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Capsule Summary

Combination of IL-6 (non-Type 2 asthma) and FeNO or blood eosinophil count (Type 2 asthma) 

identified asthma endotypes related to asthma severity, exacerbations, and responsiveness to 

corticosteroids and potential for response to anti-Type 2 and anti-IL-6 treatment.

Keywords

asthma severity; blood eosinophil count; FeNO; IL-6; corticosteroid responsiveness

To the Editor:

Asthma is a heterogeneous respiratory disease. Eosinophilic inflammation is important in 

Type 2 early onset more allergic asthma while neutrophilic inflammation or other unknown 

mechanisms are involved in non-Type 2 asthma. Identification of asthma endotypes linking 

biological pathways and molecular mechanisms for asthma phenotypes should lead to more 

precise approaches to characterize and treat asthma.

The NHLBI Severe Asthma Research Program (SARP) has an overall goal to identify 

clinical and pathophysiologic differences between mild-moderate and severe asthma. 

SARP1–2 were cross sectional studies and SARP3 was a longitudinal study with higher 

percentage of severe asthma compared to SARP1–2. In a previous genetic study in SARP1–

2, the C allele of rs2228145 (Asp358Ala) in IL6R was associated with higher serum soluble 

IL-6R (sIL-6R) levels, asthma, and lower lung function.1 Higher levels of plasma 

interleukin-6 (IL-6) have been correlated with higher BMI, lower lung function, and more 

frequent asthma exacerbations in the SARP3 and UCSF cohorts.2 Higher fractional exhaled 

nitric oxide (FeNO) levels correlate with Type 2 asthma and better responses to 

corticosteroids.3 In this study, we investigated whether IL-6, sIL-6R, FeNO, blood 

eosinophil count and the combination of FeNO or blood eosinophil count (Type 2 asthma) 

and IL-6 (non-Type 2 asthma) levels are associated with clinical and cellular phenotypes in 

the SARP3 and SARP1–2 cohorts (See additional information on methods in the Online 

Repository). The large comprehensively phenotyped SARP database is ideal to examine 

relationship between Type 2 eosinophilic and non-Type 2 mechanisms in severe and non-

severe asthma.

Adults (age≥12 years) with asthma in SARP3 were older (p<0.0001) and with lower 

percentage of African Americans (p<0.0001) than SARP1–2 subjects (Table E1). With 

adjustment of age, sex, BMI, and race, SARP3 subjects had significantly higher percentage 

of severe asthma and systemic corticosteroid use in last year (p<0.0001), higher percentage 

of sputum neutrophils (p=0.0002), and lower baseline FEV1/FVC (p<0.0001) than SARP1–2 

subjects. SARP3 and SARP1–2 had similar levels of FeNO, blood eosinophil count, serum 

sIL-6R levels, and plasma or serum IL-6 levels (p>0.05), and thus a merged SARP1–3 

dataset was used for analyses.

Serum sIL-6R levels were positively correlated with blood neutrophil counts (p=0.0004) but 

not significantly correlated with asthma severity or asthma exacerbations with adjustment 

for age, sex, BMI, and race (Table E2). We confirmed that the C allele of rs2228145 was 
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associated with higher serum sIL-6R levels (p<0.0001). Interestingly, the C allele of 

rs2228145 was the risk allele for asthma, hay fever, and atopic dermatitis, but it has been 

reported to be the protective allele for rheumatoid arthritis.4 In summary, sIL-6R levels may 

not be a predictive biomarker for severe asthma and exacerbations, and thus were not used 

for further analyses in this study.

Higher plasma or serum IL-6 levels were significantly correlated with older age (p=0.001), 

female gender (p=0.01), and higher BMI (p<0.0001) in merged SARP1–3 dataset (Table E3) 

or with similar trends in SARP1–2 (Table E4) and SARP3 (Table E5). In a recent study, 

White et al. has reported that plasma IL-6 levels are higher in African Americans than 

Whites in both control and asthma groups.5 In this study, IL-6 levels were not significantly 

different in subjects with asthma between African Americans (2.7±4.1 pg/ml; n=230) and 

Whites (2.6±4.7 pg/ml; n=476) (Table E6). With adjustment for age, sex, BMI, and race, 

higher IL-6 levels were still significantly correlated with lower baseline % predicted FEV1 

(p=0.01), higher blood neutrophil counts (p<0.0001), asthma hospitalizations in the last year 

