
Supplementary materials 

 

Reagents 

Antibodies against mouse Ly-6G (Cat#. 560599 and 551461), Siglec-F (Cat#. 552126 

and 562680), CD11b (Cat#. 557672 and 553310), CD11c (Cat#. 560584) were 

purchased from BD Biosciences (Franklin Lakes, NJ). Antibody against mouse C5b-9 

(Cat#. sc-66190), ZO-1 (sc-33725) and protein G plus-agarose (Cat#. sc-2002) were 

purchased from Santa Cruz Biotechnology (Santa Cruz, CA). Antibody against mouse 

CD16/32 (Cat#. 101320) was purchased from BioLegend (San Diego, CA). Mouse 

control IgG (Cat#. A7028) was purchased from Beyotime Biotechnology (China). 

Antibody against mouse IgG (Cat#. M04575-1) was purchased from Boster (Beijing, 

China). Alexa fluor 488-conjugated goat anti-mouse IgG (H+L)(Cat#. GB25301), alexa 

fluor 488-conjugated goat anti-rabbit IgG (H+L) (Cat#. GB25303), cy3 conjugated goat 

anti-rabbit IgG (H+L) (Cat#. GB21303) and cy3 conjugated goat anti-mouse IgG (H+L) 

(Cat#. GB21301) were purchased from Servicebio (Shanghai, China). Goat anti-mouse 

IgG-HRP (Cat#. 1036-05), goat anti-human IgG-HRP (Cat#. 2015-05), mouse anti-

human IgE-HRP (Cat#. 9160-05), mouse anti-human IgG1-HRP (Cat#. 9054-05), 

mouse anti-human IgG2-HRP (Cat#. 9060-05), mouse anti-human IgG3-HRP (Cat#. 

9210-05) and mouse anti-human IgG4-HRP (Cat#. 9200-05) were purchased from 

Southern Biotechnology (Birmingham, AL). Protein A sepharose FF (Cat#. 17-0780-01) 

was purchased from GE Healthcare (Pittsburgh, PA). NHS- activated beads 4FF (Cat#. 

SA039) was purchased from smart-lifesciences (China). FITC-cm-dextran (Cat#. 

68059), Freund's adjuvant, complete (Cat#. F5506), Freund’s adjuvant, incomplete 

(Cat#. 101320) were purchased from Sigma-Aldrich (St. Louis., MO). TUNEL apoptosis 



assay Kit (Cat#. C1088) was purchased from Beyotime Biotechnology (Shanghai, 

China). EGTA (Cat#. E8050), RIPA buffer (Cat#. R0020), DAPI solution (Cat#. C0065), 

Mounting medium, antifading (Cat#. S2100) and Serum of guinea pig (Cat#. S9531) 

were purchased from Solarbio (Beijing, China). Protein stains K (Cat#. C500021), 

DNase I (Cat#. A610099), collagenase Type 4 (Cat#. A004210) and poly-L-lysine (Cat#. 

25988-63-0) were purchased from Sangon Biotech (Shanghai, China). OCT compound 

(Cat#. 4583) was purchased from sakura (Torrance, CA). Mouse complement 

component C5a ELISA Kit (Cat#. CME0066) and mouse myeloperoxidase ELISA Kit 

(Cat#. CME0115) were purchased from 4A Biotech (Beijing, China). Mouse 

complement fragment 3a ELISA Kit (Cat#. CSB-E08511m), mouse terminal 

complement complex C5b-9 ELISA Kit (Cat#. CSB-E08710m) and mouse matrix 

metalloproteinase 9 ELISA Kit (Cat#. CSB-E08007m) were purchased from Cusabio 

(Shanghai, China). Confocal dish (Cat#. 801001) was purchased from NEST 

Biotechnology (USA). Transwell-culture plate inserts (Cat#. 3460) was purchased 

from Corning (New York, NY). Normal human IgG was purchased from GenScript 

(Nanjing, China). The recombinant HDM enolase was provided by Shanghai Sangon 

Biotech (Shanghai, China). The recombinant C3a was purchased from R&D Systems 

(Minneapolis, MN. Cat#8085-C3-025).  

