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Abstract 26 

This review summarizes some of the most significant advances in asthma research over the 27 

past year. We first focus on novel discoveries in the mechanism of asthma development and 28 

exacerbation. This is followed by a discussion of potential new biomarkers, including the use of 29 

radiographic markers of disease. Several new biologics have become available to the clinician 30 

in the past year, and we summarize these advances and how they may influence the clinical 31 

delivery of asthma care. Following this, important findings in the genetics of asthma and 32 

heterogeneity in phenotypes of the disease are explored, as is the role the environment plays in 33 

shaping the development and exacerbation of asthma. Finally, we conclude with a discussion of 34 

advances in health literacy and how they will impact asthma care.  35 

  36 
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Introduction 37 

This past year significant achievements have been made in nearly all areas of asthma research. 38 

This review highlights many of these important advances. While we focused on publications 39 

from the Journal of Allergy and Clinical Immunology, we also identified numerous other studies 40 

that have helped move the field forward. Studies cited extend our understanding of the 41 

mechanisms through which asthma develops and exacerbates (figure 1), as well as newly 42 

identified potential biomarkers. We also report several studies exploring new imaging 43 

techniques. 44 

 45 

We summarize important developments in new therapies and therapeutic targets for asthma 46 

(figure 2). This is followed by a discussion on genetics of asthma and the heterogeneity of 47 

asthma phenotypes. The role environment plays in shaping development and exacerbation of 48 

asthma is examined as well (figure 3). We conclude with a section on health literacy, a critical 49 

component for successfully treating asthma, and other related advances. 50 

 51 

Our summary is not a comprehensive list of all the novel and important information that has 52 

been gleaned about asthma and its treatment, but provides an indication of the direction of 53 

research and potential discoveries that remain to be uncovered. 54 

 55 

Biomarkers and mechanisms 56 

This past year saw advances in understanding mechanisms that drive development and 57 

exacerbation of asthma (figure 1). Using both human and mouse data, these studies assessed 58 

cellular and molecular interactions underlying asthma, and identified new biomarkers – both 59 

cellular/protein and clinical – that may delineate the risk of developing asthma.  60 

 61 

Risk of developing wheeze/asthma 62 

Studies this year continued to examine the influence of respiratory viruses on subsequent 63 

wheeze or asthma. Lukkarinen et al. evaluated risk factors for asthma at 7 years of age, based 64 

on the first severe wheezing episode (90% hospitalized with their wheezing episode).1 65 

Examining 127 children, the authors found that wheezing with rhinovirus, having allergic 66 

sensitization at the time of wheezing illness, and eczema were all risk factors for having atopic 67 

asthma at 7 years. Interestingly, non-atopic asthma at 7 years of age associated with parental 68 

smoking or RSV infection (without evidence of rhinovirus) as the cause of initial wheeze, and 69 

was associated with wheezing before 1 year of age. In addition to providing predictive 70 
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biomarkers for atopic versus non-atopic asthma, this study suggests mechanisms of viral-71 

induced disease differ between rhinovirus and RSV. The Childhood Origins of ASThma 72 

(COAST) study found a similar risk for atopic asthma at 13 years of age with sensitization and 73 

rhinovirus induced wheezing; however, RSV and wheezing in the first 3 years of life was not 74 

associated with asthma at 13 years.2 Whether RSV wheezing in the first year of life correlates 75 

with subsequent asthma was not determined. While not specifically looking at viral infections, 76 

another group examined cellular signatures in the lower airways of children with severe 77 

asthma.3 Regardless of atopic status, researchers found a strong Th1 signature in the airways 78 

and hypothesized that respiratory pathogens might be the prime candidates for driving this Th1 79 

response in these children.  80 

 81 

Rosas-Salazar et al. identified a link connecting early life RSV infection/wheeze and the infant 82 

nasal microbiome. Of 118 infants with confirmed RSV acute respiratory infections, those who 83 

had an increased abundance of Lactobacillus in their nasopharyngeal microbiome were 84 

significantly less likely to have wheeze at 2 years of age.4 In adults, the nasal microbiome 85 

significantly differentiated between healthy controls and subjects with asthma, as well as 86 

asthma exacerbation status. Increasing abundance of four species of bacteria (Prevotella 87 

buccalis, Dialister invisus, Gardnerella vaginalis, and Alkanindiges hongkongensis) associated 88 

with the presence of asthma, and their abundance was higher in those with an exacerbation.5 89 

Another study found the level of airway inflammation correlated with bacterial composition in 90 

bronchoalveolar lavage (BAL) fluid.6 Subjects with high levels of eosinophils or low levels of 91 

neutrophils had BAL microbiomes most similar to non-asthmatic subjects. Meanwhile, low levels 92 

of eosinophils or high levels of neutrophils were both associated with the most significant 93 

reduction in microbial diversity. Another interesting study this year demonstrated higher IL-33 94 

levels in the nasal pharyngeal fluid of children with asthma that were colonized with gram 95 

negative bacteria.7 These children further had decreased FEV1 and an increased frequency of 96 

antibiotic use. Together, these studies demonstrate that mechanisms of asthma (or wheeze) 97 

development likely contribute to differences in the microbiome and/or vice versa. Further studies 98 

are needed to determine the mechanistic implications of these works.  99 

 100 

Cellular mechanisms in asthma 101 

The role of neutrophils in asthma was explored in 2017. Alam et al. broadly characterized 102 

subjects with asthma who were or were not responsive to controller medications and compared 103 

them to healthy subjects.8 Those with non-responsive asthma had increased neutrophils and 104 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

pro-neutrophil factors (Lipocalin-2, CXCL7, IL-8, IL-1β, and IL-6, amongst others) in their 105 

airways. Up to 40% of these patients had a subclinical infection, raising a question of whether 106 

these patients have an impairment in clearing infection. While this study was of adults, another 107 

considered the association of intraepithelial neutrophils and lung function in children with 108 

therapy-resistant asthma.9 Unlike adults, where neutrophil presence was associated with 109 

increasing inflammation, in children increased intraepithelial neutrophils correlated with better 110 

lung function. Whether the role of the neutrophil differs in adults versus children, or whether 111 

these findings all relate to neutrophil location (intraepithelial versus bronchoalveolar) must be 112 

further examined. Finally, there may be a link between neutrophils and viral-induced disease, as 113 

neutrophils expressing the cysteinyl leukotriene receptor 1 were found in nasal secretions 114 

during symptoms of a viral infection; using a mouse model, the authors demonstrated the 115 

murine equivalent of these CD49d-expressing neutrophils were critical for post-viral airway 116 

disease.10 117 

 118 

Neutrophil recruitment can involve IL-17, and. IL-17-related cytokines were elevated in the 119 

airway mucosa of subjects with neutrophilic asthma who were prone to exacerbation.11 120 

Exposure to fungal cell wall β-glucans also increased IL-17 related cytokines and contributed to 121 

severe steroid-resistant asthma.12 However, not all studies demonstrated a role for IL-17 in 122 

neutrophilic asthma. Characterizing subjects on the presence of Th2 and Th17 cells, Liu et al. 123 

found that neutrophilic asthma was associated with those with Th2/Th17 low phenotype. This 124 

group also had increased IL-8 in their airways (and decreased IL-4), while in  the Th2/Th17 high 125 

group (with low neutrophils), the IL-1β pathway seemed to be of great importance.13 126 

 127 

In 2017 several papers dissected the importance of B cells in asthma. Lymph node B cells were 128 

noted to present antigen – independent of the B cell receptor – and to skew developing T cells 129 

towards a Th1/Th17 phenotype with an initial antigen exposure. However, upon a secondary 130 

immune response, B cells appeared to drive Th2 proliferation.14 Some B cells can express 131 

FoxP3 and demonstrate a regulatory phenotype. Oliveria et al. demonstrated that these so-132 

called Breg cells are found in much lower frequency in peripheral blood of allergic asthmatic 133 

patients compared to allergic non-asthmatic patients (or normal controls). Allergen challenge 134 

resulted in decreased Breg in bone marrow and a concomitant increase in the peripheral blood. 135 

The authors suggest that one component of continued inflammation in asthma might be reduced 136 

Breg-mediated regulation of the immune response.15 The same authors demonstrated that IgE-137 

bearing B cells, memory B cells, and plasma cells were elevated in the sputum of allergic 138 
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asthma. Interestingly, this finding was limited to sputum, as there was no difference in the 139 

blood.16 These studies all suggest the importance of the B cell in asthma development and/or 140 

exacerbation. 141 

 142 

Dendritic cells gained attention in asthma in the past year. Considering that Th17-mediated 143 

neutrophilic inflammation is often seen in severe asthma, while Th2-mediated eosinophilic 144 

inflammation tends to be found in milder-to-moderate disease, Vroman et al. examined what 145 

might control dendritic cell skewing of T cell development.17 In a mouse model of asthma, they 146 

demonstrated that TNFα-induced protein 3 (also known as A20) was critical in deciding the 147 

effect of dendritic cell T cell skewing. In the absence of A20, dendritic cells drove a Th17 148 

response, while in its presence they skewed toward Th2. Importantly, the authors note that the 149 

gene for A20 (TNFAIP3) has been associated with the risk of asthma and allergies in humans. 150 

Another animal study exploring dendritic cell skewing, found genetic deletion of mechanistic 151 

target of Rapamycin (mTOR) promoted Th17-dependent neutrophilic airway inflammation.18 In 152 

the context of allergic inflammation, mTOR was found to control catabolism in dendritic cells, 153 

which prevented excessive inflammation. 154 

 155 

Using both animal models and human samples, Chairakaki et al. explored the role of 156 

plasmacytoid dendritic cells (pDC) in allergen and viral induced asthma exacerbations.19 They 157 

found IL-25, released as a result of a viral or allergen challenge, “conditioned” murine pDC to 158 

become proinflammatory; depleting pDC prevented disease. The authors noted that human 159 

pDC numbers correlated with disease severity, exacerbations, and risk of asthma attacks. 160 

Another study using both animal models and human samples demonstrated that the low-density 161 

lipoprotein receptor-related protein 1 (LRP-1), a scavenger receptor not previously associated 162 

with asthma, was expressed on human peripheral blood myeloid dendritic cells (mDC).20 The 163 

level of expression of LRP-1 was reduced on mDC from subjects with eosinophilic asthma 164 

compared to healthy controls. Using a mouse model, the authors demonstrated a genetic lack of 165 

LRP-1 on mDC associated with increased house dust mite induced airway disease, suggesting 166 

the reduced expression might be mechanistically important for the development of asthma. 167 

