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A B S T R A C T

Psoriasis is a highly prevalent inflammatory skin disease. Plaque psoriasis is the most common type of psoriasis,
and the interleukin (IL)-23/IL-17 axis plays a key role in disease progression. In this article, we describe IBI112,
a highly potent anti-IL-23 monoclonal antibody under clinical development, which efficiently neutralizes
IL23p19, a subunit of IL-23, to abrogate IL-23 binding to its receptor and block downstream signal transducer
and activator of transcription 3 (STAT3) phosphorylation. Specifically, IBI112 blocked IL-23 induced down-
stream IL-17 production from splenocytes. In addition, IBI112 administration reduced skin thickness in a
psoriasis-like epidermal hyperplasia mouse model challenged by continuous hIL-23 injection. IBI112 showed
synergism with an anti-IL-1R antibody in controlling disease progression in an imiquimod (IMQ) -induced
psoriasis model. Moreover, with mutations in Fc fragment of IBI112, extended half-life was observed when
compared to the wild-type IgG1 version in both human-FcRn-knock-in mice and cynomolgus monkeys. IBI112
was well tolerated after high dose administration in cynomolgus monkeys. In summary, we have developed an
extended half-life, anti-IL-23p19 monoclonal antibody, IBI112, which efficiently neutralized IL-23, blocked IL-
23-induced IL-17 production, and alleviated disease symptoms in two mouse models of psoriasis.

1. Introduction

Autoinflammatory disease comprises a large category of im-
munodysfunctional disorders. Psoriasis is a highly prevalent autoin-
flammatory disease of the skin that affects 2% of the world’s population
[1,2]. Psoriasis has several subtypes, the most common one being
plaque psoriasis, occurring in 85–90% of psoriasis patients and pre-
senting as red plaques of skin covered with thick, silvery scales. Plaque
psoriasis is caused by hyperproliferated, immature keratinocytes and
the accumulation of neutrophils to form Munro’s microabscesses. Less
than half (18–42%) of psoriasis patients also develop psoriatic arthritis
[3]. However, the etiology of psoriasis is not well understood, and it is
not clear whether an epithelial barrier defect or abnormal immunity
initiates the disease. A genome-wide association study indicated that
highly susceptible loci of psoriasis are linked with both the epithelial
barrier (keratinocytes) [4] and immunity (interleukin (IL)23A, IL23R,
IL12B) [5]. Proinflammatory cytokines are involved in the pathogenesis

of psoriasis, with IL-17 and IL-22 playing critical roles in the progres-
sion of the disease [6]. IL-17 induces keratinocytes to produce anti-
microbial peptides and chemokines, which recruit a large number of
neutrophils to the skin [7,8]. Neutrophils release myeloperoxidase,
elastase, and reactive oxygen species, all of which cause tissue damage
[9,10]. Neutrophils also disintegrate and release neutrophil extra-
cellular traps, which comprise webs of fibers composed of chromatin
and serine proteases. All of these events aggravate cutaneous in-
flammation [11]. IL-22 stimulates keratinocytes to proliferate, causing
epidermal hyperplasia [12]. Both IL-17 and IL-22 are produced by Th17
cells. IL-23 is the key regulator that controls the proliferation and
function of Th17 pathogenic cells. Although IL-6 and transforming
growth factor beta (TGF-β) induce Th17 differentiation, IL-23 is re-
quired for the maturation of these cells. High levels of IL-23 have been
found in lesional psoriatic skin [13]. As IL-23 controls the expression of
both IL-17 [14,15] and IL-22 [16], abrogation of IL-23 dramatically
reduces IL-17 and IL-22 levels [17]. IL-23 also promotes psoriatic
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arthritis by activating osteoclast by activation of the 12-kDa-DNAX-
activating protein and upregulates osteoclast-associated genes [18].
Therefore, compared to IL-17, IL-23 may be a better drug target for
treating psoriasis. In addition, because of its role in inflammatory bowel
disease [19,20], ankylosing spondylitis [21], and inflammatory arthritis
[22,23], IL-23 inhibitors may have wider indications in many autoin-
flammatory diseases.
IL-23 is composed of two subunits: IL23p19 and IL12p40. The

IL12p40 subunit is shared with IL-12, which is composed of IL12p40
and IL12p35. To avoid interference with IL-12 function, monoclonal
antibodies have been developed to specifically target IL23p19, but not
the IL12p40 subunit. Currently, three IL23p19 antibodies have been
approved by the United States-Food and Drug Administration for
treating psoriasis: guselkumab, risankizumab, and tildrakizumab.
Guselkumab has been on the market for the longest time and has high
therapeutic efficacy and a wide therapeutic window in clinical trials.
Therefore, in this study, guselkumab was chosen as the benchmark
antibody in some experiments. The objective of this study was to de-
velop a humanized anti-IL23p19 antibody with extended half-life to
treat psoriasis.