 

Purification of mite specific IgG from serum of patients with asthma 

The total IgG was purified from the serum by protein A referred to published 

procedures (Gagnon P, Nian R, Lee J, Tan L, Latiff SM, Lim CL, Chuah C, Bi X, Yang Y, 

Zhang W, Gan HT. Nonspecific interactions of chromatin with immunoglobulin G and  

protein A, and their impact on purification performance. J Chromatogr A. 2014 May 



2;1340:68-78). Mite-specific IgG was further purified from the IgG by affinity 

chromatography with the sepharose beads absorbed with Der f enolase referred to 

published procedures (Warren KG, Catz I. Purification of autoantibodies to myelin 

basic protein by antigen specific affinity chromatography from cerebrospinal fluid 

IgG of multiple sclerosis patients. Immunoreactivity studies with human myelin basic 

protein. J Neurol Sci. 1991; 103: 90-6).  

 

Generation of mouse Der f enolase-specific IgG (EnoAb, in short) 

Following published procedures (J Immunol. 2014; 193: 2902-10), we generated 

polyclonal antibodies against Der f enolase through immunizing BALB/c mice. The 

mice were subcutaneously injected Der f enolase (100 µg/mouse in 1 ml complete 

Freund adjuvant) at multiple spots on the back. The mice were boosted with Der f 

enolase (100 µg/mouse) mixed in incomplete Freund adjuvant every other week for 

4 times. One week after the last injection, blood was taken from mice through the 

eyeball pulling. The blood was placed at 4 °C overnight to separate the serum. Total 

IgG was separated from the serum by protein A. After eluting with an eluting buffer, 

the Der f enolase specific IgG was separated from the total IgG by passing through 

affinity chromatography with the sepharose beads absorbed Der f enolase protein. 

As assessed by ELISA, the generated anti-enolase antibodies well bound recombinant 

enolases (Fig. S4d).  

 

Collection of sputum from human subjects 

Sputum samples were collected from asthma patients and healthy subjects (refer to 

Table 1 for the demographic data) and processed following published procedures 



(Brooks CR, van Dalen CJ, Hermans IF, Gibson PG, Simpson JL, Douwes J. Sputum 

basophils are increased in eosinophilic asthma compared with non-eosinophilic 

asthma phenotypes. Allergy. 2017 Oct;72(10):1583-1586). The cellular components 

were analyzed by flow cytometry to assess the frequency of eosinophils and 

neutrophils (the data are presented in Table 1).  

 

Experimental animals 

Male BALB/c mice (6-8 week old), New Zealand rabbits (1-1.5 kg) were purchased 

from the Guangzhou Experimental Animal Center (Guangzhou, China). Mice and 

rabbits were maintained at a specific pathogen-free facility with accessing water and 

food freely. The experimental procedures were approved by the Animal Ethic 

Committee at Shenzhen University. The experiments were carried out in accordance 

with the approved guidelines.  

 

Preparation of HDM extracts 

The HDM extracts were prepared in our laboratory following our established 

procedures (Lin J, Huang N, Wang H, Fu Q, Wang E, Li P, Yang L, Luo X, Liu X, Liu Z. 

Identification of a Novel Cofilin-Related Molecule (Der F 31) as an Allergen From 

Dermatophagoides Farinae. Immunobiology; 2018;223:246-251). Proteins were 

extracted from cells collected from relevant experiments or house dust mites (D. 

farina, maintained in our laboratory) with RIPA lysis buffer (50 mM Tris (pH 7.4), 150 

mM NaCl, 1% Triton X-100, 1% sodium deoxycholate, 0.1% SDS, 2 mM sodium 

pyrophosphate, 25 mM β-glycerophosphate, 1 mM EDTA, 1mM Na3VO4 and 

protease inhibitor cocktail; from Solarbio Life Science, Beijing, China) following the 



manufacturer’s instructions. Protein concentrations were determined with Pierce™ 

BCA Protein Assay Kit. The procedures were carried out at 4 °C.  