(p=0.01), and systemic corticosteroid use in the last year (p<0.0001) in merged SARP1–3 

dataset. IL-6 levels were not correlated with cellular characteristics of Type 2 asthma (higher 

blood eosinophil counts and % sputum eosinophils, total serum IgE levels, and FeNO levels) 

in merged SARP1–3 dataset (Table E3). Similar trends were observed in SARP1–2 (Table 

E4) and SARP3 (Table E5). In SARP1–3 subjects (n=695) with IL-6 levels, FeNO levels, 

and blood eosinophil counts, IL-6 levels and FeNO levels were independent (High IL-6 & 

High FeNO+Low IL-6 & Low FeNO:High IL-6 &Low FeNO+Low IL-6 & High 

FeNO=365:330) and IL-6 levels and blood eosinophil counts were also independent (HH

+LL:HL+LH=390:305) (Figure 1). IL-6 levels were not significantly correlated with 

responses to corticosteroid evoked phenotypes6 (change of ACQ6 or % change of FEV1) 

before and 3 weeks after an intramuscular triamcinolone acetonide injection in SARP3. In 

summary, IL-6 levels may be a useful biomarker associated with severe asthma and 

exacerbations. Thus, IL-6 levels are correlated with asthma phenotypes but not Type 2 

asthma biomarkers.

Higher FeNO levels were significantly correlated with younger age (p=0.02) and lower BMI 

(p=0.0008) (Table E7). With adjustment for age, sex, BMI, and race, higher FeNO levels 

were still significantly correlated with lower baseline % predicted FEV1 (p=0.002) and 

FEV1/FVC (p<0.0001), greater bronchodilator reversibility (p<0.0001), asthma 

hospitalizations in the last year (p=0.05), ICU admissions due to asthma in the last year 

(p=0.02), and systemic corticosteroid use in the last year (p=0.03). FeNO levels were 

positively correlated with cellular characteristics of Type 2 asthma (higher blood eosinophil 

counts, % sputum eosinophils, and total serum IgE levels) (p<0.0001). In SARP1–3 subjects 

(n=695), FeNO levels were positively correlated with blood eosinophil counts (HH+LL:HL

+LH=448:247) (Figure 1). Higher FeNO levels were significantly correlated with greater % 

change of FEV1 (p=0.0004) and greater decrease of ACQ6 (p=0.01) before and 3 weeks 

after an intramuscular triamcinolone acetonide injection. With adjustment for age, sex, BMI, 

and race, higher blood eosinophil count was significantly correlated with lower baseline % 

predicted FEV1 (p<0.0001) and FEV1/FVC (p<0.0001), greater bronchodilator reversibility 

(p<0.0001), and higher systemic corticosteroid use in last year (p=0.03) (Table E8). Blood 

eosinophil count was positively correlated with cellular characteristics of Type 2 asthma 
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(higher % sputum eosinophils, FeNO, and total serum IgE levels) (p<0.0001). Higher blood 

eosinophil count was significantly correlated with greater % change of FEV1 (p=0.0004) 

before and 3 weeks after an intramuscular triamcinolone acetonide injection. In summary, 

FeNO levels and blood eosinophil count may be useful biomarkers for severe asthma and 

exacerbations. FeNO levels and blood eosinophil count are correlated with asthma 

phenotypes and corticosteroid evoked phenotypes representing Type 2 asthma biomarkers.

Phenotypes were compared among four groups categorized by the combinations of High-

Low IL-6 levels (≥3.1 pg/ml or <3.1 pg/ml) and High-Low FeNO levels (≥25 ppb or < 

25ppb) (Table I and Table E9–E11) or High-Low blood eosinophil count (≥300 cells/μl or 

<300 cells/μl) (Table I and Table E12). Two high IL-6 groups (HL and HH) had higher blood 

neutrophil counts (p<0.0001), higher BMI (p<0.0001), lower baseline % predicted FEV1 

(p=0.01), higher percentage of asthma hospitalizations (p=0.02) and systemic corticosteroid 

use in last year (p=0.005) than two low IL-6 groups (LL and LH) in merged SARP1–3 

dataset (Table E9), and showed similar trend in SARP1–2 (Table E10) and SARP3 (Table 

