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Abstract
Background: Eosinophils are specialized granulocytic effector cells that store and release highly
active mediators used in immune defense. Eosinophils are also implicated in the pathogenesis of
allergic disorders, including eosinophilic esophagitis (EoE), a chronic disorder characterized by
infiltration of eosinophils into the esophagus and release of mediators that damage tissue, resulting in
gastrointestinal morbidity, food impaction and dysphagia. Treatment with elimination diets and/or
topical corticosteroid therapy slow disease progression, but are complicated by adverse effects,
limited compliance and loss of response to therapy. We hypothesized that a single administration of
an adeno-associated virus (AAV) coding for an anti-eosinophil monoclonal antibody that induces
eosinophil clearance (anti-Siglec-F) would treat on a persistent basis a murine model of EoE.
Methods: Amouse model of peanut-inducedEoE that mimics the human disease was established by
sensitization and challenge with peanut extract.After challenge, these mice exhibited an EoE
phenotype demonstrated byelevated levels of blood eosinophils, infiltration of eosinophils in the
esophagus with associated esophageal remodelingand food impaction.
Results. The mice were treated with a single intravenous administration (10'! genome copies) of
AAVrh.10mAnti-Eos, a serotype th.10 AAV vector coding for an anti-Siglec-F monoclonal antibody.
Vector administration resulted in persistent, high levels of anti-Siglec-F antibody expression.
Administration of AAVrh.10mAnti-Eos to the mouse model of EoEreduced blood (p<0.02) and
esophageal eosinophil numbers (p<0.002), protected from esophageal tissue remodeling,
andminimized food impaction.
Conclusion. These results suggest that a single treatment with AAVrh.10mAnti-Eos has the potential

to provide persistent therapeutic benefit to patients with EoE.
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Introduction

Eosinophilic esophagitis (EoE) is a cause of chronic upper gastrointestinal morbidity
characterized by esophageal dysfunction and histologically by an eosinophilic infiltrate in the
esophageal mucosa in the absence of other causes of eosinophilia!-3.Clinically, EoE presents with
dysphagia, food impaction and heartburn!. Other symptoms include nausea, vomiting, weight loss,
abdominal pain, poor appetite, and malnutrition!*. Adult EoE patients primarily suffer from
dysphagia, often culminating in food impaction necessitating endoscopic bolus removal'-4.The
diagnosis of EoE requires three criteria: clinical symptoms of esophageal dysfunction; an esophageal
biopsy with a minimum eosinophil count of at least 15 eosinophils per high-power microscopy field;
and exclusion of other possible causes of esophagus eosinophil accumulation’.

The prevalence of EoE is approximately 1 in 1000, with the incidence increasing in both the
pediatric and adult populations’.The goals ofEoE treatment include symptom reduction/resolution and
histological remission to avoid long-term complications such as esophageal stricture formation,
furrowing, trachealization, and food impaction®°.Current therapies are complicated by high costs,
limited compliance due to drug side effects, loss of or lack of response to therapyand difficulty with
lifestyle modification.Many treated individuals have disease relapse after ceasing therapy’'0. No
therapy for EoE has been approved by regulatory authorities in the United States!!.

Based on this background, we hypothesized that gene therapy delivering an anti-eosinophil
monoclonal antibody directed against Siglecs on the eosinophil surface would provide persistent
effective therapy for EoE with a single treatment. Siglecs are sialic acid-binding, immunoglobulin-
like lectins found predominantly on leukocytes'?. The extracellular domain binds to glycans while the
intracellular signaling domain of most Siglecscontains two tyrosine-based inhibitory motifs. Siglec-8
is predominantly expressed on human eosinophils and mast cells and its functional murine paralogue,
Siglec-F is predominantly expressed on mouse eosinophils'2. Engagement of these receptors by the
anti-Siglec-8 or anti-Siglec-F monoclonal antibodies activates a caspase dependent apoptotic pathway
specifically in eosinophils resulting in programmed cell death!?-15 Recent clinical studies using an
anti-Siglec-8 antibody, particularly in eosinophilic gastrointestinal disorders have shown promising
results in reducing tissue eosinophils and clinical symptoms®!®. The use of gene therapy in the

treatment of animalmodels of allergic disorders, including food allergies, complement mediated
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disorders and hypereosinophilic disorders have demonstrated that gene transfer either with delivery of
a monoclonal antibody or with gene augmentation can result in molecular and clinical phenotype
improvement and may be curative'’-?2. In this context, a gene therapy delivering an anti-eosinophil
monoclonal antibody should provide persistent effective therapy for EoE with a single administration.

To test this hypothesis, we developed a mouse model of peanut-induced esophageal eosinophilia
associated with esophageal remodeling, which allowed us to investigate the effectiveness of a gene
therapy approach targeting Siglec-F.We used an adeno-associated virus serotype rh.10 (AAVrh.10) to
genetically modify the liver to express and secrete an anti-Siglec-F anti-eosinophil monoclonal
antibody to generate AAVrh.10mAnti-Eos, a gene therapy-based treatment to provide single dose,
long-lasting reduction of eosinophilia and associated manifestations for proof-of-principle in a mouse
model of peanut-inducedEoE disease.

Methods

AAVrh.10mAnti-Eos Vector

The nucleotide sequence for heavy and light chain variable regions of the anti-Siglec-F
monoclonal antibody (clone 9C7, rat [gG2b) was obtained from S. Duan and J. Paulson, Scripps
Research Institute (La Jolla, CA)?. The rat IgG2b heavy chain constant region amino acid sequence
was obtained from UniProtKB (P20761.1) and the rat Ig Kappa constant amino acid sequence from
Genbank (AAB03702.1) and back-translated using EMBOSS Backtranseq (EMBL-EBI, Cambridge,
UK) to obtain the nucleotide sequence. The heavy and light chain sequences were separated by a furin
2A protease sequence?’. The AAVrh.10mAnti-Eos vector is comprised of the nonhuman primate-
derived rh.10 capsid pseudotyped with AAV?2 inverted terminal repeats surrounding the expression
cassette. The expression cassette consists of the cytomegalovirus (CMV) enhancer, chicken—-actin
promoter and intron, rabbit B-globin splice acceptor (CAG promoter), the anti-Siglec-F cDNA
sequence, and rabbit B-globin polyadenylation signal(Supplemental Figure 1).