 

Western blotting 

Proteins were fractioned by SDS-PAGE (Sodium dodecyl sulfate-Polyacrylamide gel 

electrophoresis) and transferred onto a PVDF membrane. After blocking with 5% 

skim milk for 30 min, the membrane was incubated with the primary antibodies of 

interest overnight at 4 °C, washed with TBST (Tris-buffered saline containing 0.1% 

Tween 20) 3 times, incubated with peroxidase-labeled secondary antibodies for 2 h 

at room temperature, washed with TBST 3 times. The immunoblots on the 

membrane were developed with the enhanced chemiluminescence and 

photographed in an imaging station.  

 

Enzyme-linked immunosorbent assay (ELISA) 

Levels of cytokines or proteins in the serum or BALF were determined by ELISA with 

purchased reagent kits following the manufacturer’s instructions.  

 

Cell culture 

Immune cells were cultured with RPMI1640 medium. Epithelial cells were cultured 

with Dulbecco's Modified Eagle's medium. The medium was supplemented with 10% 

fetal bovine serum, 100 U/ml penicillin, 0.1 mg/ml streptomycin and 2 mM 

glutamine. Medium was changed in 2-3 days. Cell viability was greater than 99% as 

assessed by Trypan blue exclusion assay.  

 



Immunohistochemistry 

Lung tissues were snap frozen in liquid nitrogen. Cryosections were prepared and 

fixed with cold acetone for 20 min. After blocking with 1% bovine serum albumin 

(BSA), sections were incubated with the first antibodies of interest or isotype IgG 

overnight at 4 °C, washed with PBS 3 times, incubated with secondary antibodies 

(labeled with fluorescence) for 2 h at room temperature and washed with PBS 3 

times. The sections were mounted with cover slips and observed with a confocal 

microscope.  

 

TdT-mediated dUTP Nick-End Labeling (TUNEL) 

Cryosections of airway tissue were prepared and stained with TUNEL with a 

commercial reagent kit following the manufacturer’s instructions. The sections were 

observed with a confocal microscope. 

 

Immunoprecipitation (IP) 

Proteins were precleared by incubating with protein G agarose beads for 2 h. The 

beads were removed by centrifugation at 5,000 g for 5 min. The supernatant was 

incubated with antibodies of interest or isotype IgG overnight at 4 °C to form 

immune complexes. The complexes were precipitated by incubating with protein G 

agarose beads for 2 h. The beads were collected by centrifugation at 5,000 g for 5 

min. Proteins on the beads were eluted with an eluting buffer and analyzed by 

Western blotting.  

 

Assessment of apoptotic cells 



Cells were collected from relevant experiments and stained with propidium iodide 

(PI) and annexin v following the manufacturer’s instructions. Cells were analyzed by 

flow cytometry. Data were processed with flowjo software package. Cells stained 

annexin v+ or both annexin v+ PI+ were regarded apoptotic.  

 

Assessment of the effects of EnoAb on airway epithelial barrier functions 

16HBE cells were cultured into monolayer in a Transwell system. Upon confluence, 

EnoAb was added to upper chambers at 0.02% in total volume together with 

complement-containing serum or heated serum (the complement was quenched) at 

10 µl/ml. The transepithelial electric resistance (TEER) of the monolayers was 

recorded every 2-h from 0-12 h. To assess the permeability of the monolayers, FITC-

dextran (MW = 40 kDa) was added to upper chambers at 10 µg/ml. Samples (0.1 ml) 

were taken from basal chambers every 4 h from 0-12 h. Levels of FITC in the samples 

were determined by fluorescent spectrometry. The effects of anti-Der f enolase IgG 

on the function of intercellular junction complex was also tested with the calcium-

switch following published procedures (Tobey NA, Argote CM, Hosseini SS, Orlando 

RC. Calcium-switch technique and junctional permeability in native rabbit 

esophageal epithelium. Am J Physiol Gastrointest Liver Physiol. 2004; 286: G1042-9). 

Briefly, after reaching confluence, 16HBE monolayers were exposed to calcium-free 

medium; the TEER then dropped progressively until a plateau was reached (in about 

2 h). The medium was then replaced with a calcium-containing medium. TEER of the 

monolayer was recorded every hour from 0 to 12 h.   

