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Repetitive nasal allergen challenge in allergic rhinitis: priming and Th2-type
inflammation but no evidence of remodeling
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Method:

Study subjects:

Subjects aged 18-55 years with clinical history of moderate-severe persistent allergic rhinitis
according to ARIA guideline (e1) with a history of seasonal allergic rhinoconjuctivitis (May-
July) with duration of at least two years or more requiring treatment were included. All atopic
subjects had a positive skin response (wheal diameter > 3 mm) and positive specific IgE against
Timothy grass and other aeroallergens (> 0.70 kU/ml). Non - atopic healthy controls were
subjects without any nasal symptoms, negative skin test and no specific IgE to aeroallergens.
Normal physical examination, willingness and ability to comply with the study protocol were
other inclusion criteria. Exclusion criteria included smoking, systemic corticosteroids in the
preceding 6 weeks; topical nasal steroid treatment in the preceding 2 weeks prior to the start of
the study, history of anaphylaxis to any cause or family history of bleeding tendency, current
non-steroidal anti-inflammatory drugs; immunosuppressive medication, other sino-nasal or
systemic chronic diseases, severe asthma and specific immunotherapy within the last 5 years.
The study was approved by the National Ethics committee (ref. 07/Q0404/64) and was

performed with the subjects’ informed written consent.

Nasal secretion procedure, measurements of nasal secretion and serum cytokine levels

Subjects were seated with the head flexed forward to prevent fluid from reaching the
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nasopharynx. To ensure adequate washing, the lavage fluid (10 ml of normal saline) was passed
slowly into the nasal cavity via an ‘olive’ consisting of an oval, hollow, stainless steel device
that was used to obstruct the nostril whilst occluding the contralateral side. The fluid was
withdrawn into the syringe and gently flushed back into the nasal cavity three times. Nasal
secretions were collected using Accuwik filter paper. Under direct vision, two strips of
Accuwik filter paper (Accuwik Ultra Membrane paper, Pall Corporation, USA) were placed,
with their absorbent surfaces in direct contact with the medial surface of the inferior turbinate
and the lateral surface of the nasal septum, such that the two filter papers were lying back to
back. The Accuwik filter papers were prepared using non-latex gloves and cut into uniform
30mm by 7mm strips. After two minutes, using crocodile forceps, the filter papers were
removed and placed into 1 ml solution of Beadlyte (Beadlyte, Upstate Cell Signalling
Solutions, New York) and centrifuged for 30 seconds. The Accuwick filter papers were wrung
out and removed, with the Beadlyte filled Eppendorf tubes frozen and subsequently stored at -
80 °C. The levels of IFN-y, IL-4, IL-5, IL-10 and IL-13 in the nasal secretion and serum

samples were analysed as described previously (e2).

Nasal Biopsies, immunohistochemistry staining and quantification

Nasal biopsies (2.5 mm) were taken from the under surface of the inferior turbinate. Biopsies
were 4% paraformaldehyde fixed and then snap frozen. Immunohistochemistry was performed
using the avidin/biotin complex-alkaline phosphatase (ABC-AP) method as previously

described (e2).

Biopsy sections were stained using monoclonal antibodies (e-Table 1) against eosinophils
(major basic protein-MBP), mast cells Tryptase (AAI) and basophils (2D7). Upper airway
remodeling was assessed by staining vascular (CD31) and lymphatic endothelial (D2-40) cells,

vascular endothelial growth factor-A (VEGF-A), HSP-47 a marker of fibroblasts, smooth
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muscle action (a-SMA), and expression of matrix metallo-proteinases (MMP-7 and MMP-9)
and tissue inhibitors of metalloproteinases (TIMP-1 and TIMP-2). Monoclonal CD3 antibodies
and mouse IgG isotypes (DakoCytomation, Cambridgeshire, United Kingdom) were used as

positive and negative controls respectively.

Reticular basement membrane and epithelial integrity were assessed using Picro-Sirius Red
and haematoxylin stained slides respectively. Epithelial goblet cells and the glandular mucus
area were evaluated using PAS staining. Biopsies were coded and evaluated blind by two

independent observers who were independent of the clinical protocol.