The optimized full-length anti-Siglec-F cDNA sequence was synthesized (Genscript,
Piscataway, NJ) and cloned into the pAAYV plasmidunder control of the CAG promoter. The
AAVrh.10mAnti-Eos vector was produced by co-transfection into human embryonic kidney 293T
cells (HEK 293T; American Type Culture Collection) of the pAAV2-CAG-anti-SiglecF plasmid
together with a plasmid carrying the AAV Rep proteins derived from AAV2 needed for vector
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replication, the AAVrh.10 viral structural (Cap) proteins VP1, 2 and 3 and the adenovirus helper
functions of E2, E4 and VA RNA. The AAVrh.10mAnti-Eos vector was purified by iodixanol
gradient and QHP anion exchange chromatography as previously described?*. Vector genome titers
were determined by quantitative TagMan real-time PCR?326. A vector coding for anti-anthrax
protective antigen antibody (anti-PA; AAVrh.10IgGcontrol) modified with a Rat IgG2b Fc to match
anti-Siglec-F was used as control for the in vivo studies.
Flow Cytometry Apoptosis Assay

Leukocytes were isolated from a hypereosinophilic mouse generated by overexpressing mouse
interleukin-5 with an AAV vector (AAVrh.10mILS5); leukocytes were >90% eosinophils based on
both complete blood counts (ADVIA hematology analyzer) and flow cytometry with anti-CD45 and
anti-Siglec-F antibodies (BD Biosciences, San Jose, CA) (Supplemental Figure4). The leukocytes
were incubated with serum equivalent to 50 pg of antibody by ELISA from mice administered
AAVrh.10mAnti-Eos (10! genome copies [gc]) 10 wk prior or controls for 24 hr at 37°C. The
leukocytes were incubated with lactadherin-FITC, which binds exposed phosphatidylserine to identify
cells in the early stages of apoptosis,and Sytox blue (Thermo Fisher Scientific, Waltham, MA) to stain
and exclude dead cells, and analyzed by flow cytometry (Beckman-Coulter Cytoflex LX).
In Vitro Expression of AAVrh.10mAnti-Eos and AAVrh.10IgGcontrol by Western Analysis

HEK 293T cells were transfected with anti-Siglec-F or anti-PA plasmid and the cell
mediacollected after 72 hours. The supernatant was concentrated, reduced and denatured, and run on
an SDS-Page gel (4-12% Tris-Glycine, Thermo Fisher Scientific, Waltham, MA) and blotted on a
polyvinylidene difluoride membrane(Thermo Fisher Scientific). The blot was stained using a goat
anti-rat HRP conjugated antibody (Santa Cruz Biotechnology, Dallas, TX) and bands detected using
ECL Plus (Thermo Fisher Scientific) and the C-Digit Blot Scanner (LI-COR Biosciences, Lincoln,
NE).
In Vivo Expression of AAVrh.10mAnti-Eos and AAVrh.10IgGcontrol

All animal studies were conducted under protocols approved by the Weill Cornell Medicine
Institutional Animal Care and Use Committee. To assess AAVrh.10mAnti-Eos directed expression of
anti-Siglec-F or anti-PAin vivo, male Balb/c mice (n=5 mice/group, age 6 to 8 wk; Taconic Farms),

were administered intravenously in 100 pla one-time dose of AAVrh.10mAnti-Eos (10! gc),
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AAVrh.10IgGceontrol (10! gc), orphosphate buffered saline, pH 7.4 (PBS) control. Blood (100 pul)
was collected from the tail vein and allowed to clot at 23°C, followed by centrifugation at 5,000 rpm
for 10 min to collect serum. Anti-Siglec-F was measured at 0 wk, and at time points over the course
of 32 wk by ELISA, and anti-PA (IgGcontrol) over the course of 8 wk(Alpha Diagnostic, San
Antonio, TX), conducted per the manufacturer's protocol.
Characterization of the EoE Murine Model

Balb/c male mice were obtained from Taconic Farms (6-8 wk) (NY, catalog # Balb/cAnN)
and housed under pathogen-free conditions according to standard guidelines and maintained on
peanut-free chow. Only male mice were used in experiments, as EoE is a male dominant disease?.
Mice were sensitized with 200 pg peanut extract (Arachis hypogaea; Stallergenes Greer, Lenoir, NC)
plus 1 mg alum adjuvant (Thermo Fisher Scientific, Waltham, MA) by intraperitoneal injection (wk 0,
2; liquid diluent, in PBS) and challenged with 100 pg peanut extract (liquid diluent, in PBS) by
intranasal administration at set intervals from 3 to 11 wk. Mice were rested for 3 wk (wk 8 to 10) to
avoid tolerance to the peanut antigen. Animals were fasted for 30 min to 2 hr before sacrifice, 24 hr
after final peanut challenge (wk 4 and 11). Naive mice were sensitized and challenged with PBS. The
esophagus was harvested and assessed for the presence of impacted food, defined as food particles
affixed in the esophageal tissue after fasting. Esophageal tissue was fixed in Carnoy’s solution (60%
ethanol, 30% chloroform, and 10% acetic acid) for 2 hr, followed by 100% ethanol for 1 hr and stored
in 70% ethanol. Esophagi were embedded in paraffin and sectioned longitudinally.
Therapeutic Intervention with AAVrh.10mAnti-Eos

Groups of mice with EoE were treated with either AAVrh.10mAnti-Eos vector (10'!gc),
AAVrh.10IgGceontrol vector (10''gc), or PBS (100 ul) 4 wk after the first sensitization (n=15
mice/group) via intravenous tail vain injection 24 hr following intranasal peanut extract challenge (wk
4). Mice were injected with PBS (100ul) via intravenous tail vein injection (wk 4) following
intranasal challenge with PBS (50ul).
Peanut-Specific IgE and IgG1 Levels in Serumby ELISA

Peanut-specific IgE and IgGl1 levels in sera were assessed by ELISA as previously
described?’. Plates were coated with 20 pg/ml peanut extract (Arachis hypogaea; Stallergenes Greer,

Lenoir, NC) for sample wells and 20 pg/ml DNP-HSA (Alpha Diagnostic, San Antonio, TX) for
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standard wells overnight at 4°C. Plates were blocked for 2hr with PBS 0.05% tween and 2% BSA.
Serum from EoE and naive mice at wk 0, 4, and 11, and all groups after therapy at wk 11 (n=4
mice/group, randomly selected from the n=15mice/group) were diluted and incubated in the wells for
Thr, 37°C. A standard curve was created using anti-DNP mouse IgE (Sigma-Aldrich, Burlington,
MA) or anti-DNP mouse IgG1 (Acro Biosystems, Newark, DE). For detection of peanut-specific IgE,
plates were incubated with 0.5pg/ml goat anti-mouse IgE (Thermo Fisher Scientific) for 1hr,37°C,
followed by 10ng/ml donkey anti-goat-HRP (Abcam, Cambridge, MA) for 1hr, 37°C. For peanut-
specific IgG1, plates were incubated with 10ng/ml goat anti-mouse IgG1-HRP (Thermo Fisher
Scientific) for 1hr, 37°C. The signal was detected by adding TMB peroxidase EIA substrate (Bio-Rad,
Hercules, CA) for 10 min and stopping with 1N H,SO,. Plates were read at 450 nm detection
wavelength.
Blood and Esophageal Eosinophil Quantification