 



To test the effects of EnoAb on airway epithelial barrier function in vivo, mice 

received nasal drops (25 µl/nostril/time) containing EnoAb (1 µg/ml) daily for 6 days. 

On day 7, mice were treated with nasal drops containing FITC-dextran (10 mg/kg; in 

25 µl/nostril; PLoS One. 2014;9:e101925). Mice were sacrificed 3 h later. Blood was 

collected from each mouse. The serum was isolated. Levels of FITC-dextran in the 

serum were determined by fluorescent spectrometry. To elucidate the role of 

complements in the EnoAb on the airway epithelial barrier dysfunction, mice were 

treated with cobra venom factor (CVF; 200 U/kg, i.p.) 3 days prior to the beginning of 

nasal drops to deplete complements in mice. 

 

Real-time quantitative RT-PCR  

16HBE cells were collected from the barrier function experiments. The total RNA was 

extracted from the cells with the TRIzol reagents, converted to cDNA with a 

QuantiTect Reverse Transcription Kit (Qiagen) following the manufacturer’s 

instruction. The samples were amplified in a qPCR device (CFX96 Touch Real-Time 

PCR Detection System) with the SYBR Green Master Mix (Invitrogen) and the 

presence of ZO-1 primers (tcagagtggggaaacgtcaa and tggttcaggatcaggacgac). The 

results were calculated by the 2-∆∆Ct method and presented as relative change.  

 

Flow cytometry 

Cells were collected from relevant experiments. In the surface staining, cells were 

stained with antibodies of interest (labeled with fluorescence) or isotype IgG for 30 

min at 4 °C. In the case of intracellular staining, cells were fixed using 1% 

paraformaldehyde, permeabilized with perm buffer (0.5% saponin) and stained with 



antibodies of interest (labeled with fluorescence) or isotype IgG for 30 min at 4 °C. 

The cells were analyzed with a flow cytometer (FACSCanto II). Data were processed 

using flowjo with the data of isotype IgG staining as gating references.  

 

Development of airway inflammation in mice with EnoAb 

BALB/c mice (6 per group) were treated with nasal drops containing EnoAb (1 µg/ml) 

daily for 6 days. On day 7, the airway hyperresponsiveness to methacholine was 

measured with the unrestrained whole-body plethysmography. Bronchoalveolar 

lavage fluid (BALF) was collected from each mouse by infusion and extraction of 1 ml 

of ice-cold PBS. The procedure was repeated 3 times, and the lavage fluids were 

pooled and centrifuged at 1,000 g for 10 min. The supernatant was collected and 

analyzed by ELISA. The cell pellets were resuspended in culture medium and 

analyzed by flow cytometry. A piece of lung tissue was excised and fixed with 4% 

formalin. Paraffin sections were prepared and stained with hematoxylin and eosin. 

The sections were observed under a light microscope.  

 

Competitive ELISA to verify the binding specificity between homo (or Der f) enolase 

and EnoAb  

In order to validate the cross-reactions between Der f enolase and Homo enolase, 

pooled sera from patients were used for inhibition assay. Firstly, sera were diluted 

for 20 times in PBS which containing 2% BSA and 0.05% Tween 20 and then 

subsequently added with Der f enolase (final concentration: 0.0002, 0.002, 0.02, 0.2, 

2g/ml) or Homo enolase at 4°C for pre-incubated overnight. After that, the sera were 

then added to the microtiter plates pre-coated with Homo enolase or Der f enolase 



(0.1 μg/well). Three parallel measurements were performed in each group and the 

inhibition rates were calculated in accordance to the formula: Inhibition (%) = OD0-

ODi/OD0-ODBSA. Where the OD0 is the original optical density of antigen without 

inhibitor added; and ODi is the optical density of antigen after inhibitor adding; and 

ODBSA is the optical density with no inhibitor but BSA adding.    

