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Background - Canine atopic dermatitis (cAD) is a pruritic allergic skin disease most often caused by Der-
matophagoides farinae. Differences in the sensitization profile to D. farinae have been reported between people
and dogs. However, allergic dogs traditionally have been treated with extracts intended for human immunother-

apy.

Hypothesis/Objectives — To develop a specific allergen immunotherapy for veterinary practice enriched in
canine major allergens and to demonstrate its in vitro efficacy.

Animals - Twenty privately owned dogs, clinically diagnosed with cAD, and three healthy dogs.

Methods and materials — A veterinary D. farinae allergen extract was manufactured and characterized com-
pared to D. farinae extract used for human immunotherapy. The protein profile was analysed by SDS-PAGE and
size exclusion chromatography and Der f 15 and Der f 18 allergens quantified by mass spectrometry. The aller-
genic profile was studied by immunoblot and the biological potency by enzyme-linked immunosorbent assay-inhi-
bition assays. The extract's capacity to induce cytokine production [interleukin (IL)-10, interferon (IFN)-Y] by
peripheral blood mononuclear cells also was evaluated.

Results — The veterinary extract showed a higher content of high molecular weight proteins, preferentially recog-
nized by atopic dog sera. The fold-increases in Der f 15 and Der f 18 with respect to the human extract were
2.07 £ 0.32 and 1.63 + 0.15, respectively. The veterinary extract showed higher biological potency (0.062 ver-
sus 0.132 ug required for 50% inhibition of dogs sera) compared to the human extract and induced significantly
higher levels of IL-10 (1,780 pg/mL) and IFN-Y (50.4 pg/mL) with respect to the negative control.

Conclusions and clinical importance - A veterinary D. farinae extract with a higher content of dog major aller-

gens was developed and in vitro efficacy demonstrated by immunological parameters.

Introduction

Canine atopic dermatitis (cAD), an inflammatory and pru-
ritic allergic skin disease, is highly prevalent in the field of
veterinary medicine.’ Atopic dogs often present high
allergen-specific immunoglobulin (Ig)E levels against envi-
ronmental allergens such as house dust mites (HDM),
which are one of the most important causes of allergic
reactions, not only in dogs but also in other species such
as people and cats. However, although allergic sensitiza-
tion of dogs resembles that of people, there are some dif-
ferences. Dermatophagoides pteronyssinus is the main
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species involved in human sensitization, whereas D. fari-
nae is the most prevalent in dogs.> In fact, based on our
experience, high levels of D. farinae-specific IgE are pre-
sent in approx. 60% of atopic dogs, and other authors
have reported an even higher prevalence (70-90%).5°

Other differences between human and canine HDM
sensitization have been reported regarding specific aller-
gen sensitization. Although low molecular weight (LMW)
proteins (Der f 1 and Der f 2) are considered to be major
allergens in people,” in dogs there is controversy about
the determination of these proteins as major allergens.
Historically, these proteins were considered to be minor
allergens,®?® although recent studies performed in Japan
and European countries suggest greater importance for
Der f 1 and Der f 2,'°'2 and that they are major allergens
for dogs.

Apart from this, allergic dogs predominantly react to
the high molecular weight (HMW) allergens Der f 15 and
Der f 188111314 More recently, another HMW protein
(Zen-1) also was reported as a dog major allergen.'?'®

Despite the differences between people and dogs in
HDM sensitization, extracts used for allergen-specific
immunotherapy (ASIT) in veterinary medicine usually are
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the same as those used for people. In fact, allergen
preparations standardized and manufactured for their
specific use in veterinary allergy have been requested for
years."'® Although numerous studies®'?>'® have demon-
strated the relevance of HMW proteins from mites in dog
sensitization, veterinary allergenic extracts have not been
characterized by either their canine major allergen content
or their biological potency in sensitized dogs. Therefore,
the efficacy of those extracts for treatment of cAD may
be compromised.’” In this sense, it seems reasonable to
treat veterinary cases with the appropriate allergenic
extracts according to their immunological profile.
Recently, the European Medicines Agency (EMA) has
released draft guidelines to provide and update guidance
for allergenic veterinary products that addresses all these
questions.'®

The aim of this study was to develop a specific D. fari-
nae extract for canine immunotherapy, based on the con-
cept of precision medicine, and characterize it according
to its content of major allergens for dogs. The immuno-
logical efficacy of this veterinary extract was compared
side-by-side with a D. farinae extract intended for human
immunotherapy, using in vitro biological potency assays,
mass spectrometry for allergen quantification and mea-
surement of cellular immune responses in order to
demonstrate that a veterinary-specific extract is more
appropriate for treating cAD in dogs.

Methods and materials

Allergen extract manufacture

Two different D. farinae extracts were manufactured in compliance
with Good Manufacturing Practices (GMP) according to internal pro-
cedures (Laboratorios LETI S.L.U., Madrid, Spain): (i) a conventional
allergenic extract for the treatment of human allergic patients (human
mite extract; HME), used as control, and (ii) an allergenic extract
enriched in mite-specific dog allergens (veterinary mite extract;
VME). Briefly, the manufacturing process was as follows. For each
extract, 30 g of semipurified D. farinae mite bodies (>80% mite bod-
ies) were processed to extract proteins for 24 h at 4°C in 0.01 m
phosphate buffered saline (PBS) (1:20 w/v) with continuous magnetic
stirring. Solutions were centrifuged at 4°C for 30 min at 7,000g.
Supernatants were collected and dialyzed against double-distilled
water using a Pellicon system and ultrafiltration membrane cassettes
(Millipore; Bedford, MA, USA) with cut-offs of 3 kDa for HME or
50 kDa for VME. The purpose of using membranes with different
pore sizes for the HME and VME manufacturing process was to
adapt the allergen composition of the extract to humans or dogs,
respectively. Finally, both extract solutions were sterile-filtered, fro-
zen and freeze-dried separately (Figure S1).

Canine serum samples and peripheral blood
mononuclear cells (PBMCs)

This study involved client-owned dogs presented to the Universidad
Auténoma de Barcelona, Spain. All owners gave informed consent
before participation. The study was conducted in accordance with
Universidad Auténoma de Barcelona Institutional Animal Care and
Use Committee requirements, and safe blood sample volumes were
obtained following their recommendations.'® The study also involved
healthy dogs from Isoquimen S.L. (Barcelona, Spain) and a protocol
was approved by its Ethics Committee.

