
Journal Pre-proof

Differential Induction of Allergen-specific IgA Responses following Timothy Grass
Subcutaneous and Sublingual Immunotherapy

Mohamed H. Shamji, PhD, FAAAAI, David Larson, PhD, Aarif Eifan, MD, Guy W.
Scadding, MD, PhD, Tielin Qin, PhD, Kaitie Lawson, MS, Michelle L. Sever, MSPH,
PhD, Ellen Macfarlane, BSc, Janice A. Layhadi, MSc, PhD, Peter A. Würtzen, PhD,
Rebecca V. Parkin, BSc, Srinath Sanda, MD, Kristina M. Harris, PhD, Gerald T.
Nepom, MD, PhD, Alkis Togias, MD, Stephen R. Durham, MD, FRCP

PII: S0091-6749(21)00552-2

DOI: https://doi.org/10.1016/j.jaci.2021.03.030

Reference: YMAI 15051

To appear in: Journal of Allergy and Clinical Immunology

Received Date: 14 September 2020

Revised Date: 3 March 2021

Accepted Date: 9 March 2021

Please cite this article as: Shamji MH, Larson D, Eifan A, Scadding GW, Qin T, Lawson K, Sever
ML, Macfarlane E, Layhadi JA, Würtzen PA, Parkin RV, Sanda S, Harris KM, Nepom GT, Togias
A, Durham SR, Differential Induction of Allergen-specific IgA Responses following Timothy Grass
Subcutaneous and Sublingual Immunotherapy, Journal of Allergy and Clinical Immunology (2021), doi:
https://doi.org/10.1016/j.jaci.2021.03.030.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2021 Published by Elsevier Inc. on behalf of the American Academy of Allergy, Asthma &
Immunology.

https://doi.org/10.1016/j.jaci.2021.03.030
https://doi.org/10.1016/j.jaci.2021.03.030


 1

TITLE PAGE 1 

Original Article 2 

TITLE: Diffe ren tia l Induc tion  of Alle rgen-s pec ific  IgA Res pons es  fo llowing 3 

Timothy Gras s  Subcutaneous  and  Sublingua l Immunotherapy 4 

 5 
Mohamed H. Shamji, PhD, FAAAAIa, David Larson, PhDb, Aarif Eifan, MDa, Guy W. 6 

Scadding, MD, PhDa, Tielin Qin, PhDb, Kaitie Lawson, MSc, Michelle L. Sever, 7 

MSPH, PhDc, Ellen Macfarlane, BSca, Janice A. Layhadi, MSc, PhDa, Peter A. 8 

Würtzend, PhD, Rebecca V. Parkin, BSca, Srinath Sanda, MDe, Kristina M. Harris, 9 

PhDb, Gerald T. Nepom MD, PhDb, f,  Alkis Togias MDg, Stephen R. Durham, MD, 10 

FRCPa, b 11 

 12 

 aNational Heart and Lung Institute, Allergy and Clinical Immunology, Imperial 13 

College NIHR Biomedical Research Centre, Asthma UK Centre in Allergic 14 

Mechanisms of Asthma, London, United Kingdom; bImmune Tolerance Network, 15 

Bethesda, MD, USA; cRho Federal Systems Division, Durham, NC, USA; 16 

dTranslational research, ALK, Hørsholm; eImmune Tolerance Network, San 17 

Francisco, CA, USA fBenaroya Research Institute at Virginia Mason, Seattle, WA, 18 

USA; gNational Institute of Allergy and Infectious Diseases, National Institutes of 19 

Health, Rockville, MD, USA. 20 

 21 

Corres ponding  au thor:  22 

Dr Mohamed H. Shamji 23 

National Heart and lung Institute,  24 

Sir Alexander Fleming Building, Imperial College London, 25 

Imperial College London, SW7 2AZ 26 

London, SW7 2AZ, United Kingdom. 27 

Jo
ur

na
l P

re
-p

ro
of



 2

Tel: +44 20 7594 3476, E-mail: m.shamji@imperial.ac.uk.  28 

Jo
ur

na
l P

re
-p

ro
of



 3

Jo
ur

na
l P

re
-p

ro
of



 4

Disclaimer: Dr Togias’ co-authorship of this public ation does not constitute an 54 

endorsement by the US National Institute of Allergy  and Infectious Diseases, the 55 

National Institutes of Health or any other agency o f the United States government.  56 

 57 

 58 

Dec la ra tion  of s ources  of funding:  Research reported in this publication was 59 

sponsored by the Immune Tolerance Network (ITN) and  supported by the National 60 