Another mouse model study identified a potential pathway linking protease allergen exposure to 168 

airway PD-L2 expressing Th2 skewing dendritic cells.21 This novel pathway was based upon 169 

protease induced fibrinogen cleavage products acting on mast cells leading to release of IL-13, 170 

which skewed the dendritic cells become “Th2 favorable PD-L2+” cells. Whether this pathway is 171 

operative in humans remains to be determined.  172 
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 173 

Signaling and protein based mechanisms in asthma 174 

The gene encoding orosomucoid-like 3 (ORMDL3) has been linked to human asthma, although 175 

the mechanism tying this gene product to asthma has not been clear. This year two groups 176 

characterized different potential mechanisms for ORMDL3 using mouse models. Chen et al. 177 

built upon their prior work showing that mice over-expressing ORMDL3 had increased airway 178 

smooth muscle cells and airway hyper-reactivity in the absence of inflammation.22 In the current 179 

study, the authors demonstrated that ORMDL3 increases levels of airway smooth muscle 180 

sarcoplasmic reticulum Ca2+ ATPase 2b (SERCA2b), which in turn leads to increased smooth 181 

muscle proliferation and contractility -- providing a mechanism through which ORMDL3 might 182 

drive asthma in the absence of inflammation.23 In contrast, Löser et al. built upon the 183 

observation that ORMDL3 modulates cellular response to stress (through the unfolded protein 184 

response), and examined how mice over-expressing ORMDL3 or deficient in Ormdl3 responded 185 

to Alternaria-induced stress.24 The authors found that ORMDL3 appeared important for 186 

generating the cellular stress response to Alternaria in airway epithelium. This study provides 187 

initial support for exploring novel asthma therapies focused at reducing cell stress, and gives us 188 

an additional mechanism through which ORMDL3 might induce asthma. Another study explored 189 

the importance of the epithelial barrier in asthma. Using cell culture, and human and mouse 190 

models, Sweerus et al. demonstrated that claudin-18, the only known lung-specific tight junction 191 

protein, was essential to maintaining airway epithelial integrity.25 Epithelial brushings from 192 

asthma patients had lower levels of claudin-18 compared to non-asthmatic subjects. Further, IL-193 

13 decreased claudin-18 expression, suggesting that Th2 inflammation could suppress claudin-194 

18 expression and lead to dysfunction of the epithelium and subsequent sensitization and 195 

airway hyper-responsiveness. Potentially connecting viral infection with asthma pathogenesis, 196 

down-regulation of claudin-18 was also demonstrated in mice infected with RSV, although it is 197 

not clear whether this applies to humans.26  198 

 199 

Another well-studied area in the past year was mechanisms through which calcium flux 200 

associated with asthma. Airway smooth muscle cells expressing CD151, a tetraspanin protein 201 

associated with laminin binding integrin, were noted to be significantly increased in humans with 202 

moderate asthma as compared to healthy subjects.27 Further, using human cell cultures and 203 

mouse models, Qiao et al. were able to demonstrate that CD151 is required for optimal G 204 

protein-coupled receptor induced intracellular calcium release and translocation of protein 205 

kinase C to the cell membrane. Thus CD151 has a functional role in airway smooth muscle 206 
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contraction and could be a therapeutic target. Another group examined calcium channels 207 

activated by known inflammatory mediators.28 Using mice, these authors found histamine, 5-208 

hydroxytryptamin, and LTD4, amongst others, induced calcium activated chloride currents in 209 

airway smooth muscle cells through transmembrane protein 16A (TMEM16A), a voltage 210 

dependent calcium channel. If these findings are verified in humans, then TMEM16A may be a 211 

target to inhibit airway bronchoconstriction. Another study, utilizing both animal models and 212 

human samples, found that Rac1, a GTPase of the Rho family, regulated intracellular calcium in 213 

airway smooth muscle cells through PLCβ2.29 As the authors point out, because Rac1 has been 214 

shown to be involved in respiratory inflammation, targeting Rac1 might have the dual ability to 215 

block both smooth muscle contraction and inflammation. 216 

 217 

Lessons from mouse studies 218 

Several other studies utilized mouse models of asthma to demonstrate importance of 219 

components of the immune response. One study found induced Treg cells, but not natural Treg 220 

cells, were capable of suppressing ILC2 driven IL-5 and IL-13 production.30 This suppression 221 

depended upon a cognate interaction (between inducible T-cell costimulator (ICOS) and ICOS-222 

ligand) and production of TGFβ and IL-10. In a separate study a subset of ILC2s were shown to 223 

produce vascular endothelial growth factor A (VEGFA), which drove airway hyper-reactivity as 224 

well as provided autocrine regulation of IL-13.31 Further, ILC2s may represent a significant 225 

source of neuro-immune cross-talk. Murine ILC2s express NMUR1, the receptor for the 226 

neuropeptide NMU, and signaling by NMU through this receptor amplified ILC2 immune 227 

responses (which were further augmented by IL-25).32 Finally, two studies explored the role of 228 

sex hormones in controlling ILC2 numbers.33, 34 Female asthma patients were noted to have 229 

higher levels of ILC2s in their peripheral blood compared to males. In mice, males had fewer 230 

lung ILC2s, an apparent result of testosterone metabolite inhibition of ILC2 numbers and 231 

activation. 232 

 233 

Biomarker discovery in asthma 234 

Periostin, which has been associated with Th2 high eosinophilic asthma in adults, was studied 235 

in children. In contrast to adults, periostin levels were up to 2-3 fold higher, and were found to 236 

peak at 2 years of age.35 Nonetheless, the level of periostin at 2 years of age was predictive of 237 

asthma at 6 years old, although the elevated levels at baseline may blunt the potential clinical 238 

utility of periostin in children. In this study the authors found that periostin levels remained stable 239 

between 4 and 11 years of age. Another group looked at fluctuations in periostin in adults and 240 
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found no evidence of fluctuation in serum levels over an 8-week period, suggesting levels in 241 

adults are stable.36 Further, the authors found no evidence of a seasonal effect on periostin 242 

levels. Together, these studies support the use of serum periostin as a biomarker for type 2 high 243 

asthma in adults and children. In fact, the Airways Disease Endotyping for Personalized 244 

Therapeutics (ADEPT) study was able to classify type 2 status in mild, moderate, and severe 245 

asthma patients using airway mucosal CCL26, periostin, and a multiple gene signature (so-246 

called “IL-13 in vitro signature”).37 Interestingly, of all the biomarkers utilized, CCL26 provided 247 

the best discriminator for type-2 inflammation. The authors also demonstrated a combination of 248 

clinical data (biomarkers, FeNO, serum CCL17 and CCL26, and blood eosinophil count) 249 

provided similar clarity in identifying type 2 high asthma patients. While these studies are of 250 

biomarkers, it is important to remember that peripheral blood studies often do not reflect airway 251 

biology – so peripheral blood biomarkers may not represent physiologic mechanisms in the 252 

airways. 253 

 254 

Using 266 adult subjects with asthma, the Unbiased Biomarkers for the Prediction of 255 

Respiratory Diseases Outcome (U-BIOPRED) cohort was evaluated for asthma age of onset, 256 

smoking pack-years, BMI, FEV1% predicted, FEV1/FVC, asthma control questionnaire-5, 257 

number of exacerbations in past year, and daily oral corticosteroid dose.38  From these data, 4 258 

clusters were identified, which were validated in a second cohort of 152 subjects. The clusters 259 

differed in severity of asthma, level of control, level of airflow obstruction, exacerbation rate, 260 

history of smoking, sex, and blood eosinophil level. This represents another unbiased approach 261 

that has identified similar phenotypes in adult asthma, further supporting the idea that there are 262 

specific types of asthma.  263 

 264 

As demonstrated above and in figure 1, this past year was a productive one for mechanistic and 265 

biomarker studies in asthma. While there have been many significant findings over the past 266 

year, we believe several stand out. In particular, the interconnectedness between the 267 

microbiome and the risk of development of asthma (and wheeze) was a prominent feature of 268 

these studies, as was the identification of cellular stress (and, in particular, ORMDL3) as a 269 

mechanism for asthma development.4, 5, 21-23 Nonetheless, all of the investigations discussed 270 

have greatly expanded our knowledge base, and the future will tell whether these findings lead 271 

to novel therapies and/or better targeting of our therapies to specific patient populations. 272 

 273 

Chest imaging and other new assessment tools 274 
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Although chest radiographs and computed tomography are used frequently in asthma, newer 275 

modalities are coming into use to assess lung function and structure. These are described in 276 

several reviews and perspectives.39-41 In addition, there are research reports of newer imaging 277 

techniques using quantitative computed tomography (QCT). QCT estimates airway wall 278 

remodeling by measuring airway wall thickness percentage and wall area percentage. Air 279 

trapping is calculated as percent of low attenuation area measured at functional residual 280 

capacity from a single coached breath-hold.42 Remodeling and air trapping correlate with lung 281 

function, asthma severity, and histology. In a study from the Severe Asthma Research Program 282 

(SARP), Shim et al. used QCT to examine whether change in lumen area between total lung 283 

capacity and functional residual capacity lung volumes correlated with severe asthma, thickness 284 

of the wall area, and air trapping.43 The researchers defined delta lumen, a new metric based on 285 

percentage change in each generation’s airway lumen area between inspiration and expiration. 286 

The delta lumen reflects both airway remodeling and/or distal air trapping that is an indicator of 287 

severe disease uncontrolled by inhaled corticosteroids.43 Investigators found the delta lumen 288 

negatively correlated with both airway remodeling and air trapping and with unstable refractory 289 

asthma. In another SARP study, Choi et al. studied 248 nonsmokers, 142 with severe and 106 290 

with non-severe asthma, using QCT and a principal component analysis followed by clustering 291 

analysis of 57 imaging variables.42 The analyses defined 4 unique structural and clinical 292 

clusters: (1) younger patients with reversible airflow obstruction, (2) non-severe and severe 293 

asthma with minimal inflammation but persistent abnormality in lung function, (3) obese mostly 294 

female patients with severe asthma and reversible lung function, and (4) older predominantly 295 

male patients with late onset severe asthma and neutrophilic-dominant inflammation. The 296 

researchers hypothesized such techniques would lead to pathophysiologic hypotheses of the 297 

clusters motivating future interventions. 298 

 299 

Biologics in asthma 300 

Many patients with difficult-to-control asthma rely on frequent courses of oral glucocorticoid 301 

therapy, which may lead to adverse events. Recent increases in understandings of the 302 

mechanisms of disease and new biomarkers have led to development of potentially more 303 

targeted therapy for the management of severe asthma (figure 2), supplanting the use of long-304 

term steroids, and thereby bypassing steroid related adverse events.  305 

 306 

Anti-IgE therapy 307 
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Omalizumab, a recombinant, humanized, monoclonal antibody directed against IgE, has been 308 

shown to reduce asthma exacerbations, decrease ICS use, and improve symptom control and 309 

quality of life in patients on maintenance therapy with ICS and long-acting beta agonists.44 The 310 

