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ABSTRACT
Accurate prediction of the human pharmacokinetics (PK) of a candidate monoclonal antibody
from nonclinical data is critical to maximize the success of clinical trials. However, for monoclonal
antibodies exhibiting nonlinear clearance due to target-mediated drug disposition, PK predictions
are particularly challenging. That challenge is further compounded for molecules lacking cross-
reactivity in a nonhuman primate, in which case a surrogate antibody selective for the target in
rodent may be required. For these cases, prediction of human PK must account for any inter-
species differences in binding kinetics, target expression, target turnover, and potentially epitope.
We present here a model-based method for predicting the human PK of MAB92 (also known as BI
655130), a humanized IgG1κ monoclonal antibody directed against human IL-36R. Preclinical PK
was generated in the mouse with a chimeric rat anti-mouse IgG2a surrogate antibody cross-
reactive against mouse IL-36R. Target-specific parameters such as antibody binding affinity (KD),
internalization rate of the drug target complex (kint), target degradation rate (kdeg), and target
abundance (R0) were integrated into the model. Two different methods of assigning human R0
were evaluated: the first assumed comparable expression between human and mouse and
the second used high-resolution mRNA transcriptome data (FANTOM5) as a surrogate for expres-
sion. Utilizing the mouse R0 to predict human PK, AUC0-∞ was substantially underpredicted for
nonsaturating doses; however, after correcting for differences in RNA transcriptome between
species, AUC0-∞ was predicted largely within 1.5-fold of observations in first-in-human studies,
demonstrating the validity of the modeling approach. Our results suggest that semi-mechanistic
models incorporating RNA transcriptome data and target-specific parameters may improve the
predictivity of first-in-human PK.
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Introduction

MAB92, also known as BI 655130, is a humanized IgG1κ
monoclonal antibody engineered for reduced effector
function and directed against the human cell-surface
receptor, IL1RL2 (IL-36R). Signaling of IL-36R is induced
by heterotrimeric binding with its co-receptor, IL-1 recep-
tor accessory protein (IL-1RAP), and one of the three IL-
36R cognate agonistic ligands, such as, IL36α, IL-36β, or
IL-36γ, resulting in downstream activation of NF-κB and
MAPKs and expression of proinflammatory and profibro-
tic mediators.1–7 An additional ligand, IL-36Ra, competes
with the aforementioned ligands, thereby acting as
a natural antagonist of IL-36R signaling.1,8 A strong link
has been established between IL-36R signaling and skin
inflammation as demonstrated by the occurrence of gen-
eralized pustular psoriasis in patients with a loss-

of-function mutation in IL-36Ra.4,5,8,9 IL-36R agonist
ligands are upregulated in psoriatic tissue, and accumulat-
ing evidence suggests that the IL-36R signaling pathway
plays a role in the pathogenesis of psoriatic and rheuma-
toid arthritis,10 asthma, chronic obstructive pulmonary
disease,11 and inflammatory bowel disease,12–14 making
IL-36R signaling an attractive target for therapeutic inter-
vention in the aforementioned and other epithelial-
mediated inflammatory diseases. IL-36R is reported to
be expressed on dendritic cells, CD4+ T cells, intestinal
lymphocytes, and synovial fibroblasts.15 In-house immu-
nohistochemistry (IHC) data for MAB92 in human tissue
showed mostly mild-to-moderate staining in a variety of
epithelial tissues (bladder, breast, eye, esophagus, lung,
pituitary, prostate, salivary gland, skin, thymus, tonsil,
ureter, and cervix).
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MAB92 shows species-specific binding with high affinity
against human IL-36R and > 2000-fold reduced affinity towards
IL-36R in mouse, rat, hamster, mini pig, and nonhuman pri-
mates (cynomolgus, rhesus, and marmoset). As MAB92 targets
a cell-surface receptor, target-mediated drug disposition
(TMDD) resulting from internalization and subsequent degra-
dation of the molecule was expected to contribute to overall
clearance of the antibody. In order to enable in vivo preclinical
studies, we identified a chimeric rat anti-mouse mAb, MAB04
(also known as BI 674304), targeted against mouse IL-36R.
MAB04 shares key characteristics with MAB92, including affi-
nity, in vitro functional activity (both within ten-fold), and
IL-36R domain-2 epitope binding.16 Intraperitoneal administra-
tion of the mouse surrogate antibody, MAB04, in both the
imiquimod- and IL36-induced mouse models of skin inflamma-
tion resulted in blockade of the swelling response as well as
substantial reduction of inflammatory cytokines.16 IHC data
were not available for the mouse surrogate antibody against
murine IL-36R; therefore, it is unknown if staining patterns
and/or intensity were comparable between human and mouse.