2. Results

2.1. IBI112 displayed high affinity for hIL-23 and impeded hIL-23 binding
to hIL-23R

An anti-IL23p19 monoclonal antibody (mAb) was developed by
using hybridoma technology. Briefly, Balb/c mice were immunized
with a recombinant mouse IL12p40/human IL23p19 complex. Finally,
clone 17D1 was selected for its highest binding affinity to the hIL-23p19
subunit, but not against the human IL12p40 subunit. After the huma-
nization of clonal 17D1, triple mutations, M252Y/S254T/T256E (YTE),
were introduced to the hIgG1 Fc of humanized clone 17D1, then the
final molecule was named IBI112. The binding affinity of IBI112 and
guselkumab for hIL-23 was measured by surface plasmon resonance
(SPR). The equilibrium dissociation constants (KD) of IBI112 and gu-
selkumab were 4.806E-12M and 2.859E-12M, respectively (Fig. 1A).
The binding of IBI112 and guselkumab to hIL-23 was measured by the
enzyme-linked immunosorbent assay (ELISA). There was no significant
difference in binding activity between IBI112 and guselkumab, the
EC50 of the two molecules were 1.4632 ± 0.4667 and
1.8930 ± 0.2880 nM, respectively (Fig. 1B). In addition, similar to
guselkumab, IBI112 efficiently blocked hIL-23 binding to the hIL-23
receptor, the IC50 values being 1.2533 ± 0.1986 (IBI112) and
1.4720 ± 0.2610 nM (guselkumab). This indicates that, similar to
guselkumab, IBI112 potently blocks hIL-23 to its receptor (Fig. 1C).

2.2. IBI112 inhibited IL-23-induced STAT3 phosphorylation in hCD4+ T
cells

IL-23 binds the IL-23 receptor expressed on CD4+ T cells and di-
rectly induces intracellular STAT3 phosphorylation [24]. To investigate
whether IBI112 can reduce the STAT3 phosphorylation in CD4+ T
cells, serial dilutions of IBI112 or guselkumab were mixed with IL-23
before treating the T cells. Co-treatment of hCD4+ T cells with IBI112/
guselkumab blocked IL-23-induced STAT3 phosphorylation. IBI112 and
guselkumab had similar blocking activity with IC50 values of
87.6133 ± 21.8996 and 102.1100 ± 2.0053 nM, respectively
(Fig. 2A).

2.3. IBI112 blocked IL-23-induced IL-17 production from splenocytes

Next, we determined whether IBI112 could reduce IL-17 production
downstream of IL-23 signaling [25]. Serial dilutions of IBI112/guselk-
umab and hIL-23 were premixed and added to cultured mouse sple-
nocytes in vitro. The concentration of mIL-17a was measured to

evaluate the efficiency of IBI112 blockade. IBI112/guselkumab blocked
hIL-23-induced mIL-17 production in a dose-dependent manner (IC50:
IBI112: 3.8763 ± 1.0526 nM, guseklumab: 4.9743 ± 1.2847 nM)
(Fig. 2B). In another experiment, we confirmed that IBI112/guselk-
umab also blocked IL-17F production in cynomolgus monkeys to a si-
milar extent: IC50: IBI112:12.1950 ± 6.6680 nM, guselkumab:
16.7950 ± 5.4518 nM (Fig. 2C).

2.4. IBI112 blocked IL-23 signaling to reduce ear swelling, epidermal
thickness, and inflammation

A mouse model with hIL-23-induced ear skin psoriasiform in-
flammation was used to test the therapeutic efficiency of IBI112. Mice
were pretreated with 1 mg/kg IBI112 i.p. one day before IL-23 ad-
ministration. After that, 1 µg of IL-23 was injected s.c. into the mouse
ears every day for 8 days (Fig. 3A). IL-23 treatment induced ear swel-
ling and epidermal thickness, which were significantly reduced by
IBI112 (Fig. 3B, C).
In addition, IL-23 increased infiltration of inflammatory cells.

