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Supplemental Table S1 - A list of antibody sources 
 

Antigen Cat No Source Dilution 
CD193 (CCR3) J073E5- FITC 144512 BioLegend 1:50 

CD274 (B7-H1, PD-L1) 10F.9G2- PE/Cyanine7 124314 BioLegend 1:50 
Siglec-F E50-2440- PE  552126 BD Biosciences 1:50 

Anti-rat Anti-Eosinophil Major Basic Protein (MBP)  (MT-14.7) Mayo Clinic 1:6000 
Anti-mouse Eosinophil Peroxidase (EPX) (MM82.2.1) Mayo Clinic  

NLRP3 Rabbit mAb (D4D8T) 15101S Cell Signaling Technology 1:100 
F4/80 Rabbit mAb (D4CBV) 30325S  Cell Signaling 1:100  

IL-18 mouse McAb 60070-1-Ig Proteintech 1:100 
Biotinylated Anti-Goat IgG BA-9500 Vector Laboratories, Inc 1:200 

Biotinylated goat anti-rat IgG BA-9400 Vector Laboratories, Inc 1:250 
Biotinylated goat anti-mouse IgG BA-9200 Vector Laboratories, Inc  

FITC Donkey anti-rabbit IgG 406403 Biolgened 1:200 
PE Mouse anti-rabbit IgG SC-3753 Santa Cruz Biotechnology 1:200 

Streptavidin, Alexa Fluor™ 488 532354 Thermo Fisher Scientific 1:200 
Streptavidin - Alexa Fluor™ 594 532356 Thermo Fisher Scientific 1:200 

Mucin 1 (SM3) (MUC1)  sc-53381 Santa Cruz Biotechnology 1:500 
Mucin 5AC (45M1) sc-21701 Santa Cruz Biotechnology 1:500 

 
 
 
 



1 
 

 1 

Supporting information 
 

Role of IL-18 transformed CD274 expressing eosinophils in promoting 

airway obstruction in experimental asthma  

Anil Mishra, PhD., Dewan Majid, MD., Hemanth Kumar Kandikattu, PhD., Sathisha 

Upparahalli Venkateshaiah, PhD 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2 
 

 2 

METHODS 

Experimental allergic airway murine model of asthma 

Both C57BL/6 and BALB/c mice strain were used to examine the eosinophils 

subpopulation role in the mouse model of allergic asthma using established 

methods as described previously.1, 2 The mice were lightly anesthetized with 

isoflurane (Iso-Flo; Abbott Laboratories, North Chicago, IL), and 100 µg (50 µl 

normal saline) of Aspergillus fumigatus (Aspergillus) extract (Greer Laboratories, 

Lenoir, NC) or 50 µl of normal saline alone was given through intranasal using a 

micropipette with the mouse held in the supine position (Suppl Fig. 1A). 

 

Anti-IL-18 and anti-CD274 neutralization antibody treatment 

Anti-IL-18 Clone -YIGIF74-1G7 or Rat IgG2b, κ (control) (200 µg, two times per 

week for 3 weeks) (Bio X Cell, West Lebanon, NH) and anti-CD274 neutralization 

antibody Clone-10F.9G2 or Rat IgG2b, κ (control) (1 mg, two times per week for 

3weeks) (Bio legend, San Diego, CA) was administered intraperitoneally to mice 30 

min before challenging them with Aspergillus extract following the protocol 

described above (Suppl Fig. 4A,5A).  

 

Bronchoalveolar lavage fluid (BALF)  

The mice were euthanized by CO2 inhalation. Immediately thereafter, a midline neck 

incision was made, and the trachea was cannulated. The lungs were lavaged two 

times with 1.0 ml PBS containing 1% FCS and 0.5 mM EDTA. The recovered BALF 

was centrifuged at 400-g for 5 minutes at 4°C and re-suspended in PBS containing 
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1% FCS and 0.5 mM EDTA. Total cell numbers were counted with a hemocytometer 

and BALF cells were used for measuring eosinophils levels using flow cytometer an 

indication of lung eosinophilia.  