Although allometric scaling or Dedrick transform of phar-
macokinetics (PK) from preclinical species to human is often
successful for therapeutic antibodies targeting soluble antigens,
prediction of human PK for those targeting cell-associated
antigens or otherwise affected by TMDD is significantly more
challenging due to potential interspecies differences in target
expression or turnover, as well as in binding kinetics.17–19 In
these cases, a model-based approach incorporating target-
specific parameters may improve the predictivity of human
PK.17,20,21 However, additional challenges exist in predicting
human PK for molecules lacking cross-reactivity in preclinical
species. In these cases, as for MAB92, a surrogate molecule
cross-reactive to the target in the preclinical species may be
required. As a result, in addition to the aforementioned TMDD
challenges, discrepancies in linear PK characteristics, such as
neonatal receptor (FcRn) binding and recycling as well as in
catabolic susceptibility, may exist between human candidate
and surrogate molecule.

The purpose of the experiments outlined herein is to char-
acterize the PK of the anti-mouse IL-36R antibody, MAB04, in
mice in support of the first-in-human (FIH) clinical trial. In this
retrospective analysis, we incorporated molecule- and species-
specific parameters, such as volume of distribution (Vc), inter-
compartmental transfer rates (k12 and k21), linear elimination
(kel), binding affinity (KD), internalization rate of the drug–
target complex (kint), target degradation rate (kdeg), and target
abundance (R0), into a semi-mechanistic model. Two different
methods of assigning target abundance were evaluated: the first
assumed comparable expression between human and mouse,
and the second utilized FANTOM5 RNA transcriptome data
in a subset of matched tissues as a surrogate for expression in
each respective species. FANTOM5 is a comprehensive expres-
sion dataset that includes ~1000 human and ~400mouse tissues,
primary cells, and cancer cell lines.22 This dataset is based on cap
analysis of gene expression (CAGE), a method developed at
RIKEN in Japan that characterizes transcription start sites across
the entire genome at single-base resolution level.22–26 Since
eukaryotic transcription factors are typically activating, the num-
ber of transcription factors on a promotor is predictive of

breadth of expression.27 Human PK profiles were then simulated
based on a semi-mechanistic TMDD model incorporating cri-
tical target-specific parameters for both the human candidate
andmouse surrogate antibodies with R0 either assumed to be the
same as that of mouse or corrected for the differences in RNA
transcriptome data between species. For the human model uti-
lizing the model-estimated mouse target abundance, Cmax was
well predicted; however, AUC0-∞ was substantially underpre-
dicted. After correcting for relative differences in RNA tran-
scriptome data between species, the model-predicted human
AUC0-∞ and Cmax were largely within 1.5-fold that observed
for both nonsaturating and saturating doses.

Results

Monkey PK

Concentrations versus time curves for MAB92 in cynomolgus
monkey following intravenous administration are shown in
Figure 1. Noncompartmental PK analysis showed that clear-
ance was dose linear following the intravenous administration
of 0.3, 1.5, and 10 mg/kg of MAB92, as expected due to lack of
cross-reactivity of MAB92 against cynomolgus monkey IL-36R
(Table 1). The clearance, steady-state volume of distribution,
and terminal half-life for the three dose groups were similar
and were in the range of 0.17–0.22 mL/h/kg, 65.2–83.0 mL/kg,
and 284–349 h, respectively. Anti-MAB92 antibodies (ADA)
were observed in two of three animals in the 10 mg/kg intra-
venous dose groups; however, there was no impact of ADA on
the PK profile. Monkeys administered 0.3 and 1.5 mg/kg intra-
venous doses tested negative for ADA.