Blood eosinophil counts were monitored at wk 0, 4, and 11 using the ProCyte DX Hematology
Analyzer (IDEXX veterinary, Westbrook, ME).For analysis of eosinophil infiltration of the esophagus
by immunohistochemistry, 5 esophageal sections were chosen randomly per group (from the
n=15mice/group), deparaffinized and stained with a primary rat anti-mouse major basic protein
(MBP) antibody (Mayo Clinic, Scottsdale, AZ), followed by a secondary biotinylated anti-rat [gG
(Vector Laboratories, Burlingame, CA), avidin-biotin complex (Vector Laboratories), DAB substrate
kit with nickel (Vector Laboratories) and hematoxylin counterstain. The esophagus was imaged at
20x, resulting in 5 to 6 images per esophageal tissue section, total MBP-positive cells counted and the
total area of the esophageal lamina propria outlined and quantified (mm?) using ImageJ (ImageJ/Fiji
software version 1.521 - National Institutes of Health, Bethesda, MD). Eosinophil quantification is
expressed as total MBP-positive cells per mm? lamina propria and was calculated by dividing the total
number of MBP-positive cells by the total area of the lamina propria. Anti-major basic protein (MBP)
immunohistochemistry stained esophageal sections were quantified by 3 blinded observers.
Eosinophils in the stomach and intestine were stainedin the same manner. Eosinophil quantification in
the stomach was expressed as total MBP-positive cells per mm? lamina propria (n=4/group from the

n=15mice/group), and quantification in the duodenum was expressed as total MBP-positive cells per
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mm? villus/crypt unit (n=4/group from the n=15mice/group). Villi for quantification were selected by
measuring 5 mm from the pylorus in each tissue sample, and the first 20 villi were quantified.
Quantification of the Extent of the Epithelial Basal Layer

Esophageal sections were stained with hematoxylin and eosin for analysis of the proportion of
area of the represented basal layer. One longitudinal esophageal tissue section was selected at random
from each of four mice per group for analysis (from the n=15mice/group). The percent basal layer
area of the esophageal epitheliumfor each mouse was determined by imaging the entire area of the 10-
12 mm hematoxylin and eosinstained esophageal tissue at 20x, resulting in 5-6 images per esophageal
tissue section. The area of the basal layer and the area of the epithelium were outlined and measured
using ImageJ. The percent basal layer area of the epithelium was calculated by dividing the area of the
basal layer by the total area of the epithelium for each esophageal section.
Quantification of Collagen Deposition

Matrix collagen deposition was assessed using Masson’s trichrome stain (Abcam, Cambridge,
MA) on esophageal sections according to the manufacturer’s instruction. One longitudinal esophageal
tissue sectionwas selected at random from each of four mice per group (EoE model +
AAVrh.10mAnti-Eos, EoE model + AAVrh.10IgGcontrol, EOE model + PBS, and naive; from the
n=15 mice/group) for analysis. The percent collagen of the esophageal wall was determined by
imaging the entire area of the 10-12 mm trichrome stained esophageal tissue at 20x, resulting in 5-6
images per esophageal tissue section. The area of trichrome stain in each image was selected by
adjusting the color threshold to select for blue trichrome stain (hue: 130-200, saturation: 35-255,
brightness: 175-250) using ImagelJ. The selected area of collagen was measured, and the area of the
esophageal wall outlined and measured. The area of collagen deposition was calculated by dividing
the total area of trichrome stain by the total area of the esophageal wall for each esophageal section.
Quantification of Fibronectin Deposition

Deposition of matrix fibronectin for each mouse was evaluated using an anti-fibronectin
antibody (Abcam), followed by a secondary donkey-anti-mouse IgG — Alexa Fluor555 and DAPI
nuclear stain. One longitudinal esophageal tissue section was selected at random from each of four
mice per group for analysis (from the n=15mice/group). The percent fibronectin area of the

esophageal wall was determined by imaging the entire area of the 10-12 mm anti-fibronectin stained
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esophageal tissue at 20x, resulting in 5-6 images per esophageal tissue section. The area of fibronectin
staining in each image was determined using ImagelJ by adjusting the color threshold to adjust for red
fibronectin stain (hue: 215-255, saturation: 24-255, brightness: 47-255) and the entire area of the
esophageal wall per image outlined and measured. The percent fibronectin area of the esophageal wall
was calculated by dividing the total area of fibronectin by the total area of the esophageal wall for

each esophageal section.
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256  Statistics

257 All data are presented as means + standard error of the mean (SEM) unless otherwise stated;
258  the “n” value for each group is stated in the figures or figure legends. Differences between groups
259  were analyzed using an unpaired two-tailed Student's t test unless otherwise stated.For histological
260 quantification of esophageal, stomach and intestinal eosinophils, basal layer area and fibronectin
261  deposition, and peanut-specific IgE and IgG1 by ELISA at wk11, a one-way ANOVA analysis was
262 performed using Tukey’s multiple comparisons for pairwise analyses, reported as adjusted p-values
263  (GraphPad Prism; San Diego, CA). For analysis of peripheral eosinophilia including

264  AAVrh.10mAnti-Eos and AAVrh.10IgGcontrol vector groups, all time points and groups were

265  evaluated collectively using a mixed-effects model with Uncorrected Fisher’s LSD test for multiple
266  comparisons (GraphPad Prism; San Diego, CA); p values of less than 0.05 were considered

267  statistically significant for all comparisons.

268 Results

269  Eosinophilic Esophagitis Murine Model

270 Balb/c male mice were challenged and sensitized with peanut extract to induce EoE-like
271  disease over an 11 wk period (Figure 1A). Mice receiving peanut exhibited increased esophageal
272 tissue eosinophils at wk 4 (p<0.003; Supplemental Figure 2). Peanut challenged mice also

273  demonstrated increased blood eosinophil numbers at wk 4 and 11 (p<0.0005, p<0.004 respectively;
274 Figure 1B) elevated serum peanut-specific IgG1 (wk 4, 11; p<0.0001; Supplemental Figure 3A) and
275  peanut-specific IgE (wk 4, 11; p<0.0001; Supplemental Figure 3B) compared to control mice. At 11
276  wk, all mice were sacrificed after fasting and the esophagus evaluated for infiltration of eosinophils
277  and food impaction (Figure 1C-E). Peanut sensitized and challenged mice exhibited increased

278  eosinophil infiltration (p<0.001; Figure 1C, D) and food impaction (26.7%,Figure 1E) in the

279  esophagus compared with control mice. Similar to the human disease, EOE mice showed apeanut-
280 inducedEoEphenotype at wk 4 and 11, defined byeosinophil infiltration in the esophagus and food
281  particle impaction.Food impaction was not associated with vomiting, refusal to eat or drink, or weight
282  loss. Of note, during the final peanut challenge, mice did not display any systemic signs or symptoms
283  suggestive of anaphylaxis. Mice administered peanut antigen did display local erythema of the nose