Institute of Allergy and Infectious Diseases of the  National Institutes of Health under 61 

Award Number UM1AI109565. The content is solely the  responsibility of the authors 62 

and does not necessarily represent the official vie ws of the National Institutes of 63 

Health. 64 

 65 

Tota l word  count: 3343 66 
  67 

Jo
ur

na
l P

re
-p

ro
of



 5

Jo
ur

na
l P

re
-p

ro
of



 6

Jo
ur

na
l P

re
-p

ro
of



 7

Abbreviations: 109 

AIT: Alle rgen Immunotherapy  110 

TGP: Timothy Grass  pollen 111 

Ig: Immunoglobulins  112 

IgE-FAB: IgE facilita ted a lle rgen binding 113 

ISAC: Immuno Solid Alle rgen Chip 114 

NAC: Nasa l Alle rgen Cha llenge  115 

NF: Nasa l Fluid  116 

Phl p: Phleum pra tense  117 

TNSS: Tota l nasa l symptom score   118 

SCIT: Subcutaneous  Immunotherapy 119 

s IgE: Specific IgE 120 

s IgG4: Specific IgG4 121 

s IgA1: Specific IgA1 122 

s IgA2: Specific IgA2 123 

SLIT: Sublingua l Immunotherapy  124 

Th1: Type  1 he lpe r T ce lls   125 

Th2: Type  2 he lpe r T ce lls   126 
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Introduction 127 

Alle rgen immunotherapy (AIT) is  currently the  only disease -modifying trea tment for 128 

a lle rgic rhinitis , an IgE-media ted disease  affecting up to 20-30% of adults  and up to 129 

40% of children.1 Two routes  of adminis tra tion of AIT used clinica lly a re  130 

subcutaneous (SCIT) and sublingua l (SLIT). Whils t SCIT involves  weekly up-dos ing 131 

injections  which a re  then followed by monthly maintenance  injections  for a t leas t 132 

three  yea rs2, SLIT is  se lf-adminis te red and involves  da ily drops  or table ts  placed 133 

under the  tongue  for the  same  dura tion of three  yea rs .3 SCIT4, 5 and SLIT6, 7 a re  both 134 

disease -modifying and effective  trea tments  in reducing clinica l symptoms during the  135 

Timothy grass  pollen (TGP) season and the  overa ll need of re scue  medica tions .  136 

 137 

Afte r a  3-yea r course  of AIT ends , long-te rm clinica l benefit pe rs is ts  for a t leas t 2-3 138 

yea rs .5, 6, However, we  recently reported tha t, in a  2-yea r AIT s tudy of both SCIT and 139 

SLIT, the  Gauging Response  in Alle rgic Rhinitis  to Sublingua l and Subcutaneous 140 

Immunotherapy (GRASS) tria l, no diffe rence  in the  nasa l re sponse  to a lle rgen 141 

cha llenge  was  obse rved in e ithe r SCIT or SLIT-trea ted groups  compared to the  142 

placebo group, 1 yea r afte r cessa tion of trea tment, indica ting tha t 2 yea rs  of 143 

immunotherapy was  not sufficient to induce  sus ta ined clinica l tole rance .9  144 

 145 

AIT confe rs  its  clinica l e ffect through severa l mechanisms  including immune-146 

devia tion of type  2 T he lpe r (Th2) ce ll re sponse  towards  a  type  1 T he lpe r (Th1) ce ll 147 

response , suppress ion or de le tion of Th2 ce lls10-14, induction of regula tory T and B 148 

ce lls2, 15, 16 and induction of IgG blocking antibodies , in pa rticula r IgG4.
15, 17, 18 149 

Howe ver, a  de ta iled examina tion of the  effect of SCIT and SLIT on a  wider spectrum 150 

of humora l re sponses , such as  nasa l and sys temic IgA1, IgA2, IgG and IgG4 to AIT 151 
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allergens and their molecular components has not been conducted.  Assessing the 152 

effect of AIT on IgA is of interest because IgA is a mucosal antibody likely to play a 153 

central role in binding allergens upon environmental exposure; as such, it could 154 

reduce allergen contact with mucosal and submucosal mast cell-bound IgE.19    155 