Mouse PK

Noncompartmental analysis for MAB04 PK in female mouse
showed dose-dependent clearance with values for clearance
(CL/F) of 1.6, 0.47, and 0.13 mL/h/kg for the 0.3, 1.5, and
10 mg/kg doses, respectively, suggestive of TMDD (Table 2).
At the highest dose evaluated, 10 mg/kg, MAB04 clearance in
the mouse was 0.13 mL/h/kg, which is consistent with pub-
lished values for therapeutic monoclonal antibodies in that

Figure 1. Mean monkey concentration versus time data (non-transformed) of
MAB92 at 0.3, 1.5 and 10 mg/kg i.v. demonstrating dose linearity and absence of
TMDD impact on profiles.

MABS 957



species.28 In addition, the mouse clearance was comparable to
that observed for a 1.5 mg/kg dose of the non-cross-reactive
antihuman monoclonal antibody, MAB92, in the monkey
(0.17 ± 0.03 mL/h/kg), suggesting that FcRn recycling and
catabolic stability were comparable between molecules and
species. No ADA titers were detected in any animals.

Human pharmacokinetic predictions

Modeling approach
Mouse concentrations versus time data for MAB04 were simul-
taneously fitted to a 2-compartment (CMT) model (Figure 2)
with parallel nonlinear and linear elimination from the central
compartment. Vc, k10, Vmax, and Km were derived from the
model using mean fit (Table 3). Typical linear PK parameter
values for mouse (in-house data from a panel of human IgG
monoclonal antibodies) were used for absorption rate (ka) and
distribution microconstants (k12 and k21). Monoclonal anti-
body absorption following intraperitoneal dosing in mice has
been demonstrated to be rapid and near complete; therefore,
bioavailability was assumed to be 100%.29

The mouse concentration versus time data were subse-
quently fitted to a 2-CMT semi-mechanistic model (Figure 3)

using central volume (Vc) and linear clearance (kel) derived
from the TMDD model fit. Consistent with the parallel elim-
ination model, typical values for human monoclonal antibodies
in mouse were utilized for ka, k12, and k21. Average plasma
membrane turnover rate of 0.5 h was applied for both kdeg and
kint.

30 In vitro surface plasmon resonance (SPR) binding affinity
data for MAB04 was used for KD, and mouse R0 was estimated
by model fitting. The fit and corresponding weighted residual
plot for the fit of the mouse data are shown in Figures 4 and 5,
and the model parameters are shown in Table 4.

Estimated mouse R0 (0.794 nM) was comparable to the
mouse Km (1.18 nM) derived using simultaneous fitting of the
mouse data in the 2-CMT TMDD model, suggesting that
estimation of baseline of expression in mouse was reasonable.
Dedrick transform was then used to scale monkey concentra-
tion–time profiles to human using an allometric exponent of
1.0 for volume of distribution (b) and 0.85 for CL (a) accord-
ing to the following equations.17,31

thuman ¼ tmonkey � BWhuman=BWmonkey
� �ðb�aÞ

Chuman ¼ Cmonkey � BWmonkey �Dhuman
� �

=BWhuman�Dmonkey
� ��b

Table 2. Non-compartmental analysis parameters for MAB04 in C57BL/6 mouse
and MAB92 in cynomolgus monkey following intraperitoneal (clearance only)
and intravenous administration, respectively.

Dose (mg/kg)

Species mAb Parameter Units 0.3 1.5 10

Monkey MAB92 CL (SD) mL/h/kg 0.22 (0.01) 0.19 (0.05) 0.17 (0.03)
Monkey MAB92 V (SD) mL/kg 83.0 (6.3) 65.2 (3.2) 75.5 (13)
Monkey MAB92 t1/2 (SD) h 284 (19) 288 (40.5) 349 (94)
Mouse MAB04 CL/F (SD) mL/h/kg 1.62 (0.02) 0.47 (0.13) 0.13 (0.02)

Figure 2. Two-compartment parallel elimination model utilized for fitting both
mouse (0.3, 1.5 and 10 mpk) and Dedrick-transformed monkey (10 mpk) concen-
tration versus time data. ka, absorption rate constant; F, bioavailability; k12, transfer
rate constant from central to peripheral compartment; k21, transfer rate constant
from peripheral to central compartment; C, mAb concentration in central com-
partment, V, volume of distribution in central compartment; Ap, amount of mAb
in peripheral compartment; Vmax, maximum rate of nonlinear elimination; Km,
Michaelis–Menten constant; CLlinear, clearance of the linear elimination pathway;
k10, elimination rate constant for the linear elimination pathway; and knl, elimina-
tion rate constant for the nonlinear elimination pathway.