284  (the site of antigen administration) compared with PBS administered mice.
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AAVrh.10mAnti-Eos-Mediated Therapy

In vivo expression of anti-Siglec-F after AAVrh.10mAnti-Eos gene transfer was demonstrated
in mice after a single intravenous administration of the vector (10!'gc; Figure 2A) for 32 wk. No
ratlgG2b expression was detected in PBS injected mice. Similarly, AAVrh.10IgGcontrol gene transfer
was demonstrated in mice for 8 wk (10! gc; Figure 2B). Expression of anti-Siglec-F and anti-PA
were validated by Western analysis (Figure 2C). Livers fromAAVrh.10mAnti-Eos and
AAVrh.10IgGcontrol injected micewere evaluated histologicallyafter sacrifice (wk 11, wk 7 after
vector injection). No abnormal pathology relating to antibody expression was observed.An increase in
apoptotic cells was observed when serum collected from AAVrh.10mAnti-Eos administered mice was
incubated with eosinophils in vitro compared with eosinophils incubated with serum from control
mice (Figure 2D, Supplemental Figure 4).

To determine the timing for therapeutic treatment with AAVrh.10mAnti-Eos in our EoEmouse
model, we examined eosinophils in the esophagus and blood after the third peanut challenge at wk 4.
Peanut-sensitized and -challenged mice had significantly increased eosinophils in the esophagus and
blood at wk 4 compared with control mice (p<0.003; Supplemental Figure 2; Figure 1B; p<
0.0005).To assess the ability of AAVrh.10mAnti-Eos to alleviate the phenotypic and histological
parameters of the disease, EoE model mice were treated with AAVrh.10mAnti-Eos (10'!gc),
AAVrh.10IgGceontrol (10!'gc) or PBS intravenously at wk 4 (Figure 3A). Blood eosinophils of peanut
sensitized and challenged mice were decreased after administration of AAVrh.10mAnti-Eos to levels
comparable to naive mice (p>0.9) as compared to AAVrh.10IgGcontrol and PBS controls in which
eosinophil levels remained elevated (p<0.002 and p<0.02, respectively); at wk 11(Figure 3B).Other
core blood values remained mostly unchanged over time (Supplemental Table I).EoE mice
administered AAVrh.10mAnti-Eos demonstrated significantly lowered eosinophil infiltration per
mm? of the esophageal lamina propria compared to control mice administered AAVrh.10IgGcontrol
and PBS (p<0.0002 and p<0.001, respectively; Figure 3C, D) at wk 11. Esophageal eosinophil
numbers were reduced to the same levels asPBS-challenged mice (p>0.3; Figure 3D). There was no
evidence of food impaction in treated miceafter fasting before sacrifice, but food impaction was
observed in AAvrh.10IgGcontrol and PBS controls (20%and 26.7% respectively; Figure 3E).

Peanut-specific IgG1 and IgE levels in sera were assessed at wk 11 after AAVrh.10mAnti-Eos
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therapy. Levels of peanut-specificlgG1 remained unchanged after therapy compared to control mice
administered AAVrh.10IgGcontrol and PBS (p>0.9, Supplemental Figure 5A) as expected. Similarly,
levels of peanut-specificIgE were unchanged after therapy compared to AAVrh.10IgGceontrol and
PBS controls (p>0.9 and p>0.8, respectively; Supplemental Figure 5B).

Peanut challenged mice treated with AAVrh.10mAnti-Eos showed significantly decreased
epithelial basal layer areaof the epithelium compared to EoEmice treated with AAVrh.10IgGcontrol
or PBS (p<0.008, p<0.003; Figure 4A-B) at wk 11. The basal layer area of AAVrh.10mAnti-Eos
treated mice appearedsimilar tothat of PBS-challenged mice (p>0.1, Figure 4A-B).

The area of extracellular matrix fibronectin deposition was significantly decreased in the
lamina propria of mice expressing AAVrh.10mAnti-Eos compared to AAVrh.10IgGcontrol or PBS at
wk 11 (p<0.05, p<0.02; Figure 4C-D).The percent area fibronectin of AAVrh.10mAnti-Eos treated
mice wassimilar to that of PBS-challenged mice (p>0.5, Figure 4C-D). Fibrosis, as assessed by
Masson’s trichrome staining to visualize and quantify matrix collagen deposition, showed a trend
toward reduction in mice administered AAVrh.10mAnti-Eos compared to EoE mice
administered AAVrh.10IgGcontrol or PBS (p>0.1, p> 0.07; Supplemental Figure 6A, B).

Eosinophil numbers in the other areas of the gastrointestinal tract were also evaluated
(Supplemental Figure 7A-D). Eosinophils in the lamina propria of the stomach of peanut-challenged
mice were higher in the AAVrh.10IgGcontrol and PBS groups compared to saline challenged mice,
though not significantly (p>0.3, Supplemental Figure 7B).Mice administered AAVrh.10mAnti-Eos
demonstrated a significant decrease in eosinophils in the lamina propria of the stomachcompared to
AAVrh.10IgGcontrol and PBS controls (p<0.04, Supplemental Figure 7B). Eosinophils in the
villi/crypts of the duodenum were not significantly increased in AAVrh.10IgGcontrol and PBS
control groups compared to naive mice (p>0.8 and p> 0.3, respectively; Supplemental Figure 7D).
AAVrh.10mAnti-Eos therapy decreased eosinophil numbers in the duodenum compared to
AAVrh.10IgGceontrol and PBS control groups (p>0.1 and p<0.05, respectively; Supplemental Figure
7D).

Discussion
Eosinophilic esophagitis (EoE) is a chronic antigen-mediated condition that ifleft untreatedcan

lead to esophageal dysfunction and ultimately fibrosis'?>.To date, no therapies have been approved by
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the Food and Drug Administration for the treatment of EoE, and the pharmacologic agents that are
used are prescribed off label'!. The mainstay of therapy includes chronic swallowed or dissolving
topical corticosteroidsto maintain histologic and clinical remission, dietary restriction to address the
inflammatory response and endoscopic dilation to ameliorate fibrosis®?%2°. As a possible new
experimental approach to treating EoE, experimental animal and clinical studies demonstrate that
antibodies to eosinophil Siglecreceptors induce eosinophil apoptosis and reduce the numbers of blood,
bone marrow, and tissue eosinophils®*-33. However, a key challenge to the use of monoclonal
antibodies is that protection provided by a single administration of antibody is short and repeated
administration is required to maintain persistent efficacy.

To circumvent the requirement for frequent administration of anti-eosinophil monoclonal
antibodies, we developed a novel AAV-mediated gene therapy strategy to induce persistent clearance
of eosinophils with a single administration of a gene transfer vector coding for anti-Siglec-F, a
monoclonal antibody that induces depletion of eosinophils.We established a murine model of peanut-
inducedEoE that is characterized by esophageal eosinophil accumulation, food impaction and
histological changes consistent with esophageal damage, including increased basal cell area and
deposition of fibronectin and collagen, all hallmarks of human clinical EoE.

