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Background: Interleukin (IL)-4 and IL-13 are critical pathogenic factors for type 2 inflammation-related allergic diseases, sharing the
mutual receptor subunit IL-4Ra. However, it was ineffective for certain type 2 inflammation diseases by targeting I1L-4, IL-13 ligand
alone or both in clinical studies. The work presented herein aimed to evaluate the preclinical efficacy and pharmacokinetics profile of
a novel monoclonal antibody against IL-4Ra, SHR-1819, as a promising therapy for type 2 inflammation diseases.

Methods: SHR-1819 was generated through immunization by C57BL/6 mice with recombinant hIL-4Ra protein, followed by
humanization and affinity maturation. Then, its binding properties with IL-4Ra were determined using surface plasmon resonance
(SPR) and ELISA. In vitro inhibitory effects of SHR-1819 were assessed on hIL-4-/hIL-13-induced cell proliferation and signal
transducer and activator of transcription 6 (STAT6) signaling activation. In vivo efficacy of SHR-1819 was evaluated in several type 2
inflammatory diseases models, including asthma, atopic dermatitis (AD), and allergic rhinitis (AR) by using hIL-4/hIL-4Ra transgenic
mice. Furthermore, the pharmacokinetic (PK) profiles of SHR-1819 were characterized.

Results: SHR-1819 showed high binding affinity to human IL-4Ra and effectively blocked IL-4Ro at sub-nanomolar concentration.
In vitro assays indicated that SHR-1819 significantly inhibited TF-1 cell proliferation and STAT6 activation induced by hIL-4/hIL-13.
In the asthma model, SHR-1819 could reduce airway hyperresponsiveness, decrease serum IgE levels, and alleviated inflammatory
lung cell infiltration. In the AD model, SHR-1819 could significantly alleviate inflammatory and skin symptoms. In the AR model, it
could remarkably decrease the frequencies of nasal rubbing and sneezing, and inflammatory cell infiltration in nasal tissues. These
in vivo efficacy studies demonstrated the therapeutic potential of SHR-1819 in preclinical disease models. Moreover, subcutaneous
administration of SHR-1819 exhibited favorable bioavailability in mice.

Conclusion: The results supported SHR-1819 as a promising preclinical candidate for the treatment of type 2 inflammatory diseases,
including asthma, AD and AR.
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Introduction
The prevalence of allergic diseases has experienced a significant surge, reaching epidemic proportions and affecting more
than one billion population worldwide.' Incidence of these diseases are higher in industrialized nations, as compared with
developing countries. Meanwhile, incidence in developing countries is rising dramatically as urbanization and indus-
trialization processing.' Studies have shown that allergic asthma and atopic dermatitis started to exhibit epidemic-level
incidences since 1960s.>° According to the latest studies, more than 50% of populations in Europe, Northern America,
and Australia are suffering the allergen-specific IgE (to any allergen).’

Systemic hyperactivation of type 2 immune responses is commonly observed in various inflammatory disorders,
including asthma, chronic rhinosinusitis (CRS) and atopic dermatitis (AD),”® characterized by the presence of T helper 2
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(Th2) cells and type 2 innate lymphoid cells (ILCs), and upregulation of type 2 cytokines at the allergic sites. Escalated
type 2 immunity and elevated IgE serum levels are common markers of AD, rhinosinusitis and asthma,” which may be
the potential explanation for their co-occurrence in patients. Notably, both AD and asthma patients exhibit elevated levels
of total and specific IgE, which could accelerate diseases progression upon exposed to acroallergens.'® Novel therapies
targeting type 2 inflammation, such as biologics including anti-IgE (omalizumab), anti-IL-5 (mepolizumab, reslizumab),
and anti-IL-5Ra (benralizumab), have been approved for asthma and may potentially be available for patients with
chronic rhinosinusitis with nasal polyps in the future. Additionally, JAK1 inhibitors (upadacitinib, abrocitinib) have been
approved for the treatment of atopic dermatitis (AD). However, there remains a lack of biologics for treating allergic
rhinitis (AR).

IL-4 and IL-13 are two factors central to type 2 inflammation-related allergic diseases. IL-4 and IL-13 are structurally
similar, and share the common receptor subunit IL-4Ra, both are playing critical roles in several biological events, such
as chemokine production, impairment of the skin barrier, suppression of antimicrobial peptides, and allergic
inflammation.'" Both IL-4 and IL-13 are capable to induce Th2 cell differentiation, promote B cell class switching
towards IgE production, and activate key hematopoietic/immune cells including mast cells, basophils, and macrophages.
The intracellular signaling pathways mediated by IL-4Ra and the combination of IL-4/IL-13 are well-described as the
Janus family protein kinases/signal transducer and activator of transcription (JAK/STAT) pathways.'?