Intracorneal Munro’s microabcess is a unique pathology of psoriasis.
IBI112 significantly reduced the number of inflammatory cells in skin.
Additionally, we found that microabscesses in the stratum corneum had
completely regressed after the administration of IBI112 (Fig. 3D).

2.5. IBI112 synergized with anti-IL-1R antibody in an imiquimod (IMQ)-
induced skin model

As both IL-1b and IL-23 can trigger IL-17 signals that contribute to
psoriasis, we investigated whether blocking both IL-23 and IL-1R
pathways would reduce the severity of psoriasis in an IMQ-induced
model. Details of the establishment of the animal model and dose ar-
rangement are shown in Supplemental Fig. 1A. Disease-free survival
was prolonged, and better scores were observed in the combination
group of IBI112 and anti-IL-1R antibody, especially in early stage of
IMQ-induced skin model, which demonstrated their synergistic effects
(Supplemental Fig. 1B). Skin hematoxylin and eosin staining results
confirmed this observation (Supplemental Fig. 1C). Gradual decrease of
skin inflammation was observed in late stage of all groups in the IMQ-
induced skin model, as has previously been described [26,27].

2.6. Better pharmacokinetic (PK) profiles of IBI112 in human FcRn-knock-
in (hFcRn KI) mice

Multiple injection is needed for autoimmune patients. To improve
patient compliance in clinical practice, the half-lives of Fc mutants
(M252Y, S254T, T256E) of IBI112 were examined. The PK profiles of
IBI112 and IBI112 with wild-type Fc were investigated in hFcRn KI
mice. The half-life of IBI112 increased by ~33%, from 147 h to 196 h,
when compared with the IBI112 WT Fc version. The AUC was also
elevated from 15751 µg/mL*h to 21108 µg/mL*h (Fig. 4A-B). Our
findings were consistent with previous findings [28] that antibodies
with mutations in Fc had longer half-lives due to their higher affinity
for hFcRn at pH 6.0 (Fig. 4C). Similar affinity to hFcRn was observed
between IBI112 and IBI112 WT Fc version at pH 7.4 (Fig. 4D). Shorter
half-lives were observed when we performed the PK comparison in
wild-type mice (Supplemental Fig. 2A-B) because of higher affinity for
mFcRn at pH 7.4 (Supplemental Fig. 2C). Strong binding at pH 7.4 may
have a negative effect on plasma recycling and circulation persistence
[29].

2.7. IBI112 showed a good safety profile in an in vitro PBMC-based system
and in cynomolgus monkeys

IBI112, guselkumab, human CD3ε + CD28 (positive control), and
PBS (negative control) were incubated with human peripheral blood
mononuclear cells (PBMCs) for 4 and 24 h. Compared with guselkumab
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and human CD3ε+ CD28, IBI112 did not induce significant increase of
cytokines release in the tested cytokine panel including IL-6, IL-8, and
TNF-α (Fig. 5A and Supplemental Table 1).
Next, we investigated the toxicological characteristics of IBI112 in

single-dose and 4-week repeat-dose experiments in cynomolgus mon-
keys (Supplemental Table 2). In the single-dose study, 0, 50, and
100 mg/kg of IBI112 were administered subcutaneously. No test-anti-
body-related or toxicologically significant findings were observed after

Fig. 1. IBI112 showed great affinity to human IL-23 and blocking capacity A, Binding affinity of IBI112 and guselkumab was measured by surface plasmon resonance
(SPR) using Biacore T200. Serial dilution of human IL-23 bound with and dissociated from the antibody. B, The binding of IBI112 and guselkumab to human IL-23
was measured by ELISA. C, The blocking activity of IBI112 and guselkumab toward IL-23 was measured by ELISA. IgG1 was used as control in binding assay and
blocking assay.

