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ABSTRACT

Background: Angiotensin-converting enzyme 2 (ACE2) and transmembrane protease serine 
subtype 2 (TMPRSS2) are key proteins mediating viral entry of severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2). Although gene expressions of ACE2 and TMPRSS2 
have been analyzed in various organs and diseases, their soluble forms have been less studied, 
particularly in asthma. Therefore, we aimed to measure circulating ACE2 and TMPRSS2 in 
the serum of asthmatics and examine their relationship with clinical characteristics.
Methods: Clinical data and serum samples of 400 participants were obtained from an 
asthma cohort. The soluble ACE2 (sACE2) and soluble TMPRSS2 (sTMPRSS2) level was 
measured by enzyme-linked immunosorbent assay, and the values underwent a natural 
log transformation. Associations between sACE2 and TMPRSS2 levels and various clinical 
variables were analyzed.
Results: The patients younger than 70 years old, those with eosinophilic asthma (eosinophils  
≥ 200 cells/µL), and inhaled corticosteroids (ICS) non-users were associated with higher 
levels of sACE2. Blood eosinophils and fractionated exhaled nitric oxide levels were positively 
correlated with serum ACE2. In contrast, lower levels of sTMPRSS2 were noted in patients 
below 70 years and those with eosinophilic asthma, while no association was noted between 
ICS use and sTMPRSS2. The level of sTMPRSS2 also differed according to sex, smoking 
history, coexisting hypertension, and forced expiratory volume in 1 second/forced vital 
capacity (FEV1/FVC) ratio. The proportion of sputum neutrophils was positively correlated 
with sTMPRSS2, while the FEV1/FVC ratio reported a negative correlation with sTMPRSS2.
Conclusion: The levels of ACE2 and TMPRSS2 were differently expressed according to age, 
ICS use, and several inflammatory markers. These findings suggest variable susceptibility 
and prognosis of SARS-CoV-2 infection among asthmatic patients.
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INTRODUCTION

Nowadays, the world is facing unprecedented challenges from the coronavirus disease 2019 
(COVID-19) crisis. Numerous clinical and epidemiological studies have been performed 
searching for risk factors associated with symptomatic infection or poor clinical outcomes. 
Thus far, males, older adults, and smokers are commonly considered susceptible to severe 
COVID-19 outcomes. Underlying diseases such as hypertension (HTN), diabetes mellitus 
(DM), cardiovascular diseases, and chronic obstructive pulmonary disease (COPD) have been 
identified as risk factors.1,2

The centers for disease control and prevention classified patients with moderate to 
severe asthma as a high-risk group. However, the contribution of underlying asthma on 
infection or progression of severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) 
infection remains largely unanswered.3,4 As angiotensin-converting enzyme 2 (ACE2) and 
transmembrane protease serine subtype 2 (TMPRSS2) serve as key entrance proteins in 
SARS-CoV-2 infection, their expressions have been evaluated in various airway specimens of 
asthmatic patients.5 The gene expression of ACE2 and TMPRSS2 varied according to atopy 
status or inflammatory phenotypes of asthma, indicating different vulnerabilities for SARS-
CoV-2 infection.6,7 Nevertheless, the studies were mostly conducted at gene levels, not at the 
level of protein expressions.

Meanwhile, there were studies suggesting that higher circulating ACE2 levels may be 
associated with greater susceptibility to SARS-CoV-2 infection.8,9 These suggestions were 
mainly due to the findings that subjects with higher soluble ACE2 (sACE2) levels were in line 
with previously reported high-risk groups such as men, smokers, obese subjects, and diabetic 
subjects.8,9 On the other hand, in patients with COVID-19, a substantial increase in blood 
ACE2 was noted during the disease course, especially in severe diseases, suggesting sACE2 as 
protective proteins produced in response to viral shedding.10,11 This is in accordance with the 
development of human recombinant sACE2 as a novel therapeutic option for COVID-19.12 As 
blood biomarker is easy to obtain and able to reflect the systemic condition of the host, more 
accumulated data regarding sACE2 are required to understand their role and assess their 
potential as biomarkers in various medical backgrounds.

Thus far, the level of sACE2 has never been investigated in the blood of asthmatics. In 
addition, there is a paucity of data on the soluble form of TMPRSS2 (sTMPRSS2). In the 
present study, we sought to evaluate levels of both circulating ACE2 and TMPRSS2 in adult 
asthmatics and examine how they vary with the clinical characteristics.

METHODS

Study population
We randomly selected asthmatic patients from a preexisting asthma cohort, which is the 
Cohort for Reality and Evolution of Adult Asthma in Korea (COREA). The COREA is a 
longitudinal clinical cohort of adult asthmatics based in 35 referral hospitals in Korea.13-15 
We included participants who had been diagnosed with asthma based on the presence of 
asthmatic symptoms with objective evidence of airway reversibility or hypersensitivity. Serum 
samples were obtained at enrollment.
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Clinical and demographic variables
Data on demographic profile, comorbidities, and clinical features of asthma were collected. 
These data included demographic factors, age, gender, body mass index (BMI), and 
smoking history. Comorbidities such as HTN, DM, chronic idiopathic urticaria (CIU), and 
rhinitis were reviewed. Information on comorbidities was collected using a self-reported 
questionnaire. The participants’ primary diagnosis of aspirin-exacerbated respiratory disease 
(AERD) or asthma and COPD overlap (ACO) was also reviewed. Diagnoses of AERD and ACO 
were decided by a physician based on the history and airway obstruction pattern, respectively. 
The skin prick test (SPT), serum total IgE, induced sputum analysis, blood eosinophils, 
fractionated exhaled nitric oxide (FeNO), and spirometry were analyzed. Atopy was defined 
as the positive SPT for at least one aeroallergen. The levels of asthma treatment were 
classified according to Global Initiative for Asthma (GINA) 2020 guidelines.16