Given the crucial and overlapping roles of IL-4 and IL-13 in the pathogenesis of allergic diseases, targeting IL-4 and
IL-13 might be a promising strategy for the treatment of allergic diseases. However, different targeting strategies may
yield varying responses in clinical trials. For instance, focusing on IL-4 (eg, altrakincept, pascolizumab'*'%) or IL-13 (eg,
lebrikizumab, tralokinumab,'>'® etc.) ligand individually, or even targeting both simultaneously (eg, pitrakinra'?), may
not yield adequate efficacy in asthma patients due to the complexity of asthma endotypes present in populations.
Currently, there exists no pharmacological agent blocking IL-4 ligand in the treatment pipeline for AD, possibly because
IL-13 is believed to play a preferential role in the effector phase of tissue type 2 inflammation.?” So, the inhibition of IL-4
ligand is not regarded as a beneficial therapeutic strategy for type 2-mediated disorders. Conversely, targeting IL-4Ra
seems to be the most effective approach for treating Th2 inflammation including asthma and AD.

In this study, we presented SHR-1819, a novel monoclonal antibody designed to bind human IL-4Ra (hIL-4Ra) and
inhibit both IL-4 and IL-13 signaling. A series of in vitro and in vivo studies were performed to evaluate SHR-1819, and
our findings demonstrated that SHR-1819 met the criteria as a clinical candidate potential for the treatment of IL-4/IL-13
related inflammatory diseases. Currently, SHR-1819 is undergoing clinical development as a potential therapy for asthma
(NCT04772365) and severe atopic dermatitis (NCT06012812).

Methods
Antibody Generation and Affinity Determination

For the generation of the IL-4Ra antibody, C57BL/6 mice were immunized with recombinant human IL-4Ra protein. The
splenocytes were isolated from the mice with the highest serum titer of antibodies against IL-4R and fused with myeloma
cells (Sp2/0). The resulting hybridoma clones were screened for high affinity and antagonist activity. The total RNAs
from the selected hybridoma were extracted and its cDNA was generated by RT-PCR. The DNA sequences of the
variable regions of the heavy and light chains of the selected clones were obtained via DNA sequencing. Further
humanization and affinity maturation were performed on the lead candidate, resulting in the final product, SHR-1819.

A surface plasmon resonance (SPR) assay was performed on a Biacore 8K system, to determine the binding kinetics
for its interaction with IL-4Ra derived from human, cynomolgus monkey, rat, and mouse. Briefly, CM5 chip coated with
human IL-4Ra was dipped into SHR-1819 at concentrations of 39 to 5000 nM with two-fold serial dilution. The process
of molecular binding (180 seconds) and dissociation (300 seconds) was recorded using Biacore control software. The
kinetics and affinity data were then analyzed with a 1:1 model using Biacore Insight Evaluation Software (V
2.0.15.12933).
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Evaluation of IL-4Ra Binding Activity

The binding activity of SHR-1819 to human IL-4Ra (Sino Biological, Cat#10402-HO8H) was determined by ELISA.
A 96-well microtiter plate was directly coated with 1 pg/mL of IL-4Ra protein (50 pL per well), followed by subsequent
addition of SHR-1819 and secondary antibody (HRP-conjugated anti-primary antibody) and HRP substrate TMB. The
ECso value of SHR-1819 binding to human IL-4Ra was then calculated.

Cellular Assays

TF-1 cells (ATCC CRL-2003) are lymphoma cells that express IL-4R and are sensitive to cytokines such as IL-4/IL-13.
IL-4 could stimulate TF-1 cells to proliferate in the absence of granulocyte-macrophage colony-stimulating factor (GM-
CSF). TF-1 cells were cultured in RPM 11640 medium containing 10% FBS, 2 ng/mL GM-CSF (R&D, Cat#215-GM
-010). 100 pL of cell suspension was added to a 96-well cell culture plate, at a density of 2x10° cells/mL. 50 uL of
serially diluted antibodies to be tested and 50 puL of IL-4 (R&D, Cat#204-IL050) at a final concentration of 0.7 ng/mL
were then added to each well. After incubation in an incubator (37°C, 5% CO,) for 72 hours, the cell proliferation was
detected using Cell-titer Glo kit (Promega, Cat#G7572) according to the manufacturer’s instructions.

