CD247) lacking expression of CD24 as risk factors for
asthma. This provides additional evidence that the CD24
molecule plays a crucial role in suppressing the onset and
progression of asthma.

Our study identified multiple B cell immunopheno-
types expressing CD25 molecules as risk factors for asthma,
including CD25 on B cell, CD25 on IgD* CD24~, CD25
on IgD™ CD38™ naive, CD25 on naive-mature B cell, and
CD25 on transitional, involving the immature, transitional,
and mature stages of B cells. These findings are consis-
tent with the existing research. CD25 positive is a marker
of B cell activation [17]. CD25%B cells exhibit increased
capability in effective antigen presentation and show more
mature phenotypes [18].

Our study revealed contradictions in some results re-
garding CD38 molecules. Notably, one immunopheno-
type of B cells expressing CD38 (CD24 on IgDTCD38)
was found to be a protective factor for asthma, whereas
another immunophenotype of B cells expressing CD38
(IgD*CD38%lymphocyte) was identified as a risk fac-
tor against asthma. Similarly, an immunophenotype of B
cells lacking expression of CD38 (IgD~ CD38~ B cell) was
recognized as a protective factor for asthma, while another
immunophenotype of B cells lacking expression of CD38
(CD25 on IgDTCD38~ naive) was found as a risk fac-
tor for asthma. Moreover, two B cell immunophenotypes
(BAFF-R on IgDt CD38%™ (CD38 on IgD~ CD38dim)
with weak expression of CD38 were also identified as risk
factors for asthma. This observation presents an interesting
phenomenon. Previous study suggests that CD38 may alle-
viate the progress of asthma by restoring Th1/Th2 balance
[19]. These contradictions could be caused by the method-
ological defects of our study or by the complex interactions
between the immune system and asthma, warranting further
study.

Our study found that CD86 expression on myoid DC
was observed as a risk factor for asthma, consistent with
previous studies. Some studies suggest that mature den-
dritic cells expressing CD86 can activate Th2 cells, which
is closely associated with airway inflammation [20].

Our study indicated the percentage of plasmacytoid
as a protective factor against the development of asthma,
which aligns with previous research results. Plasmacytoid
DCs exhibit lower immunostimulatory capabilities com-
pared to traditional DCs. However, they possess the ca-
pacity to modulate immunity and facilitate the development
of tolerance, contributing to their protective role against
asthma [21].

Our study revealed HLA DR expression on CD14~
CD16™ monocytes as a risk factor and PDL-1 on CD14™"
CD16~ monocytes as a protective factor for asthma. HLA
DR belongs to class Il human major histocompatibility anti-
gen, responsible for recognizing and presenting exogenous
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antigens. Interestingly, our results demonstrated that HLA
DR expression was observed not only in “risk” immune
cells (HLA DR on CD14~ CD16™ monocyte) but also in
“protective” immune cells (HLA DRT CD3~ NK cell),
indicating a potential association with HLA-DR polymor-
phism [22]. Furthermore, our study implies that CD14 and
PDL~-1 may act as protective factors against asthma devel-
opment, while CD16 could serve as a risk factor, consistent
with previous studies [23-25].

We found that CD11b expression on CD14" mono-
cytes act as a protective factor for asthma. CD11b regulates
various biological functions, and studies have shown that
CD11b deficient mice exhibit increased susceptibility to in-
flammatory and autoimmune diseases [26—30]. On the con-
trary, other studies have indicated that CD11b promotes in-
flammatory damage, and blocking CD11b or its deficiency
can reduce inflammation and tissue damage [31-33]. This
contradictory phenomenon needs further study. Mendelian
randomization results suggested that CD11b expressed on
CD14™ monocytes serve as a protective factor for asthma.

Our study demonstrated that three immune cells ex-
pressing CD33 were observed as risk factors for asthma,
including CD33 on basophil, CD33 on CD14* monocyte,
CD33%m HLA DRt CD11b™~ myeloid cell, as well as CD33
on CD66b™' myeloid cell and CD33 HLA DR CD144m
myeloid cell.