Measurement of ACE2 and TMPRSS2
Serum sACE2 levels were measured using an ACE2 enzyme-linked immunosorbent assay 
(ELISA) kit (CUSABIO, Wuhan, China). The detection levels of the kit ranged from 0.156 
ng/mL to 10 ng/mL, with an intra-assay coefficient of variation (CV)% < 8% and inter-assay 
CV% < 10%. Serum sTMPRSS2 levels were measured using a TMPRSS2 ELISA kit (USCN Life 
Science &Technology Company, Missouri, TX, USA). The detection levels of the kit ranged 
from 0.156 ng/mL to 10 ng/mL, with an intra-assay CV < 10% and inter-assay CV% < 12%.

Statistical analysis
Continuous variables were expressed as mean ± SD, while categorical variables were 
expressed as frequency (%). The levels of sACE2 and sTMPRSS2 underwent a natural 
log transformation since they were not normally distributed. The level of TMPRSS2 was 
converted to pg/mL before log transformation. Comparisons between groups were conducted 
using student’s t-test or the χ2 test. Missing information was not imputed. Univariate linear 
regression analyses were performed to find factors associated with sACE2 and sTMPRSS2. 
Multivariate linear regression analyses were further conducted using the variables with 
P value under 0.1. Correlations between protein levels and clinical characteristics were 
evaluated using Spearman’s correlation tests. A two-sided P value < 0.05 was considered 
significant. All statistical analyses were performed using SPSS version 22.0 (IBM Corp., 
Armonk, NY, USA).

Ethics statement
The study was reviewed and approved by the Institutional Review Board of Asan Medical 
Center (2012-0234), and all patients provided written informed consent.

RESULTS

Characteristics of the participants
The characteristics of the 400 participants are summarized in Table 1. The mean age of the 
participants was 51.54 years. Females comprised 63.2% of the study population. More than 
half of the patients (247/400, 61.8%) had never been smokers. The mean level of serum IgE 
was 417.84 kU/L, and 55.8% of the patients were atopic. A hundred and thirty-eight patients 
had blood eosinophils 200 cells/µL or greater. The mean percentage of sputum eosinophils 
and FeNO was 9.81% and 52.53 ppb, respectively. Regarding comorbidities, rhinitis was 
most common, followed by CIU, HTN, and DM. The proportion of patients with AERD 
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and ACO was 4.3% and 8.3%, respectively. At the time of the blood sampling, 142 patients 
(142/400, 35.5%) were using inhaled corticosteroids (ICS), while the rest of them (258/400, 
64.5%) were not. The patients who were not on ICS were either those with newly diagnosed 
asthma or were on a cessation of ICS for at least three months. When we reviewed the asthma 
medication after enrollment, 86.5% of patients (346/400) initiated or maintained medium-
to-high-dose ICS, which was GINA step 4 and 5 treatment. The mean level of serum ACE2 
and TMPRSS2 was 17.29 ng/dL and 2.28 ng/dL, respectively. When we compared the baseline 
characteristics of the patients according to use of ICS, demographic features, inflammatory 
markers, lung function, and required treatment level was comparable between two groups. 
Only higher BMI and lower prevalence of AERD was noted in patients who were using ICS 
when blood sampling was conducted.

Different levels of serum ACE2 according to characteristics of asthmatics
Univariate linear regression analyses found that the subgroups of elderly (≥ 70 years) (β 
coefficient [β], −0.178; 95% confidence interval [95% CI], −0.301, −0.054; P = 0.005), 
eosinophilic asthma (β, 0.104; 95% CI, 0.018, 0.190; P = 0.018), and ICS users (β, −0.116; 95% 
CI, −0.202, −0.031; P = 0.008) were significantly associated with serum sACE2. The levels of 
sACE2 were not significantly affected by sex, BMI, smoking history, atopy, and lung function. 
The coexistence of HTN, DM, CIU, or rhinitis also did not affect sACE2 levels (Table 2). In 
multivariate linear regression analyses, age and ICS still remained significant (Table 3).
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Table 1. Baseline demographics and clinical characteristics of the participants
Clinical variables Total (N = 400) No ICS (n = 258) Yes ICS (n = 142) P value
Age, yr 51.54 ± 15.48 50.94 ± 15.37 52.63 ± 15.68 0.297
Male:female 147:253 (36.8:63.2) 97:161 (37.6:62.4) 50:92 (35.2:37.6) 0.636
BMI 24.51 ± 3.69 24.11 ± 3.56 25.38 ± 3.84 0.003
Smoking 0.062

Ever-smoker 153 (38.3) 90 (34.9) 63 (44.4)
Never smoker 247 (61.8) 168 (65.1) 79 (55.6)