 

Flow cytometric analysis  

BALF eosinophils were stained with anti-mCCR3, anti-mSiglecF, and anti-mCD274 

with their respective isotype controls antibodies as listed in Table S1 (obtained from 

Thermo Fisher Scientific (eBioscience), San Diego, CA and Bio legend, San Diego, 

CA). A live/dead marker was used to exclude dead cells. Data were acquired with a 

BD Accuri C6 flow cytometer (BD Biosciences, Franklin Lakes, NJ) and Novocyte 

(ACEA Biosciences, San Diego, CA) and analyzed with FlowJo software version 7.1 

(Tree Star).3, 4 Positive cells were identified by comparison to the appropriately 

conjugated isotype controls (Suppl Fig. 1B).  

 

Analysis of eosinophils  

Paraffin embedded lung tissue sections (5µm) were immunostained with antiserum 

against mouse eosinophil major basic protein (anti-MBP) as described previously.1 

In brief, endogenous peroxidase in the tissues was quenched with 0.3% hydrogen 

peroxide in methanol followed by non-specific protein blocking using 3% normal 

goat serum. Tissue sections were then incubated with rat anti-MBP antibody (1:6000 

dilution) overnight at 4oC (Mayo Clinic, Scottsdale, AZ), followed by a 1:250 dilution 

of biotinylated goat anti-rat IgG secondary antibody and avidin-peroxidase complex 

(Vector Laboratories, Burlingame, CA) for 30 min each. Slides were further 
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developed with nickel diaminobenzidine-cobalt chloride solution to form a black 

precipitate, and counterstained with nuclear fast red. Negative controls included 

replacing the primary antibody with normal rabbit serum to control for endogenous 

biotin and peroxidase activity. Lung sections were immunostained with a mouse 

monoclonal antibody specific for EPX as per protocol described previously.5, 6 

Eosinophils were quantified by counting the anti-MBP or anti-EPX positive cells in 

the lung tissues. Eosinophil numbers and area of tissue section were measured and 

calculated with the assistance of digital morphometric analysis (Lumenera 

Corporation, Infinity Analyze 6·1.0). The tissue sections were taken from the same 

position in each set of mice, and at least four random sections per mouse were 

analyzed for eosinophil levels, expressed as eosinophils/mm2 as described 

previously.1, 7 

 

Immunofluorescence analysis 

Paraffin-embedded mouse lung tissue sections (5µm) were deparaffinized and 

dehydrated and staining was carried out using methods described previously. 8, 9, 10 

Antigen retrieval was carried out using the Antigen Unmasking solution citric acid-

based (Vector labs) method, blocked with 5% normal goat serum to reduce 

nonspecific binding, and incubated with specific primary antibodies (F4/80 (D4CBV) 

Rabbit mAb, Cat-30325S; NLRP3 (D4D8T) Rabbit mAb, Cat- 15101S; IL-18 mouse 

McAb, Cat-60070-1-Ig) followed by secondary antibodies conjugated with FITC or 

PE antibodies as listed in Table S1. Immunostained sections were mounted with 

ProLong Gold Antifade Mountant with DAPI (Thermo Fisher Scientific). The images 
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were captured using an Olympus BX43 microscope with appropriate filters, and 

photomicrographs are presented as original magnification 400X. 

 

Analysis of goblet cell hyperplasia 

Lung tissue samples were fixed with 10% paraformaldehyde in phosphate buffer 

(PBS) pH 7.4, embedded in paraffin, cut into 5 µm sections, and fixed to positively 

charge slides. Periodic Acid Schiff (PAS) reaction staining (Poly Scientific R&D 

Corp, Bay Shore, NY) was performed on the tissue sections according to the 

manufacturer's recommendations. Quantification of mucus-stained cells was 

assessed with morphometric analysis using the Metamorph Imaging System 

(Lumenera Corporation, Infinity Analyze 6·1.0) as described. Lung sections were 

taken from the same position in each set of mice and at least 4-5 random 

sections/mouse were analyzed. Using digital image capture, tissue regions 

associated with the entire perivascular/peribroncheal region were viewed and goblet 

cells were quantified as the percentage of total mucus-producing cells relative to the 

total number of airway epithelial cells. 1 

 

Masson’s trichrome collagen staining 

Tissue sections obtained from the different groups of mice were fixed with 4% 

formaldehyde and embedded in paraffin. Then, 5-μm sections were cut and placed 

on positively charged glass slides. Collagen staining was performed on tissue 

sections using Masson’s trichrome staining (Poly Scientific R&D Corp, NY) method 
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for the detection of collagen fibers according to the manufacturer’s 

recommendations.1, 11 

 
ELISA analysis 

Cytokine levels in serum, BALF and lung homogenates were measured using 

DuoSet ELISA kits (IL-5, IL-13, and IL-18 from Thermo Fisher Scientific, San Diego, 