Table 3. Two-compartment semi-mechanistic model parameters for MAB04
(mouse-specific mAb).

Parameter Units Mouse mean SE

Vmax nmol/h 0.000533 0.0000626
Km nM 1.18 0.729
k12 day−1 0.086 Fixed
k21 day−1 0.063 Fixed
Vc L 0.000403 0.0000308
k10 day−1 0.00506 0.00147
ka day−1 0.152 Fixed

Figure 3. Schematic of target-mediated drug disposition (TMDD) semi-mechanistic
model with rapid-binding approximation. Antibody levels in central and peripheral
compartments are denoted by A1 and A2, respectively. Antibody distribution from
central to peripheral and peripheral to central compartment is denoted by k12 and
k21 respectively. Vc represents the central volume of distribution. The kel, ksyn, kdeg,
and kint are first-order rate constants representing antibody clearance, target
synthesis, target turnover, and complex degradation rates, respectively, and KD is
the equilibrium binding constant.

Table 1. Molecular and functional attributes of MAB04 (mouse-specific mAb) and MAB92 (clinical candidate).

Assay/cell type MAB92 (nM) Assay/cell type MAB04 (nM)

IL-36R ligands α,β,ϒ at EC80 IL-36R Ligands α,β,ϒ at EC80
NF-κB activation, primary intestinal myofibroblasts IC90 (SD) 3.2 (0.5) NFĸB activation, primary intestinal myofibroblasts IC90(SD) 20 (13)
NF-κB activation, primary dermal fibroblasts IC90 (SD) 9.9 (6.7) NFĸB activation, primary dermal fibroblasts IC90(SD) 17 (14)
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Dedrick-scaled concentration versus time data were then
fitted to the parallel elimination 2-CMT TMDD model pre-
viously described in Figure 2 (fit shown in Figure 6) to derive
the human linear PK parameters (Vc, k10, k12, and k21) shown
in Table 4. The differential equations for the mouse and

human semi-mechanistic TMDD model are shown below
and were fitted using rapid-binding approximation such that
the free drug, free target, and complex are in rapid equili-
brium determined by the equilibrium constant, KD.

A1 ¼ ka � A0� A1 � keð Þ � A1 � K12� A2 � k21ð Þ
� Rtot � kintð Þð Þ= KDþ A1=Vð Þð Þ � A1Þ

A2 ¼ A1 � K12� A2 � K21ð Þ
Rtot ¼ kin� kdeg � Rtot � kint � kdegð Þ

� Rtot= KDþ A1=Vð Þ � A1=V
C ¼ A1=V

A0 ¼ �ka � A0

Scaling of baseline expression
Two different methods of estimating baseline receptor expres-
sion in human were evaluated. The first assumed equivalence
of IL-36R expression between species and gender such that R0

was expected to be comparable between the preclinical female
mice and the FIH male subjects. Therefore, the mouse model-
derived R0 was used in the semi-mechanistic model described
previously, and human PK profiles corresponding to the doses
used in the FIH clinical trial were then simulated. Utilizing
this approach, although Cmax was predicted within 1.5-fold
that observed in human, the AUC0-∞ was substantially under-
predicted (Figures 7 and 8, respectively), indicating that IL-
36R expression in male human was likely substantially lower
than that in female mice.

For the second method, integrating mRNA transcriptome
(CAGE) data, the model-derived mouse R0 was multiplied by
0.013, the ratio of human to mouse IL-36R transcripts
per million (TPM), for a panel of 14 matched, gender-specific,
non-privileged tissues (Figure 9). By integrating the RNA tran-
scriptome data, both Cmax and AUC0-∞ were predicted within
1.5-fold (Table 5). Within the dose range of 0.030–0.300 mg/kg,
exposure of MAB92 increased with increasing dose in a greater
than dose-proportional way. However, exposure increased in an
approximately dose-proportional manner for the doses of

Figure 4. Mean mouse 0.3, 1.5 and 10 mpk i.p. concentration versus time data fitted to a 2-CMT semi-mechanistic TMDD model and corresponding weighted
residuals.