HEK-Blue IL-4 cells (Invivogen, Cat#hkb-stat6) were applied to test the effects of SHR-1819 on IL-4 signaling
pathway. The cells were stably transfected with human IL-4R gene and STATE-mediated SEAP gene. The SEAP protein
secreted into the supernatant can be detected by SEAP substrate QUANTI-Blue, which indicated the activation level of
IL-4Ra signaling pathway. In brief, HEK-Blue IL-4 cells were cultivated in DMEM medium containing 10% FBS, 100
pg/mL Zeocin (Invivogen, Cat#ant-zn-05), and 10 pg/mL Blasticidin (Invivogen, Cat#ant-b1-05). 100 uL of cell
suspension was added to a 96-well cell culture plate, at a density of 5x10° cells/mL. After culture for 24 hours (37°C, 5%
COy,), 100 pL of the serially diluted antibodies to be tested was added to each well. The culture plate was further
incubated for 20-24 hours (37°C, 5% CO,). Afterwards, 20 uL of cell supernatant was transferred from each well to
a new 96-well flat bottom plate, 180 pL QUANTI-Blue substrate solution was added, and the culture plate was incubated
in an incubator in dark for 1-3 hours. The absorbance at 620 nm was detected with a microplate reader for calculation of
ICs, as the criteria for inhibition on the IL-4 signaling pathway.

Animals
hIL-4/hIL-4Ra transgenic mice were purchased from Cyagen Biosciences and were used for in vivo studies. We have

complied with all relevant ethical regulations for animal use from Institutional Animal Care and Use Committee
(IACUCQ).

Ovalbumin (OVA)-Induced Asthma Model

All mice were randomly divided into different groups and were maintained in standard animal housing conditions (12
h light and 12 h dark cycles, and obtaining food and water ad libitum) of Animal Laboratory of Pharmalegacy. All
protocols on mice were approved by the Animal Ethical and Welfare Committee of Pharmalegacy following the 8th
edition of the Guide for the Care and Use of Laboratory Animals.

The mice were randomly divided into 4 groups (n=10/group): control, model and SHR-1819 (12.5 or 25 mg/kg)
groups. On Days 1 and 14, all mice (except for the control group) were sensitized with intraperitoneal injections of
0.2 mg/mL of OVA solution (Sigma-Aldrich, St. Louis, MO, USA; grade V). On Days 28, 29, 30, 32, and 33, the animals
were challenged with 1.5% OVA aerosol for 30 min daily. From Days 15 to 34, animals from each group were
administered with the vehicle (5% glucose injection) or test articles via subcutaneous injection, at a frequency of once
every 3 days.

Airway responsiveness was assessed on Day 31 using the Whole Body Plethysmograph system (Buxco BFL0100).
All animals were aerosolized with 1.5625, 3.125, 6.25, 12.5, 25, 50 mg/mL methacholine (Mch), and each concentration
was aerosolized for 90 seconds. Enhanced expiratory interval value (Penh) was measured at corresponding concentra-
tions. The Penh value before aerosolized Mch administration was used as the baseline based on which the Penh change
rate after inhalation of different concentrations of Mch was calculated.
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On day 34, all mice were anesthetized with isoflurane and blood was collected. Then, animals were anesthetized by
intraperitoneal injection of 25 mg/kg Sutai. Bronchoalveolar lavage fluid (BALF) was collected through instilling and
retrieving 0.8 mL of phosphate buffer containing 1% bovine serum albumin (BSA) and 0.6 mM EDTA-K2 into the lung
tissues, and the above process was repeated twice. Then, the BALF was centrifuged at 300 g for 5 min at 4°C, and the
cell pellets were resuspended at a density of 107 cells/mL for counting eosinophils, neutrophils, lymphocytes and
macrophages by Wright-Giemsa (BaSO, Zhuhai, Guangdong, China) staining. The total cell numbers in BALF were
obtained by hemocytometer after trypan blue (Sigma-Aldrich, St. Louis, MO, USA) staining. Subsequently, mice were
euthanized, and lung tissues were collected for histopathological examination.

The left lung lobes were fixed by 10% neutral-buffered formalin for 24 hours, and then embedded in paraffin.
Paraffin-embedded sections (5 pm) were stained with haematoxylin/eosin (H&E) for histopathological examination. The
slices were examined by a pathologist to obtain the histopathological parameters including airway diameter, mucosal
thickness, and inflammatory cell infiltration scores (score 0—4, with 4 indicating the most severe injury).

Allergen-Induced AD Model

All mice were randomly divided into different groups and were maintained in standard animal housing conditions (12
h light and 12 h dark cycles, and obtaining food and water ad libitum) of Animal Laboratory of Shanghai Lab Animal
Research Center.

