Liu et al. World Allergy Organization Journal (2024) 17:100868 T WORLD ALLERGY
http://doi.org/10.1016/j.waojou.2023.100868 e ORGANIZATION
updates
JOURNAL

Open Access

Mendelian randomization analysis of atopic
dermatitis and esophageal cancer in East
Asian and European populations

Yixin Liu, MD', Yimin Gu, MD', Jianfeng Zhou, MD', Hanlu Zhang, MD, Qixin Shang, MD,
Yushang Yang, MD* and Longgi Chen, MD

ABSTRACT

Background: Emerging observational studies showed an association between atopic dermatitis
(AD) and gastrointestinal cancers. However, it remains unclear whether this association is causal,
particularly in the case of cancers like esophageal cancer, which exhibit ancestral genetic traits.

Methods: To assess the potential causal relationship between AD and esophageal cancer across
diverse ancestral backgrounds, we conducted a 2-sample Mendelian randomization study. Inde-
pendent genetic instruments for AD from the FinnGen consortium (N case = 7024 and N
control = 198 740), BioBank Japan (N case = 2385 and N control = 209 651) and Early Genetics
and Lifecourse Epidemiology (EAGLE) eczema consortium (N case = 18 900 and N control = 84
166, without the 23andMe study) were used to investigate the association with esophageal cancer
in the UK Biobank study (N case = 740 and N control = 372 016) and BioBank Japan esophageal
cancer sample (N case = 1300 and N control = 197 045).

Results: When esophageal cancer extracted from East Asian ancestry was used as a outcome
factor, AD data extracted from BioBank Japan (OR = 0.90, 95% Cl: 0.83-0.98), FinnGen con-
sortium (OR = 0.86, 95% Cl: 0.77-0.96), and EAGLE consortium (OR = 0.92, 95% Cl: 0.81-1.06)
were negatively associated with esophageal cancer susceptibility. However, AD as a whole did not
show an association with esophageal cancer from European ancestry.

Conclusion: This study provides support for a causal relationship between AD and esophageal
cancer in East Asian populations but not between AD and esophageal cancer from European
ancestry. The specific associations between esophageal cancer and AD appear to exhibit signifi-
cant disparities between the East Asian and European regions.
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INTRODUCTION

Esophageal cancer is one of the most aggres-
sive malignant tumors, characterized by a notably
low five-year overall survival rate.” Traditional and
molecular epidemiology have demonstrated that
esophageal cancer has distinct characteristics in
Fast Asian and Western populations.>* The
majority of esophageal cancer cases are
concentrated in East Asia, with approximately
90% of them being attributed to esophageal
squamous cell carcinoma (ESCC).®> While
esophageal adenocarcinoma (EAC) is the major
histology type in North American and European
populations.®” Despite advances in the treatment
of esophageal cancer, the five-year survival rate
for esophageal cancer patients remains relatively
low.2? Hence, the etiology of esophageal cancer
and its protective factors continue to require
investigation.

The hyperimmune response in allergic in-
dividuals has recently been recognized to enhance
immune surveillance, thereby reducing the risk of
cancer."®'" Correspondingly, allergic disease may
serve as a protective mechanism against cancer by
clearing potential carcinogens."? Atopic dermatitis
(AD) is a long-lasting pruritic disease that causes
inflammation, redness, and irritation of the skin."®
An observational study has identified that
individuals with a history of AD appear to exhibit
a reduced risk of cancer.'® Nonetheless, it
remains uncertain whether a causal connection
exists between AD and esophageal cancer. In a
recent Mendelian randomization (MR) study,
Shuai et al’® suggested a protective effect of
allergic disease against gastrointestinal tract
cancers. However, this significance is only evident
in East Asian esophageal cancer originating from
BioBank Japan (BBJ). Moreover, Shuai et all®
used a merged dataset encompassing various
allergic diseases and did not conduct a stratified
analysis.

The MR approach investigates causal relation-
ships between exposure and outcome variables
and is not susceptible to reverse causation or
confounding factors.’® Given the significant
genetic discrepancies between East Asian and
Western esophageal cancer, we performed a
two-sample MR analysis, by using recently
published large-scale Genome-wide association

study (GWAS) summary statistics data and a two-
sample MR approach, to explore the causal rela-
tionship between atopic dermatitis and esopha-
geal cancer based on East Asian and Western
populations.