Blood IgE total level kU/L 417.84 ± 694.36 445.02 ± 718.81 370.77 ± 649.7 0.318
Atopy 223 (55.8) 144 (56.0) 79 (55.6) 0.939
Blood eosinophils 408.47 ± 412.06 421.71 ± 439.65 384.41 ± 356.75 0.358

Eosinophils ≥ 200 cells/µL 138 (34.5) 88 (34.1) 50 (35.2) 0.824
Eosinophils < 200 cells/µL 262 (65.5) 170 (65.9) 92 (64.8)

Induced sputum eosinophil % 9.81 ± 17.40 11.00 ± 18.86 7.70 ± 14.23 0.057
FeNO 52.53 ± 44.98 48.83 ± 40.94 56.93 ± 49.17 0.168
FEV1 % predicted value 78.31 ± 18.07 77.32 ± 18.65 80.11 ± 16.89 0.139
FVC % predicted value 85.56 ± 34.34 84.39 ± 14.34 87.68 ± 54.36 0.481
FEV1/FVC ratio 0.73 ± 0.12 0.72 ± 0.12 0.75 ± 0.11 0.062
Comorbidities

Rhinitis 286 (71.5) 190 (73.6) 96 (67.6) 0.201
HTN 68 (17) 37 (14.3) 31 (21.8) 0.056
CIU 45 (11.3) 32 (12.4) 13 (9.2) 0.325
DM 17 (4.3) 9 (3.5) 8 (5.6) 0.309
AERD 17 (4.3) 15 (5.8) 2 (1.4) 0.037
ACO 33 (8.3) 22 (8.5) 11 (7.8) 0.786

Required treatment level
GINA 1,2,3 54 (13.5) 40 (15.5) 14 (9.9) 0.114
GINA 4,5 346 (86.5) 218 (84.5) 128 (90.1)
ACE2, ng/dL 17.29 ± 7.15 18.02 ± 7.26 15.96 ± 6.77 0.006
TMPRSS2, ng/dL 2.28 ± 2.40 2.35 ± 2.54 2.13 ± 2.14 0.357

Data are presented as mean ± SD or number (%).
BMI = body mass index, FeNO = fractional exhaled nitric oxide, FEV1 = forced expiratory volume in 1 second, FVC 
= forced vital capacity, HTN = hypertension, CIU = chronic idiopathic urticaria, DM = diabetes mellitus, AERD = 
aspirin-exacerbated respiratory disease, ACO = asthma chronic obstructive pulmonary disease overlap, ICS = 
inhaled corticosteroids, GINA = Global Initiative for Asthma, ACE2 = angiotensin-converting enzyme 2, TMPRSS2 = 
transmembrane protease serine subtype 2.
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When we compared the level of sACE2 according to various demographic and clinical 
characteristics, the elderly (≥ 70 years) had significantly lower sACE2 levels than the younger 
patients (2.61 ± 0.49 vs. 2.79 ± 0.40, P = 0.005). The serum level of the natural log-transformed 
sACE2 was significantly greater in the eosinophilic (blood eosinophils ≥ 200/µL) asthma group 
(2.81 ± 0.42 vs. 2.70 ± 0.40, P = 0.018). Participants using ICS at the time of blood sampling 
reported significantly lower levels of serum sACE2 compared to the patients who were not 
taking ICS (2.69 ± 0.40 vs. 2.81 ± 0.43, P = 0.008) (Fig. 1).

In regards to correlation between continuous variables and sACE2 (Table 4), blood 
eosinophils (Spearman’s rho [ρ], 0.160; P = 0.001) and FeNO (ρ, 0.130; P = 0.042) were 
positively correlated with sACE2 (Fig. 2), while the sputum eosinophil percentage did not 
show any significant association with sACE2. The level of sACE2 was significantly associated 
with sTMPRSS2 (ρ, 0.154; P = 0.002).

Different levels of serum TMPRSS2 according to the characteristics of 
asthmatics
The univariate linear regression analyses found that the subgroups of elderly (≥ 70 years) 
(β, 0.349; 95% CI, 0.046, 0.652; P = 0.024), female (β, −0.284; 95% CI, −0.491, −0.077; P 
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Table 2. Univariate linear regression analyses of subgroups associated with sACE2 and sTMPRSS2
Clinical variables Ln (ACE2) Ln (TMPRSS2)