Serum samples were collected from 16 animals selected for the
study based on the following inclusion criteria: (i) dogs of any sex and
breed older than 12 months of age, with a clinical diagnosis of non-
seasonal cAD using published criteria;?° and (i) a positive ELISA test
from Greer Laboratories (Lenoir, NC, USA) for detection of specific
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IgE (slgE) against D. farinae, with ELISA absorbance units (EAU)
>1,000.

Animals were excluded from the study based on: (i) pregnancy or
lactation; (i) flea infestation or known food allergy; (iii) presence of
bacterial or Malassezia spp. skin infections or other infestations caus-
ing pruritus (e.g. fleas or scabies); and (iv) having been treated with
glucocorticoids or oral corticosteroids within four weeks of enrolment
and/or injectable glucocorticoids within eight weeks of enrolment.

PBMCs were obtained from four atopic animals fulfilling the above
inclusion and exclusion criteria. In addition, PBMCs were obtained
from three healthy controls with no dermatological lesions and show-
ing < 50 EAU against D. farinae (Isoquimen S.L.). For this purpose,
20 mL of blood were obtained by venepuncture from the animals
and kept in lithium heparin tubes at 4-25°C until PBMC isolation.

Characterization of extracts

Protein profile. Gel electrophoresis and size exclusion chromatogra-
phy (SEC) analyses were performed to investigate the protein profile
and molecular weight (MW) of the individual proteins present in the
extracts. Samples of HME and VME containing 10 pg protein were
separated by SDS-PAGE with reducing conditions in 2.67%C-15%T
acrylamide:bis-acrylamide gels according to standard procedures and
stained with Coomassie Brilliant Blue R-250.

As a complementary method, HME and VME protein profile and
MW distribution also were determined by SEC using a Bio SEC-3 Col-
umn (Agilent Technologies; Santa Clara, CA, USA) on a 1260 series
HPLC system (Agilent Technologies). Twenty microlitres of each
sample were loaded onto the column and run at 1 mbL/min in
150 mm phosphate buffer (pH 7.0). Detection was performed at UV-
215 nm and Gel Filtration Standard (BioRad Laboratories; Hercules,
CA, USA) was used as MW marker.

Allergen identification. Relevant allergens were detected and iden-
tified in VME by liquid chromatography-mass spectrometry/mass
spectrometry (LC-MS/MS). Briefly, bands corresponding to Der f 15
(~119/96 kDa) and Der f 18 (~567 kDa) in VME were cut from a SDS-
PAGE gel (Coomassie stained), digested with trypsin, and the resul-
tant peptide mixture was analysed in a nanoAcquity LC system
(Waters Corporation; Milford, MA, USA) coupled to an LTQ-Orbitrap
Velos (Thermo Scientific; Waltham, MA, USA) mass spectrometer.
Raw data were collected with THERMOXcALIBUR software (Thermo Sci-
entific), and a database search was performed through the Mascot
search engine using Thermo Proteome Discover against the Uniprot
database.

Allergen relative quantification. Der f 15 and Der f 18 were quanti-
fied in three VME batches with respect to HME by MS. In short,
VME and HME samples were digested individually with the endopro-
teinase Lys-C followed by trypsin. The resulting peptide mixtures
were analysed by a nanoAcquity LC system (Waters Corporation)
coupled to a LTQ Orbitrap Velos (Thermo Scientific) mass spectrome-
ter. Raw data were collected with THERMOXcALIBUR software (Thermo
Scientific). A database search was performed by Sequest HT engine
using Thermo Proteome Discover against the SwissProt Arthropoda
database containing the two allergens of interest (Q9UBR7 = Der f
15; Q86R84 = Der f 18).

A targeted MS/MS method containing the m/z and retention times
for the peptides selected for both allergens (Table 1) was performed.
Three peptides from Der f 15 and one from Der f 18 were selected
and synthesized as heavy labelled peptides to be used as internal stan-
dards in the quantification assay. Quantitative analysis of the targeted
MS/MS data was performed using SKYLINE, open source software
from MacCoss Lab (Department of Genome Science, University of
Washington, Seattle, WA, USA). Peak areas of each peptide were nor-
malized relative to the heavy labelled peptides. Query samples (three
different batches) from VME were compared against the control sam-
ple (HME), and statistically significant differences were assayed using
a Student's ttest with 95% confidence at the protein level. Each sam-
ple was analysed in three technical replicates.

Allergenic profile. Western blot was used to identify the IgE reac-
tivity of the proteins, an indirect measure of the presence of allergens
in the extracts. Briefly, 10 pug protein/extract sample were run in an
SDS-PAGE under reducing conditions. Separated bands were
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Table 1. List of the peptide m/z acquired for relative quantification of
Der f 15 (Uniprot Q9UBR7) and Der f 18 (Uniprot Q86R84)

Protein m/z Peptide m/z Sequence

Derf15 539.277 1076.539 TIEDIDPFK

Derf 15 543.284 1084.553 TIEDIDPFK*

Derf15 776.383 1550.750 VDPYTIEDIDPFK

Derf 15 780.390 1558.765 VDPYTIEDIDPFK*
Derf15 813.895 1625.776 IWVGYDDLASISCK
Derf 15 817.902 1633.790 IWVGYDDLASISCK*
Derf18 562.589 1684.746 TVCYYESWVHWR
Derf18 565.925 1694.754 TVCYYESWVHWR*
Derf18 554.226 1106.438 TVCYYESW

Derf18 679.773 1357.532 TYCATYYECK

Derf18 683.780 1365.546 TYCATYYECK*
Derf18 954.921 1907.828 MDPEDIDTSLCTHIVY
Derf18 962.919 1923.823 MDPEDIDTSLCTHIVYT
Derf18 401.210 1200.630 FGIDAATHEIK
Derf18 527.780 1053.560 GIDAATHEIK

Derf18 682.840 1363.680 YFGIDAATHEIK
Derf18 726.362 1450.709 SYFGIDAATHEIK
Derf18 510.900 1529.678 TLSNEDVHGVCGDK
Derf18 765.846 1529.678 TLSNEDVHGVCGDK
Derf18 815.384 1628.754 AMIAVGGSTMSDQFSK
Derf18 823.382 1644.749 AMIAVGGSTMSDQFSKT

*Heavy label peptide.
'Oxidized methionine peptide.

electrotransferred onto PVDF membranes by a Trans-Blot Turbo
Transfer Pack (Bio-Rad). Membranes were blocked with 5%
skimmed milk in 0.01 m PBS with 0.1% Tween (PBS-T) for 1 h, and
incubated overnight with a pool of sera from atopic dogs (diluted 1:4
in 0.01 m PBS). After washing, membranes were incubated with
HRP-conjugated goat anti-dog IgE (1:10,000 dilution; AbD Serotec,
Bio-Rad). Finally, membranes were developed with luminol solution
(Clarity Western ECL Substrate, Bio-Rad) and detected by chemilumi-
nescence (Amersham Imager 600 RGB system, GE Healthcare; Upp-
sala, Sweden). Der f 15 and Der f 18 band intensities were
determined using IMAGE QuanT TL 2005 software (GE Healthcare).

