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Capsule summary

The differential chemokine response of airway basal cells of severe asthma patients to
Streptococcus pneumoniae and Dermatophagoides pteronyssinus allergen may be of significance

in the context of developing novel immunomodulatory therapeutic strategies for atopic asthma.
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To the Editor:

Approximately 10-15% of asthmatic adults belong to a group with severe refractory asthma and
suffer from debilitating chronic symptoms, despite optimal standard asthma treatment.? Unraveling
the complex pathophysiology of severe asthma has proven to be a major research challenge.!
There is growing interest in the role of airway epithelium and its interactions with inhaled

aeroallergens and pathogens, in the pathogenesis of severe asthma.

In a study of patients with severe asthma and healthy controls, we have recently shown that
profound ciliary dysfunction and marked ultrastructural abnormalities of the airway epithelium are
features of severe asthma.? One potential consequence of these abnormalities is prolonged and
more intense exposure of the airway epithelium to inhaled aeroallergens and pathogens. Moreover,
given the marked epithelial disintegrity seen in patients with severe asthma and the ability of the
proteolytically active substances such as the Dermatophagoides pteronyssinus allergens to cause
disruption of the intercellular tight junctions, resulting in increased transepithelial permeability,® the
airway basal cells could also be exposed to inhaled allergens and pathogens. In this regard, we
studied the effect (in terms of cytokine and chemokine release) of a common respiratory pathogen
(Streptococcus pneumoniae) on primary airway basal cells of patients with atopic severe asthma
and compared that to healthy controls. As a positive control, the cytokine and chemokine release in
response to a common inhaled allergen (Dermatophagoides pteronyssinus allergen 1 [Der p 1]) by

primary airway basal cells was also studied.

Detailed methodology is given in this article’s Online Repository. Briefly, we studied 8 subjects with
severe asthma and 6 healthy controls. Subjects with severe asthma met the American Thoracic
Society criteria for refractory asthma,* were current non smokers and had a smoking history of less
than 10 pack years. Healthy controls were non smokers, had no history of respiratory disease and
had normal lung function and PCy. Demographics and clinical detail were collected. All subjects
underwent flexible bronchoscopy and using epithelial brushings taken from the bronchus

intermedius, confluent monolayers of basal cell cultures were developed. The basal cells were
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incubated with wild type Streptococcus pneumoniae (strain D39) at concentrations of 10° cfu/ml and
107 cfu/ml for up to 4 hours at 37°C. For the control, basal cells were incubated with 400ul bronchial
epithelial base medium (BEBM) (Clonetics, UK). The supernatants were harvested at one hour and
four hours after incubation and stored at “70°C. Similarly, confluent monolayers of basal cells were
incubated with LoTox™ Natural Der p 1 (Indoor Biotechnologies) at concentrations of 1 pg/ml and 5
pg/ml for up to 24 hours. The supernatants were harvested at eight hours and 24 hours after
incubation and stored at "'70°C. Chemokines and cytokines in the supernatant were measured using
a 96-well multispot assay (Meso Scale Discovery [MSD], Maryland, USA) using a high band
MS6000 10 spot plate, using SECTOR Imager 6000 (MSD, Maryland, USA) according to the

manufacturer’s instructions. The lower limit of detection was 1 pg/ml.

The baseline characteristics of the subjects and the data on chemokine and cytokine release in
response to Streptococcus pneumoniae and Der p 1, are given in the online repository tables E1 —
E5. The release of cytokines and chemokines by airway basal cells of patients with severe asthma
and healthy controls in response to Streptococcus pneumoniae and Der p 1 was time and dose
dependent. The magnitude of release of chemokines CXCL8 (IL8), CCL11 (Eotaxin) and CCL26
Eotaxin_3) in response to S pneumoniae by basal cells from healthy controls, was significantly
higher (p<0.05), compared to that from severe asthma patients (see Figure 1). In contrast, the
magnitude of release of chemokines CXCL8 (IL8), CCL11 (Eotaxin), CCL26 (Eotaxin_3) (see
Figure 2); as well as CCL4 (MIP 1b), CCL5 (RANTES), CCL13 (MCP 4), CCL17 (TARC) and
CCL22 (MDC) in response to Der p 1 by basal cells from patients with severe asthma, was
significantly higher (p<0.05) compared to that from healthy controls. We observed a similar
differential cytokine response (IL6 and IL1b) of basal cells from severe asthma patients and healthy

controls, to Der p 1 and Streptococcus pneumoniae (Online repository table E4 & E5, Figure E3).

In the context of profound ciliary dysfunction and epithelial disintegrity seen in patients with severe
asthma,? the differential chemokine response of severe asthma patients’ airway basal cells to Der p

1 and Streptococcus pneumoniae that we observed in this study is of great interest due to two main
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reasons. Firstly, asthma has been shown to be an independent risk factor for invasive
pneumococcal disease. * ° It remains to be determined if the reduced CXCL8 release by asthmatic
airway epithelium compared to that of healthy controls leads to a reduction in neutrophil influx and
delayed bacterial clearance, thereby increasing the risk of invasive pneumococcal disease in
patients with severe asthma. Secondly, it has been suggested that in individuals with atopic
sensitization to aeroallergens, there may be an altered mucosal immune response to bacterial
antigens. ® 7 In recent studies, using a mouse model of allergic asthma, immunomodulatory therapy
with Streptococcus pneumoniae vaccine has been shown to attenuate both Thl and Th2 cytokine

production. 8°

In this study we did not attempt to elucidate the mechanisms underlying the basal cell response to
Der p 1 or Streptococcus pneumoniae. It would be of interest to investigate the effect of aberrant
chemokine mileu on epithelial injury-repair mechanisms and whether prior exposure of asthmatic
airway epithelium to Streptococcus pneumoniae leads to an attenuated response to Der p 1. As we
used different time points for assessing the epithelial response to Streptococcus pneumoniae and
Der p 1, there remains the possibility that alterations in the epithelial response kinetics may be

contributory to the differential response that we showed and this needs further investigation.