METHODS
Study design and datasets

The single-nucleotide polymorphisms (SNPs)
utilized in MR analyses to establish a causal effect
must satisfy 3 fundamental assumptions: (1) the
genetic instruments should exhibit a strong asso-
ciation with the exposure; (2) the SNPs should not
be linked to any confounding factor influencing
the risk factor-outcome relationship; (3) the SNPs
should not influence the outcome via any pathway
other than the target exposure. Determining cau-
sality becomes challenging in the absence of ful-
filling any of the assumptions mentioned above."”
The detailed study design of our analysis is
outlined in Fig. 1. The current investigation
provided relevant primary data source in Table 1.
We have retrieved the GWAS summary statistics
for AD from the FinnGen consortium (N
case = 7024 and N control = 198 740), BBJ (N
case = 2385 and N control = 209 651) and Early
Genetics and Lifecourse Epidemiology (EAGLE)
eczema consortium (N case = 10 788 and N
control = 30 047, without the 23andMe study).‘I8
In order to explore the causal relationship
between esophageal cancer and AD among
individuals of European and East Asian ancestry,
we extracted data from the UK Biobank (UKB) (N
case = 740 and N control = 372 016) and BBJ
(N case = 1300 and N control = 197 045) to
represent the esophageal cancer GWAS datasets
for these 2 distinct ancestries. Ethical approval
was waived because the original GWAS study
previously obtained ethical clearance from the
relevant ethics committees and institutional
review boards.

Selection of instrumental variables

The selection of optimal instrumental variables
in this study adhered to high-quality criteria to
uphold the study’s integrity and precision. Initially,
we identified SNP associated with AD at a
genome-wide significance level (P < 1 x 107°)
and regarded them as instrumental variables.


https://doi.org/10.1016/j.waojou.2023.100868

Volume 17, No. 2, Month 2024

Samples of atopic dermatitis from European and
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Fig. 1 The overview of study design and assumptions of the Mendelian randomization (MR) design. Assumption 1: Instrumental variables
are strongly associated with atopic dermatitis. Assumption 2: Instrumental variables are independent of any confounders. Assumption 3:
Instrumental variables affect esophageal cancer susceptibility varying from different ancestry. SNPs, single-nucleotide polymorphisms;
EAGLE, Early Genetics and Lifecourse Epidemiology; GWAS, Genome-wide association study; UKB, UK Biobank; BBJ, BioBank Japan

Secondly, we applied the “clump” method to
select independent SNPs, defined as those with a
linkage disequilibrium (LD) r2 < 0.001 and the
distance >10,000 kb. Thirdly, it was crucial to
ensure that the effect of each SNP on the exposure
aligned with its effect on the outcome.”? Using the
PhenoScanner database, no pleiotropic SNPs were
found in our study. The selected instrumental SNPs
were expected to exhibit a strong and specific
association with the exposure of interest. In
accordance with prior research, instrumental
variables and the exposure were deemed to have
a weak correlation if the F-statistic exceeded 10,
indicating robust instrument validity.?°

Applicability of the instrumental variables from
different ancestral population

To assess the applicability of the instrumental
variables for AD identified in individuals of Euro-
pean ancestry to the East Asian population, and
vice versa, we examined the impact of genetic in-
struments for AD from the Biobank Japan, as well
as data from European sources, including FinnGen
and the EAGLE consortium, on AD in different
ancestry groups. The selection criteria for instru-
mental variables at this part included SNPs asso-
ciated with AD at a genome-wide significance level

(P <5 x 1078), with the other conditions remaining
the same as previously mentioned.

Mendelian randomization analysis

Firstly, we harmonized the effect of SNP associ-
ated with AD and esophageal cancer across
different ancestral populations. Second, we evalu-
ated a causal relationship between AD and
esophageal cancer for different ancestry. To satisfy
the foundational MR assumptions and provide a
comprehensive assessment of the causal effect
between exposures and outcomes, we employed
4 distinct MR approaches: inverse variance-
weighted (IVW) method, MR-Egger regression
method, a weighted median method, and
weighted mode method.?""24

Sensitivity analyses

To evaluate the robustness of our Mendelian
randomization  results,  sensitivity  analyses,
including heterogeneity tests, pleiotropy tests, and
leave-one-out analyses, were conducted and visu-
alized. The heterogeneity of the selected SNPs was
assessed using the Cochran Q test.?® If p-values
exceeded 0.05 and there was no indication of
heterogeneity, the primary method used in this
study was the fixed-effects IVW approach. The
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Outcome and methods Atopic dermatitis (FinnGen) OR(95% Cl) P value
Esophageal cancer (UKB)

Inverse variance weighted . 1(0.99-1.00) 0.954
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Fig. 2 Association of genetic susceptibility to atopic dermatitis with Mendelian randomizations of esophageal cancer from various

ancestries. Cl, confidence interval; OR, odds ratio; BBJ, BioBank Japan; UKB, UK Biobank; Statistical significance: p < 0.05

p = 0.011) were extracted with AD from FinnGen  being the exposure, and 62 valid SNPs

consortium being the exposure.