IgE reactivity of serum samples. Serum reactivities of atopic dogs
(n = 16) against VME and HME were studied by analysing their IgE
binding capacity by direct enzyme-linked immunosorbent assay
(ELISA) assays. Briefly, microplates (Immulon IV; Thermo Scientific)
were coated with VME or HME (8 pg protein/mL) and incubated
overnight at room temperature. Plates were blocked for 1 h with 5%
skimmed milk in PBS-T. Serum samples were diluted 1:4 in 5%
skimmed milk in PBS-T, incubated for 2 h and washed with PBS-T,
and then secondary antibody (HRP-conjugated goat anti-dog IgE;
1:10,000 dilution) was added. Finally, the microplates were washed,
the reaction developed with chromogen, stopped with sulfuric acid
and optical density (OD) at 450 nm was measured on an automated
ELISA plate reader. OD values obtained for HME or VME were anal-
ysed statistically by Prism 7 software (GraphPad Software; La Jolla,
CA, USA).

Biological potency. The biological potencies of the VME and HME
were compared by ELISA inhibition assay, using a pool of sera (con-
taining equal volumes of each individual serum sample from above).
Briefly, microplates (Immulon IV; Thermo Scientific) were coated
with VME (2 pg/well) and incubated overnight at room temperature,
then blocked for 1 h with 5% skimmed milk in PBS-T. The pool of
sera was preincubated with serial dilutions of inhibitory extract (VME
or HME) in a Nunc plate (Thermo Scientific) for 2 h. Then, the “inhib-
ited” pool of sera was added to the Immulon IV plate and incubated
for 2 h, washed with PBS-T, and secondary antibody (HRP-conju-
gated goat anti-dog IgE; 1:10,000 dilution) was added and incubated
for 2 h. Finally, microplates were developed as described above. The
percentage of sera inhibition was calculated relative to the log pg of
extract to determine the 50% inhibitory dose; lower values of 50%
inhibitory dose corresponded to a higher biological potency of the
extract.

© 2020 ESVD and ACVD, Veterinary Dermatology
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PBMC cytokine production. The PBMCs were isolated from the
blood of atopic and healthy dogs using a Ficoll gradient. Briefly, whole
blood was poured onto Ficoll solution and then centrifuged for
35 min at 1,800g. The white PBMC layer was collected and washed
with PBS containing 5% fetal bovine serum (FBS). After erythrocyte
lysis, PBMCs were washed and resuspended in RPMI containing
10% FBS. Finally, PBMCs were plated at a final concentration of
2.5 x 10° cells/mL and incubated in triplicate with VME or HME
(40 pg protein/mL), Concanavalin A (Con A, 3 pg/mL) or lipopolysac-
charide (LPS, 3 pg/mL) at 37°C in a 5% CO, atmosphere. Culture
supernatants were recovered after 24 h and 48 h of incubation for
cytokine determination. Supernatants from nonstimulated cells were
used as negative control, and supernatants from cells stimulated
with Con A or LPS were used as positive controls.

The cytokines interferon (IFN)-y and interleukin (IL)-10 were mea-
sured in supernatants using a ELISA-based Milliplex Mag Dog kit
(Merck Millipore; Darmstadt, Germany), performed in accordance
with the manufacturer’s instructions. Results were analysed statisti-
cally by Prism 7 software (GraphPad).

Consistency between batches

Three VME batches manufactured from different raw materials were
characterized and compared using SDS-PAGE, SEC, Der f 15 and Der
f 18 MS identification and biological potency assays as above.

Results

Characterization of Dermatophagoides farinae
extracts
The protein profile of VME (Figure 1a) predominantly
showed bands >40 kDa, different from HME which pre-
sented bands throughout the whole range analysed (10—
100 kDa). Expected bands were found including Der f 15
and Der f 18, identified in a previous study'' as bands of
119/96 and 57 kDa, respectively, as well as allergens Der f
1 and Der f 2. Figure 1b shows the allergenic profile
obtained with the pool of sera from cAD dogs against the
two extracts. The dog sera had a greater recognition of the
HMW bands, and a higher intensity reaction with VME. The
Der f 15 and Der f 18 band intensities were 2.3- and 2.5-fold
greater in VME compared to HME, respectively (Figure 1c).
The difference in MW distribution of the protein con-
tent in the two extracts also was demonstrated by SEC
(Figure 2). VME presented >560% of the chromatographic
area before 10 min of elution, corresponding to proteins
between 40 and 1,500 kDa, whereas HME had >50% of
the chromatographic area after 10 min, which corre-
sponds to proteins <40 kDa.

Mass spectrometry analyses

Mass spectrometry analysis of the bands corresponding
to major allergens Der f 15 and Der f 18 in VME confirmed
the presence of these allergens. Twenty different peptide
sequences were identified for the 96 and 119 kDa bands
(corresponding to Der f 15), covering 37% of the
sequence, and 17 peptide sequences were obtained for
the 57 kDa band (corresponding to Der f 18), covering
32% of the sequence.

Relative quantification analysis revealed a 2.07 + 0.32-
and 1.63 £ 0.15-fold increase of the HMW allergens Der
f 15 and Der f 18, respectively, in VME batches relative to
HME. Table 2 shows the fold-change at the protein level
for both allergens when comparing query and control
samples.
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Figure 1. Protein profile (a) and immunoblot (b) of Dermatophagoides farinae extracts in reducing conditions.

Low Range Molecular Weight Standard (lane 1), veterinary mite extract (VME, 10 ug protein) and human mite extract (HME; 10 ug protein). Immunoblots
were performed using a pool of sera from atopic dogs. (c) Protein profile determined by scanning densitometry comparing VME (green line) and HME (red
line). Der f 15 (bands numbers 1 and 2), Der f 18 (band number 3), Der f 1 and Der f 2 are highlighted.

Biological potency

The individual levels of sIgE were significantly (P < 0.05)
higher for VME than those observed for HME (Figure 3a),
confirming that VME contained a higher concentration of
the most relevant allergens to which allergic dogs are
sensitized (Der f 15 and Der f 18).