The mice were randomly divided into 4 groups (n=10/group): control, model and SHR-1819 (12.5 or 25 mg/kg)
groups. On Day 0, all animals (except for the normal control group) were sensitized by application of 1.5% oxazolone
dissolved in acetone and olive oil. From Day 7 to day 34, the animals were challenged with 1% oxazolone on both ears
(both sides) at a frequency of once every 72 hours. At the same time, the animals of each group were administered with
the vehicle (5% glucose injection) or test articles via subcutaneous injection, once every 3 days. From day 0 to day 35,
ear thickness was measured by a digital caliper. On day 35, blood was collected via the suborbital venous plexus for
further serum IgE analysis. Subsequently, mice were euthanized and ear tissues were collected for histopathological
examination.

The left ears were fixed by 10% neutral-buffered formalin for 24 hours, and then embedded in paraffin. Paraffin-
embedded sections (5 um) were stained with H&E Histological changes in the sections were graded on a scale of 0-3
based on the following criteria: inflammatory cell infiltration (0 = normal, 1 = mild, 2 = moderate, 3 = extensive);
thickness of dermis (0: <40, 1: 40-60, 2: 60-80, 3: 1100 um); and thickness of epidermis (0 = 1-2 layers, 1 = 2-3 layers,
2 = 3-4 layers, 3 = 4 layers or more).?!

Allergen-Induced AR Model

All mice were randomly divided into different groups and were maintained in standard animal housing conditions (12
h light and 12 h dark cycles, and obtaining food and water ad libitum) of Animal Laboratory of Shanghai Xipur Bikai
Experimental Animal Co., Ltd.

The mice were randomly divided into 5 groups (n=12/group): control, model and SHR-1819 (12.5, 25 or 50 mg/kg)
groups. On Days 0, 7, and 14, all mice (except for the control group) were sensitized with intraperitoneal injections of
100 pg OVA/2 mg aluminum adjuvant. On Days 21 to 27, the animals were anesthetized with inhaled isoflurane (1.5—
3%) and intranasally challenged with 500 pg of OVA. On Day 14 to 27, the animals of each group were administered
with the vehicle (5% glucose injection) or test articles via subcutaneous injection at a frequency of once every 3 days.

On Day 27, symptoms of rhinitis within 10 minutes after the last challenge were recorded by video, and the
frequencies of sneezing and rubbing per unit times were recorded. On Day 28, blood was collected via the suborbital
venous plexus for further serum IgE analysis. Subsequently, mice were euthanized and nasal tissues were collected for
histopathological examination.

Nasal tissues were embedded in 4% paraformaldehyde, sectioned, and stained with H&E. The slices were then
examined by a light electron microscope. The intensity of inflammatory cell recruitment in nasal mucosa was graded
using an arbitrary scale by the histopathologist.** All the slides were coded before analysis and read blindly to avoid
observer bias.
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Measurement of Serum IgE Concentrations

In the asthma, AD and AR models, serum was obtained by centrifuging the blood at 2000 g for 10 minutes, and IgE
concentration was measured using the Mouse IgE Precoated ELISA kit (Dakewe) according to the manufacturer’s
instructions.

Pharmacokinetic Study

The hIL-4/hIL-4Ra transgenic mice were assigned into 2 groups. Each group contained 6 per sex for a total of 24
animals. Animals received a single administration of 50 mg/kg SHR-1819 via subcutaneous (SC) or intravenous (IV)
injection, respectively. Then, whole blood was collected from animals at different time points before and after admin-
istration to prepare serum samples. A validated ELISA method was used to determine the serum concentrations of SHR-
1819. Biotinylated IL-4R was used to capture SHR-1819 in 5% mouse serum, and Alexa Fluor TM 647 labeled Anti-
Human IgG (Fc specific) was then added. The absorbance of laser excimer Alexa FluorTM 647 fluorescence (PMT 5%)
was measured to calculate pharmacokinetic (PK) parameters using a non-compartmental model.

Statistical Analysis
Data were presented as mean + SEM. Significant differences between groups were determined using Student’s ¢-test or
Dunnett’s multiple comparisons test in GraphPad Prism version 9. P < 0.05 was considered statistically significant.