In summary, our study shows that airway basal cells of patients with atopic severe asthma and
healthy controls are capable of releasing chemokines and cytokines in response to Der p 1 and
Streptococcus pneumoniae in a dose and time dependent manner. Though no major conclusions
may be drawn from this small pilot study, the differential response of the asthmatic epithelium is of
interest and may be further explored in the context of developing novel immunomodulatory

therapeutic strategies for the treatment of allergic airway inflammation.



142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157

158
159

160
161
162
163
164
165
166
167
168
169

Thomas et al

B Thomas, MD?¢

Robert Anthony Hirst, PhD?
M H Brett-Pitt, PhD?

G Williams, CBiol?

Peter W Andrew, PhD?

Ana R Sousa, PhD¢

Richard P Marshall, PhD®
Christopher Brightling, PhD?

Christopher O’Callaghan, PhD &P

a. Centre for PCD diagnosis and Research, Department of Infection, Immunity and
Inflammation, University of Leicester, Leicester, United Kingdom.

b. Respiratory, Critical Care & Anaesthesia, Institute of Child Health, University College
London (UCL) & Great Ormond Street Hospital, London, United Kingdom.

c. Respiratory Unit, Glaxo SmithKline, Stevenage, Herts, United Kingdom.

d. KK Women’s and Children’s Hospital, Singapore.



Thomas et al

170 References

171

172

173 1. Jarjour NN, Erzurum SC, Bleecker ER, Calhoun WJ, Castro M, Comhair SA, et al. Severe
174 asthma: lessons learned from the National Heart, Lung, and Blood Institute Severe Asthma
175 Research Program. Am J Respir Crit Care Med 2012; 185:356-62.

176 2. Thomas B, Rutman A, Hirst RA, Haldar P, Wardlaw AJ, Bankart J, et al. Ciliary dysfunction
177 and ultrastructural abnormalities are features of severe asthma. J Allergy Clin Immunol

178 2010; 126:722-9 e2.

179 3. Wan H, Winton HL, Soeller C, Tovey ER, Gruenert DC, Thompson PJ, et al. Derp 1

180 facilitates transepithelial allergen delivery by disruption of tight junctions. J Clin Invest 1999;
181 104:123-33.

182 4. Talbot TR, Hartert TV, Mitchel E, Halasa NB, Arbogast PG, Poehling KA, et al. Asthma as a
183 risk factor for invasive pneumococcal disease. N Engl J Med 2005; 352:2082-90.

184 5. Juhn YJ, Kita H, Yawn BP, Boyce TG, Yoo KH, McGree ME, et al. Increased risk of serious
185 pneumococcal disease in patients with asthma. J Allergy Clin Immunol 2008; 122:719-23.
186 6. Hales BJ, Pearce LJ, Kusel MM, Holt PG, Sly PD, Thomas WR. Differences in the antibody
187 response to a mucosal bacterial antigen between allergic and non-allergic subjects. Thorax
188 2008; 63:221-7.

189 7. Hales BJ, Martin AC, Pearce LJ, Rueter K, Zhang G, Khoo SK, et al. Anti-bacterial IgE in the
190 antibody responses of house dust mite allergic children convalescent from asthma

191 exacerbation. Clin Exp Allergy 2009; 39:1170-8.

192 8. Thorburn AN, Hansbro PM, Gibson PG. Pneumococcal vaccines for allergic airways

193 diseases. Expert Opin Biol Ther 2009; 9:621-9.

194 9. Thorburn AN, O'Sullivan BJ, Thomas R, Kumar RK, Foster PS, Gibson PG, et al.

195 Pneumococcal conjugate vaccine-induced regulatory T cells suppress the development of
196 allergic airways disease. Thorax 2010; 65:1053-60.

197

198

199

200

201

202

203

204

205



206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221

222

223
224

Thomas et al

Figure legends

Figure 1. Release of CXCL8 (Fig 1 A & B), CCL11 (Fig 1 C & D) and CCL26 (Fig 1 E & F) by
primary respiratory basal cells of patients with severe asthma and healthy controls, in response to
Streptococcus pneumoniae (D39) at 106 cfu/ml and 107 cfu/ml. A, C & E- CXCL8 response of basal
cells at 1 hour post exposure; B, D & F- CXCL8 response of basal cells at 4 hours post exposure.
Data expressed as median (IQR).

T p<0.01 compared to corresponding values for severe asthma.

Figure 2. Release of CXCL8 (Fig 1 A & B), CCL11 (Fig 1 C & D) and CCL26 (Fig 1 E & F) by
primary respiratory basal cells of patients with severe asthma and healthy controls, in response to
LoTox Der p 1, 1pg/ml and 5ug/ml. A, C & E- response of basal cells at 8 hours post exposure; B, D
& F- response of basal cells at 24 hours post exposure. Data expressed as median (IQR).

T p<0.01 compared to corresponding values for healthy controls.