This higher reactivity of atopic dog sera with VME was
confirmed by a biological potency assay using pooled sera
(Figure 3b). The amount of HME necessary to achieve
50% inhibition was 0.132 pg, 2.13-fold higher than that of
VME (0.062 pg). These results confirmed that VME was
approximately two times more potent than HME in terms
of allergenic potency.

Cellular studies

When PBMCs were incubated with VME and HME, a
similar induction of cytokines IFN-y and IL-10 was
observed in both atopic and control dogs (Figure 4). After
24 h, HME and VME induced significantly higher
(P < 0.01) levels of IL-10 than the negative control [me-
dian (1Q) of 1,170 (5659-1,502) pg/mL for HME and 1,780
(1,122-1,998) pg/mL for VME]. After 48 h of incubation,
IFN-y also was significantly higher (P < 0.01) than the
negative control in cells from atopic dogs treated with
HME [52.1 (15-113.2) pg/mL] and VME [50.4 (20-76.3)
pg/mLl.

Results from positive controls (ConA and LPS) were in
all cases significantly higher (P < 0.01) than the negative
control (data not shown). Atopic and nonatopic dogs also
were compared. Higher levels of both cytokines were

observed in nonatopic dogs with HME and VME stimula-
tion than in atopic dogs.

Consistency batches

There was a high consistency in the manufacturing pro-
cess between the three different batches of VME. An
identical protein profile was observed by SDS-PAGE (Fig-
ure S2). Der f 15 and Der f 18 were identified in all three
batches by MS analysis, with sequence coverage per-
centages of 16-56% for Der f 15 and 18-28% for Der f
18 (Figure S3). Regarding biological potency, 50% inhibi-
tory doses of 0.077, 0.063 and 0.056 pg were obtained
for the three VME consistency batches, respectively (Fig-
ure S4).

Discussion

The efficacy of ASIT for treatment of some allergic dis-
eases has been clearly documented in people,?'??
whereas in dogs cAD caused by allergic reactions usually
is treated with alternative treatments such as glucocorti-
coids, cyclosporine, oclacitinib or biologicals. However,
these treatments have shown several limitations in terms
of adverse effects and cost, in only targetting disease
clinical signs and in being unable to modify or reverse dis-
ease course. For these reasons, ASIT is a promising alter-
native for control of cAD. Different ASIT studies in dogs
using conventional human allergenic extracts, most with
an open and uncontrolled design, have demonstrated suc-
cess rates of 50-80%."?® Nevertheless, many questions

© 2020 ESVD and ACVD, Veterinary Dermatology
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Figure 2. Size exclusion chromatograms of molecular weights of proteins in mite extracts.
(a) Gel Filtration Standard. (b) Comparison of veterinary mite extract (VME; black line) and human mite extract (HME, grey line) chromatograms

detected at 215 nm. Elution times given in minutes.

Table 2. Skyline output for differential abundance test at the protein
level for Der f 15 and Der f 18 allergens when comparing veterinary
mite extract (VME) samples against the control sample (human mite
extract, HME)

Protein Sample Fold-change result Adjusted P-value

Derf15 VME 1 1.7 (95% CI: 1.567-1.85) 0.0001
VME 2 2.3(95% Cl: 1.94-2.6) 0.0001
VME 3 2.2(95% Cl: 1.9-2.6) 0.0001
Derf18  VME1 1.6 (95% ClI: 1.37-2.28) 0.0203
VME 2 1.8(95% ClI: 1.37-2.43) 0.0042
VME 3 1.5(95% ClI: 1.05-2.10) 0.0335

remain about the efficacy of ASIT in dogs, and thus there
is a need for specific, precise and standardized extracts
for use in veterinary allergy and dose-optimization stud-
ies.

The efficacy of ASIT has been correlated with optimal
amounts of the major allergens in immunotherapy
extracts. However, traditionally dogs have been treated
with human immunotherapy without taking into consider-
ation compatibility between allergen composition and the
species’ sensitization profile. Regarding mites, the recog-
nition profiles of humans and dogs have been reported to
be different. Dogs mainly recognize allergens

© 2020 ESVD and ACVD, Veterinary Dermatology

corresponding to HMW proteins, such as Der f 15, Der f
18 and Zen-1,">"® whereas major allergens for humans
belong to LMW proteins, groups 1 and 2. In this sense,
Der f 15 and Der f 18 may be poorly represented in
human allergen extracts as their characterization is
focused mainly on allergens from groups 1 and 2.

In a previous study, the presence of Der f 15 and Der f
18 allergens in a D. farinae extract used for human
immunotherapy was demonstrated.!’ Based on this
extract, we developed and patented®* [W0/2019/025388]
a new technology for producing a specific veterinary
extract (VME) containing the appropriate composition of
mite allergens for treating atopic dogs. To the best of our
knowledge, this is the first time that an allergenic extract
has been manufactured and characterized specifically for
use in veterinary allergy treatment.

Design of the manufacturing process was based on
reduction of LMW proteins while increasing those pro-
teins to >40 kDa, thereby enriching it with allergens from
groups 15 and 18. This relative modification in the MW
distribution was confirmed by different in vitro assays.
Additionally, based on MS tools, we developed a specific
method for measuring Der f 15 and Der f 18 allergens,
consisting of a relative estimation of the allergens in
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Figure 4. Interleukin (IL)-10 and interferon (IFN)-y produced by peripheral blood mononuclear cells (PBMCs) from atopic and control groups after
24 h(IL-10) or 48 h (IFN-y) of incubation with negative control, human mite extract (HME) or veterinary mite extract (VME).
Statistically significant differences (P-values) are indicated in each graph showing median value and interquartile range.

VME. The major human allergens (Der f 1 and Der f 2)
usually are characterized by commercially available ELISA
kits, yet such reagents unfortunately are unavailable for
the major dog allergens. This is the first time that the con-
tent of D. farinae major allergens for dogs has been stud-
ied and quantified relative to HME.

Biological IgE potency is considered the main parame-
ter for allergen extract characterization,?® and thus a
method for calculating the biological potency of VME
using serum samples from allergic dogs was developed.
All individual serum samples showed significantly higher
slgE against VME compared to HME, consistent with a
higher content of allergens causing dog sensitization. This

6

was further demonstrated by biological potency determi-
nation using an ELISA inhibition assay.