Similar to other murine models of EoE, our peanut induced EoE mouse model, was characterized by
increased peanut-specific IgE and IgG levels3*38,
Therapy with AAVrh.10mAnti-Eos

The data demonstrates that therapy with AAVrh.10mAnti-Eos mediates suppression of
esophageal eosinophil accumulation, eosinophil-mediated esophageal remodeling, and structural
changes in the esophagus in EoE that may be the result of persistent inflammation and/or aberrant
tissue repair mechanisms**4°, Previous studies have demonstrated that antibody-mediated cross-
linking of Siglec-F induces eosinophil apoptosis'3*-!>and that administration of an anti-Siglec-F
antibody to mice reduces levels of eosinophilic inflammation in the lung3?, blood3’-32, and
jejunum?3!-32 In an ovalbumin-induced EoE mouse model, administration of anti-Siglec-F mAb
induced eosinophil apoptosis, a reduction in blood and tissue eosinophilia’*-33and was associated with

asignificant decrease in deposition of fibronectin, and basal zone hyperplasia®3, suggesting that
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Siglec-F and human paralog Siglec-8 may be therapeutic targets to reduce eosinophilic inflammation
in EoE33.

Basal cell hyperplasia of the esophageal epithelium is a characteristic finding of tissue
remodeling in EoE,and eosinophil numbers correlate with the degree of hyperplasia in biopsies of
patients with EOE*!.A variety of pro-inflammatory cytokines, chemokines, and mediators are
produced by the esophageal epithelium, and therefore, reducing the thickness of this layer may
contribute to reduced inflammation and remodeling in EOE*>*3, The decrease in basal layer area in
EoE mice treated with AAVrh.10mAnti-Eos was likely secondary to the decreased eosinophil
accumulation in the esophagus, as the basal epithelium does not express Siglec-F receptors33.
Esophageal eosinophils in EoE produce the profibrotic factor, transforming growth factor beta-1
(TGFp1), which can increase the production of collagen, fibronectin and other extracellular matrix
proteins**3 and contribute to the pro-inflammatory effects of eosinophils in EoE*®. The reduction in
fibronectin levels in EoE mice administered AAVrh.10mAnti-Eos may contribute to decreased
eosinophil viability and activation and may provide a therapy for long-term control of esophageal
eosinophilic inflammation.Collagen deposition was not significantly reduced after AAVrh.10mAnti-
Eos therapy in our study, despite the significant reduction in other markers of esophageal remodeling.
These results are similar to those obtained in a clinical study of EoE patients treated with
corticosteroids for 12 months, despite a marked reduction in eosinophil density in both the epithelium
and the lamina propria*’. Additionally, in patients with bronchial asthma treated with inhaled topical
steroids, collagen deposits persisted in spite of treatment*34°.It is possible that a longer duration of
therapy is needed to detect a significant reduction of collagen deposition in the esophagus as well as
further mechanistic studies of the complex interplay of tissue damage and repair caused by the
eosinophil-mediated inflammatory response.

Future Directions

There are limitations to our study that will require further assessment as AAV-mediated gene
therapy is translated to the clinic. First, one highly unlikely theoretical risk with the proposed therapy
would be complete, permanent suppression of eosinophils. Eosinophils have important innate and
adaptive immunological roles in thedefense against parasites and pathogens?. Animal studies (mice

and nonhuman primate) using anti-interleukin-5 monoclonal antibodies report no adverse effects on
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health and longevity and eosinophil deficient mice failed to suggest any defects in animal host
defense’!*2. Overall, clinical studies suggest that a reduction of eosinophils has been associated with
bacterial and viral infections, autoimmune and allergic disorders and as a potential marker for sepsis
and predictor of mortality in critical illness>*->3. The data shows that we have not been able to drive
eosinophils to zero, nor suppress eosinophils below normal baseline levels observed in wild-type
mice. Thus, the data supports the hypothesis that persistent expression of antibody would likely be
efficacious to control eosinophil numbers. Persistent expression from AAVrh.10mAnti-Eos is similar
to monthly infusions of a monoclonal antibody and a gene therapy approach offers the advantage of
consistent steady-state levels of anti-Siglec-F.

Second, as with any animal model of human disease, this murine model of EoE may not
reproduce all aspects of the disease in humans. A number of allergen and ovalbumin-induced EoE
murine models with both high and low magnitudes of esophageal eosinophilia and the presence or
absence of a number of human EoE characteristics have been described?*.We chose a peanut induced
model as although the pathophysiology of EoE is not well understood, current evidence from clinical
studies implicates dietary antigens and aeroallergens as triggers and/or exacerbating factors of EoE>4.
Furthermore, symptoms and esophageal eosinophilic infiltration in patients with EoE can be
ameliorated by a food allergen elimination diet (i.e.,dairy, wheat, soy, eggs, nuts, and
seafood/shellfish)>*which suggests that sensitized individuals may develop eosinophilic inflammation
in response to food allergens. The role of IgE in the pathogenesis of EoE remains unclear and recent
clinical trials targeting IgE have failed to ameliorate symptoms of disease’®-%°, suggesting that IgE
may not be critical for EoE pathogenesis. Thus, our mouse model of EoE may recapitulate the
immunologic state of affected individuals with EoE, but further studies, including evaluating
chemokine and cytokine expression profiles and alveolar macrophages will be required to investigate
the immunological factors associated with the eosinophilia in this EoE model. Of note, although blood
eosinophil levels are not useful in diagnosing or monitoring EoE, in part because they are elevated in
other allergic disorders, blood eosinophilia has been reported in up to 50% of patients with EoES!.
Similar to our findings, blood eosinophil levels correlate with the degree of esophageal eosinophilia
and decrease after histological remission of the disease®?.Future studies using Siglec-F null mice

would be useful in identifying the direct effects of AAVrh.10mAnti-Eos on eosinophils and
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translation of this therapy to humans.

The murine model of EoE is limited to 7 wk after AAVrh.10mAnti-Eos administration, as
mice develop tolerance to the peanut antigen after repeated exposure and therefore, long-term effects
of the vector cannot be fully assessed in this time-frame. Despite this limitation, AAV-based gene
therapies in our laboratory and others have demonstrated long-term expression measured in years and
limited only by the longest time point evaluated®3-¢4,

Third, while Siglec-F is highly specific to eosinophils, it is also expressed to a lesser extent on
a number of murine cell-types including alveolar macrophages, T cells and neutrophils, but not on
mast cells!>6>6¢, Siglec-8, the functional convergent paralog of Siglec-F in humans, is expressed on
the surface of eosinophils, mast cells and weakly on basophils!>7-%%, Studies of Siglec-F in vivo
showed that administration of the antibody to mice selectively reduced blood and tissue eosinophils in
an interleukin-5 transgenic mouse model without adverse effects®?. In another transgenic mouse study
of eosinophilic gastritis, administration of a monoclonal antibody targeting Siglec-8, resulted in
selective depletion of tissue and blood eosinophils and reduction of mast cells®®. Furthermore, studies
using antibodies targeting Siglec-8 have shown cross-linking of mast cells does not induce apoptosis
as with eosinophils or affect mast cell viability®’, but may inhibitactivation or degranulation*®-’°. This
1s supported by ex vivo patient data showing that an anti-Siglec-8 antibody depleted sputum
eosinophils and inhibited mast cells from asthmatic patients’!. A recent clinical study evaluated a
novel humanized mAb to Siglec-8 in healthy subjectsthat depleted blood eosinophils after a single
dose with an acceptable safety profile®’2. Thus, although there is a low possibility of off-target effects
from the use of anti-Siglec antibodies, the anticipated detrimental effects are minimal.