When esophageal cancer extracted from Euro-
pean ancestry (UKB) was used as a outcome factor,
31 valid SNPs (ORIVW = 1.00, 95% ClI: 0.99-1.00,
p = 0.249) were extracted with AD from the work
of Sakaue et al being the exposure, 46 valid SNPs
(ORIVW = 1.00, 95% CI: 0.99-1.00, p = 0.547)
were extracted with AD from EAGLE consortium

(ORIVW = 1.00, 95% ClI: 0.99-1.00, p = 0.954)
were extracted with AD from FinnGen consortium
being the exposure.

Sensitivity and pleiotropy analysis

The MR sensitivity analysis and heterogeneity
test showed with AD as exposure factor, the
Cochran’s Q statistic and MR Egger regression



Exposure
Atopic dermatitis
(EAGLE)

Atopic dermatitis
(FinnGen)

Atopic dermatitis

(Sakaue et al.)

Outcome
Esophageal cancer
(UKB)

Esophageal cancer
(BBJ)
Esophageal cancer
(UKB)
Esophageal cancer
(BBJ)
Esophageal cancer
(UKB)
Esophageal cancer

(BBJ)

Method
MR Egger
VW
MR Egger
VW
MR Egger
VW
MR Egger
VW
MR Egger
VW
MR Egger
VW

Heterogeneity test

Cochran’s Q
31.479
35.165
35.375
35.518
59.631
60.286
44.783
45.151
31.574
31.634
18.532
18.534

Q_ pval
0.725
0.601
0.819
0.843
0.38
0.393
0.102
0.117
0.248
0.289
0.932
0.949

Horizontal pleiotropy test

Egger_intercept

—0.052

—0.001

0.001

0.018

0.001

<0.001

Se

0.027

0.001

0.001

0.035

0.031

<0.001

pval

0.063

0.707

0.432

0.601

0.964

0.823

Table 2. Heterogeneity test and horizontal pleiotropy test. IVW, inverse-variance weighted; MR, Mendelian randomization; BBJ, BioBank Japan; UKB, UK Biobank; Statistical significance: p < 0.05
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intercept were not significant (p > 0.05), indi-
cating no heterogeneity or horizontal pleiotropy
(Table 2). The visualization analysis showed that
the association between AD from European and
East Asian ancestry and esophageal cancer from
these 2 ancestries were not driven by a single
SNP, but by all functional SNPs together. Funnel
plot, leave-one-out analysis, scatter plot, and for-
est plot of MR are presented in Supplementary
Figs. 1-6.

DISCUSSION

Currently, there are few studies exploring the
potential causal relationship and pathogenic as-
sociation involving esophageal cancer from
different ancestry. Due to the substantial genetic
variability observed in esophageal cancer across
different geographic regions, the potential causal
relationship and pathogenic association involving
esophageal cancer may differ for different
ancestry.>?7 Currently, our MR analysis aims to
investigate the causal connection between AD
and esophageal cancer within diverse ancestral
populations. Our investigation has revealed a
noteworthy observation within the East Asian
population. Specifically, individuals with a genetic
predisposition to AD demonstrated a significantly
reduced risk of developing esophageal cancer.
However, this association was not evident within
the European ancestry and there was no
potential causal relationship.

Allergic diseases often coexist due to shared
genetic risk variants that disrupt the regulation of
immune-related gene expression.?® Moreover,
individuals with hyperimmune response resulting

from allergic conditions may experience
enhanced immune surveillance, consequently
reducing their risk of developing cancer."

Existing research had provided limited insights
into the relationship between AD and non-allergic
comorbidities. Understanding these non-allergic
comorbidities has the potential to improve treat-
ment outcomes.?’ While current data from
observational studies were largely inconsistent for
specific cancers, AD appears to have an overall
preventive effect on gastrointestinal cancers.*%3"
The disparities in findings could be attributed to
external confounding factors, including variations
in ancestry.