Immunological efficacy of allergenic extracts and the
mechanisms of action of immunotherapy in dogs remain
poorly understood, although some results can be extrapo-
lated from results reported for people. In both species,
successful ASIT has been associated with an induction of
regulatory T (Treg) cells and a shift from a Th2 to a Th1
response.?>28 |ndirectly, the success of immunotherapy
also has been related to the stimulation of certain cytoki-
nes such as IFN-y and IL-10,?” involved in Th1 and Treg
responses, respectively, and a reduction of the Th2
response mediated by IL-4. In a study of 10 cAD cases
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treated with HDM immunotherapy, the IFN-y:IL-4 ratio
increased significantly after ASIT.28 In another study, ato-
pic dogs receiving ASIT of different allergens presented
higher Treg counts and serum IL-10 concentrations com-
pared to the healthy control group.?® In this study, we
investigated the capacity of VME to induce IL-10 and IFN-
v in PBMCs from dogs sensitized to D. farinae, suggest-
ing an induction of Th1 and Treg responses and, there-
fore, a beneficial immune response that could lead to
tolerance in dogs treated with this extract. Similar results
have been obtained with human PBMCs.2%3" Other stud-
ies in veterinary allergology have examined the effect of
mite extracts and purified allergens on canine PBMC pro-
liferation,®2 or the effect of mite allergoids in canine den-
dritic cell uptake and cytokine production.®® Although no
statistically significant differences were found in the pro-
duction of IL-10 between VME and HME, a tendency for
higher production was observed with VME. The number
of dogs included in this study was too low to confirm
these results. For this reason, new cellular studies with
increased numbers of animals are necessary in addition
to in vivo clinical studies to demonstrate the improved
efficacy of this veterinary extract.

A critically important issue when producing allergenic
extracts for immunotherapy is consistency between
batches, in order to guarantee the same allergen profile,
allergen content and biological potency, as outlined in the
recent draft guideline for “"Use of veterinary extracts for
ASIT"."® This guideline aims to provide principles and
guidance for the manufacturing and quality control, safety
and efficacy of allergen products for veterinary purpose. It
is important to highlight that although this specific extract
for cAD treatment was developed before the EMA docu-
ment, the product is fully adapted to the EMA recommen-
dations.

Additionally, in a recent study®® evaluating allergen
extracts used in veterinary settings, heterogeneity was
demonstrated in the protein components of D. farinae
extracts not only between manufacturers, but also within
different batches from the same manufacturer. Our VME
showed a high degree of consistency between different
batches, and these studies have allowed us to select one
as the in-house reference preparation (IHRP), to be used
as a reference for control of active substances and inter-
mediates in successive lots.

In summary, we developed a D. farinae extract
enriched in HMW proteins according to the particular
allergenic profile of dogs. All subsequent analysis per-
formed in the veterinary extract, including major allergen
(Der f 15 and Der f 18) composition and quantification,
biological potency and induction of regulatory and Th1
cytokines, confirmed the suitability of the new VME for
treating dogs with mite allergies and its improved efficacy
with respect to the conventional HME. VME may be clas-
sified as a precision veterinary medicine because it con-
tains the specific active principle related to allergic
disease of dogs. This study opens up new possibilities for
the identification of specific allergens for dogs and for the
development of specific immunotherapy for other aller-
genic sources.
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Figure S1. Scheme of the manufacturing process of
VME and HME, methods used for extract characterization
and main results obtained.

Figure S2. SDS-PAGE of VME showing batch consis-
tency under reducing conditions.

Figure S3. MS results of major allergen identification in
VME consistency batches.

Figure S4. ELISA inhibition assays comparing biological
potency of VME (Standard) and VME consistency
batches.

Contexte - La dermatite atopique canine (CAD) est une maladie cutanée allergique prurigineuse souvent
causée par Dermatophagoides farinae. Des différences dans le profil de sensibilisation a D. farinae ont été
rapportées entre le chien et 'nomme. Cependant, les chiens allergiques ont été traditionnellement traités
avec des extraits congus pour immunothérapie de humaine.

Hypotheses/Objectifs — Développer une immunothérapie spécifique d'allergenes vétérinaire enrichie en
allergénes majeurs du chien et démontrer son efficacité in vitro.

Sujets - Vingt chiens de propriétaires diagnostiqués atopiques et trois chiens sains.

Matériels et méthodes - Un extrait allergénique vétérinaire de D. farinae a été congu et caractérisé en
comparaison avec |'extrait de D. farinae utilisé pour I'immunothérapie humaine. Le profil protéique a été
analysé par SDS-PAGE et chromatographie d’exclusion de taille et les allergenes Der f 15 et Der f 18 quan-
tifiés par spectrométrie de masse. Le profil allergénique a été étudié par immunoblot et le potentiel biologi-
que par ELISA. La capacité des extraits a induire la production de cytokine [interleukine (IL)-10, interferon
(IFN)-Y1 par les cellules mononucléées sanguines périphériques a aussi été évaluée.

Résultats — L'extrait vétérinaire a montré un contenu de protéines a haut poids moléculaire plus élevé,
préférentiellement reconnu pas les sera de chiens atopiques. L'augmentation de Der f 15 et Der f 18 était
respectivement multipliée par 2.074+0.32 et 1.634+0.15 comparé aux extraits de I'homme. L'extrait vétéri-
naire a montré un potentiel biologique plus élevé (0.062 versus 0.132 pg nécessaire pour 50% d'inhibition
des sera de chien) comparé a I'extrait humain et induit des taux d' IL-10 (1780 pg/mL) et IFN-Y (50.4 pg/
mL) significativement plus élevés en comparaison avec les controles négatifs.

Conclusions et importance clinique — Un extrait vétérinaire de D. farinae avec un contenu plus élevé
d'allergenes majeurs a été développé et une efficacité in vitro a été démontrée par paramétres immunolo-

giques.
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RESUMEN

Introduccion - la dermatitis atopica canina (CAD) es una enfermedad cutanea alérgica pruriginosa causada
con mayor frecuencia por Dermatophagoides farinae. Se han publicado diferencias en el perfil de sensibili-
zacion a D. farinae entre personas y perros. Sin embargo, los perros alérgicos tradicionalmente han sido tra-
tados con extractos destinados a la inmunoterapia humana.

Hipotesis/Objetivos — Desarrollar una inmunoterapia con alérgenos especificos para la préactica veterinaria
enriguecida en los principales alérgenos caninos y demostrar su eficacia in vitro.

Animales - veinte perros de propietarios privados, diagnosticados clinicamente con CAD vy tres perros
sanos.