 

 

 

Figure S1. Supplementary data to Figure 1 in the main text. Samples of sputum and 

blood were collected from 41 neutrophilic asthma patients, 42 eosinophilic asthma 

patients and 30 healthy control (HC) subjects. a-e, scatter plots show correlation 

between serum IgG (a-d) or IgE (e) levels and sputum eosinophil frequency. F, serum 

enolase-specific IgE levels. G, serum HDM-specific IgG4 levels. H-I, no correlation 

between serum HDM-specific IgG4 and sputum neutrophil counts or eosinophil 



counts. Statistics of F and G: the Mann Whitney test. A-E, H-I, the Spearman 

correlation assay.  

 

 

 

Figure S2. Gene sequence identical matches between Der f and human. The 

proteome of H. sapiens (20,399 proteins, last modified on Dec. 13, 2018) was 

downloaded from UniProt database and the proteome of D. farinae (18,087 proteins) 

was provided by Prof. Stephen Kwok-Wing Tsui’s lab (Chan, T.-F., et al., The draft 

genome, transcriptome, and microbiome of Dermatophagoides farinae reveal a 

broad spectrum of dust mite allergens. Journal of Allergy and Clinical Immunology, 

2015. 135(2): p. 539-548). NCBI Blast p 2.6.0+ program was used to compare the 

proteomes of D. farinae and H. sapiens, in which the expect value cutoff was set at 

1e-25, 1 max_hsp and 1 max_target_seqs were set. a, the distribution of the 

percentage of identical matches in the Blastp results. Among the 6,329 D. farinae 

proteins that shared high similarities to H. sapiens proteins, the lowest percentage of 

identical matches of is 19.89%, 2,113 proteins (33.16%) have ≥50% percentage of 

identical matches and 559 proteins (8.80%) have ≥70% percentage of identical 

matches. b, the distribution of Blastp results of D. farinae and H. sapiens proteomes. 

https://www.sciencedirect.com/science/article/pii/S0091674914013669?via%3Dihub#!


Among the 18,087 annotated proteins of D. farinae, 6,329 proteins shared high 

similarities to 4722 H. sapiens proteins. The minimum of expect value was set at 1e-

180.  

 

 

Figure S3. Amino acid sequence alignment of enolase between Der f and human or 

mouse. The enolase gene sequence was obtained from the Gene Bank (Der f: 

AHV90299.1; human: NP_001419.1; mouse: XP_021056757.1) and analyzed by the 

software of Basic Local Alignment Search Tool BLAST 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi) and DNAman software (Lynnon 6BioSoft, 

Vandreuil, Canada). The table show the similarity (with the blue background) 

between Der f and human (72%), Der f and mouse (71%) and human and mouse 

(95%).  



 

Figure S4. MS analysis of enolase protein extracted from 16HBE cells recognized by 

mite-specific IgG 

a, the enolase amino acid sequence. b-c, MS parameters of enolase, which are 

pointed by arrows of enolase amino acid sequence fragments (in red color). The 

procedures of MS are listed below:  

1. Samples were re-suspended with Nano-RPLC buffer A.  

2. The online Nano-RPLC was employed on the Eksigent nanoLC-Ultra™ 2D System 

(AB SCIEX). The samples were loaded on C18 nanoLC trap column (100µm×3cm, C18, 

3µm, 150Å) and washed by Nano-RPLC Buffer A(0.1%FA, 2%ACN) at 2μL/min for 10 

mins.  

3. An elution gradient of 5-35% acetonitrile (0.1%formic acid) in 90 mins gradient 

was used on an analytical ChromXP C18 column (75μm x 15 cm, C18, 3μm 120 Å) 

with spray tip. 

4. Data acquisition was performed with a Triple TOF 5600 System (AB SCIEX, USA) 



fitted with a Nanospray III source (AB SCIEX, USA) and a pulled quartz tip as the 

emitter (New Objectives, USA). Data were acquired using an ion spray voltage of 2.5 

kV, curtain gas of 30 PSI, nebulizer gas of 5 PSI, and an interface heater temperature 

of 150°C. For information dependant acquistion (IDA), survey scans were acquired in 

250 ms and as many as 35 product ion scans were collected if they exceeded a 

threshold of 150 counts per second (counts/s) with a 2+ to 5+ charge-state. The total 

cycle time was fixed to 2.5s. A rolling collision energy setting was applied to all 

precursor ions for collision-induced dissociation (CID). Dynamic exclusion was set for 

½ of peak width (18 s). And the precursor was then refreshed off the exclusion list. 