Results

SHR-1819 Showed High Affinity to Human IL-4Ra
The binding properties of SHR-1819 to IL-4Ra were determined by SPR and ELISA. The binding kinetic curves and
parameters of SHR-1819 to human IL-4a were shown in Figure 1A and 1B, respectively. The results showed that SHR-
1819 had robust binding affinity to human IL-4Ra, with Kp, values of 1.32x107'° M (Figure 1B). However, SHR-1819
exhibited no or very weak binding affinity to cynomolgus monkey, rat, or mouse IL-4Ra. Therefore, we used the
transgenic mice expressed with human IL-4 and IL-4Ra for further in vivo evaluations. In the ELISA assay, SHR-1819
exhibited significant binding activity to human IL-4Ra, with an ECs, value of 0.116 nM (Figure 1C). Besides, the results
showed that SHR-1819 effectively bound to B cells with ECsq values of 326.8 ng/mL in human samples (Figure 1D) and
7.225 ng/mL in hIL-4/hIL-4Ra transgenic mice (Figure 1E), respectively.

Finally, we evaluated the blocking ability of SHR-1819 to the hIL-4/hIL-4Ra interaction using an ELISA assay, with
a result of ICsq value of 83.1 ng/mL (Figure 1F). These results demonstrated that SHR-1819 had a potent inhibitory effect
on human IL-4Ra.

SHR-1819 Significantly Inhibited hIL-4- and hlL-13-Induced Cell Proliferation and

STAT6 Activation

The binding of hIL-4 and hIL-13 to the Type I (IL-4Ra/yc) or Type II (IL-4Ro/IL-13Ral) receptor complexes on TF-1
cells could trigger downstream signaling activation and subsequent cell proliferation. Thus, TF-1 cells were applied to
assess the inhibitory effect of SHR-1819 on proliferation after stimulation by hIL-4 and hIL-13. The results indicated that
SHR-1819 significantly inhibited hIL-4- and hIL-13-induced cell proliferation of TF-1 cells (Figure 2A and 2B), with
ICs( values of 6.05 ng/mL and 16.59 ng/mL, respectively.

Moreover, binding of IL-4 or IL-13 to IL-4Ra could stimulate the phosphorylation of STAT6, which is a transcription
factor to induce the expression of Th2-related cytokines. To investigate the impact of SHR-1819 on STAT6 signaling
pathway, we used the HEK-Blue™ IL-4/IL-13 cells that stably expressing the reporter gene secreted embryonic alkaline
phosphatase (SEAP), a downstream factor of STAT6. The activation of downstream STAT6 signaling by hIL-4 or hIL-13
could trigger the expression of SEAP in HEK293 cells, and thus the levels of SEAP in the supernatant reflected the
effectiveness of SHR-1819. As Figure 2C and 2D showed, SHR-1819 significantly inhibited hIL-4- and hIL-13-induced
STAT6 activation with ICs, values of 6.76 ng/mL and 3.78 ng/mL, respectively.
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Figure | Binding and blocking profiles of SHR-1819. (A) and (B) Binding kinetics of SHR-1819 with human IL-4a by SPR. (C) Binding affinity of SHR-1819 to human IL-4Ra
by ELISA. (D) and (E) Blocking profiles of SHR-1819 to IL-4Ra on B cells from human and hiL-4/hIL-4Ra. transgenic mice by flow cytometry. (F) Blocking effect of SHR-1819
on hlL-4/hIL-4Ra by ELISA. Human IgG4 was used as a negative control.

SHR-1819 Showed Therapeutic Effects in the OVA-Induced Asthma Model
Asthma is a chronic condition characterized by airway inflammation, airway hyperresponsiveness (AHR), airflow
obstruction, and airway wall remodeling.”* Eosinophilic inflammation plays a crucial role in the pathogenesis of allergic
asthma and is considered a prominent feature of asthmatic airways.”* The OVA-induced asthma model in mice,
characterized by eosinophilic asthma following OVA immunization, is a well-established model frequently used for
evaluating potential therapeutic agents.”>° In this study, we established an OVA-induced asthma model in hIL-4/hIL-
4Ra transgenic mice, and the protocol was shown in Figure 3A. From Day 15, the mice were subcutaneously
administered with either vehicle or SHR-1819 (12.5 or 25 mg/kg) once every 3 days. No significant changes in body
weight were observed during the whole study (Figure 3B), suggesting good tolerance for the SHR-1819 treatment.