β (95% CI) P value β (95% CI) P value
Age, < 70 vs. ≥ 70 −0.178 (−0.301, −0.054) 0.005 0.349 (0.046, 0.652) 0.024
Male, vs. female −0.061 (−0.147, 0.024) 0.158 −0.284 (−0.491, −0.077) 0.007
BMI, < 25 vs. ≥ 25 0.035 (−0.058, 0.129) 0.457 0.110 (−0.112, 0.332) 0.331
Never-smoker vs. ever-smoker 0.064 (−0.020, 0.149) 0.137 0.239 (0.033, 0.445) 0.023
Atopy status, negative vs. positive 0.068 (−0.015, 0.151) 0.106 −0.077 (−0.281, 0.126) 0.455
Induced sputum eosinophil %, < 3 vs. ≥ 3 0.013 (−0.072, 0.098) 0.763 −0.043 (−0.248, 0.163) 0.682
Blood eosinophil count cells/µL, < 200 vs. ≥ 200 0.104 (0.018, 0.190) 0.018 −0.213 (−0.424, −0.002) 0.048
FeNO, < 50 vs. ≥ 50 0.075 (−0.027, 0.178) 0.150 −0.103 (−0.384, 0.178) 0.470
FEV1 % predicted value, < 80 vs. ≥ 80 0.039 (−0.043, 0.121) 0.353 −0.143 (−0.344, 0.058) 0.163
FEV1/FVC, < 0.6 vs. ≥ 0.6 0.037 (−0.084, 0.157) 0.552 −0.321 (−0.614, −0.027) 0.032
HTN, no vs. yes −0.041 (−0.151, 0.069) 0.464 0.383 (0.117, 0.648) 0.005
DM, no vs. yes 0.115 (−0.089, 0.319) 0.269 0.247 (−0.252, 0.746) 0.808
CIU, no vs. yes −0.041 (−0.172, 0.089) 0.535 −0.040 (−0.359, 0.279) 0.870
Rhinitis, no vs. yes 0.075 (−0.016, 0.167) 0.104 −0.114 (−0.337, 0.109) 0.316
AERD, no vs. yes −0.109 (−0.314, 0.095) 0.293 −0.034 (−0.533, 0.466) 0.895
ACO, no vs. yes −0.052 (−0.202, 0.098) 0.498 0.158 (−0.208, 0.524) 0.396
Required treatment level, GINA 1,2,3 vs. 4,5 0.072 (−0.049, 0.192) 0.243 0.130 (−0.165, 0.425) 0.386
Use of ICS on sampling time, non-use vs. use −0.116 (−0.202, −0.031) 0.008 −0.132 (−0.342, 0.078) 0.218
ACE2 = angiotensin-converting enzyme 2, TMPRSS2 = transmembrane protease serine subtype 2, sACE2 = soluble ACE2, sTMPRSS2 = soluble form of TMPRSS2, 
CI = confidence interval, BMI = body mass index, FeNO = fractional exhaled nitric oxide, FEV1 = forced expiratory volume in 1 second, FVC = forced vital capacity, 
HTN = hypertension, DM = diabetes mellitus, CIU = chronic idiopathic urticaria, AERD = aspirin-exacerbated respiratory disease, ACO = asthma chronic 
obstructive pulmonary disease overlap, GINA = Global Initiative for Asthma, ICS =inhaled corticosteroids.

Table 3. Multivariate linear regression analyses of subgroups associated with sACE2 and sTMPRSS2
Variables Ln (ACE2) Ln (TMPRSS2)

β (95% CI) P value β (95% CI) P value
Age, < 70 vs. ≥ 70 −0.135 (−0.261, −0.01) 0.035 0.164 (−0.165, 0.493) 0.328
Male, vs. female −0.168 (−0.416, 0.08) 0.183
Never-smoker vs. ever-smoker 0.128 (−0.119, 0.375) 0.308
Blood eosinophil count cells/µL, < 200 vs. ≥ 200 0.085 (−0.001, 0.172) 0.054 −0.152 (−0.364, 0.06) 0.160
FEV1/FVC, < 0.6 vs. ≥ 0.6 −0.184 (−0.483, 0.115) 0.227
HTN, no vs. yes 0.269 (−0.017, 0.554) 0.065
Use of ICS on sampling time, non-use vs. use −0.103 (−0.189, −0.018) 0.018
ACE2 = angiotensin-converting enzyme 2, TMPRSS2 = transmembrane protease serine subtype 2, sACE2 = soluble ACE2, sTMPRSS2 = soluble form of TMPRSS2, CI 
= confidence interval, FEV1 = forced expiratory volume in 1 second, FVC = forced vital capacity, HTN = hypertension, ICS = inhaled corticosteroids.
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Fig. 1. Relationship between ACE2 levels and clinical variables. The level of ACE2 were compared between subgroups according to age (A), BEC (B), and ICS use (C). 
ACE2 = angiotensin-converting enzyme 2, BEC = blood eosinophil count, ICS = inhaled corticosteroids.

Table 4. Correlation between ACE2, TMPRSS2, and clinical variables
Variables Ln (ACE2) Ln (TMPRSS2)

Spearman’s rho P value Spearman’s rho P value
Age −0.087 0.081 0.074 0.139
BMI 0.009 0.869 0.015 0.785
Blood IgE level kIU/L 0.048 0.356 0.031 0.554
Blood eosinophils 0.160 0.001 −0.049 0.328
Sputum eosinophil % 0.023 0.661 −0.023 0.662
Sputum neutrophil % −0.029 0.571 0.135 0.007
FeNO 0.130 0.042 −0.097 0.130
FEV1 % predicted value 0.062 0.212 −0.073 0.143
FEV1/FVC 0.018 0.716 −0.126 0.012
Ln (TMPRSS2) 0.154 0.002
ACE2 = angiotensin-converting enzyme 2, TMPRSS2 = transmembrane protease serine subtype 2, BMI = body 
mass index, FeNO = fractional exhaled nitric oxide, FEV1 = forced expiratory volume in 1 second, FVC = forced vital 
capacity.
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Fig. 2. Correlation between ACE2 and eosinophilic inflammatory markers. The correlation between ACE2 and eosinophilic inflammatory markers including BEC 
(A) and FeNO (B). 
ACE2 = angiotensin-converting enzyme 2, BEC = blood eosinophil count, FeNO = fractional exhaled nitric oxide.
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= 0.007), ever-smoker (β, 0.239; 95% CI, 0.033, 0.445; P = 0.023), eosinophilic asthma (β, 
−0.213; 95% CI, −0.424, −0.002; P = 0.048), forced expiratory volume in 1 second/forced 
vital capacity (FEV1/FVC) ratio greater than 0.6 (β, −0.321; 95% CI, −0.614, −0.027; P = 
0.032), and HTN (β, 0.383; 95% CI, 0.117, 0.648; P = 0.005) were significantly associated 
with serum TMPRSS2. The levels of sTMPRSS2 were not affected by overweight status and 
atopy. Diagnosis with DM, CIU, rhinitis, AERD, and ACO also did not affect sTMPRSS2 levels. 
Contrary to sACE2, ICS use was irrelevant to sTMPRSS2 levels (Table 2). We have noted that 
none remained significant association with sTMPRSS2 when multivariate linear regression 
analyses were performed (Table 3).

