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To the Editor,

The outbreak of coronavirus disease 2019 (COVID-19), caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), disproportionately affects certain
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populations, such as older individuals.! In contrast, children comprise <2% of cases and
generally exhibit milder symptoms.2 These disparate observations in children versus adults
may be attributed to both environmental and host immune factors, including an immature
and developing immune system.3 A key breakthrough in understanding the infectious
mechanism of COVID-19 was the discovery of angiotensin-converting enzyme 2/ACEZ2, the
receptor that SARS-CoV-2 uses to gain entry into human host cells.* ACE2 expression is
observed in the upper and lower respiratory tract and in extrapulmonary tissues that are
prone to SARS-CoV-2 infection (e.g. gastrointestinal tract, cardiovascular system, skin).?
Lower maturity and function of ACE2 have been hypothesized to explain less disease
prevalence in children.3

Recently, one study evaluated ACE2 gene expression in nasal epithelial samples in children
and adults, reporting higher ACE2 expression in older children (10-17 years old) and adults
(=18 years old) versus younger children (<10 years old), and these associations remained
significant after adjusting for sex and asthma.® Radzikowska and Ding et al” also
investigated ACE2 expression and other COVID-19-related genes across various tissues
from healthy subjects and individuals with comorbidities and risk factors suspected to
predispose COVID-19, identifying distinct mRNA expression profiles in different
demographic cohorts that vary by tissue type. Sward et al® analyzed soluble ACE2 protein
expression, which may capture COVID-19 disease risk and/or high disease activity, in the
serum of various pediatric and young adult age-groups, showing differences between males
and females beginning in adolescence. However, this study did not assess infants and
toddlers and was limited by only following the subjects into young adulthood (mean age:
23.5).8 Therefore, ACE2 protein expression differences in the serum of very young patients
(i.e. infants/toddlers) versus adults, as well as potential associations with atopic conditions
(e.g. asthma or atopic dermatitis/AD), remain poorly understood.

To expand on prior investigations, we used Olink to evaluate the protein expression of ACE2
in the serum of a previously published cohort of 19 healthy infants and toddlers (age <5
years old, mean age: 2.1; 52.6% females) compared with 17 healthy adults (age range:
24-55, mean age: 41; 35.3% females; Table S1).° To understand whether ACE2 protein
expression is primarily associated with age, or can also be affected by coexisting atopic
dermatitis/AD, a common inflammatory condition characterized by type 2 systemic
inflammation in patients with moderate-to-severe disease (but in which increased mortality/
morbidity from COVID-19 has not yet reported), we also evaluated ACE2 expression in
previously reported infant/toddler and adult cohorts with moderate-to-severe AD.% We
included 29 infants and toddlers with moderate-to-severe AD (age <5 years old, mean age:
1.8 years, 48.3% females, SCORAD 51 * 3 [mean £ SE]) and 55 adults with moderate-to-
severe AD (age range: 18-72, mean age: 40, 47.3% females, SCORAD 54 + 1.8 [mean £
SE]; Table S1). No healthy subjects or AD patients had a history of cardiovascular disease,
hypertension, diabetes, or associated medications.® None of the control adults and 17 of the
AD adults had a history of mild asthma, controlled by inhalers. No pediatric AD patients or
controls had asthma.

Blood was collected and centrifuged, and plasma was stored at —80°C. Aliquots were
analyzed by the Proteomic Olink Proseek multiplex assay, as described.® ACE2 and CTSL1
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proteins from the CVD Il panel were assessed. Additional details can be found in Appendix
S1. Significant differences in protein expression profiles were determined by a two-tailed
Student’s #test, and correlation coefficients were computed using Spearman’s correlation.

We observed significantly greater ACE2 protein expression in the serum of healthy adults
versus healthy infants and toddlers (P= 1.15e-06; Figure 1A). Similarly, higher ACE2
expression was seen in adults with AD versus infants and toddlers with AD (P = 7.53e-18;
Figure 1A). No significant differences were seen in ACE2 protein expression between AD
adults versus healthy adults (P=.6), nor between AD infants/toddlers versus healthy infants/
toddlers (P =.44). Using Spearman’s correlation, we identified a positive correlation
between ACE2 expression and age (r=0.76, P=2.9e-07; Figure 1B).

Gender analysis revealed significantly greater ACE2 expression in healthy adult females
versus healthy pediatric females, as well as healthy adult males versus healthy pediatric
males (P < .05; Figure 1C). Furthermore, adult males showed significantly greater ACE2
protein expression in the serum versus adult females, regardless of AD (£ < .05; Figure 1C).
However, there were no significant male-female differences among healthy or AD children.