To determine the effect on airway function, mice were exposed to increasing doses of methacholine aerosols. The
model group showed increased airway hyperresponsiveness, as evidenced by an increase of Penh AUC (Figure 3C
and 3D), while treatment of SHR-1819 (12.5 and 50 mg/kg) alleviated the airway hyperresponsiveness compared to
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Figure 2 Cellular inhibitions of SHR-1819 on hiIL-4 and hIL-13 signaling. (A) and (B) Inhibition on proliferation of TF-1 cells stimulated by IL-4 or IL-13. (C) and (D)
Inhibition on STAT6 activation induced by hiL-4 or hIL-13 in HEK-Blue IL-4/IL-13 cells. Human IgG4 was used as a negative control.

the model group. On Day 34, SHR-1819-treated mice exhibited significantly reduced serum IgE levels, a marker of
Th2 inflammation, as compared to the model group (P < 0.001, Figure 3E). Bronchoalveolar lavage fluid (BALF)
was collected to investigate inflammatory cell recruitment. In comparison with the control group, the model group
showed a substantial increase in the total number of cells, as well as increased numbers and percentages of
eosinophils (Eso), macrophages (Mac), neutrophils (Neu) and lymphocytes (Lym) in BALF. After treatment of
SHR-1819, a significant reduction (P < 0.001) in eosinophil and lymphocyte counts, and their percentages in BALF
were observed (Figure 3F and 3G). Nevertheless, there was no notable effect on macrophages and neutrophils in
BALF following SHR-1819 treatment.

Lung tissues were stained with hematoxylin and eosin (H&E) to evaluate inflammatory cell infiltration and mucus
production. In Figure 3H, histological analysis of the model group showed the presence of numerous mucus plugs in the
bronchial cavity, damaged airway epithelial cells, increased goblet cell proliferation, and substantial infiltration of
inflammatory cells around the bronchi and blood vessels, as contrasted with the control group.?’ Treatment of SHR-
1819 attenuated mucosal thickness, inflammation, and the overall lung score, with a noteworthy decrease observed in the
high dose group (all P < 0.05, Figure 3I).

Collectively, administration of SHR-1819 significantly improved pathological markers in the OVA-induced
asthma model using hIL-4/hIL-4Ra transgenic mice, suggesting SHR-1819 had the therapeutic potential for mana-
ging asthma.

SHR-1819 Exhibited Therapeutic Effects in the Oxazolone-Induced Atopic Dermatitis
Model

AD is a chronic inflammatory skin disease characterized by symptoms such as rash, pruritus, eczema, xerosis and
lichenification.”® The oxazolone-induced mouse model is widely used to mimic AD-related symptoms. By repetitive
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Figure 3 Effects of SHR-1819 on OVA-induced asthma in hIL-4/hIL-4Ra transgenic mice. (A) Protocol for the OVA-induced asthma model study in hlL-4/hIL-4Ra transgenic
mice and administration of test articles. (B) Body weights during the treatment period. (C) The curve of Penh change rate against Mch concentration. (D) The area under
the curve (AUC) of Penh curve on Day 31. (E) Serum IgE levels on Day 34, determined by ELISA. (F) and (G) Cell count and corresponding percentages of the Eos, Mac,
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parameter. *P < 0.05, **P < 0.01, ***P < 0.001 vs Model Group using Student’s t-test or Dunnett’s multiple comparisons test in GraphPad Prism version 9.

exposure to oxazolone, a potent hapten, could induce a chronic Th2 hypersensitivity reaction similar to the initial stages
of AD in humans.?® > In this study, we established an oxazolone-induced AD model in hIL-4/hIL-4Ro. transgenic mice,
with the experimental protocol shown in Figure 4A. From Day 7, the animals were subcutaneously injected with either
vehicle or SHR-1819 once every 3 days.

As oxazolone-treated mice would exhibit AD-like skin symptoms, such as redness, swelling and increased ear
thickness, we firstly evaluated the effects of SHR-1819 on ear thickness. The results showed that oxazolone treatment
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Figure 4 Effects of SHR-1819 on oxazolone-induced AD in hiL-4/hIL-4Ra transgenic mice. (A) Protocol for the oxazolone-induced AD model study in hIL-4/hIL-4Ra
transgenic mice. (B) and (C) Ear swelling (thickness) was measured from Day 0 to Day 35. (D) Blood was collected and serum IgE levels were measured by ELISA. (E)
Representative H&E images of ear tissues. (F) Scores of the histopathological parameters included inflammatory cell infiltration, dermal thickness, and epidermal thickness
(score 0-3, with 3 indicating the most severe injury). Data were presented as the sum of scores of each parameter. **P < 0.01, ¥**P < 0.001 vs Model Group using Student’s
t-test or Dunnett’s multiple comparisons test in GraphPad Prism version 9.

caused a significant increase in ear thickness, as compared to that in the control group; while from D19, ear thickness in
the SHR-1819 treatment groups were remarkably smaller than that in the model group (Figure 4B, P < 0.001). By the
end of the experiment, the average ear thickness remained below 600 um, which is statistically smaller than that in the
model group (P < 0.001, Figure 4C). In the model group, serum IgE levels were significantly elevated after exposure to
oxazolone, which could be reversed by SHR-1819 treatment (Figure 4D). To assess the benefits of SHR-1819 on
histopathological features, the overall scores of epidermal thickness, dermal thickness, and inflammatory cell infiltration
were further evaluated. Remarkably, SHR-1819 treatment resulted in a significant reduction in these parameters as
compared to those of the model group (Figure 4E and 4F). These findings demonstrated that SHR-1819 could effectively
alleviate inflammatory and atopic skin symptoms in the AD model.