Figure 5. Dedrick transformed mean cynomolgus monkey 10 mg/kg i.v. con-
centration versus time data fitted to a 2-CMT model. Estimates for the fitted
parameters are shown in Table 4.

Table 4. Two-compartment semi-mechanistic model parameters for MAB04
(mouse-specific antibody) and MAB92 (clinical candidate).

Parameter Units
Mouse
mean

Monkey
mean*

Translated human
parameter

R0 nM 0.794 - 0.010
kdeg day−1 1.39 - 1.39
KD nM 0.24 - 0.020
kint day−1 1.39 - 1.39
k12 day−1 0.086 0.0056 0.0089
k21 day−1 0.063 0.0074 0.0110
Vc L 0.000403 3.0 3.0
kel day−1 0.00506 0.0021 0.0021
ka day−1 0.152 - -
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0.300 mg/kg and higher, suggesting saturation of TMDD within
this dose range.

Discussion

Accurate prediction of human PK is critical for effective and
efficient design of FIH clinical trials. Although human PK for
protein therapeutics targeting soluble or low-expression antigens
has been successfully translated from preclinical data using

single-species allometric scaling17–19 or Dedrick-transformed
monkey PK data,17,31 prediction of PK for TMDD-impacted
proteins remains challenging. Some success in overcoming
these challenges has been achieved by incorporation of in vitro-
derived mechanistic parameters into model-based
predictions,32–34 though in these cases assumptions are often
made regarding comparable target expression between preclini-
cal species and human. Since the greatest driver of clearance
nonlinearity for highly expressed and/or cell-associated targets

Figure 7. IL36R is differentially expressed in mouse (female) and human (male). A subset of matched tissues* (non-privileged, gender-specific) were utilized to
compare expression in both species.
*heart, lymph node, bone, colon, lung, ovary/uterus/vagina (female only), penis (male only), pancreas, spleen, submandibular gland, tongue and zone of skin.

Figure 6. Human PK data against simulation results from the semi-mechanistic model assuming comparable expression between mouse and human.
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is typically target density (R0), accurate scaling of this parameter
is critical for human predictions. One approach is to experimen-
tally determine target abundance, but converting arbitrary read-
outs (e.g., light intensity units for flow cytometry) into target
concentration does not necessarily translate correctly.35

Similarly, the total number of cells expressing target is typically
unknown, so estimation of the number of cells carrying the
receptor and the number of receptors per cell may not be
valid.35 Liquid chromatography-mass spectrometry (MS)/MS
determination of total receptor in preclinical studies is techni-
cally feasible, given the identification of a selective, high-affinity,
and tissue-penetrant tracer molecule, but translatability to
human is still lacking, and assumptions of comparable expres-
sion between preclinical species and human may be invalid.

For the prediction of IL-36R TMDD impact and initial expo-
sure in healthy human volunteers, we evaluated two approaches
to translating R0 from mouse to human. As both methods
required accurate characterization of the TMDD impact in
mouse, whole blood microsampling was used to enable a rich
sampling scheme from each individual animal. R0 in mouse was
first estimated by fittingmouse data to a semi-mechanisticmodel
incorporating mouse linear PK parameters derived from
a 2-CMT model fit and binding data derived from MAB04
in vitro studies. For the human semi-mechanistic model, linear
PK parameters in human were estimated by a 2-CMT model fit
of Dedrick-transformed monkey PK data and binding data from
MAB92 in vitro studies were incorporated. In the absence of
comparative species expression data, the first approach to trans-
lating R0 from mouse to human was to assume equivalent R0

between the two species. This approach is frequently used for
translation of TMDD impact from preclinical species to human

despite limitations of low predictivity. Although this method
resulted in a good prediction of human Cmax, AUC0-∞ was
substantially underpredicted at all doses (Figures 7 and 8),
demonstrating the limited utility of this approach. The second
translation approach was to apply the human to mouse RNA
transcriptome ratio for gender- and species-matched organs as
a correction factor to the mouse R0. Organs with expected low
antibody exposure due to restricted access of large polar mole-
cules (e.g., eye, brain, central nervous system (CNS), and testes)
were excluded as exposure to both MAB04 and MAB92 was
expected to be limited in those tissues. This method of R0

estimation successfully predicted both Cmax and AUC0-∞ largely
within 1.5-fold (Table 4).