 156 

Using samples from the GRASS trial, we herein report for the first time, differential 157 

induction of allergen-specific IgA responses following SLIT, compared to SCIT in 158 

serum and nasal fluids. Moreover, we conducted an unsupervised cluster analysis of 159 

biomarkers to identify whether immunoglobulins measured after one year of 160 

treatment, in conjunction with other immunologic parameters, could stratify subjects 161 

according to treatment group and treatment response at year 2. 162 

163 
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March each year), on the day of the nasal allergen challenge (NAC). Serum was 191 

collected prior to NAC while nasal fluid was collected during NAC. 192 

 193 

Immunoglobulin  meas urements  and  inh ib ition  of CD23-media ted  IgE-fac ilita ted 194 

a lle rgen  b inding 195 

TGP-specific IgA1, IgA2, IgG, IgG4 and IgE were measured in nasal fluid collected at 196 

out-of-season nasal allergen challenge (NAC) visits (prior to the challenge) by an in-197 

house optimized and validated Enzyme Linked Immunosorbent Assay (ELISA) 198 

(Methods section in the Online Repository). Specific IgE and IgG4 to TGP and TGP 199 

components (Phl p 1, 2, 4, 5b, 6, 7, 11, 12) as well as IgA1 and IgA2, to TGP extract 200 

were measured in pre-challenge out-of-season sera by the ImmunoCAP system 201 

(Phadia US Inc., MI, USA) according to manufacturer’s instructions and ELISA, 202 

respectively. Inhibition of IgE-facilitated allergen binding to B cells was measured as 203 

previously described.15, 17 Further details can be found in the Methods section of the 204 

Online Repository.  205 

 206 

S ta tis tica l Ana lys is  207 

All immunologic data were assessed in the per-protocol (PP) population using a 208 

linear mixed model adjusted for baseline values. The PP population included 209 

participants who remained in the study at least three years and were compliant with 210 

study medications, (defined as taking 50% or more of their study medication for the 211 

duration of the study), and who had an evaluable primary endpoint. Missing baseline 212 

serum (8 out of 84) IgE and IgG4 antibodies to TGP were imputed based on 213 

corresponding antibody levels to TGP components. Serum antibodies to TGP and 214 

TGP components (Phl p1, Phl p2, Phl p4, Phl p5b, Phl p6, Phl p7, Phl p11, Phl p12) 215 
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have a joint multivariate normal distribution. Therefore, a Markov Chain Monte Carlo 216 

(MCMC) method was used to impute missing baseline serum TGP-specific IgE and 217 

IgG4 antibody data by drawing on the joint multivariate normal distribution. Nasal 218 

challenge-induced Total Nasal Symptom Score area under curve (AUC) data were 219 

re-analyzed in the PP population using an ANCOVA model adjusted for baseline 220 

AUC. To determine how many clusters were present in the study cohort, a complete 221 

lineage hierarchical clustering method was performed using an agglomerative 222 

approach (bottom-up). Participants were categorized as “Non Responders”, “Partial 223 

Responders”, or “Responders” based on changes in TNSS from baseline to year 2.  224 

Non Responders had < 10% reduction in TNSS from baseline to year 2, Partial 225 

Responders had 10 – 40% reduction in TNSS from baseline to year 2, and 226 

Responder had > 40% reduction in TNSS from baseline to year 2. The threshold for 227 

significance was P < .05 (two-sided). Since all analyses were considered 228 

exploratory, P-values were not adjusted for multiple comparisons. All analyses were 229 

performed with SAS Version 9.4 (SAS Institute Inc., Cary, NC) and R version 3.2.4 230 

(R Foundation for Statistical Computing).  Data are accessible through TrialShare 231 

(the Immune Tolerance Network repository) at 232 

(https://www.itntrialshare.org/GRASS_antibody.url). 233 

 234 

  235 
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Within the three treatment groups, only SLIT participants had increased levels of 260 

TGP-specific IgA1 and IgA2 in nasal fluid at years 2 (3.35- and 2.72-fold over 261 

baseline, respectively, P < .001) and 3 (3.37- and 2.77-fold over baseline, 262 

respectively; P < .001).  As a result, levels of TGP-specific IgA1 and IgA2 were 263 

significantly higher in nasal fluids from the SLIT group compared to the placebo or 264 

SCIT groups at years 2 (all, P < .01) and 3 (all, P < .01) (Fig 2, A-B, Table E1 265 

(https://www.itntrialshare.org/GRASS_antibody_fig2.url). Year 1 specimens were not 266 

assayed due to low sample volumes.   267 

 268 

Serum TGP-specific IgA1 levels were increased in SLIT-treated group at years 1, 2, 269 

and 3 compared to baseline (4.96-, 7.02-, and 2.89-fold respectively, all P < .001) 270 