Overall, the data demonstrates potent, consistent efficacy for treating EoE using
AAVrh.10mAnti-Eos, but translation to the clinic will require formal safety and toxicology studies
that will inform the viability of this gene therapy approach, including testing of a gene therapy vector
expressing an equivalent antibody against Siglec-8 (AAVrh.10hAnti-Eos).AAV therapies have been
generally shown to be safe in the short-term but long-term follow up continues to be necessary to
understand any toxicities or alterations that may develop over time, such as malignancy’3.In a clinical
setting, AAVrh.10hAnti-Eos gene therapy could potentially provide long-term protection to

individuals affected by EoE following a single administration of the vector, a therapeutic strategy that
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Figure Legends
Figure 1.Mouse model of eosinophilic esophagitis.A. Timeline of 11 wk model based on
intraperitoneal sensitization and intranasal challenge with peanut extract. Wild-type Balb/c
(6-8 wk) male mice were sensitized with 200 pg peanut extract plus 1 mg Alum intraperitoneally (wk
0, 2) then challenged intranasally with 100 pg peanut extract (wk 3-11) for 18 doses
(2-3 days apart; 3x/wk) and sacrificed wk 11, 24 hr after final challenge. As a control, naive mice
were sensitized and challenged with PBS. (n=15 mice/group). B. Eosinophil numbers in blood before
and after peanut sensitization and challenge in EoE mice. (n=3-8
mice/group).C.Immunohistochemistry major basic protein staining of esophageal tissue in naive and
EoE mice (wk 11). Arrowheads identify major basic protein positive eosinophils.Bar =
20 pmD.Quantification of eosinophils in naive and EoE mice (wk 11; n=5 mice/ group). E. Food
impaction in esophagus of naive and EoE mice (wk 11), arrowhead identifies impacted food (n=15
mice/ group). Percentages represent esophagi with detectable food impaction Results are shown as
means £ SEM.
Figure 2.Characterization of the AAVrh.10mAnti-Eos vector coding for an anti-eosinophil
monoclonal antibody to induce eosinophil clearance.A. Murine anti-Siglec-F monoclonal antibody
levels over time following intravenous administration of AAVrh.10mAnti-Eos (10!' genome copies).
Data shown for male Balb/c mice (n=5 mice/ group). B. Murine anti-PA ratigG2b expression levels
over time following intravenous administration of AAVrh.10IgGcontrol (10! genome copies). Data
shown for male Balb/c mice (n=4 mice/ group)C. Expression of anti-Siglec-F and anti-PA in vitro by
Western analysis.D. Induction of apoptosis of murine eosinophils by the product of the vector. Flow
cytometry assessment of lactadherin (apoptosis marker) staining of mouse eosinophils incubated in
vitro with serum from AAVrh.10mAnti-Eos or control administered mice.
Figure 3.Murine model of EoE treated with AAVrh.10mAnti-Eos.A. Timeline of 11 wk model based
on intraperitoneal sensitization and intranasal challenge with peanut extract. Wild-type Balb/c (6-
8 wk) male mice were sensitized with 200 pg peanut extract plus 1 mg Alum intraperitoneally (wk 0,
2) then challenged intranasally with 100 pg peanut extract (wk 3-11) for 18 doses (2-3 days apart;
3x/wk) and sacrificed wk 11, 24 hr after final challenge. Mice were treated with AAVrh.10mAnti-Eos
(10''gc), AAVrh.10IgGeontrol (10'!gc) or PBS intravenously at wk 4. (n=15 mice/ group). B.
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Eosinophil numbers in blood of EoE mice treated with AAVrh.10mAnti-Eos and controls. (n=3-8
mice/group). C. Immunohistochemistry: major basic protein staining of esophageal tissue in naive and
EoE mice following AAVrh.10mAnti-Eos therapy. EPI, epithelium; LP, lamina propria; MP,
muscularis propria. Arrowheads identify major basic protein (MBP+) eosinophils. Bar = 25 pum. D.
Quantification of eosinophils in naive and EoE mice following AAVrh.10mAnti-Eos therapy (n=5
mice/group). E. Food impaction in esophagus of control and EoE mice (wk 11) following
AAVrh.10mAnti-Eos therapy; arrowhead identifies impacted food (n=15 mice/group). Results are
shown as means + SEM.

Figure 4. Tissue remodeling in a murine model of EoE treated with AAVrh.10mAnti-Eos.
Esophageal lamina propria basal layer area in EoE and naive mice. A. Hematoxylin and eosin stained
tissue sections of EoE mice showing the basal layer following peanut challenges. Images taken 5 mm
above the gastroesophageal junction. Bar = 20 um. EPI, epithelium; BL, basal layer; LP, lamina
propria; MP, muscularis propria. White bars denote the basal layer. B. Quantification of average basal
layer area of the esophageal epithelium (n=4 mice/group). C. Immunofluorescence analysis of
fibronectin deposition in the lamina propria after AAVrh.10mAnti-Eos therapy. Red- fibronectin,

cyan — nuclei. Bar = 50 um. D.Quantification of matrix fibronectin deposition area (n=4 mice/group).