E11). Two high FeNO groups (LH and HH) had higher sputum and blood eosinophils and 

total serum IgE levels (p<0.0001), lower baseline FEVi/FVC (p=0.02), greater 

bronchodilator reversibility (p=0.004), and greater % changes of FEV1 before and after 

corticosteroid administration6 (p=0.04) than two low FeNO groups (LL and HL) in merged 

SARP1–3 dataset (Table E9). Two high blood eosinophil count groups (LH and HH) had 

higher sputum eosinophils, FeNO, and total serum IgE levels (p<0.0001), lower FEV1/FVC 

(p=0.01), greater bronchodilator reversibility (p=0.004), and greater % changes of FEV1 

before and after corticosteroid administration (p=0.004) than two low blood eosinophil count 

groups (HL and LL) (Table E12). High FeNO and high blood eosinophil count group (HH) 

or low FeNO and low blood eosinophil count group (LL) had greater or lower % changes of 

FEV1 before and after corticosteroid administration or % sputum eosinophils than high 

FeNO and low blood eosinophil count group (HL) or low FeNO and high blood eosinophil 

count group (LH), respectively (p<0.0001) (Table E13). Combinations of FeNO and blood 

eosinophil count appear to be a better predictive biomarker for eosinophilic inflammation 

than FeNO or blood eosinophil count. In summary, subjects with higher IL-6 levels tend to 

be more obese with higher blood neutrophil counts, more severe asthma and asthma 

exacerbations; subjects with higher FeNO levels or blood eosinophil count tend to have Type 

2 asthma with eosinophilic inflammation, more severe asthma and asthma exacerbations, 

and larger improvement after systemic corticosteroid administration. These four groups may 

reflect four different asthma endotypes.

Previous studies have indicated that FeNO is a reliable non-invasive biomarker of 

eosinophilic inflammation and corticosteroid responses.3 IL-6 binding to membrane IL-6R 

(classic IL-6 signaling pathway) or sIL-6R (trans-signaling pathway) is involved in host 

defence against infections, asthma, autoimmune diseases, and cardiovascular diseases.7,8 

Combination of sputum eosinophils and neutrophils may identify subjects with more severe 

asthma symptoms.9 The distribution of IL-6 levels, FeNO levels, and blood eosinophil 

counts were continuous (Figure E1–E2), indicating that the choice of cutoff values was 

relatively subjective. Identification of the best cutoff values for these biomarkers is 

warranted for future categorization of asthma endotypes. Correlation of biomarkers (as 

quantitative variables) was performed using Spearman rank correlation (Table E14). IL-6 
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levels were not significantly correlated with Type 2 asthma biomarkers, and thus should 

reflect a non-Type 2 asthma. IL-6 levels were positively correlated with blood neutrophil 

count (p<0.0001) but not significantly correlated with % sputum neutrophils, which indicate 

IL-6 levels may not be a good surrogate for airway neutrophilic inflammation. Type 2 

asthma biomarkers (% sputum eosinophils, blood eosinophil count, FeNO, and total serum 

IgE levels) were positively correlated with each other (p<0.0001), but the correlation was not 

strong (0.2<correlation coefficient rho<0.5), which may indicate there are more than one 

Type 2 asthma endotype.

In this study, we showed that combination of IL-6 (representing non-Type 2 asthma) and 

FeNO or blood eosinophil count (representing Type 2 asthma) may identify different asthma 

endotypes (Figure E3). In the future, it is important to test measurement consistency, 

longitudinal changes, and drug effects on these biomarkers. It will be also important to 

evaluate treatment with IL-6 antibodies to determine their effects on asthma severity 

phenotypes and control. For example, we can postulate that a combination of anti-Type 2 

and anti-IL-6 drugs may be needed for treating severe asthmatics with the HH endotype, 

while anti-Type 2 or anti-IL-6 therapies may be effective in severe asthmatics with the LH or 

HL endotypes, respectively. Additional forms of therapies may be more effective for the LL 

endotype. It will be critical to develop and test potential biomarkers that will predict 

responsiveness or lack of responsiveness to the biologic therapies, in order to advance 

stratified therapy in asthma.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Venn diagram of adults with asthma and IL-6 levels, FeNO levels, and blood eosinophil 

counts in SARP1–3 (n=695). Subjects were categorized into high IL-6 (≥3.1 pg/ml,) or low 

IL-6 (<3.1 pg/ml), high FeNO (≥25 ppb) or low FeNO (<25 ppb), and high blood 

eosinophils (≥300 cells/μl) or low blood eosinophils (<300 cells/μl).
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