Fig. 2. IBI112 inhibited IL-23-induced IL-17 production in mouse splenocytes A, IBI112 and guselkumab inhibited IL-23-mediated STAT3 phosphorylation in human
CD4 T cells, which was measured as MFI using phosphoflow staining. B-C, Serial dilutions of IBI112/guselkumab were mixed with 60 ng/mL of human IL-23. Mouse/
cynomolgus monkey splenocytes were treated with the mixture for 90 h. B, Mouse IL-17 and C, cynomolgus monkey IL-17F production was measured by ELISA. IgG1
was used as control.
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Fig. 3. IBI112 reduced hIL-23-induced mouse ear thickness and inflammation A, Anti-IL-23 antibodes were administered to mice by i.p. route on day −1. IL-23 was
administered every day for 8 days by intradermal injection. For the phosphate buffered saline (PBS) group, hIgG was i.p. injected on day −1 and PBS was intradermal
injection. For the hIgG group, hIgG was i.p. injected on day-1 and IL-23 was intradermal injection. B. Mouse ear swelling was measured using a caliper. C, Mouse ear
epidermal thickness was calculated using Halo 2.1 software. D, Mouse ear sections were stained with hematoxylin and eosin. Black arrow: intracorneal Munro’s
microabscess.
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14 days of observation. The maximum tolerated dose was 100 mg/kg.
In the 4-week repeat-dose experiments, cynomolgus monkeys (5/sex/
group) were treated subcutaneously with IBI112 at 0, 1, 10, and 50 mg/
kg for 4-weeks (total of 5 doses), followed by a 4-week recovery phase.
There were no unscheduled deaths, test-antibody-related, or tox-
icologically significant findings. The no-observed-adverse-effect-level
was 50 mg/kg.

2.8. PK profile of IBI112 compared to IBI112 with wild-type Fc (IBI112-
WT Fc)

The PK parameters of IBI112 were evaluated in cynomolgus mon-
keys. Cynomolgus monkeys were treated subcutaneously with a single
dose of 1 mg/kg of IBI112 or IBI112-WT Fc. There was no sex-related
difference in exposure in any group. IBI112 demonstrated higher ex-
posure with area under curve (AUCl) of 1756.24 μg/mL*h and slower
clearance with Cl of 0.51 mL/h*kg than IBI112-WT Fc (1327.58 μg/
mL*h and 0.73 mL/h*kg). The half-lives (T1/2) were 299.63 and
200.08 h for IBI112 and IBI112-WT Fc, respectively (Fig. 5B-C).

3. Discussion

In this study, IBI112, an anti-IL23p19 monoclonal antibody, was
developed using hybridoma technology. We selected clones that bound
to IL23p19, but not to the p40 subunit. 17D1 was selected as it had the
highest binding affinity among all clones. To reduce the risk of anti-
drug antibody (ADA) reaction during administration to human subjects,
17D1 was engineered to become a humanized antibody and was named
IBI112 after humanization. We have shown that IBI112 bound to hIL-23
without any loss in affinity. IBI112 blocked IL-23-induced STAT3
phosphorylation and IL-17 production and reduced ear skin in-
flammation and thickness. This antibody demonstrated blockade effi-
cacy comparable to that of guselkumab. There was no obvious toxicity
even with a high dose of 50 mg/kg in cynomolgus monkeys. To improve
patient compliance in clinical practice, a better pharmacokinetic profile
IBI112 was engineered and no ADA reaction was detected.
We generated an antibody, which targets IL23p19, but not the

IL12p40 subunit. This strategy avoids interference with the IL-12
pathway. IL-12 and IL-23 are heterodimeric cytokines that share the
same IL12p40 subunit, and IL-12 shows great potency in anti-tumor

Fig. 4. Pharmacokinetics of IBI112 in human FcRn knock-in mice and affinity of IBI112 to human FcRn. Human FcRn knock-in mice were intravenously injected with
IBI112, and serum was collected for pharmacokinetic (PK) analysis. A, The PK curve was graphed using Prism Graphpad software and B, the PK parameters were
calculated using the Excel plugin, PK solver 2. Compared with IBI112 WT Fc, IBI112 showed C, increased binding affinity to human FcRn at pH 6.0 and D, weak
binding affinity at pH 7.4. Binding affinity were measured by biolayer interferometry (BLI) technology using Fortebio Octet Red96 and data were calculated using
Data Analysis software and a 1:1 binding model (version 7.0).
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immunotherapy [30] and confers cellular immunity to intracellular
pathogens. Therefore, specifically targeting IL23p19 improves safety
and avoids potential side effects.
Psoriasis is an autoinflammatory skin disease driven by multiple