This article is protected by copyright. All rights reserved



A. Timeline

Peanut extract 100 pg
Intranasally, 3x weekly

11111 [ ]

Week 0 1 2 3 4 5 6 7 8 9 10 11 |
1 1 —
— Rest for 3 wk

Peanut extract 200 ug
Alum 1 mg, intraperitoneally

Sacrifice (wk 11)

C. Eosinophils in esophagus

Naive mouse, wk 11

e \ F; "l

all_14822_f1-4.pdf

B. Blood eosinophils

Sensitization Challenge
(wkO0, 2 (wk 3,4,5,6,7,11)
8001 —A— - \
| 1y 1111 1

EoE model

Eosinophils/ul

0123456789 1011

Time (wk)

D. Eosinophils in esophagus

(wk 11)
— p<0.001 —

w
o

N
o

N
o

(male, wk 11)

A ¥

20w “This articl

-
o

()}

(male, wk 11)
®

ti-MBP positive cells/mm?2 LP
>

0

o c
it.’All rights rédNaivedEOE model

E. Food impaction (wk 11)

Naive
0/15 (0%)
EoE model

s :
Food impaction ?
4/15 (26.7%)

I 2an31



A. In vivo expression of
AAVrh.10mAnti-Eos in Balb/c males

1087 AAVrh.10mAnti-Eos, 10" gc

1027

101_

mAnti-Eos levels (rat IgG2b, pg/ml)

0 246 8101214161820222426283032
Time after vector administration (wk)

C. Expression of anti-Siglec-F

B. In vivo expression of
AAVrh.10lgGcontrol in Balb/c males
1031

—_

o
N
1

—_—
[

0 2 4 6 8
Time after vector administration (wk)

IgGcontrol levels (rat igG2b, ug/mil)
)

-_—
<
X

D. Induction of apoptosis of eosinophils, 10 wk

and ratlgG2b control PBS Anti-Siglec-F
107 § a1 Q2 1073 o Q2
3 1.08 28.6 3 0.072 12.0
100kD 106 - 108 -
o E o E
75kD S 3
2 10° 3 Q 405 3
° E 2 1097
[°) [°)
50kD S 104 4 S\ 104
n 3 0
103 4 103 T £
25kD 1 o4 Q3 1 a4’ ' Q3
]l 653 5.00 ] 5.40 82.5
" " " .102 T T T T LRI BEE LN L L L | 102 LELRBELL BN ELLE L LB LLL BENLEELE LLLL SRR |
anti- Thistapticle is protected by copyright. Afl rights reserved 106 107 102 103 10¢ 105 106 107
Siglec-F Lactadherin-FITC Lactadherin-FITC

7 dIngiyg



A. Timeline B. Blood eosinophils

AAVrh.10mAnti-Eos
administration Challenge

Peanut extract 100 ug 1 (wk3,4,5,6,7,11)

Intranasally, 3x weekly 900]

A 11111 1
! ' 8001 EoE model+
l l l l l l 00l AAVrh10lgGcontro
- 0.1
Week 0 1 2 3 4 5 6 7 8 9 10 11 | 2 |sensitization }p>
' «' —_— = 6001 (wk O, 2) EoE model +
SE— Rest for 3 wk S s000 1 1 :B: <0.002
Peanut extract 200 ug £ v ‘:‘;‘,’,‘, Anti-Eos "
Alum 1 mg, intraperitoneally 3 400 ' p<0.02
w
3001
Inject vector (wk 4)  Sacrifice (wk 11) 200 1
p>0.90
100]
.,
01 2 3 4 5 6 7 8 9 10N
Time (wk)
C. Eosinophils in esophagus D. Eosinophil quantification E. Food impaction (wk 11)
Naive _ ' EoE Model + PBS in esophagus (wk 11)
o ; f R 'f<o,oooz — Naive 0/15 (0%)
r——p<0.0002 ——
~p<0.0001 o —p<0.001 = o
30+ —p>0.8 — - %
o w
-l
NE 21 * EoE model + PBS 4/15 (26.7%)
E t e
; 7} = -
A B 20 » Food impact
25 A 3 impaction
EoE model + — EoE model +J‘— -g . EoE model + AAVrh.10lgGcontrol 3/15 (20%)
1 i 1 x 5
AAV‘rh1gg?c‘9—rEL:I: 1Q'gc AAVh.1t| Eos, 10" gc § G 4
= o o M = o 104 } > Foodunfpd‘»on .
4 e m
| = EoE model + AAVrh.10mAnti-Eos 0/15 (0%)
= 59 *
2 .
° :
< ” -
ght, All ights reserved .
Naive EoE EoE model + EoE model +

model + PBS AAVrh.10RatlgG AAVrh.10mAnti-Eos

€ 21n31y



Figure 4

A. Basal layer (wk11) B. Basal layer (% area epithelium)
Naive EoE Model + PBS T p>0.1 1

: p<0.003 .

—— p<0.0001 ——

—p<0.0001 — [ P<0.008—
— p>0.9 —|

20 é *

T
i
S 15 -
5 ¢
EoE model + EoE model + = @®
AAVrh.10lgGcontrol, 10" gc  AAVrh.10mAnti-Eos, 10" gc 'q; 10 4
= ©
3
8 °7
0 -
Naive EoE EoE model + EoE model +
model  AAVrh.10igG AAVrh.10rgénti-Eos
. . . control o
C. Fibronectin deposition (wk11) D. Fibronectin deposition (% ar%a)
n
Naive EoE Model + PBS ' Pos o
— , i —— 002 —
. . , p<0.005 1
MP L, [P<0.002 — —— P<0.05

r p>0.9 -
15

fo- ;

EoE model + EoE model +
AAVrh.10lgGcontrol, 10" gc AAVrh.10mAnti-Eos, 10" gc

-

(@)
|
—@—

le is protected by copyright. All rLEht

é

Fibronectin deposition (% area)

o
|

Naive EoE EoE model + EoE modéE+
model AAVrh.10lgG  AAVrh.10mArti-Eos
control

This



Supplemental Table I. Complete Blood Counts in EoE! Balb/c Male Mice

RBC and Platelet Indices, mean (SEM)

Automated Differentials, mean (SEM)