Previous research has revealed that CD33 is typically
expressed in most myeloid cells and exerts immunosuppres-
sive effects [34], which is contradictory to our results, sug-
gesting a discrepancy. This inconsistency may be caused
by the methodological limitations in our study or the com-
plex interactions between the immune system and asthma,
which needs further investigation.

We identified three immune phenotypes as protective
factors for the development of asthma: CD45 on NK cells,
HLA DR+ CD3~ NK cells, and HLA DR* NK cells. In
previous mouse models of allergic asthma, conflicting re-
sults regarding the role of NK cells have been obtained de-
pending on allergen sensitization strategies and the tools
used to deplete or inhibit NK cells [35]. NK cells either
possess pro-inflammatory properties [36—38], have no de-
tectable effect [39], or even promote the resolution or in-
hibition of allergic inflammation [40—42]. This variability
may be caused by the heterogeneity of NK cell phenotypes
or subsets across various asthma endotypes.

Furthermore, we identified CD28 expression on
CD45RATCD4 " Treg as a protective factor for the devel-
opment of asthma. Treg cells, a subgroup of CD4* T cells,
possess anti-inflammatory properties. Treg cells primarily
inhibit autoreactive T cells and play an essential role in pre-
venting autoimmune diseases in humans [43]. Mice lacking
CD28 have a decrease in Treg cells in both the thymus and
periphery, making them more susceptible to autoimmune
diseases [44], which is consistent with our study. Addition-
ally, CDA45 is an essential protein on the surface of hema-
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tological and immune system cells. However, its precise
function and structure have not been widely understood. It
exhibits negative and positive regulatory effects on T and
B cell activation. Moreover, CD45 plays an essential role
in regulating innate immune signaling, but its specificity in
regulation needs further research [45].

Conclusion

In summary, we demonstrated the causal relation-
ship between several immune phenotypes and asthma using
mendelian randomization analysis, highlighting the com-
plex interaction patterns between the immune system and
asthma. Furthermore, our study significantly reduced the
impact of inevitable confounding factors and other vari-
ables. These findings provide a novel pathway for re-
searchers to explore the biological mechanisms underlying
asthma and may lead to the exploration of early intervention
and treatment.

Abbreviations
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receptor; DC, dendritic cells; GWAS, genome-wide asso-
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tion pleiotropy residual sum and outlier; OR, odds ratio;
SNPs, single nucleotide polymorphisms.

Availability of Data and Materials

The data supporting the current study are available
from the corresponding author upon request.

Author Contributions

YSP, NNQ contributed to conceptualization, super-
vision and writing-review and editing. YSP, YBQ, NNQ
contributed to formal analysis and writing-original draft.
YSP and YBQ contributed to acquisition of data. YSP con-
tributed to statistical analysis. All authors have been in-
volved in revising it critically for important intellectual con-
tent. All authors gave final approval of the version to be
published. All authors have participated sufficiently in the
work to take public responsibility for appropriate portions
of the content and agreed to be accountable for all aspects
of'the work in ensuring that questions related to its accuracy
or integrity.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment

The authors would like to thank the medical staff and
participants for their contributions to this study.

Journal of

BIOLOGICAL REGULATORS

and Homeostatic Agents

Funding

This research received no external funding.

Conflict of Interest

The authors declare no conflict of interest.

Supplementary Material

Supplementary material associated with this article
can be found, in the online version, at https://doi.org/10.
23812/j.biol.regul.homeost.agents.20243806.407.

References

[1] Helen K, Leonard B, Eric D, Matteo Bonini, Louis-Philippe
Boulet, Arnaud Bourdin, et al. Global Strategy for Asthma Man-
agement and Prevention. 2023. Available at: https://ginasthma.
org/ (Accessed: 5 December 2023).

[2] Merhej T, Zein JG. Epidemiology of Asthma: Prevalence and
Burden of Disease. Advances in Experimental Medicine and Bi-
ology. 2023; 1426: 3-23.