genes. The IL-23/IL-17 axis plays a major role in psoriasis, and IL-1 has
also been implicated as a key player in the pathogenesis of psoriasis. A
genetic study has described IL-1R1 as a new susceptibility locus for
psoriasis [31]. Levels of IL-1b and IL-1Ra are significantly elevated in
human psoriatic skin [32,33]. The IL-1b pathway is critical for the
development of IL17-expressing T cells, and blocking IL-1b with

canakinumab has been shown to lead to complete skin clearance and
eradication of symptoms after one year of continuous canakinumab
therapy [34]. Our study reveals that blocking of both the IL-23 and IL-1
pathways generated better outcomes in an IMQ-induced psoriasis
mouse model. Greater alleviation of symptoms such as less scaling,
erythema, and skin thickness were observed with the combination of
IBI112 and a-IL-1R, suggesting a potential combination strategy for
clinical use.
Psoriasis is a widespread and chronic disease with no cure. Psoriasis

patients need continuous, long-term treatment with 6–34 injections in

Fig. 5. IBI112 did not cause cytokine release from PBMCs, and pharmacokinetics of IBI112 and guselkumab in cynomolgus monkeys. A, Cytokine release assay. PBS,
20, or 200 µg/mL of mAbs, 10 µg/mL + 10 µg/mL of human CD3ε+ CD28 were incubated with human PBMCs for 4 (upper panel) and 24 h (lower panel). Levels of
ten cytokines were measured using Luminex. Results shown are from one donor; three independent experiments were performed on 3 different healthy donors. B,
IBI112 (1 mg/kg) and guselkumab were administered subcutaneously to cynomologus monkeys. After administration, blood samples were collected at different time
points. Blood serum concentrations of these drugs were measured by ELISA. C, Pharmacokinetics of IBI112 and IBI112 WT Fc.
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the first year and at least 4 injections in the following years [35–40].
Our study aimed at developing an antibody with an extended half-life to
reduce the frequency of injections. The triple mutation, M252Y/S254T/
T256E (YTE), which increases the affinity to human FcRn at pH 6.0,
was introduced into the Fc portion of IBI112 to extend its half-life. The
half-life extension was demonstrated in hFcRn KI mice and cynomolgus
monkeys in this study and in another study as well [41]. In summary,
IBI112 is a promising drug candidate that can provide better clinical
outcomes for the treatment of psoriasis.

4. Materials and methods

4.1. Generation of hIL23p19 antibodies and screening

To select hIL23p19 antibodies, BALB/c mice (Beijing Vital River
Laboratory, China) were immunized with a recombinant mouse IL-
23p40/human IL23p19 hybrid molecule. Hybridomas were generated
by standard cell fusion method using mouse myeloma SP2/0 cells.
Antibody binders were selected by ELISA for their ability to only in-
teract with human IL23p19, but not with human IL12p40. Next, the
selected binders were screened for their blocking activity in an IL-17
production inhibition assay.
The IL-23 binding ELISA assay was performed in 96-well ELISA

plates coated with IL-23 at 1 μg/mL in carbonate buffer, 4 °C, overnight.
After blocking with 200 μL ELISA assay diluents with 5% bovine serum
albumin (BSA). 100 μL of hybridoma supernatants or diluted purified
mAbs were added and incubated for 1 h. After incubation and washing,
horseradish peroxidase (HRP) -labeled anti-human secondary IgG Fc
antibody (Ab) was added. The plate was developed using TMB
(SolarBio, China), and the readings were measured by using an ELISA
plate reader (Molecular Device, USA). All functional antibodies used in
the study were purifed in-house (Innovent Biologics Co., Ltd., Suzhou,
China) with HEK293 cells by either transient or stable expression.

4.2. IL-23 binding assay

Recombinant IL-23 (R&D, USA, 1 µg/mL) was used to coat plates
overnight. A coated plate was washed, and different concentrations of
IBI112/guselkumab were added to the plate. After incubation and
washing, HRP-labeled anti-human secondary IgG Fc antibody (Ab) was
added. The plate was developed using TMB (3,3′,5,5′-
Tetramethylbenzidine, SolarBio, China), and the readings were mea-
sured by using an ELISA plate reader (Molecular Device, USA).