RBC*
(x10° Hemoglobin  Hematocrit PLT®(x103 WBC(C’ Basophil
Mouse treatment cells/nL) (g/dL) (%) MCYV5(fL) cells/uL) (x103 cells/uL) Neutrophil (%) Lymphocyte (%) Monocyte (%) Eosinophil (%) (%)
group (6.93-12.24)  (12.4-20.5) (42.1-68.3)  (50.7-64.4) (420-1698) (3.48-14.84) (9.86-39.11) (48.81-83.82) (3.29-14.33) (0.07-4.91) (0.00-1.84)
Wk 0
10.53 16.40 49.48 46.98 974.17 5.37 23.63 72.22 1.18 2.90 0.07
Naive (+0.17) (*0.27) (+0.99) (£0.23) (+35.27) (£0.42) (x1.01) (0.91) (£ 0.05) (*0.21) (*0.21)
10.47 16.33 49.16 46.93 1006.71 5.38 20.71 74.91 1.51 2.71 0.14
Peanut + PBS *0.12) (+0.18) (+0.56) (= 0.16) (*32.91) (+0.38) (+£0.83) (+0.83) (=0.13) (+0.19) (+£0.04)
Peanut + 10.76 16.70 50.83 47.27 883.33 6.07 19.90 76.00 1.47 2.57 0.07
AAVrh.10IgGceontrol>  (+0.36) (+0.47) (+1.44) =0.27) (x75.22) (x1.28) (*3.15) (*3.02) *0.12) (+0.47) (+0.07)
10.67 16.53 50.20 1024.33 7.03 25.63 70.83 1.27 2.20 0.07
Peanut + (£0.04) (+0.12) (+£0.36) 47.03 (£ 50.68) =0.91) (*3.47) (*2.92) =0.12) (£ 0.55) (+0.03)
AAVth.10mAnti-Eos? (+0.24)
Wk 4
10.73 16.67 51.97 48.43 970.17 9.62 19.00 77.25 2.07 1.52 0.17
Naive *0.12) (+0.14) (+0.67) (x0.23) (£40.97) (= 1.02) (+0.79) = 0.87) (*0.24) (*0.17) (+0.06)
10.96 16.04 50.17 45.80 931.29 6.65 26.00 58.96 5.90 9.33 0.23
Peanut + PBS = 0.19) (+0.22) (+£0.68) (=*0.33) (£ 32.67) (=*0.53) (x1.52) = 1.14) (*0.38) (+£0.88) (+0.06)
Peanut + 11.44 16.64 52.24 45.66 936.00 6.85 28.62 55.62 6.08 9.02 0.26
AAVrh.10IgGceontrol (+0.27) (+£0.36) (+1.30) (+0.30) (£29.25) (£ 0.61) (*1.18) (= 1.21) (£0.53) (+0.81) (+£0.08)
Peanut + 11.06 16.20 50.88 46.00 983.20 6.28 29.82 55.50 6.02 8.60 0.16
AAVrh.10mAnti-Eos (0.11) (+0.13) (£ 0.45) (+=0.39) (= 41.80) (+£0.47) (= 0.20) (= 1.09) (£0.84) (+0.62) (+=0.09)
Wk 11
10.81 16.08 50.13 46.42 1123.17 8.71 2437 71.92 1.38 2.20 0.13
Naive =0.11) (+0.24) (*0.73) (£ 0.68) (+ 87.85) *0.72) *1.72) = 1.72) (= 0.09) (*0.17) (+£0.04)
10.82 16.27 52.20 48.24 807.71 7.50 30.90 58.03 3.86 7.11 0.10
Peanut + PBS (= 0.09) (+0.16) (+£0.52) (+0.27) (£ 63.45) (£ 0.44) (*0.99) *1.77) (+0.17) (+£0.82) (+£0.02)
11.12 16.59 52.54 47.24 829.14 9.95 26.27 61.69 4.40 7.54 0.10
Peanut + (£ 0.09) (+0.19) (£ 0.54) (£0.32) (+53.41) (= 1.02) (*0.97) (*1.57) (£0.22) (+0.92) (+0.00)
AAVrh.10IgGcontrol
10.94 16.52 52.23 47.77 965.50 7.08 25.37 68.02 3.95 2.55 0.12
Peanut + (£0.12) (+£0.26) (+0.70) (= 0.26) (+101.73) (= 0.56) *1.19) = 1.59) =031 *0.97) (£ 0.04)

AAVrh.10mAnti-Eos

'EoE: Eosinophilic esophagitis

2 AAVrh.10IgGeontrol: adeno-associated virus (AAV) vector coding for anti-anthrax protective antigen antibody modified with a Rat IgG Fc to match anti-

Siglec-F

3 AAVrh.10mAnti-Eos: adeno-associated virus (AAV) expressing an anti-Siglec-F monoclonal antibody
4RBC: red blood cell
SMCV: mean corpuscular volume

6 PLT: platelets

7WBC: white blood cell



Supplemental Figure Legends
Supplemental Figure 1. Schematic of expression cassette. Anti-Siglec-F heavy and light chain
cDNA sequence (clone 9C7, rat IgG2b)?® separated by furin 2A protease site inserted between
AAV2 ITRs following CAG promoter (CMV enhancer, CBA promoter, rabbit B-globin splice
acceptor site) and before rabbit B-globin polyadenylation signal.
Supplemental Figure 2. Mouse model of eosinophilic esophagitis at wk 4 (prior to AAVrh.1-
mAnti-Eos treatment). A. Immunohistochemistry major basic protein staining of esophageal
tissue in naive and EoE mice (wk 4). Arrowheads identify major basic protein positive
eosinophils. Bar = 50 um B. Quantification of eosinophils in naive and EoE mice (wk 4; n=5
mice/group) .
Supplemental Figure 3. Assessment of peanut-specific I[gG1 and IgE in the EoE model mice. A.
Peanut-specific IgG1 levels in serum before and after peanut sensitization and challenge in naive
and EoE model mice (n=4 mice/ group). B. Peanut-specific IgE levels in serum before and after
peanut sensitization and challenge in naive and EoE model mice (n=4 mice/group).
Supplemental Figure 4. Anti-CD45 and anti-Siglec-F staining by flow cytometry. Leukocytes
isolated from AAVrh.10mIL5 injected mice show >90% eosinophils in the sample. The same
population of leukocytes was used in the apoptosis assay in Figure 2D.
Supplemental Figure 5. Assessment of peanut-specific I[gG1 and IgE in EoE mice after
AAVrh.10mAnti-Eos therapy. A. Peanut-specific IgG1 levels in serum of AAVrh.10mAnti-Eos
treated mice and controls at wk 11 (n=4 mice/group). B. Peanut-specific IgE levels in serum of
AAVrh.10mAnti-Eos treated mice and controls at wk 11 (n=4 mice/group).
Supplemental Figure 6. Collagen deposition in a murine model of EoE treated with
AAVrh.10mAnti-Eos. A. Masson’s trichrome-stained analysis of esophageal tissue after

AAVrh.10mAnti-Eos therapy. Bar = 100 um B. Quantification of collagen deposition (wk 11;



n=4 mice/group). Collagen — blue, muscle fibers — red, nuclei, red/dark red. EPI, epithelium; LP,
lamina propria; MP, muscularis propria; LU, lumen.

Supplemental Figure 7. Eosinophil quantification in the GI tract of peanut challenged mice
treated with AAVrh.10mAnti-Eos. A. Immunohistochemistry major basic protein staining of
stomach tissue in naive and EoE mice following AAVrh.10mAnti-Eos therapy. Bar =200 um.
LU, lumen; LP, lamina propria. Arrowheads identify major basic protein (MBP+) eosinophils. B.
Quantification of eosinophils in the gastric lamina propria of naive and EoE mice following
AAVrh.10mAnti-Eos therapy (n=4 mice/group). C. Immunohistochemistry major basic protein
staining of duodenal tissue in naive and EoE mice following AAVrh.10mAnti-Eos therapy. Bar
=100 pm. Arrowheads identify major basic protein (MBP+) eosinophils in the villi/crypts. D.
Quantification of eosinophils in the duodenal villi and crypts of naive and EoE mice following

AAVrh.10mAnti-Eos therapy (n=4 mice/group).
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Supplemental Figure 2
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A. Collagen deposition (wk11) B. Collagen thickness (% area)
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Supplemental Figure 7

A. Eosinophils in stomach B. Eosinophil quantification in stomach
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