Comparisons of the sTMPRSS2 levels between predefined subgroups also revealed that the 
elderly (≥ 70 years) had significantly lower sTMPRSS2 than the younger patients (7.59 ± 0.92 
vs. 7.24 ± 1.0, P = 0.024). The TMPRSS2 levels were lower in females and never-smokers 
compared to males (7.18 ± 1.07 vs. 7.46 ± 0.92, P = 0.007) and ever-smokers (7.19 ± 1.09 
vs. 7.43 ± 0.88, P = 0.023), respectively. Patients with lower blood eosinophils (< 200 cells/
µL) and FEV1/FVC ratio (< 0.6) reported the higher TMPRSS2 than those with eosinophilia 
(eosinophils ≥ 200/µL) (7.42 ± 0.96 vs. 7.21 ± 1.05, P = 0.048) and better lung function (FEV1/
FVC ≥ 0.6) (7.56 ± 0.91 vs. 7.24 ± 1.04, P = 0.032). Patients with HTN had higher serum 
TMPRSS2 compared to the others (7.60 ± 1.03 vs. 7.22 ± 1.01, P = 0.005) (Fig. 3).
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Meanwhile, the percentage of sputum neutrophils (ρ, 0.135; P = 0.007) (Fig. 4) and FEV1/FVC ratio 
(ρ, −0.126; P = 0.012) presented statistically significant correlations with sTMPRSS2 (Table 4).

DISCUSSION

In the present study, we investigated the ACE2 and TMPRSS2 levels in the serum of patients 
diagnosed with asthma according to various demographic and clinical characteristics. 
Higher levels of serum ACE2 were noted in the patients younger than 70 years old, those 
with eosinophilic asthma, and ICS non-users. Meanwhile, greater sTMPRSS2 levels were 
observed in patients aged 70 years or older, males, and ever-smokers. The patients whose 
blood eosinophils were less than 200 cells/µL, FEV1/FVC less than 0.6, and were hypertensive 
were associated with the higher sTMPRSS2 levels. In multivariate linear regression analyses, 
only age and ICS use remained significantly associated with sACE2. Nevertheless, blood 
eosinophils and FeNO levels were positively correlated with serum ACE2, while the 
proportion of sputum neutrophils was positively correlated with sTMPRSS2. Collectively, 
different levels of sACE2 and sTMPRSS2 in asthmatics may suggest the heterogeneity of 
susceptibility and disease course of COVID-19 in asthmatics according to age, use of ICS, and 
expression of inflammatory markers.

In spite of numerous studies investigating gene expressions of ACE2 in tissues, far fewer data 
have been published on circulating ACE2, especially in asthmatic patients.9,17,18 Kornilov 
et al.17 reported that plasma sACE2 levels were higher in the older participants in a large 
wellness program cohort composed of 2,051 subjects whose ages ranged from 22 to 87 years. 
Pavel et al.18 also identified a positive correlation between serum ACE2 protein level and age 
in healthy subjects. Meanwhile, in a cohort composed of elderly populations aged 66–96 
years, age and sACE2 tend to have a negative correlation, despite statistical insignificance 
(β, −0.0014; 95% CI, −0.0029, 0.0000; P = 0.057). Most recently, AlGhatrif et al.19 reported 
a positive association in participants below the age of 55 years and a negative association in 
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older participants. In our cohort, asthmatic patients aged 70 years and above had lower levels 
of sACE2 than younger patients, which was the first report of sACE2 levels in asthmatics.

Our study also found that there was a higher level of sACE2 in patients with eosinophilic 
asthma. In addition, blood eosinophils and FeNO were significantly correlated with serum 
ACE2. In previous studies, when analyzing bronchial epithelium from patients with asthma, 
those with peripheral eosinophilia reported lower ACE2 gene expression.7 In asthmatic 
children, ACE2 expression in nasal epithelial cells was inversely associated with type 2 
biomarkers, such as the number of positive allergen-specific IgE test results, total IgE 
level, and FeNO, except blood eosinophils.6 When Kermani et al.20 measured ACE2 gene 
expressions in sputum, bronchial brushing, and bronchial biopsy, blood eosinophils were 
positively correlated with ACE2 expression in sputum. We have also demonstrated lower 
ACE2 serum levels in ICS users compared to non-users. Peters et al. found significantly lower 
ACE2 RNA expression levels in the sputum cells of asthmatics on ICS.21