[3] Masoli M, Fabian D, Holt S, Beasley R, Global Initiative for
Asthma (GINA) Program. The global burden of asthma: exec-
utive summary of the GINA Dissemination Committee report.
Allergy. 2004; 59: 469-478.

[4] Hammad H, Lambrecht BN. The basic immunology of asthma.
Cell. 2021; 184: 2521-2522.

[5] Andrea M, Susanna B, Francesca N, Enrico M, Alessandra V.
The emerging role of type 2 inflammation in asthma. Expert Re-
view of Clinical Immunology. 2021; 17: 63-71.

[6] Kubo M. Innate and adaptive type 2 immunity in lung allergic
inflammation. Immunological Reviews. 2017; 278: 162—172.

[7] Tjota MY, Sperling Al Distinct dendritic cell subsets actively
induce Th2 polarization. Current Opinion in Immunology. 2014;
31: 44-50.

[8] Han M, Ma J, Ouyang S, Wang Y, Zheng T, Lu P, et al. The ki-
nase p38a functions in dendritic cells to regulate Th2-cell differ-
entiation and allergic inflammation. Cellular & Molecular Im-
munology. 2022; 19: 805-819.

[9] Qian G, Jiang W, Sun D, Sun Z, Chen A, Fang H, et al. B-cell-
derived IL-10 promotes allergic sensitization in asthma regu-
lated by Bcl-3. Cellular & Molecular Immunology. 2023; 20:
1313-1327.

[10] Ebrahim S, Davey Smith G. Mendelian randomization: can ge-
netic epidemiology help redress the failures of observational epi-
demiology? Human Genetics. 2008; 123: 15-33.

[11] Hemani G, Zheng J, Elsworth B, Wade KH, Haberland V, Baird
D, et al. The MR-Base platform supports systematic causal in-
ference across the human phenome. eLife. 2018; 7: €34408.

[12] Orru V, Steri M, Sidore C, Marongiu M, Serra V, Olla S, et al.
Complex genetic signatures in immune cells underlie autoimmu-
nity and inform therapy. Nature Genetics. 2020; 52: 1036-1045.

[13] Milne RL, Kuchenbaecker KB, Michailidou K, Beesley J, Kar S,
Lindstrom S, et al. Identification of ten variants associated with
risk of estrogen-receptor-negative breast cancer. Nature Genet-
ics. 2017; 49: 1767-1778.

[14] Hartwig FP, Davey Smith G, Bowden J. Robust inference in
summary data Mendelian randomization via the zero modal
pleiotropy assumption. International Journal of Epidemiology.
2017; 46: 1985-1998.

[15] Alturaiki W. The roles of B cell activation factor (BAFF) and


https://www.biolifesas.org/
https://doi.org/10.23812/j.biol.regul.homeost.agents.20243806.407
https://doi.org/10.23812/j.biol.regul.homeost.agents.20243806.407
https://ginasthma.org/
https://ginasthma.org/

Journal of

BIOLOGICAL REGULATORS

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

and Homeostatic Agents

a proliferation-inducing ligand (APRIL) in allergic asthma. Im-
munology Letters. 2020; 225: 25-30.

van der Vlugt LEPM, Mlejnek E, Ozir-Fazalalikhan A, Janssen
Bonas M, Dijksman TR, Labuda LA, et al. CD24(hi)CD27(+)
B cells from patients with allergic asthma have impaired reg-
ulatory activity in response to lipopolysaccharide. Clinical and
Experimental Allergy: Journal of the British Society for Allergy
and Clinical Immunology. 2014; 44: 517-528.

Buchanan RM, Popowych Y, Arsic N, Townsend HGG, Mutwiri
GK, Potter AA, et al. B-cell activating factor (BAFF) promotes
CpG ODN-induced B cell activation and proliferation. Cellular
Immunology. 2011; 271: 16-28.