4.3. Inhibition of IL-17 production

Mouse (C57BL/6, Beijing Vital River Laboratory Animal
Technology) or cynomolgus monkey splenocytes (AllCells, USA) were
cultured in the presence of IL-2 (R&D, USA). Different concentrations of
antibodies or supernatants of hybridoma clones were mixed with
60 ng/mL of IL-23. The mixture was added to cultured mouse/cyno-
molgus monkey splenocytes and incubated for 90 h. After incubation,
the supernatants were collected to measure the IL-17 concentration by
using a mouse/cynomolgus monkey IL-17 DuoSet ELISA kit (R&D
Systems, USA).

4.4. Receptor blocking assay

IL-23R solution (1 µg/mL) was used to coat plates overnight. A
coated plate was washed with 0.05% PBST and blocked with 2% BSA-
PBST. IL-23-biotin (R&D, USA) was added to the medium, and different
concentrations of IBI112/guselkumab and 1 µg/mL of rhIL-23-Biotin
were mixed and added to the plate. IL-23 binding to IL-23R was mea-
sured by ELISA.

4.5. SPR detection

The binding affinity of IBI112 and human IL-23 was measured with
a Biacore T200 (GE Healthcare, USA). Briefly, IBI112 was captured and
fixed on a pro A chip (GE Healthcare). Different concentrations of
human IL-23 (0, 0.2, 0.4, 0.8, 1.6, 3.2, 6.4 nM) (R&D systems, USA)
were added for binding to and dissociation from the antibody. The
binding time was 180 s, and the dissociation time was 600 s. Dilutions
and experiments were performed at 25 °C in HBS-EP+ buffer (GE
Healthcare, USA). All data were analyzed using Biacore analysis soft-
ware (Version 3.1) and a 1:1 binding model.

4.6. FcRn binding affinity by biolayer interferometry (BLI)

Affinity to human and mouse FcRn for IBI112 at both pH 6.0 and pH
7.4 was tested using BLI technology and an Octet Red 96 (Fortebio,
USA). Biotinylated human FcRn (Acro Biosystems, USA) and mouse
FcRn (Acro Biosystems, USA) were first immobilized onto SA biosensors
(Fortebio, USA) at a level of ~0.5 nm. The biosensors were subse-
quently dipped into a 100 nM IBI112 solution with an association time
of 100 s, followed by dissociation for 120 s in running buffer (PBS with
0.1% BSA and 0.05% tween 20) at room temperature. The binding af-
finity data were fitted using Data Analysis software (Version 7.0) and a
1:1 binding model.

4.7. STAT3 phosphorylation

Human CD4+ T cells were purified from human PBMCs (AllCells,
USA) by using an Easysep human CD4 T cell enrichment kit (Stemcell
Technologies, Canada). CD4+ T cells were cultured in the presence of
Dynabeads Human T-Activator CD3/CD28 (Invitrogen, USA) for 7 days:
50 ng/mL of hTGF-β (Acro Biosystems, USA) and 10 ng/mL of hIL-6 (R
&D) were added over the first 3 days, and from day 4 onwards, the
cytokines were replaced with 5 ng/mL of hIL-1β and 10 ng/mL of
hTNF-α for another 4 days. Polarized CD4+ T cells were subsequently
harvested. Serial dilutions of IBI112 or guselkumab were mixed with
4 µg/mL of hIL-23, and the mixture was incubated with the polarized T
cell culture for 40 min. The T cells were fixed, permeabilized, and
stained with PE-conjugated, phospho-STAT3 Ab (BioLegend, USA). The
MFI of phospho-STAT3 was measured by flow cytometry (BD
Biosciences, USA).

4.8. Ear skin swelling and epidermal thickness measurement

We used 6–8-week-old female C57BL/6 mice (Beijing Vital River
Laboratory Animal Technology, N = 5 for PBS + hIgG group, N = 6
for other groups) to test the in vivo efficacy of IBI112. All animals were
maintained under pathogen-free conditions in the Experimental Animal
Center of Innovent Biologics Co., Ltd. (Suzhou, China). All animal-re-
lated experiments were approved by the Animal Use and Care
Committee of Innovent Biologics. One day before IL-23 administration,
1 mg/kg IBI112 or hIgG was injected intraperitoneally, whereas 1 µg of
hIL-23 (R&D) or PBS was injected subcutaneously into the ear every day
for 8 days. Mouse ear skin thickness was measured using a caliper on
days 1, 3, 5, and 7. After day 7, mouse ears were harvested, fixed,
embedded in paraffin, and stained with hematoxylin and eosin. The
epidermal thickness was measured by using HALO 2.1 Tissue Classifier
software (Indica Labs, USA).