Métodos y materiales — se fabrico y caracterizé un extracto de alérgeno veterinario de D. farinae en com-
paracion con el extracto de D. farinae utilizado para inmunoterapia humana. El perfil de proteinas se analizd
mediante SDS-PAGE y cromatografia de exclusion por tamano vy los alérgenos Der f 15y Der f 18 se cuanti-
ficaron mediante espectrometria de masas. El perfil alergénico se estudié mediante inmunotransferencia y
la potencia bioldgica mediante ensayos de inhibicidon por ensayo inmunoabsorbente ligado a enzimas.
También se evalud la capacidad del extracto para inducir la produccion de citoquinas [interleuquina (IL)-10,
interferén (IFN)-Y1 por células mononucleares de sangre periférica.

Resultados - E| extracto veterinario mostré un mayor contenido de proteinas de alto peso molecular, reco-
nocidas preferentemente por sueros de perros atépicos. Los factores de aumento en Der f 15y Der f 18
con respecto al extracto humano fueron 2,07 + 0,32 y 1,63 + 0,15, respectivamente. El extracto veterina-
rio mostré una mayor potencia biolégica (0,062 versus 0,132 pg requeridos para una inhibicién del 50% de
los sueros de perros) en comparacién con el extracto humano e indujo niveles significativamente mds altos
de IL-10 (1780 pg/mL) e IFN-Y (50,4 pg/mL). ) con respecto al control negativo.

Conclusiones e importancia clinica — Se desarroll6 un extracto veterinario de D. farinae con un mayor
contenido de los principales alérgenos caninos y se demostrd la eficacia in vitro mediante parametros
inmunoldgicos.

Zusammenfassung

Hintergrund - Die atopische Dermatitis des Hundes (CAD) ist eine juckende allergische Hauterkrankung,
die am haufigsten durch Dermatophagoides farinae verursacht wird. Unterschiede zwischen Mensch und
Hund im Sensibilisierungsprofil durch D. farinae wurden bereits beschrieben. Nichtsdestotrotz wurden
Hunde traditionellerweise mit Extrakten behandelt, die fir die Immuntherapie des Menschen gedacht
waren.

Hypothese/Ziele - Die Entwicklung einer spezifischen Allergenimmuntherapie fir die veterinarmedizini-
sche Praxis, die durch wichtige Allergene bereichert wird und die Demonstration ihrer Wirksamkeit in vitro.
Tiere — Zwanzig Hunde in Privatbesitz, die klinisch mit einer CAD diagnostiziert worden waren und drei
gesunde Hunde.

Methoden und Materialien - Es wurde ein veterinarmedizinischer D. farinae Allergenextrakt hergestellt
und im Vergleich zu einem D. farinae Extrakt, der in der Humanmedizin zur Immuntherapie Verwendung
findet, beschrieben. Das Proteinprofil wurde mittels SDS-PAGE und GroRenausschlufichromatografie ana-
lysiert und Der f 15 und Der f 18 Allergene mittels Massenspektrometrie quantifiziert. Das Allergenprofil
wurde mittels Immunoblot und die biologische Potenz mittels Enzym-linked Immunosorbent Assay-Inhibiti-
onsassays untersucht. Die Fahigkeit des Extraktes eine Zytokinproduktion [Interleukin (IL)-10, Interferon
(IFN)- ¥] zu induzieren wurde mittels peripherer mononuklearer Zellen des Blutes ebenfalls evaluiert.
Ergebnisse — Der veterinarmedizinische Extrakt zeigte einen hoheren Gehalt an hochmolekularen Protei-
nen, welche vorzugsweise durch atopische Sera von Hunden erkannt wurden. Das Ausmal} der Zunahme
von Der f 15 und Der f 18 in Bezug auf den humanen Extrakt betrug das 2,07+0,32 bzw das 1,63+0,15
fache. Der veterinarmedizinische Extrakt zeigte im Vergleich zum Humanextrakt eine hohere biologische
Potenz (0,062 versus 0,132 pg waren notig um eine 50%ige Inhibition der Hunde Sera zu erlangen) und
induzierte signifikant hohere Werte an IL-10 (1789 pg/mL) und IFN-¥ (50,4 pg/mL) im Vergleich zur Negativ-
kontrolle.

Schlussfolgerungen und klinische Bedeutung - Es wurde ein veterinarmedizinischer D. farinae Extrakt
mit einem hoheren Gehalt an caninen hochmolekularen Allergenen und seine Wirksamkeit in vitro mittels
immunologischer Parameter demonstriert.

B

TR - R7 MR (CAD) X, UiE LiXDermatophagoides farinae23 K & 72 2 FEFEMET LV F —
PERERETH D, D. farinaelZ 3 HENET 1 7 7 A LOENT, A& ROBTHRESNTND, L
LR 6, 7 LAX—RIMERIC e Mu@iihd B & LIciiB Tl S TE 7,

RE/EE - AFFEOBIL. ROTET LS U N EE R BRERITRE T LV 7 o Sfeiels & %
L. inviroh Rz EiETHZ & Thotz,

HERRENY) — FRIRHICCAD & 2 S 4172 20BE O FLE R K OBEHDEH K,



Moya et al.

BEE D51 — BRIEEIRANTD. farinae 7 LAV S 2 BGE L, b NRIEREIEICHH S AD. farinaefiiH
By &bl U TR bivie, Z N2 T7 a7 7 A L% SDS- PAGE;DMMW 2RI v~ T T T 4
—JETHHT L, Derf 158 X UDer f 187 L V7 U 2B EONECER LI, TLAF T a7 7 AW,
AL Ty MEBLOHMELAGOENET v A HET v 2B X DEMFENIN L > TR S
Nz, RMBEEERICL D294 A VEEA 2 —a A% (IL) -10, A > FZ—7x=r (IFN) -
N ERFET ORI b S N,

MR - BRI HEIEE S TR VNV EOERENEL . T hE—ROMIFEIC L > TELMICEE
HENTo, b M KT DDer £ 158 L UDer  18DfEFRENNIL., FNF42.07+0.32F L 1U1.63+0.15
Thotz, BREZWFMTHHE®IZ, b MIE® & i LTI mWAEMZEALh S (RILED50%[E 2
WMFE720.062 pgkt0.132 ng) /R L, FAT 47 a3 ba—L & iR L THEEIZEWIL-10 (1780 pg / mL)
BELOIFN-c (50.4 pg/ mL) Z#FHE L7,

EREBRMEEE - RoTET I//I//7/E:7ﬁ$75) VWNEREEBE )1 D. farinaefth H# 23 BA%E 41, in vitro
DEIENRIEZRRT A —F —IT L > TEIES T,

WE

R — RAFRIMER % (CAD) 2P o i, 18 fky 424 (Dermatophagoides farinae)
g, HEIRIE, ANFIRIA AR BUBRHE A EE R . RMESR L, SHOKH AN R%IZ BT R atT
1697

R/ HIF — R EERRT R BUR Rk, SERTEDHUR, Fir A7 3.
¥ — RZ W NCADII20 AT K, DL = R{gER.