Amu S, Gjertsson I, Tarkowski A, Brisslert M. B-cell CD25
expression in murine primary and secondary lymphoid tissue.
Scandinavian Journal of Immunology. 2006; 64: 482—492.
Wang J, Zhu W, Chen Y, Lin Z, Ma S. CD38 gene-modified
dendritic cells inhibit murine asthma development by increasing
IL-12 production and promoting Th1 cell differentiation. Molec-
ular Medicine Reports. 2016; 14: 4374-4382.

Li JG, DU YM, Yan ZD, Yan J, Zhuansun YX, Chen R, et
al. CD80 and CD86 knockdown in dendritic cells regulates
Th1/Th2 cytokine production in asthmatic mice. Experimental
and Therapeutic Medicine. 2016; 11: 878-884.

Matta BM, Castellaneta A, Thomson AW. Tolerogenic plasma-
cytoid DC. European Journal of Immunology. 2010; 40: 2667—
2676.

Moffatt MF, James A, Ryan G, Musk AW, Cookson WO. Ex-
tended tumour necrosis factor/HLA-DR haplotypes and asthma
in an Australian population sample. Thorax. 1999; 54: 757-761.
Smit LAM, Siroux V, Bouzigon E, Oryszczyn MP, Lathrop M,
Demenais F, ef al. CD14 and toll-like receptor gene polymor-
phisms, country living, and asthma in adults. American Journal
of Respiratory and Critical Care Medicine. 2009; 179: 363-368.
Alsaab HO, Sau S, Alzhrani R, Tatiparti K, Bhise K, Kashaw
SK, et al. PD-1 and PD-L1 Checkpoint Signaling Inhibition for
Cancer Immunotherapy: Mechanism, Combinations, and Clini-
cal Outcome. Frontiers in Pharmacology. 2017; 8: 561.
Davoine F, Lavigne S, Chakir J, Ferland C, Boulay ME, Lavio-
lette M. Expression of FcgammaRIII (CD16) on human periph-
eral blood eosinophils increases in allergic conditions. The Jour-
nal of Allergy and Clinical Immunology. 2002; 109: 463—469.
Alexander JJ, Chaves LD, Chang A, Jacob A, Ritchie M, Quigg
RJ. CD11b is protective in complement-mediated immune com-
plex glomerulonephritis. Kidney International. 2015; 87: 930—
939.

Rosetti F, Tsuboi N, Chen K, Nishi H, Erandez T, Sethi S, et
al. Human lupus serum induces neutrophil-mediated organ dam-
age in mice that is enabled by Mac-1 deficiency. Journal of Im-
munology (Baltimore, Md.: 1950). 2012; 189: 3714-3723.
Ehirchiou D, Xiong Y, Xu G, Chen W, Shi Y, Zhang L. CD11b
facilitates the development of peripheral tolerance by suppress-
ing Th17 differentiation. The Journal of Experimental Medicine.
2007; 204: 1519-1524.

Chaves LD, Bao L, Wang Y, Chang A, Haas M, Quigg RJ. Loss
of CD11b exacerbates murine complement-mediated tubuloint-
erstitial nephritis. PloS One. 2014; 9: €92051.

ZhouM, Wang X, Shi Y, Ding Y, Li X, Xie T, et al. Deficiency of
ITGAM Attenuates Experimental Abdominal Aortic Aneurysm
in Mice. Journal of the American Heart Association. 2021; 10:

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[42]

[43]

[44]

[45]

5115

€019900.

Shimizu K, Libby P, Shubiki R, Sakuma M, Wang Y, Asano K,
et al. Leukocyte integrin Mac-1 promotes acute cardiac allograft
rejection. Circulation. 2008; 117: 1997-2008.