CA). The detection limits were 4 pg/ml for IL-5, IL-13, and IL-18 (19 pg/mL). 1, 11, 12 

 

Immunoblot Analysis 

Lung tissue samples were obtained from the different treatment groups were 

homogenized in lysis buffer, and homogenates were electrophoresed in 4–12% 

SDS–polyacrylamide gel electrophoresis (PAGE) and transferred to nitrocellulose 

membrane. The membranes were then incubated with blocking buffer -5% non-fat 

dry milk in Tris-buffered saline with 0·1% Tween-20 (TBST). Immunoblotting was 

performed using a specific primary antibody for MUC1 and MUC5AC (Santa Cruz 

Biotechnology), followed by an anti-rabbit secondary antibody conjugated with 

horseradish peroxides (Cell Signaling Technology) Table S1. The signal was 

developed using Clarity Max ECL Substrate (Bio-Rad) according to the 

manufacturer’s instructions. Equal loading was further verified by immunoblotting 

the same membrane with GAPDH (Cell Signaling Technology) using a similar 

protocol following stripping with Restore Western Blot Stripping Buffer (Thermo 

Fisher Scientific).1, 8 
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RNA isolation and quantitative transcript analysis by polymerase chain 

reaction (qPCR) 

RNA was isolated from the lung tissues by the TRIZOL method. RNA samples (500 

ng) were subjected to reverse transcription using Bioscript reverse transcriptase 

(Bio-Rad, Hercules, CA, USA) according to the manufacturer's instructions. IL-13 

mRNA levels were quantified using gene-specific primers and real-time PCR (IQ5, 

Bio-Rad). The primers used in the study were as follows: mIL-13—F-5′-

CATGGCGCTCTGGGTGACTG-3′, R5′-CGGCCAGGTCCACACTCCATAC-3′;  

mGAPDH F 5′-ACCCAGAAGACTGTGGATGG-3′, R 5′-CACATTGGGGGTAGGA 

ACAC-3′. The gene expression data were normalized to GAPDH amplified from the 

same cDNA mix and expressed as relative gene expression as described earlier.1, 

11 
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Supplementary Figure legends. 

Supplementary Figure 1. A diagrammatic representation of the protocol followed 

for induction of asthma in mice (WT (BALB/c) & IL-5 -/-) and (WT (C57BL/6) & IL-18 

-/-) is shown (A). A representative flow cytometer dot blot analysis of BALF cells were 

analyzed by selecting live CCR3 positive leukocytes for the detection of 

CCR3+Siglec-F+ eosinophils (B). Morphometric quantification of MBP+ positive cells 

expressed as cells/mm2 in WT (BALB/c), IL-5 -/-, (WT (C57BL/6) and IL-18-/- mice is 

shown (C,D). Morphometric quantification of MBP+ positive cells expressed as 

cells/mm2 in WT (BALB/c), CD-2IL-5tg, CC10-IL-18tg (NoDOX) and CC10-IL-18tg 

(DOX) mice is shown (E). RT-PCR analysis detected reduced mRNA IL-13 levels in 

Aspergillus-challenged IL-5-/- compared Aspergillus-challenged WT (BALB/c) mice 

lung tissues (F). Data are expressed as mean± SD, n=8-10 mice/group. *p<0.01,  

***p<0.0001- WT (BALB/c)- Aspergillus-challenge vs IL-5-/-- Aspergillus-challenge; 

WT (C57BL/6)- Aspergillus-challenge vs IL-18-/-- Aspergillus-challenge; 

###p<0.0001- WT (BALB/c)- Aspergillus-challenge vs saline; WT (C57BL/6)- 

Aspergillus-challenge vs saline; $$$p<0.0001- CD2-IL-5tg vs CC10-IL-18tg (DOX).  