(Fig 2, C, Table E1). However, serum IgA1 levels declined in the SLIT-treated group 271 

at year 3 compared to year 2 (P < .001). Serum TGP-specific IgA1 levels were not 272 

increased in the SCIT-treated group at years 1, 2 or 3, compared to baseline.  273 

Similarly, no changes in serum IgA1 levels were observed in the placebo group.  The 274 

SLIT group serum TGP-specific IgA1 levels were higher than the placebo and SCIT-275 

treated groups at year 1 (all, P < .001), year 2 (all, P < .001) and year 3 (all, P < 276 

.001) (Fig 2, C). Serum TGP- specific IgA2 levels were increased in the SCIT and 277 

SLIT-treated groups at year 1 (all, P < .01) and year 2 (all, P < .05) compared to 278 

baseline. No significant change in serum IgA2 levels from baseline were observed in 279 

placebo-treated participants. The SLIT group was not statistically different from 280 

placebo or from SCIT at any of the 3 study years.  SCIT resulted in significantly 281 

higher serum IgA2 compared to placebo, but only in year 1 (Fig 2, D).  282 

 283 
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We examined whether the clinical effect of AIT on nasal allergen-induced symptoms 284 

was associated with changes in nasal fluid or serum IgA.  Figure 3 presents the 285 

relationships between AIT-induced log10-fold change in nasal TGP-specific IgA1 and 286 

log10-fold changes in nasal allergen challenge-induced TNSS from baseline to year 287 

2.  We found a significant, albeit modest, correlation between nasal fluid IgA1 and 288 

TNSS after SLIT, but not SCIT or placebo, (Pearson r = -0.52, P = .006).  No 289 

significant relationships between changes in TNSS and serum IgA1 (Fig 3, A-B, 290 

https ://www.itntria lsha re .org/GRASS_antibody_fig3.url) or serum IgA2 or nasal fluid 291 

IgA2 were observed (Fig E2). We further confirmed this observation by applying a 292 

linear mixed-effect model, with TNSS AUC as the dependent variable. When only 293 

one biomarker was included at  a time within the model along with visit, treatment, 294 

and visit treatment interaction, nasal IgA1 and IgA2 was found significant, indicating 295 

the level of nasal IgA1 and IgA2 had an effect on TNSS AUC in the expected 296 

direction, confirming our earlier observations (Table E2). 297 

 298 

Nas a l flu id  and  s e rum IgG, IgG4 and  IgE to  gras s  po llen  fo llowing  SLIT, SCIT or 299 

p lacebo  300 

TGP-specific IgG in nasal fluid and serum was elicited by both SCIT and SLIT.  The 301 

levels in nasal fluid were increased from baseline at year 2 in both SCIT and SLIT 302 

group (P < .05) and at year 3 in the SLIT group (P < .05) (Fig 4, A). Similarly, serum 303 

TGP-specific IgG levels were increased from baseline at years 2 (P < .001) and 3 (P 304 

< .001) in both SCIT and SLIT groups (Fig 4, B). Levels of GP-specific IgG4 in nasal 305 

fluids increased from baseline for the SLIT and SCIT groups at years 2 and 3 (P < 306 

.001), (Fig 4, C, Table E3). Similarly, serum IgG4 to TGP increased from baseline in 307 

both SLIT and SCIT groups (Fig 4, D, Table E3).  A decline in IgG (87%, SCIT, P < 308 
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.001; 16%, SLIT, P=.7) and IgG4 (84%, SCIT, P = .001; 49%, SLIT, P = .16) was 309 

observed in nasal fluids at year 3 compared to year 2. The observations in nasal 310 

fluids were paralleled by serum IgG (68%, SCIT, P < .001; 45%, SLIT, P = 0.01) and 311 

IgG4 (92%, SCIT, P < .001; 57%, SLIT, P < .001) at year 3 compared to year 2.  312 

In nasal fluids, levels of IgG4 to timothy grass were significantly higher in the SCIT 313 

group at year 2 compared to the SLIT group (P < .05).  In serum, levels of both IgG 314 

and IgG4 were significantly higher in the SCIT group compared to the SLIT group at 315 

year 2 (P < .01).  This differential treatment effect persisted for IgG4 in serum at year 316 

3.    317 

TGP-specific nasal fluid IgE was higher in SLIT compared to SCIT (2.76-fold, P = 318 

.04) and placebo (3.07-fold, P = .02) at year 2, but not year 3 (Fig 4, E, Table E3).  319 

This differential treatment effect on IgE levels in nasal fluids was paralleled in serum 320 