SHR-1819 Demonstrated Therapeutic Effects in the OVA-Induced Allergic Rhinitis
Model

AR is characterized by chronic inflammation of the nasal mucosa, accompanied by symptoms such as nasal itching,
sneezing, and rhinorrhea. The OVA-induced AR mouse model has been commonly utilized to replicate the clinical
symptoms of AR,?" which is suitable to investigate the therapeutic effects of SHR-1819 on AR. After the last nasal OVA
challenge on Day 27, the number of nasal rubbing and sneezing episodes within a 10-minute period was recorded for
frequencies of nasal rubbing and sneezing (Figure 5A). Mice in the model group exhibited a significantly higher
frequency of nasal rubbing and sneezing, compared to the control group (Figure 5B and 5C). Notably, SHR-1819
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treatment resulted in a dose-dependent reduction in sneezing episodes in comparison with that in the model group (P <
0.001). In the SHR-1819-treated groups, nasal rubbing was also decreased, with significant changes observed in the
middle and high dose groups (P < 0.05). Furthermore, there was a remarkable decrease in the levels of OVA-specific IgE
in the SHR-1819-treated groups (P < 0.001) (Figure 5D).

As the nasal tissues are impaired under the AR condition, H&E staining was performed on sectioned nasal tissues to
evaluate the thickness of the olfactory mucosa and olfactory bulb. Remarkably, SHR-1819 treatment resulted in a dose-
dependent inhibition of olfactory mucosa and olfactory bulb thickness, with significant changes observed in the middle
and high dose groups (Figure 5E). Additionally, following SHR-1819 treatment, there was a significant reduction in the
histopathological score, which encompassed the morphology of mucosal epithelial cells and inflammatory cell infiltration
(Figure 5F). Representative images of tissue slices were presented in Figure 5G. Notably, the histological features of the
model group indicated noticeable neutrophil and lymphocyte infiltration in the mucous layer (yellow arrows). Although
in the low dose SHR-1819 group, there was evidence of neutrophil and lymphocyte infiltration, as well as macrophage
infiltration (red arrows) and epithelial shedding (black arrows), but these histological features were significantly
attenuated in the middle and high dose groups. In conclusion, SHR-1819 effectively reduced AR symptoms and held
the potential as a clinically efficient treatment for AR.

Pharmacokinetic Profile of SHR-1819 in hIL-4/hIL-4Ra Mice

The pharmacokinetic (PK) profile of SHR-1819 was evaluated in the hIL-4/hIL-4Ra transgenic mice. The results showed
no notable differences in SHR-1819 concentrations following a single subcutaneous or intravenous injection of 50 mg/kg
SHR-1819 (Figure 6). The elimination half-life (t;;) of subcutaneous administration was calculated as 67.5 hours.
Additionally, the absolute bioavailability of subcutaneous administration was 84.7%. These PK data provided valuable
insights for the translation of SHR-1819 into clinical settings.

Discussion

In recent years, emerging evidence highlighted the involvement of IL-4 and IL-13 in the pathogenesis of type 2
inflammatory diseases. Administration of IL-4 or IL-13 in mouse models has been shown to induce lung inflammation,
characterized by increased infiltration of inflammatory cells particularly eosinophils, and upregulation of cytokines and
chemokines in the lungs. These findings emphasized the critical role of IL-4 and IL-13 in the development of asthma and
related phenotypes.®? Various therapeutic strategies have been developed to target IL-4, IL-13, or IL-4Ra, including
mutated ligands, soluble receptors, and antibodies.*® Nevertheless, anti-IL-4Ro. may be the most promising therapy in
treating type 2 inflammatory diseases. In this study, we presented SHR-1819, a high affinity IgG4 monoclonal antibody
that effectively blocked IL-4Ra with remarkable efficacies against mice models with asthma, atopic dermatitis, and
allergic rhinitis, which demonstrated it as a promising therapy for type 2 inflammatory allergic diseases.