EXCELS trial (Epidemiologic Study of Xolair: Evaluating Clinical Effectiveness and Long-term 311 

Safety in Patients with Moderate to Severe Asthma), a post-marketing, observational study, 312 

examined long-term safety and efficacy of omalizumab, with the risk of malignancy as primary 313 

outcome measure.44 The analysis did not find an association with malignancy, but an imbalance 314 

in cardiovascular and cerebrovascular events was observed.44 A follow-up analysis evaluated 315 

the risk of serious cardiovascular and cerebrovascular adverse events, and showed a higher 316 

crude incidence of these events in omalizumab-treated patients (13.4 per 1000 person years) 317 

compared to non-omalizumab-treated patients (8.1 per 1000 person years).45 The omalizumab 318 

group had more than half the number of patients with severe asthma compared to the non-319 

omalizumab group, which may have contributed to these findings. Indeed, after adjusting for 320 

confounders, the estimated increase in risk was reduced from the crude estimates.  321 

 322 

In a pooled analysis of 25 core trials and 2 extension studies, there were few cardiovascular 323 

events in either omalizumab (n=5) or placebo groups (n=4) and the rates for arterial thrombotic 324 

events were similar between the two groups.46 However, confidence intervals were wide, limiting 325 

the ability to exclude small differences in risk. Anaphylaxis has also been reported. Lieberman 326 

et al. evaluated a larger patient population (N=132) compared to a previous published case 327 

control study (N=30) on anaphylactic reactions with omalizumab.47, 48 In this larger cohort, 328 

investigators found 43% of patients had a prior anaphylactic event unrelated to omalizumab. 329 

Most common symptoms of anaphylaxis involved the respiratory tract, but angioedema and 330 

cutaneous symptoms also were reported. Most cases of anaphylaxis occurred within 60 minutes 331 

of the first 3 doses.47 These results may help determine risk factors for developing anaphylaxis 332 

and observation time after omalizumab administration.  333 

 334 

Anti-IL-5 therapy 335 

Asthma is thought to be an inflammatory disease in which eosinophils play a key role. IL-5 is the 336 

primary activator of eosinophils. Mepolizumab, reslizumab and benralizumab target IL-5 or its 337 

receptor. According to a Cochrane review, in patients with poorly controlled eosinophilic asthma 338 

on at least medium dose ICS, all of the anti-IL5 therapies (mepolizumab, benralizumab and 339 

reslizumab) reduced rates of asthma exacerbation by about half with no excess serious adverse 340 
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events.49 Mepolizumab, a humanized monoclonal antibody directed against IL-5, was shown to 341 

have a glucocorticoid-sparing effect.50 In a meta-analysis of four placebo-controlled studies 342 

ranging from 24-52 weeks in duration, there was a significant reduction of asthma exacerbations 343 

requiring hospitalization (45%) or combined hospitalization and emergency room visits (38%) in 344 

patients with severe eosinophilic asthma on maximal therapy receiving mepolizumab compared 345 

with placebo.51 In a post-hoc analysis of Mepolizumab as Adjunctive Therapy in Patients with 346 

Severe Asthma (MENSA) study, reductions in exacerbation rates were seen relative to placebo 347 

irrespective of the number and type of controller therapies.52 348 

 349 

Nair et al. assessed the role of benralizumab, a monoclonal antibody against the alpha subunit 350 

of the IL-5 receptor (IL-5Rα), in reducing oral glucocorticoid use.53 Subjects were those with 351 

severe asthma and blood eosinophil count of at least 150 cells/mm3, treated with medium-high 352 

dose inhaled glucocorticoids, LABA therapy and oral glucocorticoids for at least 6 months before 353 

enrollment. Benralizumab administration for 28 weeks significantly reduced oral glucocorticoid 354 

dose by 75% compared to placebo, with about half of subjects receiving baseline prednisone 355 

doses of <12.5mg/day stopping steroids completely. Benralizumab treated patients also had 356 

lower annual rates of asthma exacerbations and exacerbation-related hospital visits. A smaller 357 

Canadian sub-study showed that benralizumab significantly reduced both circulating and 358 

sputum numbers of mature eosinophils, eosinophil lineage-committed progenitor cells and IL-359 

5Rα+  ILC2 cells, showing that targeting IL-5Rα attenuates IL-5 driven airway eosinophilia in 360 

patients with severe asthma on oral glucocorticoid therapy.54 361 

 362 

Anti IL-4/IL-13 363 

As type 2 cytokines such as IL-4, IL-5 and IL-13 play a role in the pathogenesis of asthma, 364 

investigators have targeted the IL-4 receptor alpha (IL-4Rαααα) subunit (thus also inhibiting IL-13 365 

signaling due to a shared IL-4Rαααα chain) through the fully human monoclonal antibody 366 

dupilumab. Dupilumab is currently approved for adult patients with moderate to severe atopic 367 

dermatitis uncontrolled on topical prescription medications. In a phase 2b study, dupilumab 368 

reduced the rate of severe exacerbations, improved lung function and improved quality of life in 369 

uncontrolled, persistent asthma patients on medium-high dose ICS and LABA.55 A post hoc 370 

analysis of this trial studied patients with perennial allergic rhinitis with IgE of 0.35 kU/L or more 371 

to Aspergillus fumigates, cat dander, dust mite, dog dander, German cockroach or Oriental 372 

cockroach.56 Patients taking dupilumab 300mg every 2 weeks had significant improvement in 373 
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SNOT-22 scores at 24 weeks compared to placebo. Patients taking dupilumab also had 374 

improvement in lung function and annualized rate of severe asthma exacerbations compared to 375 

placebo. No statistically significant differences in nasal symptom control, lung function, or 376 

annualized rate of severe asthma were seen in patients with perennial allergic rhinitis receiving 377 

dupulimab 200mg every 2weeks over 24-week period. These data show dupilumab 300mg used 378 

as add-on therapy to medium-high dose ICS + LABA for patients with perennial allergic rhinitis 379 

may improve nasal symptom control, lung function and exacerbation rates of asthma.  380 

 381 

Anti TSLP 382 

An epithelial cell-derived cytokine, thymic stromal lymphopoietin (TSLP), regulates type 2 383 

responses through its activity on innate immune cells, T cells and B cells. Tezepelumab is an 384 

investigational human IgG2 monoclonal antibody that binds to TSLP and suppresses type 2 385 

inflammation. In a multicenter, placebo-controlled, double-blind phase 2 trial, patients with 386 

uncontrolled asthma despite treatment with medium-high doses of ICS and LABA had 387 

significantly lower annualized rates of asthma exacerbation after 52 weeks of tezepelumab 388 

treatment, independent of baseline eosinophil count or other Th2 biomarkers.57 Furthermore, 389 

FEV1 increased after 52 weeks in low, medium and high dose tezepelumab groups compared to 390 

placebo. Tezepelumab reduced FeNO levels, blood eosinophil counts and total serum IgE 391 

levels. When looking at the safety profile, the incidence of adverse events was similar in 392 

tezepelumab and placebo groups regardless of asthma-related adverse events. 393 

 394 

Genetic and environmental factors in asthma 395 

Asthma is a complex disease with both genetic and environmental factors playing roles in its 396 

development and manifestation (figure 3). In 2017 a few studies sought to better characterize 397 

how these factors lead to phenotypic differences within the disease.  398 

 399 

Asthma phenotype heterogeneity  400 

One approach to understanding how genetic variation leads to differences in disease 401 

expression is the characterization of gene expression differences between different asthma 402 

phenotypes. Hekking et al. examined specific gene expression profiles associated with severe, 403 

adult-onset asthma.58 The authors performed gene set variation analysis on RNA isolated from 404 

induced sputum (n=83), nasal brushings (n=41), and endobronchial brushings (n=65) from 405 

baseline visits of a cohort of severe adult asthmatics. Their results showed a differential 406 

enrichment of genes between adult-onset (asthma starting at age ≥18 years) and childhood-407 
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onset asthma. Specifically, compared to childhood-onset, adult-onset asthmatics had more 408 

gene signatures associated with eosinophilic airway inflammation, mast cells, and group 3 409 

innate lymphoid cells (ILC) and fewer signatures associated with induced lung injury. The 410 

authors suggest these pathways may be potential therapeutic targets in patients with adult 411 

onset asthma.58 Given the known role of IgE in certain asthma phenotypes, another study 412 

looked for an association of genome-wide DNA methylation in white blood cells (WBC) and total 413 

IgE level among 879 Puerto Rican and Latino American children with asthma.59 Using 414 

multivariable linear regression, the authors determined that methylation sites within many WBC 415 

genes were significantly associated with total IgE -- similar to what was previously reported in 416 

non-Hispanic Caucasians. Two of the most significantly associated genes (ACOT7 and ZFPM1) 417 

were previously linked to asthma.60 418 

 419 

Inhaled corticosteroid response 420 

Over the past decade pharmacogenetic studies have identified several candidate genes that 421 

may be associated with differences in inhaled corticosteroid (ICS) responses. Recently, several 422 

studies attempted to better describe genetic differences that may account for variability in ICS 423 

response. Clemmer et al. previously published that a composite ICS response phenotype, which 424 

combined 6 different clinical elements known to be modulated by corticosteroids, was better 425 

able to measure the steroid responsive asthma phenotype across populations compared to any 426 

individual clinical element by itself.61 This year, the same group applied this composite 427 

phenotype approach to 104 asthmatic children from the CAMP cohort being treated with 428 

budesonide along with each patient’s in vitro cellular response to dexamethasone.62 By using a 429 

systems approach to combine an individual’s genomic data with composite ICS response 430 

phenotype, they identified 7 different genes associated with variation in clinical asthma steroid 431 

responsiveness. The authors further demonstrated that small interfering RNA (siRNA) 432 

transfection knockdown of one of these genes (FAM129A) in human lung epithelial cells 433 

reduced steroid response. Another study utilized a reverse engineering process using 434 

independent published databases to predict regulatory relationships among genes, transcription 435 

factors, and proteins. Qiu et al. analyzed gene expression data from immortalized B cell lines of 436 

47 good and 48 poor ICS responders from the CAMP cohort and demonstrated differences 437 

between the regulatory networks of good ICS responders and poor responders.63 The most 438 

striking difference was that good responders supported more “proapoptosis” pathways while 439 

poor responders had more “antiapoptosis” pathways. 440 

 441 
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Although new molecular techniques have led to significant advances in our understanding of 442 

associations between certain genetic variants and ICS response among asthmatics, some 443 

studies have shown mixed results. In an attempt to replicate previously published findings on a 444 

larger scale, Mosteller et al. conducted the largest pharmacogenetic study to date, genotyping 445 