Zhou H, Li Y, Gui H, Zhao H, Wu M, Li G, et al. Antagonism
of Integrin CD11b Affords Protection against Endotoxin Shock

and Polymicrobial Sepsis via Attenuation of HMGB1 Nucleo-
cytoplasmic Translocation and Extracellular Release. Journal of

Immunology (Baltimore, Md.: 1950). 2018; 200: 1771-1780.
Ahn GO, Tseng D, Liao CH, Dorie MJ, Czechowicz A, Brown
JM. Inhibition of Mac-1 (CD11b/CD18) enhances tumor re-
sponse to radiation by reducing myeloid cell recruitment. Pro-
ceedings of the National Academy of Sciences of the United
States of America. 2010; 107: 8363—8368.

Galli SJ. Recruiting CD33 on mast cells to inhibit IgE-mediated
mast cell-dependent anaphylaxis. The Journal of Clinical Inves-
tigation. 2019; 129: 955-957.

Lepretre F, Gras D, Chanez P, Duez C. Natural killer cells in
the lung: potential role in asthma and virus-induced exacerba-
tion? European Respiratory Review: an Official Journal of the
European Respiratory Society. 2023; 32: 230036.

Mathias CB, Guernsey LA, Zammit D, Brammer C, Wu CA,
Thrall RS, et al. Pro-inflammatory role of natural killer cells in
the development of allergic airway disease. Clinical and Exper-
imental Allergy: Journal of the British Society for Allergy and
Clinical Immunology. 2014; 44: 589—601.

Farhadi N, Lambert L, Triulzi C, Openshaw PJM, Guerra N, Cul-
ley FJ. Natural killer cell NKG2D and granzyme B are critical
for allergic pulmonary inflammation. The Journal of Allergy and
Clinical Immunology. 2014; 133: 827-35.e3.

Qian Q, Chowdhury BP, Sun Z, Lenberg J, Alam R, Vivier E, et
al. Maternal diesel particle exposure promotes offspring asthma
through NK cell-derived granzyme B. The Journal of Clinical
Investigation. 2020; 130: 4133—4151.

Haspeslagh E, van Helden MJ, Deswarte K, De Prijck S,
van Moorleghem J, Boon L, et al. Role of NKp46T natural
killer cells in house dust mite-driven asthma. EMBO Molecu-
lar Medicine. 2018; 10: e8657.

Elhaik Goldman S, Moshkovits I, Shemesh A, Filiba A, Tsir-
ulsky Y, Vronov E, et al. Natural Killer Receptor 1 Dampens
the Development of Allergic Eosinophilic Airway Inflamma-
tion. PloS One. 2016; 11: e0160779.

Ferrini ME, Hong S, Stierle A, Stierle D, Stella N, Roberts K,
et al. CB2 receptors regulate natural killer cells that limit aller-
gic airway inflammation in a murine model of asthma. Allergy.
2017; 72: 937-947.

Simons B, Ferrini ME, Carvalho S, Bassett DJP, Jaffar Z,
Roberts K. PGI2 Controls Pulmonary NK Cells That Prevent
Airway Sensitization to House Dust Mite Allergen. Journal of
Immunology (Baltimore, Md.: 1950). 2017; 198: 461-471.
Tanoue T, Atarashi K, Honda K. Development and maintenance
of intestinal regulatory T cells. Nature Reviews. Immunology.
2016; 16: 295-309.

Salomon B, Lenschow DJ, Rhee L, Ashourian N, Singh B,
Sharpe A, et al. B7/CD28 costimulation is essential for the
homeostasis of the CD4+CD25+ immunoregulatory T cells that
control autoimmune diabetes. Immunity. 2000; 12: 431-440.
Al Barashdi MA, Ali A, McMullin MF, Mills K. Protein tyro-
sine phosphatase receptor type C (PTPRC or CD45). Journal of
Clinical Pathology. 2021; 74: 548-552.


https://www.biolifesas.org/

	Introduction
	Materials and Methods
	Data Sources
	IVS Selection
	MR Assumptions
	Statistical Methods
	MR Analysis
	Sensitivity Analysis


	Results
	IVS Selection Results
	MR Analysis
	Sensitivity Analysis

	Discussion
	Conclusion
	Abbreviations
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