(Fig 4, F, Table E3 https://www.itntrialshare.org/GRASS_antibody_fig4.url).  321 

Moreover, longitudinal changes in serum IgG4 and IgE to Phl p 1, 2, 4, 5b, 6, 7, 11 322 

and 12 following SLIT, SCIT or placebo were observed (Fig E3 and E4, Table E4 323 

and E5). Further details on this observation can be found in the results section of the 324 

Online Repository.  325 

 326 

Inhib itory ac tivity aga ins t in  vitro  a lle rgen-IgE complex b inding to  B ce lls   327 

The allergen-IgE binding to B cells as measured by the IgE-FAB assay using nasal 328 

fluid was similar at baseline in SLIT, SCIT and placebo-treated patients. At year 2, 329 

allergen-IgE complex binding to B cells was lower in SLIT (62.9%, P < .01) and SCIT 330 

(56.5%, P < .05) compared to placebo (Fig 5, A) indicating treatment-induced, 331 

blocking antibody activity in nasal fluids. At year 3, the reduction in allergen-IgE 332 

complexes binding to B cells persisted in SLIT (61.2%, P < .01) compared to 333 

Jo
ur

na
l P

re
-p

ro
of



 17

placebo, but not in SCIT (P = .21).  Serum from both SCIT- and SLIT-treated groups 334 

blocked allergen-IgE complexes from binding to B cells at years 2 and 3, when 335 

compared to placebo, as previously reported11 (Fig 5, B, Table E6 336 

https ://www.itntria lsha re .org/GRASS_antibody_fig5.url).  337 

 338 

Re la tions hip  be tween  loca l and  s ys temic  gras s  po llen-s pec ific  an tibody 339 

res pons es  to  c lin ica l re s pons e   340 

We next explored whether relationships between clinical outcomes and biomarkers 341 

were present. We found that biomarkers after 1 year of AIT treatment were related to 342 

the 2-year treatment outcomes.  We performed hierarchical clustering using the 343 

log10-fold changes in variables from baseline to year 1 and an agglomerative 344 

approach (bottom-up). We first used a set of already published biomarkers from the 345 

same study that included early and late phase skin reactions9, BAT12, serum IgE-346 

FAB data, tetramer data12 and serum IgE and IgG4 data.  Hierarchical clustering of 347 

those biomarkers allowed for relatively good distinction between placebo and active 348 

treatment, but less distinction between SCIT and SLIT (Fig 6, A).  When serum IgA 349 

data and serum component IgE and IgG4 data were added to the analysis, the ability 350 

to cluster study participants by treatment and response to treatment was greatly 351 

improved (Fig 6, B).  The Figure 6B dendrogram shows that study participants could 352 

be separated into 3 clusters. One cluster contained all 7 participants who had <10% 353 

TNSS reduction from baseline to year 2.  In general, these participants produced 354 

less serum IgA to grass extract, and less IgG4 and IgE to grass components from 355 

baseline to year 1. 14/18 of the members of this cluster belonged to the placebo arm.  356 

In contrast, the other two clusters contained the majority of participants who had 357 

>40% TNSS reduction from baseline to year 2.  These two clusters had increased 358 
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serum IgA to grass extract, and more IgG4 and IgE to grass components from 359 

baseline to year 1 (Fig 6, A-B, 360 

https://www.itntrialshare.org/GRASS_antibody_fig6.url). Of all the participants in the 361 

second cluster, 0 were SCIT recipients, while 9 of the 11 participants in the third 362 

cluster received SCIT.  All of the participants in the second cluster (9/9), but only 2 of 363 

the 11 participants in the third cluster received SLIT.   364 

  365 
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Discussion 366 

Here  we  report a  de ta iled longitudina l a ssessment of nasa l and sys temic antibody 367 

responses  during sublingua l and subcutaneous  grass  pollen immunotherapy. IgA1 368 

and IgA2 antibody induction was  higher in SLIT, compared to SCIT and placebo. This  369 

effect was  mos t prominent in nasa l fluids .  In contras t, IgG and IgG4 antibodies  both 370 

in nasa l fluids  and in the  circula tion were  grea te r in SCIT, compared to SLIT and to 371 

placebo. Moreover, adding se rum IgA, IgG4, and IgE measurements , taken one  yea r 372 

afte r initia tion of AIT, to an unbiased biomarker clus te r ana lys is  enabled pa rticipants  373 

to be  re la tive ly we ll s tra tified based on the  trea tment they rece ived and a lso 374 

identified subjects  who did not re spond to trea tment.  375 

 376 

AIT trea tment has  been previous ly associa ted with the  induction of a  se rum a lle rgen-377 

specific IgA2 antibody response .20  Increases  in sa liva ry concentra tions  of grass  378 

pollen-specific tota l IgA have  a lso been obse rved in children following 3 yea rs  grass  379 

pollen SLIT tha t pe rs is ted for two years  a fte r trea tment cessa tion 21. Our s tudy 380 

extends  these  obse rva tions  by directly comparing loca l nasa l and sys temic IgA1 and 381 