2672 patients with asthma from 7 different randomized, double-blind, placebo-controlled, 446 

parallel group, multicenter clinical studies utilizing fluticasone furoate or fluticasone propionate.64 447 

Despite analyzing more than 9.8 million common genetic variants, none were found to be 448 

significantly associated with a change in FEV1 after 8-12 weeks of ICS treatment. 449 

 450 

Environmental triggers in asthma 451 

Environmental exposures continue to be a significant cofactor in both children and adults with 452 

asthma. Chipps et al. performed a follow up analysis of 341 of the original 4756 severe or 453 

difficult to treat asthmatic participants from The Epidemiology and Natural History of Asthma: 454 

Outcomes and Treatment Regimens (TENOR I) multicenter study from 2004.65 The authors 455 

found more than half of the participants evaluated continued to have very poorly controlled 456 

asthma. The most common comorbidities were allergic rhinitis and sinusitis (84% and 48% of 457 

patients respectively). Environmental stimuli, such as pet and pest exposure, mold, and second 458 

hand smoke exposure, also were significant factors contributing to a lower quality of life among 459 

patients. One area of interest drawing more attention over the last decade is thunderstorm-460 

related asthma attacks among individuals with pollen or mold sensitization. While a review of 461 

the evidence proposed for pathogenesis of this phenomenon can be found elsewhere, one 462 

group attempted to utilize Google Trends to determine if a web-based surveillance tool could 463 

predict thunderstorm-induced asthma outbreaks in 10 different countries over the last 13 464 

years.66, 67 Using 4 search terms (“allergy,” “allergic rhinitis,” “asthma,” and “pollen”) the authors 465 

identified 2 severe thunderstorm-induced asthma outbreaks in 2016. Although they were not 466 

able to identify any other peak in asthma queries, there did appear to be seasonal trends for 467 

both allergic disease and asthma.  468 

 469 

Environmental triggers can play a significant role in non-sensitized individuals with asthma. 470 

Nitrogen dioxide (NO2) is a known traffic and combustion-associated air pollutant in urban 471 

environments and homes. It is linked to asthma exacerbations and decreased lung function, yet 472 

little is known about the impact of NO2 exposure in the classroom. Gaffin et al. characterized 473 

classroom NO2 content and lung function among asthmatic children enrolled in the School 474 

Inner-City Asthma Study.68 The mean NO2 level measured in 218 classrooms across 37 schools 475 
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was found to be 11.1ppb. Interestingly, NO2 exposure above 8ppb was highly associated with 476 

decreases in FEV1/FVC ratio and FEF25-75 even after adjusting for race and season.  E-477 

cigarettes have recently proliferated and emerging data point to their deleterious effects on 478 

airways, with a recent paper demonstrating that chronic exposure alters the human bronchial 479 

epithelial proteome.69, 70 480 

 481 

Efficacy of environmental avoidance strategies 482 

In 2017, experts in the field released a workshop report summarizing previously published 483 

literature evaluating the evidence for home environmental interventions in the prevention and 484 

management of childhood asthma.71 There have been several novel contributions to the 485 

literature over the past year evaluating the utility of various environmental allergen avoidance 486 

strategies in decreasing asthma comorbidity.  487 

 488 

Three randomized clinical trials tested the effects of environmental interventions targeting a 489 

single allergen, focusing on either dust mite, mouse, or cockroach allergens.72-74 Murray et al. 490 

evaluated the use of house dust mite-impermeable bed encasings compared to placebo covers 491 

over a 12-month period in 284 dust mite sensitized children in the United Kingdom presenting to 492 

the hospital with an asthma exacerbation.73 Children in the active group had 42% lower odds of 493 

a severe asthma exacerbation, defined as an emergency department (ED) visit for asthma 494 

requiring systemic corticosteroids, compared to children in the placebo group. While there was a 495 

27% decrease in total ED visits among the active group compared to placebo, this did not reach 496 

statistical significance. Another study examined efficacy of professionally delivered, integrated 497 

pest management (IPM) in 361 mouse sensitized children and adolescents compared to pest 498 

management education alone.72 Despite a full year of intervention, there were no differences in 499 

the primary outcome of maximal asthma symptom days or any of the secondary outcomes 500 

studied. Although there was no statistically significant difference between the two groups in 501 

mouse allergen levels, both groups had marked reductions in mouse allergen, which associated 502 

with improvements across a range of asthma symptom and exacerbation-related outcomes. The 503 

authors concluded that mouse IPM interventions may not be superior to pest management 504 

education alone, but that larger reductions in mouse allergen are feasible and associated with 505 

improvements in asthma that may be similar in magnitude to controller medications. Because 506 

IPM is costly and difficult to implement, another study looked at the impact of a single 507 

intervention of insecticidal bait placement on reduction of cockroach infestation and asthma 508 

morbidity in 102 children and adolescents with moderate to severe asthma.74 After a full year, 509 
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households receiving the intervention had significantly fewer cockroaches compared to control 510 

homes. Furthermore, children in control homes had more asthma symptoms, unscheduled 511 

health care utilization, and decreased lung function compared to children living in intervention 512 

homes irrespective of cockroach sensitization. The authors conclude that this single intervention 513 

may be a cost-effective alternative to IPM to improve asthma morbidity in children living in 514 

cockroach infested homes. Together, these three studies suggest that population-level 515 

approaches targeting the primary allergen responsible for asthma morbidity in a community are 516 

worth studying. 517 

 518 

Early life exposures and the development of wheeze/asthma 519 

One area of continued interest is the role environmental exposures play in development of 520 

asthma. There is a significant amount of evidence that early life viral exposures, particularly 521 

rhinovirus and respiratory syncytial virus (RSV), increase an individual’s risk for subsequent 522 

wheeze, and various mechanisms by which this might occur were discussed in the section on 523 

novel mechanisms. Herein we discuss evidence gained over the last year from studying various 524 

high-risk birth cohorts. 525 

 526 

The Urban Environment and Childhood Asthma (URECA) birth cohort was established in 2004 527 

to evaluate the influence of early life environmental exposures on immune development and 528 

subsequent clinical outcomes in an urban population at high-risk for atopic disease. O’Connor et 529 

al. evaluated 442 children within this population to identify specific prenatal and early-life 530 

environmental factors associated with the presence of asthma at 7 years of age.75 Interestingly, 531 

higher house dust concentrations of cockroach, mouse, and cat allergens in the first 3 years of 532 

life associated with a lower risk for asthma, which the authors suggest may be secondary to 533 

alterations in indoor bacterial microbiome that may occur with pest and pet animals in the home. 534 

In contrast, maternal stress during infancy and prenatal maternal smoking associated with an 535 

increased asthma risk. Another study utilizing the URECA cohort examined cytokine responses 536 

associated with wheezing and allergic sensitization.76 Blood mononuclear cells isolated at birth, 537 

1 year, and 3 years of age were incubated with a panel of various stimuli. The authors found 538 

cytokine responses generally increased with age, but responses at birth did not predict 539 

responses at 1 and 3 years of age. Exposure to cockroach, mouse, and dust mite was 540 

significantly associated with enhanced cytokine responses at age 3 years, and children with 541 

recurrent wheeze at 3 years of age had reduced LPS induced IL-10 production at birth. The 542 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

authors conclude that environmental exposures early in life stimulate development of cytokine 543 

responses, and differences in these responses may predispose to recurrent wheezing. 544 

 545 

Schoos et al. investigated 398 children from the Copenhagen Prospective Studies on Asthma in 546 

Childhood 2000 (COPSAC2000) birth cohort of infants born to mothers with a history of asthma.77 547 

Sensitization to various food and environmental allergens at 0.5, 1.5, 4, and 6 years of age was 548 

analyzed to determine if specific patterns of sensitization might be more relevant to various 549 

atopic diseases. Using an unsupervised data-driven cluster analysis 7 different age- and 550 

allergen-specific patterns were found, and then verified in an independent cohort of 3051 551 

children. Early-life sensitization to dog/cat/horse at 1.5 years of age was most associated with a 552 

diagnosis of asthma at age 7, whereas other patterns of sensitization were more likely to be 553 

associated with allergic rhinitis or eczema. The authors suggest that distinct sensitization 554 

patterns during childhood may represent biologically meaningful and clinically relevant 555 

sensitization phenotypes. 556 

 557 

Gene-by-environment interactions 558 

The interaction between an individual’s genetic information and their environment is one 559 

possible explanation for why previous studies evaluating associations between environmental 560 

exposures and asthma risk have shown conflicting results. Since dust mite exposure is thought 561 

to increase the risk of asthma exacerbations, one group looked for specific gene-by-562 

environment interactions between dust mite exposure and lung function. Using the Puerto Rico 563 

Genetics of Asthma and Lifestyle (PRGOAL) cohort, they performed a genome-wide interaction 564 

analysis on 440 Puerto Rican children, who had not been selected based on dust mite 565 

sensitization, and attempted to replicate their findings in two other independent cohorts (CAMP 566 

and Genetics of Asthma in Costa Rica Study (GACRS)) of 552 and 549 children, respectively.78 567 

Interestingly, a single nucleotide polymorphism (SNP), rs117902240, was positively associated 568 

with FEV1 in children exposed to low levels of dust mite, but negatively associated with FEV1 in 569 

children exposed to high dust mite levels. This finding was replicated in the CAMP cohort but 570 

not the GACRS cohort and the authors suggest that this SNP may have possible transcription 571 

factor regulatory functions altered by dust mite exposure. 572 

 573 

Another study examined gene-by-environment interactions between a SNP in the 17q21 locus 574 

and cat or dog exposure. Stokholm et al. performed genotyping in 377 children from the high-575 

risk COPSAC2000 birth cohort and found cat and/or dog exposure from birth was associated with 576 
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a lower prevalence of asthma by age 12 years among children with the TT genotype, but not the 577 

CC or CT genotype of SNP rs7216389.79 A similar interaction was found within the TT genotype 578 

and cat allergen levels at 1 year of age, but not for dog allergen levels. This association 579 

between cat ownership and decreased asthma risk within the rs7216389 TT, but not CC or CT 580 

genotype was also replicated in 604 children within the unselected COPSAC2010 birth cohort. 581 

 582 

Studies published over the last year have helped expand our knowledge of the role various 583 

genetic and environmental differences play in the development and manifestation of asthma.  Of 584 

these, some stand out demonstrating the important roles that the genetic predisposition and 585 

environmental exposure play in manifestation of asthma, and the heterogeneity of asthma 586 

phenotypes.58, 59, 62, 63, 66-68, 75-77 Importantly, several studies demonstrated how the interaction 587 

between the environment and genetics can lead to a differential response.78, 79 Further, there 588 

were important contributions on environmental avoidance strategies for dust mite, cockroach, 589 

and mouse avoidance/management, which suggested that these interventions may be important 590 

components of asthma management.72-74 Although more studies are clearly needed, further 591 

understanding of the complex interplay between an individual’s genetic background and the 592 

influence of environment will hopefully lead to a better, more personalized treatment approach. 593 