Based on combined MS and MS/MS spectra, proteins were successfully identified 

based on 95% or higher confidence interval of their scores in the MASCOT V2.3 

search engine (Matrix Science Ltd., London, U.K.), using the following search 

parameters: cow- lacbobacillus casel mix database. trypsin as the digestion enzyme. 

two missed cleavage sites. fixed modifications of Carbamidomethyl (C). partial 

modifications of Acetyl (Protein N-term), Deamidated (NQ), Dioxidation (W), 

Oxidation (M) Phospho (ST) and Phospho (Y) ± 15ppm for precursor ion tolerance 

and ± 0.15Da for fragment ion tolerance. 

 



Figure S5. Mite-derived enolase-specific IgG (EnoAb) binds enolase derived from 

airway epithelial cells. Enolase protein was purified from 16HBE cells and analyzed 

by immunoblotting and ELISA using EnoAb of both human- and Der f-sources. A, a 

polyclonal antibody against human enolase or Der f enolase was generated and 

designated as EnoAb. The immunoblots show the EnoAb binds recombinant human 

enolase or Der f enolase. B, ELISA results show EnoAb specifically binds human 

enolase and Der f enolase. C, competitive results. The upper curve shows the 

inhibitory effects of Der f enolase (eno, in short) on the binding between homo eno 

and EnoAb. The lower curve shows the inhibitory effects of homo eno on the binding 

between Der f eno and EnoAb. The data represent 3 independent experiments. 

Statistical method: ANOVA. Iso: Isotype.  

 

 

 

Figure S6. Human and mouse airway epithelial cells express enolase. Proteins were 

extracted from human airway epithelial cell line, 16HBE cells and mouse lung tissue. 

The proteins were analyzed by Western blotting with anti-human enolase or anti-

mouse enolase antibody, respectively. The immunoblots show positive staining of 

enolase in samples from 16HBE cells and mouse lung tissue.  

 



 

Figure S7. Healthy subject serum complement levels. Blood samples were collected 

from 6 healthy subjects. The serum was isolated from the samples and analyzed by 

ELISA. The bars show serum complement levels (mean ± SEM). Control: Saline was 

added to the wells instead of serum samples. Each dot presents data obtained from 

one sample.  

 

 

Figure S8. Assessment of the effects of EnoAb+serum on ZO-1 expression in 16HBE 

cells. The same as the description of Fig. 5 in the main text, 16HBE cell monolayers 

were prepared. After reaching confluence, the monolayers were treated with the 

procedures as denoted on the x axis of the bar graphs. The cells were collected on 

next day and analyzed by RT-qPCR and Western blotting. A, bars show ZO-1 mRNA 

levels in 16 HBE cells. B, immunoblots show ZO-1 protein levels in 16 HBE cells. The 

data of bars are presented as mean ± SEM. Each dot presents data obtained from 



one sample. The immunoblots are from one experiment that represent 6 

independent experiments. The data were analyzed by ANOVA. #, heated serum; the 

complements were quenched.  

 

 

 

Figure S9. EnoAb induces neutrophil infiltration in the lung. Naïve BALB/c mice 

were treated with nasal drops containing EnoAb daily for 3 days. CVF: Mice received 

CVF (cobra venom factor; 200 U/kg, i.p., 3 days prior to the beginning of nasal drops). 

After sacrifice, the lung was excised. Mononuclear cells were isolated from the lung 

tissue and analyzed by flow cytometry. a-b, the gated dot plots show the frequency 

of neutrophils (a) and eosinophils (b) in the mononuclear cells. c-d, bars indicate the 

summarized neutrophils (c) and eosinophils (d) in the gated cells of a and b. Each dot 

inside bars present data obtained from one mouse. Data of bars are presented as 

mean ± SEM. Each group consisted of 6 mice. Statistics: ANOVA + Dunnett test.  

 