The expression pattern of serum TMPRSS2 was different from that of ACE2. In contrast 
to ACE2, aged (≥ 70 years) patients had higher levels of TMPRSS2 than younger patients. 
Moreover, males and ever-smokers were associated with higher TMPRSS2 expressions. 
Regarding the clinical features of asthma, sTMPRSS2 was lower in eosinophilic asthma. 
Rather, it was positively correlated with sputum neutrophil percentage and negatively 
correlated with the FEV1/FVC ratio. The different expressions of ACE2 and TMPRSS2 have 
been persistently reported in studies evaluating gene expressions.20,22 Even though the role 
of circulating TMPRSS2 is still elusive, we could infer that the demographic and clinical 
features of asthma are associated with gene and protein expressions of TMPRSS2.

The inconsistent directions between gene expressions of target tissue and circulating 
protein could be explained by several reasons; 1) the expressed genes do not always result 
in the production of proteins, 2) tissue ACE2 should undergo protein shedding to release 
sACE2, requiring the involvement of ADAM-17 proteases, and 3) ACE2/TMPRSS2 are widely 
distributed across the organs, and 4) the origin of circulating ACE2/TMPRSS2 is hard to 
determine.23 Therefore, further research is needed to understand the mechanical linkage 
between cell membrane receptors of tissue and circulating proteins in blood.

Mechanistically, sACE2 in the blood could play a protective role by trapping the circulating 
viruses, interfering with their cell entry.24 In accordance, an ex vivo experiment reported 
the inhibitory effect of human recombinant sACE2 on SARS-CoV-2 infection using human 
organoid models.25 Consequently, sACE2 is considered as one of the potential therapeutic 
agents working as a decoy receptor.26 In this regard, lower levels of baseline sACE2 could be 
a poor prognostic factor in COVID-19 patients with asthma, who were elderly (≥ 70 years), 
a non-eosinophilic phenotype, and ICS users. However, the clinical relevance of the sACE2 
level remains to be determined, particularly in the context of SARS-CoV-2 infection. More 
data are needed to validate clinical usefulness and define the optimal cut-off value of sACE2 
in diverse medical conditions. Although the role of circulating TMPRSS2 is yet to know, the 
level of ACE2 and TMPRSS2 was significantly correlated in our subjects. This may suggest the 
presence of linkage between each other regardless of viral infection.

There are several limitations to the present study. First, there was no reference range derived 
from healthy controls. However, in terms of gene expression, the level of ACE2 and TMPRSS2 
in sputum was comparable between asthmatics and healthy participants, although different 
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level was noted in sub-analyses among asthmatics.21 We have also noted similar level of serum 
ACE2 and TMPRSS2 in age and sex-matched patients with CIU (data not shown). Consequently, 
the results of our study need to be interpreted among the patients with asthma. Second, the 
relationship between the risk of infection or prognosis of COVID-19 and sACE2 or sTMPRSS2 
is still largely unanswered since our study was conducted in a preexisting cohort unaffected 
by the SARS-CoV-2 infection. More data need to be accumulated regarding the disease course 
and expression of sACE2 in asthmatics diagnosed with COVID-19. Thirdly, since the presence 
of comorbidities was obtained from the self-reporting questionnaires, their prevalence might 
have been underestimated. In addition, we could not obtain information on the use of ACE 
inhibitors, which could have affected the circulating ACE2 levels especially in patients with 
HTN.27 Lastly, as this is an observational study conducted cross-sectionally, the causal relation 
between clinical hallmarks and ACE2/TMPRSS2 is hard to evaluate.

Nevertheless, this is the first study demonstrating the serum level of ACE2 and TMPRSS2 in a 
large asthma cohort. Our data suggest that the demographic and clinical features of asthma 
patients may contribute to the vulnerability or severity of COVID-19 infection. Future studies 
are warranted to define the clinical meaning of the sACE2 and sTMPRSS2 levels in the context 
of SARS-CoV-2 infection.

REFERENCES

 1. Sanchez-Ramirez DC, Mackey D. Underlying respiratory diseases, specifically COPD, and smoking 
are associated with severe COVID-19 outcomes: a systematic review and meta-analysis. Respir Med 
2020;171:106096. 
PUBMED | CROSSREF

 2. Wu C, Chen X, Cai Y, Xia J, Zhou X, Xu S, et al. Risk factors associated with acute respiratory distress 
syndrome and death in patients with coronavirus disease 2019 pneumonia in Wuhan, China. JAMA Intern 
Med 2020;180(7):934-43. 
PUBMED | CROSSREF

 3. Terry PD, Heidel RE, Dhand R. Asthma in adult patients with COVID-19. Prevalence and risk of severe 
disease. Am J Respir Crit Care Med 2021;203(7):893-905. 
PUBMED | CROSSREF

 4. Lee H, Choi S, Park JY, Jo DS, Choi UY, Lee H, et al. Analysis of critical COVID-19 cases among children in 
Korea. J Korean Med Sci 2022;37(1):e13. 
PUBMED | CROSSREF

 5. Yao Y, Wang H, Liu Z. Expression of ACE2 in airways: implication for COVID-19 risk and disease management 
in patients with chronic inflammatory respiratory diseases. Clin Exp Allergy 2020;50(12):1313-24. 
PUBMED | CROSSREF