 594 

Dietary Supplements 595 

Dietary supplements received attention this year. One such supplement, gamma-tocopherol, is 596 

the predominant isoform of vitamin E and found in dietary sources. It was studied as an anti-597 

inflammatory compound, but more study is needed. Because previous studies demonstrated 598 

gamma-tocopherol could reduce eosinophilia and endotoxin (LPS) -induced neutrophilic 599 

responses to inhaled LPS in a mouse model and in healthy volunteers, Burbank et al. examined 600 

the effect of gamma-tocopherol on inhaled LPS responses in adults with mild asthma.80  Similar 601 

to what was shown in the previous studies, gamma-tocopherol reduced eosinophilic airway 602 

inflammation and attenuated the neutrophilic airway response to inhaled LPS. 603 

 604 

Fish oil, a source of long-chain n-3 polyunsaturated fatty acid, crosses the placenta, and was 605 

hypothesized to have anti-inflammatory properties reducing the risk of asthma development in 606 

the offspring based on data from a national hospital birth registry.81 In 2017, with 24 years of 607 

follow-up, the investigators extended their observations and found that among the original 533 608 

women in the third trimester of pregnancy randomly assigned to receive fish oil, olive oil, or no 609 

oil there was reduced probability of the offspring having had asthma medications in the group 610 
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given fish oil (hazard ratio 0.54 (95% CI 0.32-0.90;p=0.02). However, there were no significant 611 

differences between the groups in development of allergic rhinitis, lung function, total or specific 612 

IgE, or eosinophilic cationic protein.82 Finally, in a recent meta-analysis fish oil was not found to 613 

reduce risk of fatal or nonfatal coronary heart disease or major vascular events like stroke 614 

mortality, although adherence to the supplement was not described in this study.83 615 

 616 

Other Potential targets  617 

Several reports in the past year suggest pathways to be explored as promising future therapies 618 

for treating or preventing asthma (figure 2). Jo et al. demonstrated plasminogen activator 619 

inhibitor type 1 (PAI-1), an inhibitor of urokinase- and tissue-type plasminogen activators, 620 

promotes airway inflammation and remodeling in a murine model of asthma.84 The investigators 621 

found mast cells are an important source of PAI-1, a potential therapeutic target.  622 

 623 

The Notch family of receptors has attracted interest in asthma research. These are cell surface 624 

proteins on lymphocytes that are proteolytically cleaved upon interaction with ligands of 625 

neighboring cells. The cleaved fragment migrates to the nucleus and modulates expression of 626 

specific target genes. Notch proteins and their ligands prominently play a role in type 2 627 

immunity. In a mouse model, Notch signals were inhibited by stapled α-helical peptide derived 628 

from mastermind-like 1 (SAHM-1).85 In another mouse model study, monocyte chemotactic 629 

protein-induced protein 1(MCP-IP) 1 was found to inhibit Th2 differentiation and function acting 630 

through the Notch pathway and GATA-3.86 Thus, if Notch signaling can be similarly inhibited in 631 

humans without significant adverse effects, it is a potential therapeutic target.  632 

 633 

Targeting inflammatory cells is an important potential mechanism for addressing asthma. Both 634 

Th2 and Th17 pathways have been implicated, Th17 for neutrophilic inflammation. Dendritic 635 

cells can activate both Th2 and Th17 pathways through nuclear factor kappa B. Thus, Vroman 636 

and Mishra suggest targeting dendritic cells as a potential therapeutic benefit (discussed in the 637 

section on mechanisms).17, 20 Hekking et al. studying adult onset severe asthma note ILC3 cells 638 

as potential targets for obesity-associated and neutrophilic asthma.58 639 

 640 

There is interest in whether environmental exposures lead to epigenetic modifications, like DNA 641 

methylation, affecting expression of target genes such as GSDMB and ORMDL3 of the 17q21 642 

locus. In a population-based integrative genomics analysis of the 17q21 asthma-susceptibility 643 

locus using two large and racially diverse cohorts, methylation correlated with functional effects 644 
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of variants of GSDMB and ORMDL3.87 The investigators proposed that epigenetic manipulation 645 

is a potential therapeutic strategy.  646 

 647 

Parasites can survive in mammalian hosts without excessive tissue damage and parasite 648 

survival may result from anti-inflammatory immune responses by the parasites. The products of 649 

this response may have a clinical application. Tanaka et al. examined a peptide secreted by an 650 

animal and human parasite, Fasciola hepatica.88 The peptide, Fasciola hepatica helminth 651 

defense molecule 1 (FhHDM-1), has potential anti-inflammatory properties. Previously, FhHDM-652 

1 was shown to inhibit lysosomal-associated NLRP3 inflammasome activation in murine and 653 

human macrophages in vitro. The authors now found FhHDM-1 suppressed both eosinophilic 654 

and neutrophilic granulocytic inflammation and airway hyper-reactivity in a mouse model of 655 

asthma, providing additional support for potential use of this peptide in asthma therapy.  656 

 657 

Health literacy, health disparities and asthma 658 

Although the global asthma mortality rate decreased markedly from 1993 to 2006, there has 659 

been no appreciable change since for those between 5-34 years of age.89 Health literacy, 660 

race/ethnicity, and socioeconomic status all play a role in asthma prevalence, adherence, 661 

management, and health-care utilization. One study this past year showed a parent’s childhood 662 

socioeconomic status could influence their child’s asthma control.90 Parents with lower 663 

socioeconomic status in childhood had children with poorer asthma control and more current 664 

family relationship stress, independent of current socioeconomic status. Furthermore, parents 665 

with lower socioeconomic status in childhood were more likely to have children whose 666 

peripheral blood mononuclear cells produced large Th1 and Th2 cytokine responses when 667 

stimulated with phorbol 12-myristate 13-acetate and ionomycin.  668 

 669 

In another study of 1.5 million children with asthma enrolled in Medicaid from 2009-2010, those 670 

living in inner city (poor-urban) areas were found to have a higher risk of asthma-related ED 671 

visits and asthma-related hospitalizations, though asthma prevalence was not increased.91 To 672 

improve asthma control for children living in urban areas, Halterman et al. examined 673 

telemedicine clinician visits and supervised administration of preventative asthma medications 674 

in school students with asthma.92 Urban children with persistent asthma receiving these 675 

interventions had fewer asthma ED visits and hospitalizations. These children also had more 676 

symptom-free days, less activity limitation, and less airway inflammation.  677 

 678 
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Racial/ethnic disparities were seen in children with asthma. Among children ages 5-19 years 679 

enrolled in Medicaid in 2009-2010, black race was associated with increased rates of asthma 680 

outpatient visits, ED visits, and hospitalizations, after adjusting for neighborhood poverty. Some 681 

theories for this finding include genetic differences and the contribution of socioeconomic 682 

disparities to racial/ethnic disparities.91 A separate study found African Americans taking ICS 683 

were more likely to have eosinophilic airway inflammation after adjusting for confounders (age, 684 

sex, atopic status, BMI, FEV1 percent predicted, and uncontrolled asthma).93 African Americans 685 

had lower lung function, higher total serum IgE and worse symptom control compared to white 686 

subjects. This study did not adjust for neighborhood poverty.  687 

 688 

Older patients with asthma also have a high burden of asthma morbidity and mortality. A study 689 

assessed the association of health literacy, health beliefs, and cognition with medication 690 

adherence in patients with asthma aged 60 years and older and found patients with limited 691 

health literacy had more negative perception of their illness, greater medication concerns and 692 

poorer performance on cognitive measures.94 Those with poor adherence to medications were 693 

more likely to believe that asthma was temporary and present only when they had symptoms. 694 

Using a structural equation model, health literacy was found to influence concerns about 695 

medications, which in turn influences medication adherence. and limited health literacy may 696 

lead to concerns about side effects of controller medications with decreased adherence.  697 

 698 

Conclusion 699 

2017 was a year marked with many advances in our understanding of the epidemiology, 700 

genetics, environmental exposures, and mechanisms underlying the development and 701 

exacerbation of asthma. We saw advancement in novel therapies and identification of new 702 

biomarkers and potential therapeutics. While we do not have a crystal ball to know which of 703 

these findings will lead to the greatest impact on the development and treatment of asthma, we 704 

have highlighted those findings that we think are of most importance in the Key Advances box. 705 

Further, in figures 1-3 we have identified those findings that we think are the most important, 706 

and most likely to stand the test of time. With each new discovery we move closer to better 707 

diagnosing, phenotyping and treating asthma, as well as beginning to elucidate the mechanisms 708 

that one day may allow us to prevent the development of asthma. 709 

 710 

  711 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

References 712 

1. Lukkarinen M, Koistinen A, Turunen R, Lehtinen P, Vuorinen T, Jartti T. Rhinovirus-713 

induced first wheezing episode predicts atopic but not nonatopic asthma at school age. J 714 

Allergy Clin Immunol 2017; 140:988-95. 715 

2. Rubner FJ, Jackson DJ, Evans MD, Gangnon RE, Tisler CJ, Pappas TE, et al. Early life 716 

rhinovirus wheezing, allergic sensitization, and asthma risk at adolescence. J Allergy 717 

Clin Immunol 2017; 139:501-7. 718 

3. Wisniewski JA, Muehling LM, Eccles JD, Capaldo BJ, Agrawal R, Shirley DA, et al. TH1 719 

signatures are present in the lower airways of children with severe asthma, regardless of 720 

allergic status. J Allergy Clin Immunol 2018; 141:2048-60 e13. 721 

4. Rosas-Salazar C, Shilts MH, Tovchigrechko A, Schobel S, Chappell JD, Larkin EK, et al. 722 

Nasopharyngeal Lactobacillus is associated with a reduced risk of childhood wheezing 723 

illnesses following acute respiratory syncytial virus infection in infancy. J Allergy Clin 724 

Immunol 2018. 725 

5. Fazlollahi M, Lee TD, Andrade J, Oguntuyo K, Chun Y, Grishina G, et al. The nasal 726 

microbiome in asthma. J Allergy Clin Immunol 2018. 727 

6. Sverrild A, Kiilerich P, Brejnrod A, Pedersen R, Porsbjerg C, Bergqvist A, et al. 728 

Eosinophilic airway inflammation in asthmatic patients is associated with an altered 729 

airway microbiome. J Allergy Clin Immunol 2017; 140:407-17 e11. 730 

7. Hentschke I, Graser A, Melichar VO, Kiefer A, Zimmermann T, Kross B, et al. IL-33/ST2 731 

immune responses to respiratory bacteria in pediatric asthma. Sci Rep 2017; 7:43426. 732 