IgA2 concentra tions  following grass  pollen SCIT and SLIT.  Eleva ted IgA in SLIT was 382 

obse rved during immunotherapy trea tment and pe rs is ted even after discontinua tion 383 

of trea tment. Changes  in a lle rgen-induced symptoms and changes  in the  leve l of 384 

nasa l fluid IgA1 showed a  s ignificant inverse  corre la tion in the  SLIT a rm, but not in 385 

SCIT or placebo, sugges ting tha t IgA induced by SLIT may be  re la ted to clinica l 386 

improvements  obse rved during the rapy. However, this  corre la tion was  re la tive ly 387 

modes t and, in yea r 3, a fte r discontinua tion of trea tment, nasa l fluid IgA1 and IgA2 388 

remained e leva ted, whereas  a lle rgen-induced nasa l symptoms did not diffe r be tween 389 

SLIT and placebo.  390 
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 391 

IgA produced during grass pollen immunotherapy may participate in blocking 392 

allergen from binding IgE receptors.  The blocking capacity of IgA antibody has been 393 

previously reported in a study where ragweed-specific IgA from nasal secretions was 394 

shown to inhibit basophil histamine release.22 Here we show that, compared to 395 

baseline, nasal fluids collected after 2 years of treatment had increased blocking 396 

activity against IgE-allergen complex binding to B cells. It is notable that the 397 

magnitude of this effect was equal between SLIT and SCIT.  However, SLIT, 398 

compared to SCIT, had lower levels of nasal fluid IgG4, the conventional “blocking 399 

antibody” subclass, and higher levels of IgA1 and IgA2.  This is compatible with a 400 

hypothesis that IgA may also play the role of a “blocking antibody” in nasal fluids.  401 

This notion is further supported by the experiments with serum where the differences 402 

between SLIT and SCIT-induced IgA1 vs IgG4 were even more striking, but the 403 

blocking activity of serum against IgE-allergen complex binding to B cells was no 404 

different. Our data underscore that SCIT and SLIT likely involve differences in the 405 

mechanism of action with IgG4 playing a predominant role in SCIT and IgA in SLIT.  406 

 407 

The addition of serum IgA, as well as serum grass component IgE and IgG4, to 408 

various other parameters, as part of an exploratory cluster analysis of the changes 409 

from baseline to year 1, yielded 3 clusters that largely separated participants 410 

according to the treatment they received (placebo, SLIT, SCIT).  This suggests that 411 

differences in the production of IgA, IgE, and IgG4 antibodies are defining 412 

characteristics of SCIT and SLIT treatment.  Including the baseline to year 1 413 

changes in these datasets (https://www.itntrialshare.org/GRASS_antibody.url) also 414 

allowed for the identification of participants who responded to therapy at year 2 and 415 
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clustered all participants who did not respond to therapy into a separate group, 416 

suggesting that treatment efficacy may involve various aspects of the immune 417 

response and that it may be possible to identify patients early in treatment who might 418 

benefit from adjunct therapy.  Furthermore, since SLIT and SCIT may act by distinct 419 

mechanisms, this raises the question whether it may be helpful to combine the two 420 

therapies in treatment-resistant cases. This would require testing in an adequately 421 

powered controlled comparative clinical trial’  422 

 423 

Local antibody responses are reflective of immunological and clinical responses to 424 

individual allergen components. However, due to limitation in the amount of nasal 425 

fluid that was obtained in this study, only IgE, IgG, IgG4, IgA1 and IgA2 426 

measurements to the allergen extract, and not to individual grass pollen 427 

components, were assessed in this study. Whilst it is possible to utilize an assay 428 

such as ImmunoCAP solid-phase allergen chip technology (ISAC) to measure 429 

reactivity against individual allergen components in nasal fluids, studies have shown 430 

that allergen-specific IgG4 may compete with specific IgE for allergen-binding within 431 

the assay. This may therefore underestimate the levels of sIgE obtained by ISAC.23 432 