 

Supplementary Figure 2. Immunofluorescence analysis detected induced 

macrophages (F4/80+) and NLRP3+ double positive cells and NLRP3 and IL-18 

colocalized double positive cells were observed (Aii-Bii) in Aspergillus challenged 

lung sections compared to saline challenged mice (Ai-Bi). A diagrammatic 

representation of rIL-18 challenges in the CD2-IL-5tg and WT (BALB/c) mice 

protocol is shown (C). ELISA analysis detected a significant increase the levels of 
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eosinophil active cytokines IL-5 and IL-13 in rIL-18-challenged CD2-IL-5tg mice and 

WT (BALB/c) mice compared to mice challenged with saline (D,E). Masson’s 

trichrome stained lung sections showed collagen accumulation in the rIL-18- 

challenged CD2-IL-5 and WT (BALB/c) mice. rIL-18- challenged CD2-IL-5tg mice 

showed induced accumulation of lung collagen compared to WT (BALB/c) mice (F 

i-iv). Morphometric quantification of MBP+ and EPX+ positive cells expressed as 

cells/mm2 (G,H). Data are expressed as mean± SD, n=10-12 mice/group, #p<0.02 

##p<0.001, ###p<0.0001- WT (BALB/c) -saline vs WT (BALB/c) -rIL-18; *p<0.02, 

**p<0.001- CD2-IL-5tg -saline vs CD2-IL-5tg-rIL-18. Representative 

photomicrographs presented as x100 of original magnification. 

 

Supplementary Figure 3: A representative flow cytometry dot blot analysis showed 

induced detection of CCR3+Siglec-F+ eosinophils (A i-ii) and CD274 expression (A 

iii-iv) based on isotype-matched anti-IgG (A v-vi) in the blood of rIL-18 given WT 

(BALB/c) mice compared to saline given mice. A diagrammatic representation of 

Aspergillus-challenged IL-5-/-/IL-18-/- mice and littermate control protocol is shown 

(B). ELISA analysis showed no detection IL-5 levels (C) and detected decreased of 

IL-13 protein levels (D) in the BALF of Aspergillus -challenged IL-5-/-/IL-18-/- mice 

compared to the challenged littermate matched control mice. Morphometric 

quantification of MBP+ positive cells, expressed as cells/mm2 (E). Data are 

expressed as the mean ± SD, n=6-10 mice/group, **p<0.001, ***p<0.0001- 

Aspergillus-challenged littermate matched control vs IL-5-/-/IL-18-/- double gene 
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deficient mice; $$p<0.001, $$$p<0.0001- Aspergillus-challenged littermate matched 

control vs saline challenged mice. 

 

Supplementary Figure 4: A diagrammatic representation of anti-mouse rabbit 

polyclonal anti-CD274 neutralization antibody treatment and allergen-challenged 

protocol is shown (A). Flow cytometry dot blot analysis of CCR3+Siglec-F+ 

eosinophils in the BALF of Aspergillus-challenged anti-CD274 neutralized and anti-

IgG non-neutralized mice are shown (B,C). Representative light microscopy 

photomicrographs of lung sections with Masson’s trichrome staining show 

perivascular and peribronchiolar collagen accumulation after 3 weeks of Aspergillus 

-challenged anti-IgG non-neutralized compared to anti-CD274 neutralized mice (D, 

i-iv). ELISA analysis detected decreased IL-18 and IL-13 levels in the BALF of 

Aspergillus-challenged anti-IgG non-neutralized compared to anti-CD274 

neutralized mice (E, F). Morphometric quantification of MBP+ positive cells, 

expressed as cells/mm2 (G). Representative photomicrographs presented as 100x 

of original magnification. Data is expressed as mean ± SD, n=8-12 mice/group. 

*p<0.01, ***p<0.0001- anti-CD274 neutralized vs anti-IgG non-neutralized mice; 

$$p<0.001, $$$p<0.0001- Aspergillus-challenged anti-IgG non-neutralized vs saline 

mice.  

 

Supplementary Figure 5: A diagrammatic representation of anti-mouse rabbit 

polyclonal anti-IL-18 neutralization antibody treatment and Aspergillus-challenged 

protocol is shown (A). Representative light-microscopy photomicrographs of lung 
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sections with Masson’s trichrome staining show perivascular and peribronchiolar 

collagen accumulation after 3 weeks of Aspergillus-challenged anti-IgG non-

neutralized compared to anti-IL-18 neutralized mice (B, i-iv). IL-18 ELISA in BALF 

and serum of Aspergillus-challenged anti-IgG non-neutralized and anti-IL-18 

neutralized mice (C,D). Data is expressed as mean ± SD, n=8-12 mice/group. 

*p<0.01, **p<0.001- anti-IL-18 neutralized ab vs anti-IgG non-neutralized mice. 

Photomicrographs presented are 100X original magnification. 
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