4.9. IMQ-induced psoriasis model

An IMQ-induced psoriasis-like mouse model was established as de-
scribed previously [32]. Briefly, IMQ cream (Sinopharm, China) was
applied every day on the shaved back of human IL-23-knock-in female
mice (Shanghai Model Organisms Center, N = 1 for the normal group,
N = 5 for other groups) for 5 consecutive days from day 0 onwards.
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IBI112 and anti-IL-1R antibody (Bioxcell, BE0256) were administered
at day 0 and day 3. Scaling erythema and skin thickness were calculated
according to the psoriasis area severity index. All mice were housed and
bred in specific pathogen–free conditions in the Animal Barrier Facility
at the Shanghai Model Organisms Center (SMOC). All mouse experi-
ments were approved by the Institutional Animal Care and Use Com-
mittee of SMOC.

4.10. IBI112 toxicology analysis in cynomolgus monkeys

Cynomolgus monkeys were provided by WestChina-Frontier
PharmaTech, Sichuan, China. All monkey experiments were approved
by the Institutional Animal Care and Use Committee of WestChina-
Frontier PharmaTech. All monkey studies were performed by
WestChina-Frontier PharmaTech. Both single dosing and 4-week dosing
were performed.
For single-dose toxicology experiments, 9 cynomolgus monkeys (3/

group, including males and females) were treated subcutaneously with
0, 50 mg/kg and 100 mg/kg IBI112, respectively. The monkeys were
kept for observation for 14 days during and after which a variety of
physiological parameters were measured. These included body weight,
complete blood counts and chemistry, blood pressure, food intake,
electrocardiogram (ECG), urine, immune cell subpopulations, im-
munoglobulin, complement (C3, C4), circulating immune complex
(CIC), troponin T and gross necropsy macrohistology. The TK and ADA
was also detected.
For multiple dosing toxicology experiments, 4 groups (5/sex/group)

of cynomolgus monkeys were subcutaneously treated with 0, 1, 10, and
50 mg/kg IBI112 every week for 4 weeks (totally 5 times). The monkeys
were kept for recovery for ~4 weeks after treatment. During the periods
of dosing and recovery, the same physiological parameters were mea-
sured as those mentioned for single-dose experiments.

4.11. Cytokine release assay for PBMCs

For the cytokine release assay, plate-bound IBI112 (20, 200 µg/mL),
guselkumab (20, 200 µg/mL), human CD3ε + CD28 (10 µg/
mL + 10 µg/mL, positive control), and PBS (negative control) were
incubated with human PBMCs for 4 and 24 h, respectively.
Concentrations of IFN-γ, TNF-α, IL-1β, IL-2, IL-4, IL-6, IL-10, IL-8, IL-5,
and GM-CSF in the PBMC supernatants were measured by using the
Luminex assay (Thermo Fisher, USA). The cytokine release assay was
performed by Crown Biosciences.

4.12. Pharmacokinetics of IBI112 and guselkumab in human FcRn-knock-
in mice and cynomolgus monkeys

The pharmacokinetics profiles of IBI112 and IBI112 WT Fc were
analyzed in hFcRn-KI (Biocytogen Co., Ltd, Beijing, N = 9 for each
group) female mice as follows: 10 mg/kg antibody was injected in-
travenously, and blood serum was collected for further ELISA mea-
surement. Pharmacokinetic parameters were calculated by PK solver
add-in in Excel [42].
The pharmacokinetics profiles of IBI112 and IBI112 WT Fc were

evaluated in cynomolgus monkeys (3 males and 3 females for each
group) following subcutaneous administration of a single dose of 1 mg/
kg antibody. Blood serum was collected, and serum concentrations of
the mAbs were measured using hIL-23-captured ELISA. Cmax, AUCall,
and T1/2 were calculated by using the PK solver add-in in Excel.
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