Further to this, the baseline nasal fluid and serum samples measured in this study 433 

were collected at the end of the grass pollen season. For this reason, it would be 434 

challenging to derive any observations on the blunting of seasonal IgE increases in 435 

the local target organ or within the circulation.  436 

 437 

During the GRASS trial, peak pollen count was found within study year 2. Despite 438 

this peak, each treatment group was exposed to similar levels of pollen as study 439 

participants were randomized into one of three treatment arms at the start of the 440 
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study, indicating that differences in antibody levels between treatment groups are not 441 

due to differences to pollen exposure. Additionally, when looking at antibody trends 442 

within the placebo group, there were no consistent increases between year 1 and 2, 443 

and no consistent decrease between years 2 and 3, highlighting that exposure to 444 

pollen have minimal priming effect on the out-of-season time points used for 445 

antibody measurements.  446 

 447 

Despite our speculation that IgA may act as a blocking antibody, we have no direct 448 

evidence of this. Our data suggest that there is an interaction between IgA1, IgA2, 449 

IgG4 and IgE, but the nature of this interaction is not clear.  Shared repertoires 450 

between IgG and IgE have been illustrated previously in a murine study24 and more 451 

recently, in a human study involving allergic and non-allergic subjects.25, 26 Similar 452 

analyses for IgA may be worth pursuing to help determine whether IgA induced by 453 

SLIT is capable of inhibiting IgE-mediated immune responses.  However, this was 454 

beyond the scope of this study. 455 

 456 

In conclusion, we have identified that production of IgA is a major biological 457 

difference between SLIT and SCIT. Whereas, as expected, SCIT induced higher 458 

specific IgG4 levels than SLIT, SLIT led to higher IgA levels, both in serum and nasal 459 

fluid. Furthermore, the levels of IgA1 in nasal fluids correlated with SLIT’s 460 

suppression of nasal symptoms during NAC.  Specific IgA antibody production may 461 

therefore represent a distinct mechanism through which SLIT exerts its therapeutic 462 

effects that needs to be further investigated.  463 

 464 

 465 
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 558 
  559 

 
* Total IgE measurements were performed in samples collected during the grass pollen season. 
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https://www.itntrialshare.org/GRASS_antibody_fig3.url 586 
 587 

 588 

Figure  4. Longitudina l changes  in  IgG, IgG4 and  IgE in  nas a l lin ing  flu id  and 589 

s e rum fo llowing  SLIT, SCIT or p lacebo . 590 

Nasal and serum (A,B) specific IgG (AU/mL), (C,D) IgG4 (mg/mL) and  (E,F) IgE 591 

(kU/L) to grass pollen allergen.  Nasal specific (A) IgG, (C) IgG4, (E) IgE and serum 592 

(B) IgG were measured by ELISA. Serum (D) IgG4 and (F) IgE were measured by 593 

ImmunoCAP in SCIT-, SLIT- and placebo-treated groups. Note: different y-axis scale 594 

for panels E and F. Data are presented as mean ± 95% CI. *P < .05, **P < .01, A 595 

linear mixed model was used with adjustment for baseline value. 596 

https://www.itntrialshare.org/GRASS_antibody_fig4.url 597 
 598 

 599 

Figure  5. Time  cours e  of a lle rgen-neutra lizing  b locking  an tibody res pons es  in  600 

nas a l flu id  and  pe riphera l b lood  in  SLIT, SCIT and  P lacebo . (A) The co-operative 601 

allergen-IgE binding to B cells and inhibitory activity for IgE-FAB was measured in 602 

nasal fluid and (B) serum obtained from SLIT, SCIT and Placebo-treated patients. 603 

Data are presented as mean � 95%. *P < .05, **P < .01, A linear mixed model was 604 

used with adjustment for baseline value. 605 

https://www.itntrialshare.org/GRASS_antibody_fig5.url 606 
 607 

 608 

Figure  6. Linkage  h ie ra rch ica l c lus te ring ana lys is  us ing  immune  monitoring 609 

b iomarker a s s ays  with  or without IgE, IgG4 to  gras s  pollen  components  and  610 

IgA to  gras s  po llen . Log10 fold changes in variables from baseline to year 1 were 611 

used to perform complete linkage hierarchical clustering using (A) selected 612 
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biomarker assays or (B) with the addition of serum IgA data and serum component 613 

IgE and IgG4 data. Yellow color indicates large log10 increases from baseline to year 614 