 6. Jackson DJ, Busse WW, Bacharier LB, Kattan M, O’Connor GT, Wood RA, et al. Association of 
respiratory allergy, asthma, and expression of the SARS-CoV-2 receptor ACE2. J Allergy Clin Immunol 
2020;146(1):203-206.e3. 
PUBMED | CROSSREF

 7. Camiolo M, Gauthier M, Kaminski N, Ray A, Wenzel SE. Expression of SARS-CoV-2 receptor ACE2 and 
coincident host response signature varies by asthma inflammatory phenotype. J Allergy Clin Immunol 
2020;146(2):315-324.e7. 
PUBMED | CROSSREF

 8. Emilsson V, Gudmundsson EF, Aspelund T, Jonsson BG, Gudjonsson A, Launer LJ, et al. Serum levels of 
ACE2 are higher in patients with obesity and diabetes. Obes Sci Pract 2020;7(2):239-43. 
PUBMED | CROSSREF

 9. Swärd P, Edsfeldt A, Reepalu A, Jehpsson L, Rosengren BE, Karlsson MK. Age and sex differences in 
soluble ACE2 may give insights for COVID-19. Crit Care 2020;24(1):221. 
PUBMED | CROSSREF

 10. Reindl-Schwaighofer R, Hödlmoser S, Eskandary F, Poglitsch M, Bonderman D, Strassl R, et al. ACE2 
elevation in severe COVID-19. Am J Respir Crit Care Med 2021;203(9):1191-6. 
CROSSREF

https://doi.org/10.3346/jkms.2022.37.e65

Serum ACE2 and TMPRSS2 Levels in Asthma

http://www.ncbi.nlm.nih.gov/pubmed/32763754
https://doi.org/10.1016/j.rmed.2020.106096
http://www.ncbi.nlm.nih.gov/pubmed/32167524
https://doi.org/10.1001/jamainternmed.2020.0994
http://www.ncbi.nlm.nih.gov/pubmed/33493416
https://doi.org/10.1164/rccm.202008-3266OC
http://www.ncbi.nlm.nih.gov/pubmed/34981683
https://doi.org/10.3346/jkms.2022.37.e13
http://www.ncbi.nlm.nih.gov/pubmed/32975865
https://doi.org/10.1111/cea.13746
http://www.ncbi.nlm.nih.gov/pubmed/32333915
https://doi.org/10.1016/j.jaci.2020.04.009
http://www.ncbi.nlm.nih.gov/pubmed/32531372
https://doi.org/10.1016/j.jaci.2020.05.051
http://www.ncbi.nlm.nih.gov/pubmed/33841894
https://doi.org/10.1002/osp4.472
http://www.ncbi.nlm.nih.gov/pubmed/32410690
https://doi.org/10.1186/s13054-020-02942-2
https://doi.org/10.1164/rccm.202101-0142LE


11/11https://jkms.org

 11. Nagy B Jr, Fejes Z, Szentkereszty Z, Sütő R, Várkonyi I, Ajzner É, et al. A dramatic rise in serum ACE2 
activity in a critically ill COVID-19 patient. Int J Infect Dis 2021;103:412-4. 
PUBMED | CROSSREF

 12. Zoufaly A, Poglitsch M, Aberle JH, Hoepler W, Seitz T, Traugott M, et al. Human recombinant soluble 
ACE2 in severe COVID-19. Lancet Respir Med 2020;8(11):1154-8. 
PUBMED | CROSSREF

 13. Kim TB, Park CS, Bae YJ, Cho YS, Moon HB; COREA Study Group. Factors associated with severity and 
exacerbation of asthma: a baseline analysis of the cohort for reality and evolution of adult asthma in Korea 
(COREA). Ann Allergy Asthma Immunol 2009;103(4):311-7. 
PUBMED | CROSSREF

 14. Kim TB, Jang AS, Kwon HS, Park JS, Chang YS, Cho SH, et al. Identification of asthma clusters in two 
independent Korean adult asthma cohorts. Eur Respir J 2013;41(6):1308-14. 
PUBMED | CROSSREF

 15. Park SY, Jung HW, Lee JM, Shin B, Kim HJ, Kim MH, et al. Novel trajectories for identifying asthma 
phenotypes: a longitudinal study in Korean asthma cohort, COREA. J Allergy Clin Immunol Pract 
2019;7(6):1850-1857.e4. 
PUBMED | CROSSREF

 16. Global Initiative for Asthma. Global strategy for asthma management and prevention. https://ginasthma.
org/wp-content/uploads/2020/06/GINA-2020-report_20_06_04-1-wms.pdf. Updated 2020. Accessed 
October 11, 2021.