SHR-1819

1000

-# SC 50 mg/kg

1000 — IV 50 mg/kg

100

Concentration (ug/mL)

0 200 400 600 800
Time (h)

Figure 6 Mean concentration-time curves after a single subcutaneous (SC) or intravenous (IV) injection of SHR-1819 in hIL-4/hIL-4Ra transgenic mice.
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IL-4 and IL-13 have been recognized for their distinctive roles in allergy and asthma pathogenesis.>* IL-4 is involved
in the regulation of T-cell proliferation, survival, and IgE synthesis,'' while IL-13 plays a role in the late stages of the
allergic reactions, such as airway remodeling and mucus hypersecretion.'" In the present study, it is demonstrated that
simultaneous blockade of both the IL-4 and IL-13 pathways could effectively reduce asthma-associated characteristics,
such as inflammatory cell infiltration surrounding the bronchi and their associated vessels, as well as airway
hyperresponsiveness.

IL-4 and IL-13 binding to IL-4Ra initiates the activation of tyrosine kinases 2 (Tyk2) and JAK1/2, subsequently
leading to the activation of STAT transcription factors. The JAK-STAT pathway plays a critical role in the pathogenesis
of AD.'? Activation of the JAK-STAT pathway can negatively regulate the skin-barrier proteins and disrupt keratinocytes
differentiation.*>=° Furthermore, IL-4 signaling could promote Th2-cell activation. By activation of the JAK-STAT
pathway, IL-4 signaling facilitates B-cell differentiation, resulting in the production of IgE by B-cells.*’ > In vitro assays
showed that SHR-1819 could significantly inhibit IL-4/IL-13-induced TF-1 cell proliferation and STAT6 activation,
demonstrated the cellular potency and related mechanisms of SHR-1819.

In accordance with the “united airway disease hypothesis”, asthma and allergic rhinitis are considered as the

3.% These two diseases

manifestations of the same inflammatory process mediated by Th2 cytokines like IL-4 and IL-1
commonly co-exist as comorbid conditions.*' In our study, treatment with SHR-1819 could effectively alleviate allergic
rhinitis symptoms, including decreased frequencies of sneezing and nasal rubbing, reduction of serum IgE levels, and
diminished inflammatory cell infiltration of nasal tissues in a murine model. These findings collectively supported the
evaluation of IL-4Ra-targeted therapy for patients with allergic rhinitis and asthma.

In a murine model of oxazolone-induced atopic dermatitis, treatment with SHR-1819 could attenuate atopic skin
symptoms including ear swelling and decreased serum IgE levels, which were known to be induced by Th2 cytokines.
Moreover, SHR-1819 also exhibited the capacity to modulate Th2 differentiation within the inflammatory infiltrate
present in ear tissues, highlighting the potential of targeting IL-4Ra as a therapeutic approach for atopic dermatitis.

Furthermore, the subcutaneous administration of SHR-1819 obtained equivalent exposure as that through intravenous
injection, and thus exhibited a relatively high bioavailability. The favorable pharmacokinetics profile enhanced its
reliability and potential for successful translation into clinical practice.

In summary, our study has provided compelling evidence that SHR-1819, a high-affinity IL-4Ra antibody, held the
immense promise as a therapeutic candidate for the treatment of Th2 inflammatory diseases, including asthma, AD and
AR. Additionally, SHR-1819 has exhibited a favorable safety profile in healthy subjects during clinical evaluation (data
not shown). Currently, Phase II trials have been initiated to evaluate the safety and efficacy of SHR-1819 in moderate to
severe AD.

Conclusion

The current study demonstrated that SHR-1819, a novel IL-4Ra antibody, possessed high affinity and blocking activity of
IL-4 and IL-13 signaling, and remarkable efficacies in murine models of asthma, atopic dermatitis, and allergic rhinitis.
This research lays the groundwork for its translational potential in the treatment of Th2 inflammatory diseases. The long-
term therapeutic potential and safety profile of SHR-1819 in the management of type 2 inflammatory diseases are
currently being investigated through clinical practice.

Abbreviations

IL, interleukin; STAT6, signal transducer and activator of transcription 6; CRS, chronic rhinosinusitis; AD, atopic
dermatitis; Th2, T helper 2; ILCs, innate lymphoid cells; JAK/STAT, Janus family protein kinases/signal transducer
and activator of transcription; hIL-4Ra, human IL-4Ra; AR, allergic rhinitis; PK, pharmacokinetic; SPR, surface
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min; BALF, bronchoalveolar lavage fluid; Eso, eosinophils; Mac, macrophages; Neu, neutrophils; Lym, lymphocytes;
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