1 and blue color indicates large log10 decreases from baseline to year 1.  Inclusion 615 

of IgE/IgG4 component data and serum IgA data leads to improved clustering by 616 

treatment group (SLIT = green, n = 15; placebo = blue, n = 14; SCIT = red, n=9) and 617 

response to treatment (Non Responder: < 10% reduction in TNSS from baseline to 618 

year 2 = black, Partial Responder: 10 – 40 % reduction in TNSS from baseline to 619 

year 2 = white,  Responder: > 40% reduction in TNSS from baseline to year 2 = 620 

purple).     621 

https://www.itntrialshare.org/GRASS_antibody_fig6.url 622 
 623 

 624 

 625 
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Table E1.Levels of specific IgA1 and IgA2 to grass pollen in nasal fluid and serum 
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Table E2. Linear mixed effect model with one bioassay covariate in the model. 
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Table E3. Levels of specific IgE, IgG and IgG4 to grass pollen in nasal fluid and serum  

 

Measurements (unit) 
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Table E4. Levels of specific IgE to grass pollen components  

Grass pollen specific IgE 
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Figure E3

Phl p1 Phl p2

Phl p4 Phl p5b

Phl p6 Phl p7

Phl p11 Phl p12
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Methods 27 

Meas urement of Ig A 1/Ig A 2 in Nas al F luid and S erum us ing  E L IS A  28 

P lates  were coated with 50 μL  of of P hl p (5 µg/mL ) for 1 hour at 37ᵒC . Wells  were 29 

washed three times  us ing 0.05%  T ween 20 in P B S , dried and blocked us ing 1%  30 

B ovine S erum Albumin (B S A) in P B S  at 37ᵒC  for 1 hour. P lates  were washed with 31 

wash buffer and dried completely. S tandards  and serum samples  were added into 32 

corresponding wells  and incubated overnight at 4
o
C . F ollowing overnight incubation 33 

at 4
o
C , the plates  were washed and incubated with monoclonal antibodies  (mAbs) to 34 

IgA1 or IgA2 (Abcam) for 30 minutes . P lates  were washed, dried and 100 μL  of HR P -35 

conjugated S treptavidin (B iolegend) was  added to each well and incubated on a 36 

shaker for 30 minutes. After washing, T MB  substrate was  added in the dark for 8 37 

minutes  and 50 μL  s topping solution (H2S O 4) was  added. P lates  were read at O D450 38 

us ing an E L IS A microplate reader (Molecular P robes , E ugene, O R , US A). T he anti-39 

IgA1 antibody binds  to the F c portion of the heavy chain of human IgA1. Meanwhile, 40 

anti-IgA2 antibody binds  to the F c portion of the heavy chain of human IgA2 and can 41 

detect both monomeric and dimeric IgA2.  42 

 43 

Meas urement of nas al Ig G , nas al Ig G 4 and s erum Ig G  by  E L IS A  44 

P lates  were coated with 50 µL  P hl p (5 µg/mL ) diluted in bicarbonate coating buffer 45 

at 37ᵒC  for 1 hour. Wells  were washed three times  with 0.05%  T ween 20 in P B S , 46 

dried and blocked us ing 1%  B ovine S erum Albumin (B S A) (S igma, G illingham, 47 

United K ingdom) in P B S  at 37ᵒC  for 1 hour.  P lates  were washed, dried, and S C IT  48 

serum added in serial dilutions  (1:1) with P B S  to s tandard wells . S amples  were 49 

added 1:1000 (for IgG ) or 1:3.3 (for IgG 4) dilution with P B S  to corresponding wells . 50 

T he concentration of the s tandard serum was  determined us ing ImmunoC AP  as  per 51 
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 5

However, these differences did not persist off treatment at year 3 (Fig E2, F-H). 102 

Consistent with the differential treatment effect observed for IgG4 to GP extract in 103 

serum, the SCIT group exhibited superior IgG4 responses compared to SLIT group 104 

to all grass pollen components in serum at years 1 and 2 (P < .01 for Phl p 1, 2, 4, 105 

5b, 6, 7 and P < .05 for Phl p 11 (year 2 only) and 12), and these differences 106 

persisted at year 3 (P < .01) with the exception of IgG4 to Phl p 1, 7, 11, and 12.  In 107 

contrast, the SLIT group displayed increased levels of IgE to Phl p 1, 2, and 4 at 108 

years 1 and 2 compared to SCIT and placebo groups (Fig E2) that paralleled the 109 

differences in serum IgE to grass pollen extract between treatment groups (Fig 4, F).  110 

 111 
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measured by ImmunoCAP. Data are presented as mean � 95%CI. *P < .05, **P < 147 

.01, A linear mixed model was used with adjustment for baseline value. 148 

https://www.itntrialshare.org/GRASS_antibody_figS4.url 149 
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