Cathepsin L/CTSL1 is a protease that has been shown to cleave and prime the SARS-CoV-1
spike protein,19 and as such, this enzyme has been hypothesized to similarly play a role in
SARS-CoV-2 infection.* We therefore investigated the protein expression of CTSL1 in both
healthy and AD cohorts and observed that adults have significantly greater CTSL1 protein
expression in the serum versus infants and toddlers (P < .001; Figure 2A). In addition, ACE2
protein expression and CTSL1 protein expression are significantly and positively correlated
(r=0.75 P=8.52e-07; Figure 2B).

A sensitivity analysis of adult AD patients with and without concomitant asthma also
showed similar differences versus the pediatric age-group (P < .001), with no significant
differences between adult AD patients with and without asthma (P= .79, Figure S1A). We
further evaluated additional clinical parameters, where available, and found no correlation of
ACE?2 protein expression with the AD severity measure, SCORAD (Figure S1B), nor with
pruritus or serum IgE in AD patients, or body mass index/BMI in healthy or AD cohorts
(Table S2).

A sensitivity analysis by race/ethnicity also maintained significance between age-groups. A
trend toward significantly greater ACE2 expression was observed in healthy African
American adults versus healthy European American adults, as well as in European American
AD infants/toddlers versus both Asian and African American AD infants/toddlers (P< .1;
Figure S1C).

To our knowledge, we demonstrate for the first time that adults have significantly greater
ACE?2 protein expression in serum compared with infants and toddlers. When examining
differences by sex within both adult cohorts, ACE2 expression was consistently higher in
males versus females, while no differences between sexes were observed in the pediatric
cohort. Further, we obtained a robust and significant positive correlation between age and
ACE?2 protein expression. Our results complement previous transcriptomic reports in skin
and serum’-8 with novel proteomic data that mirror the clinical observations of generally
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higher disease prevalence and severity of SARS-CoV-2 infections in older adult populations
versus younger children and higher mortality risk associated with the male sex.
Additionally, our data also demonstrate significantly higher CTSL1 serum protein
expression in adults versus infants/toddlers with and without AD, as well as a significant,
positive correlation between ACE2 protein expression and CTSL1 serum protein expression.
Finally, our data extend the recent data from asthma,? further suggesting that atopy does not
pose an increased risk of COVID-19 morbidity.

In sum, while additional studies are needed to uncover the mechanistic basis of varying
COVID-19 clinical presentations, our data associate significantly higher ACE2 protein
expression in the serum of adults compared with infants and toddlers, and in adult males
compared with adult females. These data suggest the potential systemic role of ACE2
protein levels in the differential clinical manifestations among various patient populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Abbreviations:

ACE2 angiotensin-converting enzyme 2
AD atopic dermatitis
BMI body mass index
CDC centers for disease control and prevention
COVID-19 coronavirus disease 2019
CTsL1 cathepsin L
EAS eczema activity and severity index
SARS-CoV-2 severe acute respiratory syndrome coronavirus 2
SCORAD SCORIing atopic dermatitis
SE standard error
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FIGURE 1.

A, Graph depicts mean ACE2 protein expression (colored circles), represented in normalized
protein expression (NPX) values, in the serum of the healthy pediatric cohort, healthy adult
cohort, AD pediatric cohort, and AD adult cohort. The limit of detection (LOD) for ACE2
protein is shown in the y-axis label. Horizontal bars denote standard error. ~-values between
adults versus pediatric cohorts are shown. B, Correlation scatterplot between ACE2 protein
expression and age in healthy infants and toddlers and healthy adults. Light blue circles
denote cohort of infants and toddlers, and dark blue circles denote cohort of adults. Gray
shaded area denotes the 95% confidence interval. Spearman’s correlation coefficient and ~-
value are provided. C, Graph depicts mean ACE2 protein expression (colored circles),
represented in normalized protein expression (NPX) values, in the serum of healthy and AD
pediatric and adult cohorts by gender. The limit of detection (LOD) for ACE2 protein is
shown in the y-axis label. Horizontal bars denote standard error. P-values between various
groups are shown. AD, atopic dermatitis; ACE2, angiotensin-converting enzyme 2; NPX,
normalized protein expression; LOD, limit of detection
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A, Graph depicts mean CTSL1 expression (colored circles), represented in normalized
protein expression (NPX) values, in the serum of the healthy pediatric cohort, healthy adult
cohort, AD pediatric cohort, and AD adult cohort. The limit of detection (LOD) for CTSL1
protein is shown in the y-axis label. Horizontal bars denote standard error. ~-values between
adults versus pediatric cohorts are shown. B, Correlation scatterplot between ACE2 protein
expression and CTSL1 protein expression in healthy infants and toddlers and healthy adults.
Light blue circles denote cohort of infants and toddlers, and dark blue circles denote cohort
of adults. Gray shaded area denotes the 95% confidence interval. Spearman’s correlation
coefficient and ~-value are provided. AD, atopic dermatitis; CTSL1, cathepsin 1; NPX,

normalized protein expression; LOD, limit of detection
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