8. Alam R, Good J, Rollins D, Verma M, Chu H, Pham TH, et al. Airway and serum 733 

biochemical correlates of refractory neutrophilic asthma. J Allergy Clin Immunol 2017; 734 

140:1004-14 e13. 735 

9. Andersson CK, Adams A, Nagakumar P, Bossley C, Gupta A, De Vries D, et al. 736 

Intraepithelial neutrophils in pediatric severe asthma are associated with better lung 737 

function. J Allergy Clin Immunol 2017; 139:1819-29 e11. 738 

10. Cheung DS, Sigua JA, Simpson PM, Yan K, Hussain SA, Santoro JL, et al. Cysteinyl 739 

leukotriene receptor 1 expression identifies a subset of neutrophils during the antiviral 740 

response that contributes to postviral atopic airway disease. J Allergy Clin Immunol 741 

2017. 742 

11. Ricciardolo FLM, Sorbello V, Folino A, Gallo F, Massaglia GM, Favata G, et al. 743 

Identification of IL-17F/frequent exacerbator endotype in asthma. J Allergy Clin Immunol 744 

2017; 140:395-406. 745 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

12. Zhang Z, Biagini Myers JM, Brandt EB, Ryan PH, Lindsey M, Mintz-Cole RA, et al. beta-746 

Glucan exacerbates allergic asthma independent of fungal sensitization and promotes 747 

steroid-resistant TH2/TH17 responses. J Allergy Clin Immunol 2017; 139:54-65 e8. 748 

13. Liu W, Liu S, Verma M, Zafar I, Good JT, Rollins D, et al. Mechanism of TH2/TH17-749 

predominant and neutrophilic TH2/TH17-low subtypes of asthma. J Allergy Clin Immunol 750 

2017; 139:1548-58 e4. 751 

14. Wypych TP, Marzi R, Wu GF, Lanzavecchia A, Sallusto F. Role of B cells in TH cell 752 

responses in a mouse model of asthma. J Allergy Clin Immunol 2018; 141:1395-410. 753 

15. Oliveria JP, El-Gammal AI, Yee M, Obminski CD, Scime TX, Watson RM, et al. Changes 754 

in regulatory B-cell levels in bone marrow, blood, and sputum of patients with asthma 755 

following inhaled allergen challenge. J Allergy Clin Immunol 2018; 141:1495-8 e9. 756 

16. Oliveria JP, Salter BM, Phan S, Obminski CD, Munoz CE, Smith SG, et al. Asthmatic 757 

subjects with allergy have elevated levels of IgE+ B cells in the airways. J Allergy Clin 758 

Immunol 2017; 140:590-3 e9. 759 

17. Vroman H, Bergen IM, van Hulst JAC, van Nimwegen M, van Uden D, Schuijs MJ, et al. 760 

TNF-alpha-induced protein 3 levels in lung dendritic cells instruct TH2 or TH17 cell 761 

differentiation in eosinophilic or neutrophilic asthma. J Allergy Clin Immunol 2018; 762 

141:1620-33 e12. 763 

18. Sinclair C, Bommakanti G, Gardinassi L, Loebbermann J, Johnson MJ, Hakimpour P, et 764 

al. mTOR regulates metabolic adaptation of APCs in the lung and controls the outcome 765 

of allergic inflammation. Science 2017; 357:1014-21. 766 

19. Chairakaki AD, Saridaki MI, Pyrillou K, Mouratis MA, Koltsida O, Walton RP, et al. 767 

Plasmacytoid dendritic cells drive acute asthma exacerbations. J Allergy Clin Immunol 768 

2018; 142:542-56 e12. 769 

20. Mishra A, Yao X, Saxena A, Gordon EM, Kaler M, Cuento RA, et al. Low-density 770 

lipoprotein receptor-related protein 1 attenuates house dust mite-induced eosinophilic 771 

airway inflammation by suppressing dendritic cell-mediated adaptive immune responses. 772 

J Allergy Clin Immunol 2017. 773 

21. Cho M, Lee JE, Lim H, Shin HW, Khalmuratova R, Choi G, et al. Fibrinogen cleavage 774 

products and Toll-like receptor 4 promote the generation of programmed cell death 1 775 

ligand 2-positive dendritic cells in allergic asthma. J Allergy Clin Immunol 2018; 142:530-776 

41 e6. 777 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

22. Miller M, Rosenthal P, Beppu A, Mueller JL, Hoffman HM, Tam AB, et al. ORMDL3 778 

transgenic mice have increased airway remodeling and airway responsiveness 779 

characteristic of asthma. J Immunol 2014; 192:3475-87. 780 

23. Chen J, Miller M, Unno H, Rosenthal P, Sanderson MJ, Broide DH. Orosomucoid-like 3 781 

(ORMDL3) upregulates airway smooth muscle proliferation, contraction, and Ca(2+) 782 

oscillations in asthma. J Allergy Clin Immunol 2018; 142:207-18 e6. 783 

24. Loser S, Gregory LG, Zhang Y, Schaefer K, Walker SA, Buckley J, et al. Pulmonary 784 

ORMDL3 is critical for induction of Alternaria-induced allergic airways disease. J Allergy 785 

Clin Immunol 2017; 139:1496-507 e3. 786 

25. Sweerus K, Lachowicz-Scroggins M, Gordon E, LaFemina M, Huang X, Parikh M, et al. 787 

Claudin-18 deficiency is associated with airway epithelial barrier dysfunction and 788 

asthma. J Allergy Clin Immunol 2017; 139:72-81 e1. 789 

26. Kast JI, McFarlane AJ, Globinska A, Sokolowska M, Wawrzyniak P, Sanak M, et al. 790 

Respiratory syncytial virus infection influences tight junction integrity. Clin Exp Immunol 791 

2017; 190:351-9. 792 

27. Qiao Y, Tam JKC, Tan SSL, Tai YK, Chin CY, Stewart AG, et al. CD151, a laminin 793 

receptor showing increased expression in asthmatic patients, contributes to airway 794 

hyperresponsiveness through calcium signaling. J Allergy Clin Immunol 2017; 139:82-92 795 

e5. 796 

28. Wang P, Zhao W, Sun J, Tao T, Chen X, Zheng YY, et al. Inflammatory mediators 797 

mediate airway smooth muscle contraction through a G protein-coupled receptor-798 

transmembrane protein 16A-voltage-dependent Ca(2+) channel axis and contribute to 799 

bronchial hyperresponsiveness in asthma. J Allergy Clin Immunol 2018; 141:1259-68 800 

e11. 801 

29. Andre-Gregoire G, Dilasser F, Chesne J, Braza F, Magnan A, Loirand G, et al. Targeting 802 

of Rac1 prevents bronchoconstriction and airway hyperresponsiveness. J Allergy Clin 803 

Immunol 2017. 804 

30. Rigas D, Lewis G, Aron JL, Wang B, Banie H, Sankaranarayanan I, et al. Type 2 innate 805 

lymphoid cell suppression by regulatory T cells attenuates airway hyperreactivity and 806 

requires inducible T-cell costimulator-inducible T-cell costimulator ligand interaction. J 807 

Allergy Clin Immunol 2017; 139:1468-77 e2. 808 

31. Shen X, Pasha MA, Hidde K, Khan A, Liang M, Guan W, et al. Group 2 innate lymphoid 809 

cells promote airway hyperresponsiveness through production of VEGFA. J Allergy Clin 810 

Immunol 2018; 141:1929-31 e4. 811 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

32. Wallrapp A, Riesenfeld SJ, Burkett PR, Abdulnour RE, Nyman J, Dionne D, et al. The 812 

neuropeptide NMU amplifies ILC2-driven allergic lung inflammation. Nature 2017; 813 

549:351-6. 814 

33. Cephus JY, Stier MT, Fuseini H, Yung JA, Toki S, Bloodworth MH, et al. Testosterone 815 

Attenuates Group 2 Innate Lymphoid Cell-Mediated Airway Inflammation. Cell Rep 2017; 816 

21:2487-99. 817 

34. Laffont S, Blanquart E, Savignac M, Cenac C, Laverny G, Metzger D, et al. Androgen 818 

signaling negatively controls group 2 innate lymphoid cells. J Exp Med 2017; 214:1581-819 

92. 820 

35. Anderson HM, Lemanske RF, Jr., Arron JR, Holweg CTJ, Rajamanickam V, Gangnon 821 

RE, et al. Relationships among aeroallergen sensitization, peripheral blood eosinophils, 822 

and periostin in pediatric asthma development. J Allergy Clin Immunol 2017; 139:790-6. 823 

36. Semprini R, Caswell-Smith R, Fingleton J, Holweg C, Matthews J, Weatherall M, et al. 824 

Longitudinal variation of serum periostin levels in adults with stable asthma. J Allergy 825 

Clin Immunol 2017; 139:1687-8 e9. 826 

37. Silkoff PE, Laviolette M, Singh D, FitzGerald JM, Kelsen S, Backer V, et al. Identification 827 

of airway mucosal type 2 inflammation by using clinical biomarkers in asthmatic patients. 828 

J Allergy Clin Immunol 2017; 140:710-9. 829 

38. Lefaudeux D, De Meulder B, Loza MJ, Peffer N, Rowe A, Baribaud F, et al. U-BIOPRED 830 

clinical adult asthma clusters linked to a subset of sputum omics. J Allergy Clin Immunol 831 

2017; 139:1797-807. 832 

39. DeBoer EM, Spielberg DR, Brody AS. Clinical potential for imaging in patients with 833 

asthma and other lung disorders. J Allergy Clin Immunol 2017; 139:21-8. 834 

40. Tashkin DP, Kim HJ, Zeidler M, Kleerup E, Goldin J. Evaluating small-airways disease in 835 

asthmatic patients: The utility of quantitative computed tomography. J Allergy Clin 836 

Immunol 2017; 139:49-51 e2. 837 

41. Trivedi A, Hall C, Hoffman EA, Woods JC, Gierada DS, Castro M. Using imaging as a 838 

biomarker for asthma. J Allergy Clin Immunol 2017; 139:1-10. 839 

42. Choi S, Hoffman EA, Wenzel SE, Castro M, Fain S, Jarjour N, et al. Quantitative 840 

computed tomographic imaging-based clustering differentiates asthmatic subgroups with 841 

distinctive clinical phenotypes. J Allergy Clin Immunol 2017; 140:690-700 e8. 842 

43. Shim SS, Schiebler ML, Evans MD, Jarjour N, Sorkness RL, Denlinger LC, et al. Lumen 843 

area change (Delta Lumen) between inspiratory and expiratory multidetector computed 844 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

tomography as a measure of severe outcomes in asthmatic patients. J Allergy Clin 845 