Nasal mucosal inflammatory cells were quantified using a BH-2 Olympus microscope.
Epithelial integrity was scored on 1-4 scale, with 4 being an intact epithelium. Vascular and
lymphatic staining was assessed using computer assisted image analysis (Image Pro-Plus 7.0
system, Media Cybernetics, Inc). The whole specimen was captured at x200 magnification,
using Nikon 80i light microscope coupled to colour camera (QImaging, Media Cybernetics,
Inc) that transmits the image to a computer. Images can be magnified up to 200% which allows
clear identification of stained cells, blood and lymphatic vascular structures. Images were
captured and examined manually. Epithelial, glandular, total sub-mucosal and vascular area
was measured separately using computer Image analysis (Image Pro-Plus 7.0 system, Media
Cybernetics, Inc). Reticular basement membrane thickness was measured as proposed by
Sullivan et al (e3). Epithelial and sub-mucosal cell counts were expressed as the number of
positively stained nucleated cells per mm?. Positively stained cells in submucosal region of the
inferior turbinate which includes lamina propria were counted to a depth of 200 um below the

basement membrane.

Total numbers of CD31+ and D2-40+ cells in the sub-mucosa were counted to a depth of 200

pm below the basement membrane. Blood and lymphatic vessel numbers, the area of each
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vessel, and the total selected area of sub-mucosa were determined by capturing the entire
section using Image Pro-Plus 7 software. The area of each vessel was measured along the inner
luminal margin of positively stained endothelial basement membrane and automatically
calculated using the Image Pro-Plus 7 software. Total vascular area is the sum of the individual
CD31 or D2-40 vessel area within a given region (the sub-mucosa to a depth of 200pum below

the basement membrane).

For each sample the percentage vascular area, the mean vessel size and the vessel number
within the total area of assessed sub-mucosa was evaluated. Percentage vascular area was
calculated as [(total vascular area/sub-mucosal area) x 100]; mean vessel size (um?) (total
vascular area/total number of blood vessels) and number of blood vessels/mm? (vessels

density) as (total number of blood vessels/ total sub-mucosal area).
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e-Legends:

eFigurel: A-B) TNSS in relation to RAC recorded from 0 to 24 hours on 5 separate dose/visits
(Diluent/allergen challenge, days 1, 4, 6, 8 and 10). Data are presented as means at various
times. Data for each subject are connected, and each challenge day has an individual colour
code. D1-5: Diluent doses; A1-5: Allergen challenge doses; ND: Normal healthy controls single

diluent challenge, NA; Normal healthy controls single allergen challenge.

eFigure 2: A-1; Photomicrography of nasal tissue CD31"cells, D2-40"cells, VEGF-A*cells,

basophil cells, Timp-1'cells, collagens, smooth muscle actin cells, MMP-9'cells and

fibroblasts like cells in allergic rhinitis subjects.

Table el: Primary and secondary antibodies used for Immunohistochemistry staining.

Primary | Clone/Cat.No | Source Host Working Secondary
antibody species- Dilution antibody
Monoclonal

CD31 M0823 Dako Mouse 1:100 Horse Anti-
Mouse

D2-40 M3619 Dako Mouse 1:150 Horse Anti-
Mouse

VEGF-A Sc-7269 Santa Mouse 1:75 Horse Anti-
Cruz Mouse

MMP-7 Ab3205 Abcam Mouse 1:20 Horse Anti-
Mouse

MMP-9 Ab51203 Abcam Mouse 1:75 Horse Anti-
Mouse

TIMP-1 | Abl1827-250 Abcam Mouse 1:50 Horse Anti-
Mouse

HSP-47 SPA470 Stressgen Mouse 1:800 Horse Anti-
Mouse

a-SMA M0851 DAKO Mouse 1:800 Horse Anti-
Mouse

AA1l M7052 DAKO Mouse 1:50 Horse Anti-
Mouse

MBP MCA5751 Bio-RAD Mouse 1:50 Horse Anti-
Mouse

2D7 B136194 Biolegend Mouse 1:50 Horse Anti-
Mouse