FERA R — AreEEE AR AR BRI, F 5T AN RIZIRT R AR R B TR E e . i
SDS-PAGERI 73 FHERH il vE o A 28 (1 RS, I35 BT iy 2 0 2 Der £ 15F1Der £ 1833 U5 . i 5%
EZE A 70 I AR A, B T R A g W B B - P RIS T AE M R . IE VRN T BRI S A i A i
A=A gl B R F LA A A R AL)-10 » TR IFN)-ol (1B

GR — SEMRBYERNES TEEARSERE, —fﬁ:?‘ﬁﬁ“@]%}l PERIMIER RS, Der £ 15 #1 Der f
18 [T S InE 5 A\ FHIREI 4> B2 2.07+£0.32 F1 1.634+0.15. 5 A FHIREUIAELL , 280 3R SR
W EAEY S (0.062%10.132 pg, EFIRMFERIF) , HH, SHMEHMEIL, ¥%SFIL-10 (1780
pg/mL) Fl IFN-Y (50.4 pg/mL) /KF & &5

ZWHRREES. — FRSEMADRBRIY, /\EF‘j(HEE WUREERE, il S50 v Ak
SRR

Resumo

Contexto — A dermatite atdpica canina (DAC) é uma doenca cutanea alérgica pruriginosa, mais frequente-
mente causada por Dermatophagoides farinae. Diferencas no perfil de sensibilizacao a D. farinae foram
relatadas entre pessoas e caes. No entanto, os caes alérgicos tradicionalmente tém sido tratados com
extratos destinados a imunoterapia humana.

Hipotese/Objetivos — Desenvolver uma imunoterapia alérgeno-especifica para a prética veterinaria formu-
lada com os principais alérgenos caninos e demonstrar sua eficécia in vitro.

Animais - Vinte caes de propriedade privada, com diagndstico clinico de DAC, e trés caes saudaveis.
Métodos e materiais — O extrato de alergénico veterinario de D. farinae foi fabricado e caracterizado em
comparagao com o extrato de D. farinae usado para imunoterapia humana. O perfil proteico foi analisado
por SDS-PAGE e cromatografia de exclusao por tamanho e os alérgenos Der f 15 e Der f 18 quantificados
por espectrometria de massa. O perfil alergénico foi estudado por immunoblot e a poténcia bioldgica por
ensaio de imunoabsorgao enzimatica. A capacidade do extrato de induzir a produgao de citocinas [interleu-
cina (IL) -10, interferon (IFN) -Y1 por células mononucleares do sangue periférico também foi avaliada.
Resultados - O extrato veterinario apresentou maior teor de proteinas de alto peso molecular, preferenci-
almente reconhecidas por soros de caes atdépicos. Os aumentos de Der f 15 e Der f 18 em relagao ao
extrato humano foram 2,07 & 0,32 e 1,63 & 0,15, respectivamente. O extrato veterinario mostrou maior
poténcia bioldégica (0,062 versus 0,132 ug necessario para 50% de inibicao de soros de caes) em com-
paragao com o extrato humano e induziu niveis significativamente mais elevados de IL-10 (1780 pg/mL) e
IFN-Y (50,4 pg/mL)) com relagao ao controle negativo.

Conclusoes e importancia clinica — Um extrato alergénico veterinario de D. farinae com uma maior quan-
tidade dos principais alérgenos para caes foi desenvolvido e a eficacia in vitro demonstrada por parametros
imunoldgicos.
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Figure S1. Scheme of the manufacturing process of VME and HME, methods
used for extracts characterization and main results obtained.
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Figure S2. SDS-PAGE of VME consistency batches under reducing conditions.
Low Range Molecular Weight Standard (lane 1), HME (10 ug protein) and VME
(10 pg protein) batches 1 (V1), 2 (V2) and 3 (V3).



Protein sequence coverage: 29%
0i|5815436: Der f 15

1 MKTIYAILSI MACIGLMNAS IKRDHNDYSK NPMRIVCYVG TWSVYHKVDP
51 YTIEDIDPFK CTHLMYGFAK IDEYKYTIQV FDPYQDDNHN SWEKRGYERF
101 NNLRLKNPEL TTMISLGGWY EGSEKYSDMA ANPTYRQQFI QSVLDFLQEY
151 KFDGLDLDWE YPGSRLGNPK IDKQNYLALV RELKDAFEPH GYLLTAAVSP
201 GKDKIDRAYD IKELNKLEDW MNVMTYDYHG GWENFYGHNA PLYKRPDETD
251 ELHTYFNVNY TMHYYLNNGA TRDKLVMGVP FYGRAWSIED RSKLKLGDPA
301 KGMSPPGFIS GEEGVLSYIE LCQLFQKEEW HIQYDEYYNA PYGYNDKIWV
351 GYDDLASISC KLAFLKELGV SGVMVWSLEN DDFKGHCGPK NPLLNKVHNM
401 INGDEKNSFE CILGPSTTTP TPTTTPTTPT TTPTTPSPTT PTTTPSPTTP
451 TTTPSPTTPT TTPSPTTPTP TTPTPAPTTS TPSPTTTEHT SETPKYTTYV
501 DGHLIKCYKE GDIPHPTNIH KYLVCEFVNG GWWVHIMPCP PGTIWCQEKL
551 TCIGE

Protein sequence coverage: 18%
B gi|27550039: Der f 18

1 MTRFSLTVLA VLAACFGSNI RPNVATLEPK TVCYYESWVH WRQGEGKMDP
51 EDIDTSLCTH IVYSYFGIDA ATHEIKLLDE YLMKDLHDME HFTQHKGNAK
101 AMIAVGGSTM SDQFSKTAAV EHYRETFVVS TVDLMTRYGF DGVMIDWSGM
151 QAKDSDNFIK LLDKFDEKFA HTSFVMGVTL PATIASYDNY NIPAISNYVD
201 FMNVLSLDYT GSWAHTVGHA SPFPEQLKTL EAYHKRGAPR HKMVMAVPFY
251 ARTWILEKMN KQDIGDKASG PGPRGQFTQT DGFLSYNELC VQIQAETNAF
301 TITRDHDNTA IYAVYVHSNH AEWISFEDRH TLGEKAKNIT QQGYAGMSVY
351 TLSNEDVHGV CGDKNPLLHA IQSNYYHGVV TEPTVVTLPP VTHTTEHVTD
401 TPGVFHCHEE GFFRDKTYCA TYYECKKGDF GLEKTVHHCA NHLQAFDEVS
451 RTCIDHTKIP GC