Immunol 2018. 846 

44. Long A, Rahmaoui A, Rothman KJ, Guinan E, Eisner M, Bradley MS, et al. Incidence of 847 

malignancy in patients with moderate-to-severe asthma treated with or without 848 

omalizumab. J Allergy Clin Immunol 2014; 134:560-7 e4. 849 

45. Iribarren C, Rahmaoui A, Long AA, Szefler SJ, Bradley MS, Carrigan G, et al. 850 

Cardiovascular and cerebrovascular events among patients receiving omalizumab: 851 

Results from EXCELS, a prospective cohort study in moderate to severe asthma. J 852 

Allergy Clin Immunol 2017; 139:1489-95 e5. 853 

46. Iribarren C, Rothman KJ, Bradley MS, Carrigan G, Eisner MD, Chen H. Cardiovascular 854 

and cerebrovascular events among patients receiving omalizumab: Pooled analysis of 855 

patient-level data from 25 randomized, double-blind, placebo-controlled clinical trials. J 856 

Allergy Clin Immunol 2017; 139:1678-80. 857 

47. Lieberman PL, Jones I, Rajwanshi R, Rosen K, Umetsu DT. Anaphylaxis associated with 858 

omalizumab administration: Risk factors and patient characteristics. J Allergy Clin 859 

Immunol 2017; 140:1734-6 e4. 860 

48. Lieberman PL, Umetsu DT, Carrigan GJ, Rahmaoui A. Anaphylactic reactions 861 

associated with omalizumab administration: Analysis of a case-control study. J Allergy 862 

Clin Immunol 2016; 138:913-5 e2. 863 

49. Farne HA, Wilson A, Powell C, Bax L, Milan SJ. Anti-IL5 therapies for asthma. Cochrane 864 

Database Syst Rev 2017; 9:CD010834. 865 

50. Bel EH, Wenzel SE, Thompson PJ, Prazma CM, Keene ON, Yancey SW, et al. Oral 866 

glucocorticoid-sparing effect of mepolizumab in eosinophilic asthma. N Engl J Med 2014; 867 

371:1189-97. 868 

51. Yancey SW, Ortega HG, Keene ON, Mayer B, Gunsoy NB, Brightling CE, et al. Meta-869 

analysis of asthma-related hospitalization in mepolizumab studies of severe eosinophilic 870 

asthma. J Allergy Clin Immunol 2017; 139:1167-75 e2. 871 

52. Albers FC, Price RG, Smith SG, Yancey SW. Mepolizumab efficacy in patients with 872 

severe eosinophilic asthma receiving different controller therapies. J Allergy Clin 873 

Immunol 2017; 140:1464-6 e4. 874 

53. Nair P, Wenzel S, Rabe KF, Bourdin A, Lugogo NL, Kuna P, et al. Oral Glucocorticoid-875 

Sparing Effect of Benralizumab in Severe Asthma. N Engl J Med 2017; 376:2448-58. 876 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

54. Sehmi R, Lim HF, Mukherjee M, Huang C, Radford K, Newbold P, et al. Benralizumab 877 

attenuates airway eosinophilia in prednisone-dependent asthma. J Allergy Clin Immunol 878 

2018; 141:1529-32 e8. 879 

55. Wenzel S, Castro M, Corren J, Maspero J, Wang L, Zhang B, et al. Dupilumab efficacy 880 

and safety in adults with uncontrolled persistent asthma despite use of medium-to-high-881 

dose inhaled corticosteroids plus a long-acting beta2 agonist: a randomised double-blind 882 

placebo-controlled pivotal phase 2b dose-ranging trial. Lancet 2016; 388:31-44. 883 

56. Weinstein SF, Katial R, Jayawardena S, Pirozzi G, Staudinger H, Eckert L, et al. Efficacy 884 

and safety of dupilumab in perennial allergic rhinitis and comorbid asthma. J Allergy Clin 885 

Immunol 2018; 142:171-7 e1. 886 

57. Corren J, Parnes JR, Wang L, Mo M, Roseti SL, Griffiths JM, et al. Tezepelumab in 887 

Adults with Uncontrolled Asthma. N Engl J Med 2017; 377:936-46. 888 

58. Hekking PP, Loza MJ, Pavlidis S, de Meulder B, Lefaudeux D, Baribaud F, et al. 889 

Pathway discovery using transcriptomic profiles in adult-onset severe asthma. J Allergy 890 

Clin Immunol 2018; 141:1280-90. 891 

59. Chen W, Wang T, Pino-Yanes M, Forno E, Liang L, Yan Q, et al. An epigenome-wide 892 

association study of total serum IgE in Hispanic children. J Allergy Clin Immunol 2017; 893 

140:571-7. 894 

60. Yang IV, Pedersen BS, Liu A, O'Connor GT, Teach SJ, Kattan M, et al. DNA methylation 895 

and childhood asthma in the inner city. J Allergy Clin Immunol 2015; 136:69-80. 896 

61. Clemmer GL, Wu AC, Rosner B, McGeachie MJ, Litonjua AA, Tantisira KG, et al. 897 

Measuring the corticosteroid responsiveness endophenotype in asthmatic patients. J 898 

Allergy Clin Immunol 2015; 136:274-81 e8. 899 

62. McGeachie MJ, Clemmer GL, Hayete B, Xing H, Runge K, Wu AC, et al. Systems 900 

biology and in vitro validation identifies family with sequence similarity 129 member A 901 

(FAM129A) as an asthma steroid response modulator. J Allergy Clin Immunol 2018. 902 

63. Qiu W, Guo F, Glass K, Yuan GC, Quackenbush J, Zhou X, et al. Differential 903 

connectivity of gene regulatory networks distinguishes corticosteroid response in 904 

asthma. J Allergy Clin Immunol 2018; 141:1250-8. 905 

64. Mosteller M, Hosking L, Murphy K, Shen J, Song K, Nelson M, et al. No evidence of 906 

large genetic effects on steroid response in asthma patients. J Allergy Clin Immunol 907 

2017; 139:797-803 e7. 908 

65. Chipps BE, Haselkorn T, Paknis B, Ortiz B, Bleecker ER, Kianifard F, et al. More than a 909 

decade follow-up in patients with severe or difficult-to-treat asthma: The Epidemiology 910 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

and Natural History of Asthma: Outcomes and Treatment Regimens (TENOR) II. J 911 

Allergy Clin Immunol 2018; 141:1590-7 e9. 912 

66. Bousquet J, O'Hehir RE, Anto JM, D'Amato G, Mosges R, Hellings PW, et al. 913 

Assessment of thunderstorm-induced asthma using Google Trends. J Allergy Clin 914 

Immunol 2017; 140:891-3 e7. 915 

67. D'Amato G, Annesi Maesano I, Molino A, Vitale C, D'Amato M. Thunderstorm-related 916 

asthma attacks. J Allergy Clin Immunol 2017; 139:1786-7. 917 

68. Gaffin JM, Hauptman M, Petty CR, Sheehan WJ, Lai PS, Wolfson JM, et al. Nitrogen 918 

dioxide exposure in school classrooms of inner-city children with asthma. J Allergy Clin 919 

Immunol 2018; 141:2249-55 e2. 920 

69. Dinakar C, O'Connor GT. The Health Effects of Electronic Cigarettes. N Engl J Med 921 

2016; 375:2608-9. 922 

70. Ghosh A, Coakley RC, Mascenik T, Rowell TR, Davis ES, Rogers K, et al. Chronic E-923 

Cigarette Exposure Alters the Human Bronchial Epithelial Proteome. Am J Respir Crit 924 

Care Med 2018; 198:67-76. 925 

71. Gold DR, Adamkiewicz G, Arshad SH, Celedon JC, Chapman MD, Chew GL, et al. 926 

NIAID, NIEHS, NHLBI, and MCAN Workshop Report: The indoor environment and 927 

childhood asthma-implications for home environmental intervention in asthma prevention 928 

and management. J Allergy Clin Immunol 2017; 140:933-49. 929 

72. Matsui EC, Perzanowski M, Peng RD, Wise RA, Balcer-Whaley S, Newman M, et al. 930 

Effect of an Integrated Pest Management Intervention on Asthma Symptoms Among 931 

Mouse-Sensitized Children and Adolescents With Asthma: A Randomized Clinical Trial. 932 

JAMA 2017; 317:1027-36. 933 

73. Murray CS, Foden P, Sumner H, Shepley E, Custovic A, Simpson A. Preventing Severe 934 

Asthma Exacerbations in Children. A Randomized Trial of Mite-Impermeable Bedcovers. 935 

Am J Respir Crit Care Med 2017; 196:150-8. 936 

74. Rabito FA, Carlson JC, He H, Werthmann D, Schal C. A single intervention for 937 

cockroach control reduces cockroach exposure and asthma morbidity in children. J 938 

Allergy Clin Immunol 2017; 140:565-70. 939 

75. O'Connor GT, Lynch SV, Bloomberg GR, Kattan M, Wood RA, Gergen PJ, et al. Early-940 

life home environment and risk of asthma among inner-city children. J Allergy Clin 941 

Immunol 2018; 141:1468-75. 942 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

76. Gern JE, Calatroni A, Jaffee KF, Lynn H, Dresen A, Cruikshank WW, et al. Patterns of 943 

immune development in urban preschoolers with recurrent wheeze and/or atopy. J 944 

Allergy Clin Immunol 2017; 140:836-44 e7. 945 

77. Schoos AM, Chawes BL, Melen E, Bergstrom A, Kull I, Wickman M, et al. Sensitization 946 

trajectories in childhood revealed by using a cluster analysis. J Allergy Clin Immunol 947 

2017; 140:1693-9. 948 

78. Forno E, Sordillo J, Brehm J, Chen W, Benos T, Yan Q, et al. Genome-wide interaction 949 

study of dust mite allergen on lung function in children with asthma. J Allergy Clin 950 

Immunol 2017; 140:996-1003 e7. 951 

79. Stokholm J, Chawes BL, Vissing N, Bonnelykke K, Bisgaard H. Cat exposure in early life 952 

decreases asthma risk from the 17q21 high-risk variant. J Allergy Clin Immunol 2018; 953 

141:1598-606. 954 

80. Burbank AJ, Duran CG, Pan Y, Burns P, Jones S, Jiang Q, et al. Gamma tocopherol-955 

enriched supplement reduces sputum eosinophilia and endotoxin-induced sputum 956 

neutrophilia in volunteers with asthma. J Allergy Clin Immunol 2018; 141:1231-8 e1. 957 

81. Olsen SF, Osterdal ML, Salvig JD, Mortensen LM, Rytter D, Secher NJ, et al. Fish oil 958 

intake compared with olive oil intake in late pregnancy and asthma in the offspring: 16 y 959 

of registry-based follow-up from a randomized controlled trial. Am J Clin Nutr 2008; 960 