 17. Kornilov SA, Lucas I, Jade K, Dai CL, Lovejoy JC, Magis AT. Plasma levels of soluble ACE2are associated 
with sex, metabolic syndrome, and its biomarkers in a large cohort, pointing to a possible mechanism for 
increased severity in COVID-19. Crit Care 2020;24(1):452. 
PUBMED | CROSSREF

 18. Pavel AB, Wu J, Renert-Yuval Y, Del Duca E, Glickman JW, Miller RL, et al. SARS-CoV-2 receptor ACE2 
protein expression in serum is significantly associated with age. Allergy 2021;76(3):875-8. 
PUBMED | CROSSREF

 19. AlGhatrif M, Tanaka T, Moore AZ, Bandinelli S, Lakatta EG, Ferrucci L. Age-associated difference in 
circulating ACE2, the gateway for SARS-COV-2, in humans: results from the InCHIANTI study. Geroscience 
2021;43(2):619-27. 
PUBMED

 20. Kermani NZ, Song WJ, Badi Y, Versi A, Guo Y, Sun K, et al. Sputum ACE2, TMPRSS2 and FURIN gene 
expression in severe neutrophilic asthma. Respir Res 2021;22(1):10. 
PUBMED | CROSSREF

 21. Peters MC, Sajuthi S, Deford P, Christenson S, Rios CL, Montgomery MT, et al. COVID-19-related genes in 
sputum cells in asthma. Relationship to demographic features and corticosteroids. Am J Respir Crit Care Med 
2020;202(1):83-90. 
PUBMED | CROSSREF

 22. Kimura H, Francisco D, Conway M, Martinez FD, Vercelli D, Polverino F, et al. Type 2 inflammation 
modulates ACE2 and TMPRSS2 in airway epithelial cells. J Allergy Clin Immunol 2020;146(1):80-88.e8. 
PUBMED | CROSSREF

 23. Hoffmann M, Kleine-Weber H, Schroeder S, Krüger N, Herrler T, Erichsen S, et al. SARS-CoV-2 cell 
entry depends on ACE2 and TMPRSS2 and is blocked by a clinically proven protease inhibitor. Cell 
2020;181(2):271-280.e8. 
PUBMED | CROSSREF

 24. Davidson AM, Wysocki J, Batlle D. Interaction of SARS-CoV-2 and other coronavirus with ACE 
(angiotensin-converting enzyme)-2 as their main receptor: therapeutic implications. Hypertension 
2020;76(5):1339-49. 
PUBMED | CROSSREF

 25. Monteil V, Kwon H, Prado P, Hagelkrüys A, Wimmer RA, Stahl M, et al. Inhibition of SARS-CoV-2 infections 
in engineered human tissues using clinical-grade soluble human ACE2. Cell 2020;181(4):905-913.e7. 
PUBMED | CROSSREF

 26. Alhenc-Gelas F, Drueke TB. Blockade of SARS-CoV-2 infection by recombinant soluble ACE2. Kidney Int 
2020;97(6):1091-3. 
PUBMED | CROSSREF

 27. Kim J, Kim DW, Kim KI, Kim HB, Kim JH, Lee YG, et al. Compliance of antihypertensive medication and 
risk of coronavirus disease 2019: a cohort study using big data from the Korean National Health Insurance 
Service. J Korean Med Sci 2020;35(25):e232. 
PUBMED | CROSSREF

https://doi.org/10.3346/jkms.2022.37.e65

Serum ACE2 and TMPRSS2 Levels in Asthma

http://www.ncbi.nlm.nih.gov/pubmed/33249290
https://doi.org/10.1016/j.ijid.2020.11.184
http://www.ncbi.nlm.nih.gov/pubmed/33131609
https://doi.org/10.1016/S2213-2600(20)30418-5
http://www.ncbi.nlm.nih.gov/pubmed/19852195
https://doi.org/10.1016/S1081-1206(10)60530-3
http://www.ncbi.nlm.nih.gov/pubmed/23060627
https://doi.org/10.1183/09031936.00100811
http://www.ncbi.nlm.nih.gov/pubmed/30794966
https://doi.org/10.1016/j.jaip.2019.02.011
http://www.ncbi.nlm.nih.gov/pubmed/32698840
https://doi.org/10.1186/s13054-020-03141-9
http://www.ncbi.nlm.nih.gov/pubmed/32726474
https://doi.org/10.1111/all.14522
http://www.ncbi.nlm.nih.gov/pubmed/33462706
http://www.ncbi.nlm.nih.gov/pubmed/33413387
https://doi.org/10.1186/s12931-020-01605-8
http://www.ncbi.nlm.nih.gov/pubmed/32348692
https://doi.org/10.1164/rccm.202003-0821OC
http://www.ncbi.nlm.nih.gov/pubmed/32422146
https://doi.org/10.1016/j.jaci.2020.05.004
http://www.ncbi.nlm.nih.gov/pubmed/32142651
https://doi.org/10.1016/j.cell.2020.02.052
http://www.ncbi.nlm.nih.gov/pubmed/32851855
https://doi.org/10.1161/HYPERTENSIONAHA.120.15256
http://www.ncbi.nlm.nih.gov/pubmed/32333836
https://doi.org/10.1016/j.cell.2020.04.004
http://www.ncbi.nlm.nih.gov/pubmed/32354636
https://doi.org/10.1016/j.kint.2020.04.009
http://www.ncbi.nlm.nih.gov/pubmed/32597045
https://doi.org/10.3346/jkms.2020.35.e232

	Soluble ACE2 and TMPRSS2 Levels in the Serum of Asthmatic Patients
	INTRODUCTION
	METHODS
	Clinical and demographic variables
	Measurement of ACE2 and TMPRSS2
	Statistical analysis
	Ethics statement

	RESULTS
	Different levels of serum ACE2 according to characteristics of asthmatics
	Different levels of serum TMPRSS2 according to the characteristics of asthmatics

	DISCUSSION
	REFERENCES