C Protein sequence coverage: 16%
0i|5815436: Der f 15

1 MKTIYAILSI MACIGLMNAS IKRDHNDYSK NPMRIVCYVG TWSVYHKVDP
51 YTIEDIDPFK CTHLMYGFAK IDEYKYTIQV FDPYQDDNHN SWEKRGYERF
101 NNLRLKNPEL TTMISLGGWY EGSEKYSDMA ANPTYRQQFI QSVLDFLQEY
151 KFDGLDLDWE YPGSRLGNPK IDKQNYLALV RELKDAFEPH GYLLTAAVSP
201 GKDKIDRAYD IKELNKLEDW MNVMTYDYHG GWENFYGHNA PLYKRPDETD
251 ELHTYFNVNY TMHYYLNNGA TRDKLVMGVP FYGRAWSIED RSKLKLGDPA
301 KGMSPPGFIS GEEGVLSYIE LCQLFQKEEW HIQYDEYYNA PYGYNDKIWV
351 GYDDLASISC KLAFLKELGV SGVMVWSLEN DDFKGHCGPK NPLLNKVHNM
401 INGDERNSFE CILGPSTTTP TPTTTPTTPT TTPTTPSPTT PTTTPSPTTP
451 TTTPSPTTPT TTPSPTTPTP TTPTPAPTTS TPSPTTTEHT SETPKYTTYV
501 DGHLIKCYKE GDIPHPTNIH KYLVCEFVNG GWWVHIMPCP PGTIWCQEKL
551 TCIGE



D Protein sequence coverage: 18%
gi|27550039: Der f 18

1 MTRFSLTVLA VLAACFGSNI RPNVATLEPK TVCYYESWVH WRQGEGKMDP
51 EDIDTSLCTH IVYSYFGIDA ATHEIKLLDE YLMKDLHDME HFTQHKGNAK
101 AMIAVGGSTM SDQFSKTAAV EHYRETEVVS TVDLMTRYGF DGVMIDWSGM
151 QAKDSDNFIK LLDKFDEKFA HTSFVMGVTL PATIASYDNY NIPAISNYVD
201 FMNVLSLDYT GSWAHTVGHA SPFPEQLKTL EAYHKRGAPR HKMVMAVPFY
251 ARTWILEKMN KQDIGDKASG PGPRGQFTQT DGFLSYNELC VQIQAETNAF
301 TITRDHDNTA IYAVYVHSNH AEWISFEDRH TLGEKAKNIT QQGYAGMSVY
351 TLSNEDVHGV CGDKNPLLHA IQSNYYHGVV TEPTVVTLPP VTHTTEHVTD
401 TPGVFHCHEE GFFRDKTYCA TYYECKKGDF GLEKTVHHCA NHLQAFDEVS
451 RTCIDHTKIP GC

E Protein sequence coverage: 56%
0i|5815436: Der f 15

1 MKTIYAILSI MACIGLMNAS IKRDHNDYSK NPMRIVCYVG TWSVYHKVDP
51 YTIEDIDPFK CTHLMYGFAK IDEYKYTIQV FDPYQDDNHN SWEKRGYERF
101 NNLRLKNPEL TTMISLGGWY EGSEKYSDMA ANPTYRQQFTI QSVLDFLQEY
151 KFDGLDLDWE YPGSRLGNPK IDKQNYLALV RELKDAFEPH GYLLTAAVSP
201 GKDKIDRAYD IKELNKLFDW MNVMTYDYHG GWENFYGHNA PLYKRPDETD
251 ELHTYFNVNY TMHYYLNNGA TRDKLVMGVP FYGRAWSIED RSKLKLGDPA
301 KGMSPPGFIS GEEGVLSYIE LCQLFQKEEW HIQYDEYYNA PYGYNDKIWV
351 GYDDLASISC KLAFLKELGV SGVMVWSLEN DDFKGHCGPK NPLLNKVHNM
401 INGDEKNSFE CILGPSTTTP TPTTTPTTPT TTPTTPSPTT PTTTPSPTTP
451 TTTPSPTTPT TTPSPTTPTP TTPTPAPTTS TPSPTTTEHT SETPKYTTYV
501 DGHLIKCYKE GDIPHPTNIH KYLVCEFVNG GWWVHIMPCP PGTIWCQEKL
551 TCIGE

F Protein sequence coverage: 28%
gi|27550039: Der f 18

1 MTRFSLTVLA VLAACFGSNI RPNVATLEPK TVCYYESWVH WRQGEGKMDP
51 EDIDTSLCTH IVYSYFGIDA ATHEIKLLDE YLMKDLHDME HFTQHKGNAK
101 AMIAVGGSTM SDQFSKTAAV EHYRETFVVS TVDLMTRYGF DGVMIDWSGM
151 QAKDSDNFIK LLDKFDEKFA HTSFVMGVTL PATIASYDNY NIPAISNYVD
201 FMNVLSLDYT GSWAHTVGHA SPFPEQLKTL EAYHKRGAPR HKMVMAVPFY
251 ARTWILEKMN KQDIGDKASG PGPRGQFTQT DGFLSYNELC VQIQAETNAF
301 TITRDHDNTA IYAVYVHSNH AEWISFEDRH TLGEKAKNIT QQGYAGMSVY
351 TLSNEDVHGV CGDKNPLLHA IQSNYYHGVV TEPTVVTLPP VTHTTEHVTD
401 TPGVFHCHEE GFFRDKTYCA TYYECKKGDF GLEKTVHHCA NHLQAFDEVS
451 RTCIDHTKIP GC

Figure S3. MS results of major allergens identification in VME consistency
batches. Identified peptides (in red) by MS analysis in allergen sequences of
Der f 15 (A,C,E) and Der f 18 (B,D,F). VME consistency batches V1 (A,B), V2
(C,D) and V3 (E,F).
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Figure S4. ELISA inhibition assays comparing biological potency of VME
(Standard) and VME consistency batches (a) V1; (b) V2; (c) V3. 50% inhibition
of the sera pool was obtained with 0.077 pg (V1), 0.063 pg (V2) and 0.056 ug
(V3) compared to the VME batch used as standard (0.062 pug).
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