Inconsistent findings have been documented in
studies of the incidence of esophageal cancer and
allergic disease, while in East Asian populations,
atopy has often been reported as a protective
factor against esophageal cancer. In a large cohort
study from Korea including data extracted from 9
892 633 Korean adults who underwent a medical
check-up, the adjusted incidence rate ratio of
esophageal cancer in patients with AD was 0.91
(95% CI, 0.69-1.19).23" A Shang Hai-population
study that included 163 incident cases of esopha-
geal cancer and 275 controls found that a history
of allergy was associated with a reduced risk
(adjusted OR = 0.6, 95% Cl = 0.4-0.9).>? However,
a large Sweden population-based study included
42 663 men and 50 323 women patients hospi-
talized for asthma and found that patients with
asthma had an increased risk of incident esopha-
geal adenocarcinoma (adjusted OR = 1.5, 95%
Cl = 0.9-2.5).%

From a genetic perspective, our findings
substantiate the protective role of AD against
esophageal cancer within the Asian genetic line-
age, indicating a favorable effect of AD in pre-
venting esophageal cancer in Asian populations.
While the mechanisms through AD or other
allergic diseases exert this effect remain unclear.
At present, several potential mechanisms have
been proposed. The first mechanism is the
chronic inflammation hypothesis, where the
inflammation associated with allergic diseases
may promote cancer progression by inducing
oxidative damage, leading to mutations in tumor
suppressor genes or post-translational modifica-
tions of proteins involved in DNA repair or cell
apoptosis control.”"*# This chronic inflammation
hypothesis predicts an increased risk of cancer
associated with allergic inflammation. However,
the immune surveillance hypothesis suggests
that allergies result from a general enhancement
of the immune response, which has a tendency
to detect and eliminate dysfunctional cells.®®
Additionally, the physical effects of allergic
reactions in specific tissues and the Th2 skewing
hypothesis propose that the allergic state may
enable the body to clear mutagenic triggers
before malignant transformation occurs.>¢37

Furthermore, the vast majority of participants
in current GWAS studies have European
ancestry. Conducting GWAS in non-European
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populations is essential for elucidating the disease
biology in East Asian populations.*® Esophageal
cancer, as a regionally heterogeneous cancer,
has demonstrated genetic background
differences between the various races through
GWAS studies.?”*? Observational studies have
demonstrated that risk factors for esophageal
cancer may vary among different ancestries (eg,
the impact of tobacco on esophageal squamous
cell carcinoma appears to be weaker in Asians
compared to Europeans).®® Therefore, it is
necessary to conduct further investigations into
the risk or protective factors for esophageal
cancer among different races. In this study, we
conducted a Mendelian randomization
investigation of the associations between AD and
esophageal cancer in European and East Asian
populations. Our findings indicate that in the
European population, there is virtually no
causal relationship between genetic susceptibility
to AD and esophageal cancer. However, in the
East Asian population, suggestive associations
between AD and esophageal cancer were
observed, regardless of the AD genetic liability in
either European or East Asian populations. This,
to some extent, suggests that different immune
states may have varying effects on genetically
heterogeneous tumors from different ancestries.

The major strength of this study is that, for the
first time, as far as our knowledge extends, we
have utilized MR approach to assess the causal
relationship of AD on esophageal cancer devel-
opment across different ancestry backgrounds,
which could provide insights for future research
on esophageal cancer originating from different
ancestries. The advantages of this approach
include its resistance to confounding, reverse
causality, and non-differential measurement
error, as opposed to observational studies.*®
Additionally, we conducted multiple sensitivity
analyses to ensure the consistency of causal
estimates and confirm the robustness of the
current study’s findings. We acknowledge the
limitations of our study. Firstly, the sample sizes
for esophageal cancer GWAS data are limited
for both ancestral backgrounds. Second, there is
a lack of esophageal cancer subtypes available
for MR assessment, as esophageal squamous
cell carcinoma and adenocarcinoma constitute
the majority of the European and East Asian

esophageal cancer GWAS samples we extracted,
potentially leading to a loss of statistical power
when analyzed separately. Third, the present
study employed binary variables as the exposure
for Mendelian randomization, which may have
inherent limitations.*" Lastly, this study is limited
to assessing the causal relationship between AD
and esophageal cancer based on genetic factors
across different ancestries, and future research
should consider evaluating the influence of
different racial environments (such as diet and
lifestyle) on AD and esophageal cancer.

CONCLUSION

This study provides support for a causal rela-
tionship between AD and esophageal cancer in
East Asian populations but not between AD and
esophageal cancer from European ancestry. The
specific associations between esophageal cancer
and AD appear to exhibit significant disparities
between the East Asian and European regions.
This finding holds crucial significance in discov-
ering the connections between tumor heteroge-
neity across different ancestries and immune
states. Further research is warranted to investigate
the underlying pathological and physiological
mechanisms of this relationship.
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