88:167-75. 961 

82. Hansen S, Strom M, Maslova E, Dahl R, Hoffmann HJ, Rytter D, et al. Fish oil 962 

supplementation during pregnancy and allergic respiratory disease in the adult offspring. 963 

J Allergy Clin Immunol 2017; 139:104-11 e4. 964 

83. Aung T, Halsey J, Kromhout D, Gerstein HC, Marchioli R, Tavazzi L, et al. Associations 965 

of Omega-3 Fatty Acid Supplement Use With Cardiovascular Disease Risks: Meta-966 

analysis of 10 Trials Involving 77917 Individuals. JAMA Cardiol 2018; 3:225-34. 967 

84. Jo A, Lee SH, Kim DY, Hong SJ, Teng MN, Kolliputi N, et al. Mast cell-derived 968 

plasminogen activator inhibitor type 1 promotes airway inflammation and remodeling in a 969 

murine model of asthma. J Allergy Clin Immunol 2018; 142:294-7 e5. 970 

85. KleinJan A, Tindemans I, Montgomery JE, Lukkes M, de Bruijn MJW, van Nimwegen M, 971 

et al. The Notch pathway inhibitor stapled alpha-helical peptide derived from 972 

mastermind-like 1 (SAHM1) abrogates the hallmarks of allergic asthma. J Allergy Clin 973 

Immunol 2018; 142:76-85 e8. 974 

86. Peng H, Ning H, Wang Q, Lu W, Chang Y, Wang TT, et al. Monocyte chemotactic 975 

protein-induced protein 1 controls allergic airway inflammation by suppressing IL-5-976 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

producing TH2 cells through the Notch/Gata3 pathway. J Allergy Clin Immunol 2018; 977 

142:582-94 e10. 978 

87. Kothari PH, Qiu W, Croteau-Chonka DC, Martinez FD, Liu AH, Lemanske RF, Jr., et al. 979 

Role of local CpG DNA methylation in mediating the 17q21 asthma susceptibility 980 

gasdermin B (GSDMB)/ORMDL sphingolipid biosynthesis regulator 3 (ORMDL3) 981 

expression quantitative trait locus. J Allergy Clin Immunol 2018; 141:2282-6 e6. 982 

88. Tanaka A, Allam V, Simpson J, Tiberti N, Shiels J, To J, et al. The parasitic 68-mer 983 

peptide FhHDM-1 inhibits mixed granulocytic inflammation and airway hyperreactivity in 984 

experimental asthma. J Allergy Clin Immunol 2018; 141:2316-9. 985 

89. Ebmeier S, Thayabaran D, Braithwaite I, Benamara C, Weatherall M, Beasley R. Trends 986 

in international asthma mortality: analysis of data from the WHO Mortality Database from 987 

46 countries (1993-2012). Lancet 2017; 390:935-45. 988 

90. Chen E, Shalowitz MU, Story RE, Ehrlich KB, Manczak EM, Ham PJ, et al. Parents' 989 

childhood socioeconomic circumstances are associated with their children's asthma 990 

outcomes. J Allergy Clin Immunol 2017; 140:828-35 e2. 991 

91. Keet CA, Matsui EC, McCormack MC, Peng RD. Urban residence, neighborhood 992 

poverty, race/ethnicity, and asthma morbidity among children on Medicaid. J Allergy Clin 993 

Immunol 2017; 140:822-7. 994 

92. Halterman JS, Fagnano M, Tajon RS, Tremblay P, Wang H, Butz A, et al. Effect of the 995 

School-Based Telemedicine Enhanced Asthma Management (SB-TEAM) Program on 996 

Asthma Morbidity: A Randomized Clinical Trial. JAMA Pediatr 2018; 172:e174938. 997 

93. Nyenhuis SM, Krishnan JA, Berry A, Calhoun WJ, Chinchilli VM, Engle L, et al. Race is 998 

associated with differences in airway inflammation in patients with asthma. J Allergy Clin 999 

Immunol 2017; 140:257-65 e11. 1000 

94. Soones TN, Lin JL, Wolf MS, O'Conor R, Martynenko M, Wisnivesky JP, et al. Pathways 1001 

linking health literacy, health beliefs, and cognition to medication adherence in older 1002 

adults with asthma. J Allergy Clin Immunol 2017; 139:804-9. 1003 

95. Pepper AN, Renz H, Casale TB, Garn H. Biologic Therapy and Novel Molecular Targets 1004 

of Severe Asthma. J Allergy Clin Immunol Pract 2017; 5:909-16. 1005 

 1006 

  1007 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Figure Legends. 1008 

 1009 

Figure 1. Mechanistic and biomarker advances in asthma in 2017.  Included studies 1010 

demonstrated differential effects of RSV/RV wheeze and asthma development.1, 2 Inducible 1011 

regulatory T cells and prevention of airway hyper-reactivity development were discussed.30, 31 IL-1012 

13 reduced Claudin 18 (important for epithelial integrity).25 Viral infection drove increased airway 1013 

inflammation through IL-25 and plasmacytoid dendritic cells.19 Fungal wall components 1014 

associated with increased neutrophilic asthma and lower microbial diversity in airways -- often 1015 

linked with therapy resistant asthma.4-6, 8, 12 Intraepithelial neutrophils associated with improved 1016 

pediatric lung function.9 Elevated periostin levels and a Th1 airway signature regardless of 1017 

asthma presence were found in children.3, 35  1018 

  1019 

In asthmatics’ sputum, IgE+ B cells and plasma cells were increased.16 Regulatory B cells were 1020 

decreased in asthma patients’ circulation.15 B cells in draining lymph nodes skewed developing 1021 

Th0 into Th2 and Th17 cells.14 During an airway secondary immune response B cells induced 1022 

Th2 cell proliferation, which associated with eosinophilic asthma.14 Th2 development was driven 1023 

by A20 exposed dendritic cells, whereas A20 absence led to Th17 cells.17  1024 

  1025 

Studies examined smooth muscle cell components involved in bronchoconstriction, including 1026 

CD151, Rac1 and PLCβ2.27, 29 Airway epithelial stress increased with asthma through ORMDL3, 1027 

increasing SERCA2b expression, and airway smooth muscle mass.23, 24 1028 

 1029 

Figure 2. Current and potential targeted therapies. Current upstream to downstream biologic 1030 

therapies and other therapeutics that were studied in the past year.44-48, 50-57, 84-86 Items in 1031 

parenthesis are not discussed in this review. TSLP, thymic stromal lymphopoetin, PAI-1, 1032 

plasminogen activator inhibitor type 1. Adapted from reference 95, figure 1. 1033 

 1034 

Figure 3. Summary of genetic and environmental factors impacting asthma development, 1035 

phenotype, and exacerbations. (A) The interplay of genetics and environment in development 1036 

of asthma. Genetics (green) and environmental exposures (yellow) shape the risk of asthma 1037 

development, while various genetic signatures predispose to differences in asthma phenotype. 1038 

Previous work identified genetic polymorphisms and allergen exposures associated with asthma 1039 

risk (including to cat, dog, and dust mite), and this past year several studies expanded our 1040 

knowledge of the influence of early life allergen exposure on asthma risk and demonstrated 1041 

interactions between these indoor allergens and genetic polymorphisms.71, 75, 76, 78, 79 These 1042 
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gene*environment interactions could act via epigenetic or non-epigenetic mechanisms. In 1043 

addition, studies demonstrated links between genetic signatures and asthma phenotypes 1044 

related to steroid responsiveness, adult-onset asthma, and total IgE.58, 59, 61-64 (B) Environmental 1045 

exposures, specifically nitrogen dioxide in schools and thunderstorms, are associated with 1046 

markers of asthma morbidity.66-68 Thunderstorms are thought to disrupt pollen and fungal 1047 

spores, potentially through strong downdrafts or production of ozone, releasing allergen-bearing 1048 

small particles that can penetrate beyond the upper airway. Home environmental interventions 1049 

(red) targeting single allergens (dust mite, cockroach, mouse) may improve asthma control and 1050 

reduce the risk of exacerbations among pediatric populations.71-74 1051 

  1052 
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Key Advances 1053 

 1054 

-The mechanism of asthma (wheeze) development is interwoven with microbiome differences: 1055 

early life viral (RSV) infections alter nasal microbiome3 and there are differences in adult nasal 1056 

microbiome between healthy adults, asthmatic adults, and adults with airway inflammation.4, 5 1057 

 1058 

-Cellular stress, specifically a role for ORMDL3, may prove to be a novel therapeutic target as a 1059 

mechanistic cause of airway hyperreactivity and asthma development.21-23 1060 

 1061 

-Newer imaging modalities to assess lung function include quantitated computed tomography, 1062 

which can help estimate airway wall remodeling and air trapping.42, 43  1063 

 1064 

-Recent biologics in asthma include upstream targets such as anti thymic stromal lymphopoeitin 1065 

(tezepelumab) and downstream targets such as anti-IgE (omalizumab), anti IL-5 (mepolizumab 1066 

and benralizumab) and anti-IL4/IL13 (dupilumab) which have all been shown to decrease 1067 

asthma exacerbations.44, 51, 53, 55, 57  1068 

 1069 

-Genetic predisposition and environmental exposure both play important roles in asthma 1070 

manifestation66-68, 75-77, and phenotype heterogeneity58, 59, 62, 63 and the interaction between these 1071 

two factors can lead to a differential response.78, 79 1072 

 1073 

-Environmental avoidance strategies targeting single allergens for dust mite73 and cockroach74 1074 

are effective inventions in selected pediatric populations and integrated pest management 1075 

targeting mouse can result in large reductions in the allergen and improvements in asthma in 1076 

sensitized and highly exposed children with asthma.72 1077 

 1078 

-Race/ethnicity, socioeconomic status, including parent’s socioeconomic status, age and living 1079 

in an urban environment may all play a role in level of asthma control.90-94   1080 

 1081 

 1082 

 1083 

 1084 

 1085 

 1086 

 1087 
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(SB010; DNAzyme)

?

Other potential targets:
Dendritic cells
Group 3 innate lymphoid cells
FhHDM-1
Epigenetics

Transcription factor

Antibody

In�ammatory mediator

Targets for development

Cytokine In clinical development

FDA approved asthma therapy
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Risk of Asthma
Development

NO2

ASTHMA DEVELOPMENT
A.

ASTHMA EXACERBATIONS

ASTHMA
EXACERBATION

Home Environmental
Interventions

B.

Asthma
Phenotype

Pro-Eosinophilia,
Mast cell, & ILC3 Genes

FAM129A &
Anti-Apoptotic Genes

Decreased
ICS Response

Adult Onset
Disease

Increased
Serum IgE

ACOT7 & ZFPM1