The plots for the human PK data against simulation results
from the semi-mechanistic model corrected for cross-species
differences in RNA expression between mouse and human are
shown in Figures 10 and 11. A sensitivity analysis within a three-
fold range was conducted for the additional target-related para-
meters (kdeg, kint, and KD). All TMDD-impacted doses were
interrogated, with sensitivity defined as greater than 50% change
from original AUC. In addition to R0, both kdeg and kint (but not
KD) were determined to be sensitive parameters, suggesting that
predictivity of human PK might be further improved with actual
measured data for target internalization and turnover kinetics
(not available for IL-36R). Interestingly, in the case of IL-36R, the
assumption of kdeg being equal to kint appeared to be equally valid
for both species and may be a useful translation approach when
measured values are not available. Although KD was not
a sensitive parameter in this model, measured binding affinity
(e.g., SPR)may still be useful with the caveat that SPRKDmay fail
to match cellular or clinical data generated later in the program.15

Table 5. Predicted versus observed Cmax and AUC0-∞ for MAB92 in human. Using a semi-mechanistic model incorporating target-specific parameters including
a correction for cross-species differences in RNA expression, Cmax and AUC0-∞ for MAB92 in human were predicted largely within 1.5-fold and 1-fold, respectively.

Pred. Obs. Pred./Obs. Pred. Obs. Pred./Obs.

Dose (mg/kg) Cmax (nM) Cmax (nM) Cmax (nM) AUC0-x∞ nM*h AUC0-∞ nM*h AUC0-∞ nM*h

0.03 5 3 2.0 374 381 1.0
0.05 9 7 1.4 1510 2108 0.7
0.1 18 12 1.5 4259 4492 0.9
0.3 54 43 1.3 20,376 20,595 1.0
1 179 131 1.4 84,217 91,297 0.9
3 538 409 1.4 199,440 204,324 1.2
6 1077 1033 1.1 549,062 548,108 0.9
10 1795 1587 1.2 822,862 823,784 1.1

Figure 8. Human PK data against simulation results from the semi-mechanistic model corrected for cross-species differences in RNA expression between mouse and human.
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In cases where TMDD is driven primarily by factors other than
R0 (e.g., kint), the FANTOM5-corrected R0 translation approach
might not improve preclinical to clinical prediction of PK.

One obvious limitation to utilizing tissue mRNA tissue
transcriptome data as a surrogate for expression is the inability
to assess inter-species differences in the extent of the shed and/
or soluble target. For those cases, quantitation of circulating
target in both species and integration of those differences into
R0 corrections would likely be required. Similarly, if the target
is differentially expressed across organs and between species, an
organ-to-body weight ratio correction might be required to
improve the predictivity of TMDD impact and therefore PK
in human. An additional limitation is the fact that, for some
targets, the panel of tissues assessed is not always consistent for
both mouse and adult human. For example, in the case of IL-
36R, although the target is expected to be expressed in skin,
only mouse had TPM values available for that organ. Although
TPM was reported for human fetal skin (< 0.5), assumptions
cannot be made that the same low expression applies in adult
human. Recognition of expression level differences between
normal and healthy target tissues is another contributor to
translational uncertainty.

In spite of the aforementioned limitations, our results demon-
strate the potential utility of a rational, semi-mechanistic approach
to predicting human PK using preclinical data generated with
a surrogate antibody in combination with CAGE-derived mRNA
expression transcriptome data (FANTOM5) and in human
in vitro parameters. Formolecules likeMAB92, which lacks cross-
reactivity in nonhuman primate, and requires a rodent or other
species cross-reactive surrogate molecule for characterization of
TMDD impact and prediction of FIH PK, integration of RNA
transcriptome data may enable improved preclinical to clinical
translation of PK. An additional benefit is the potential reduction
in the use of higher species for preclinical PK characterization
since mouse may provide sufficient data to enable human predic-
tion. However, additional studies are required to validate the
general applicability of this approach.

Materials and methods

Reagents
MAB04 andMAB92were produced by the Boehringer Ingelheim
Research team (Ridgefield, CT).16 MAB92, also known as BI
655130, is a humanized monoclonal IgG1 antibody produced in
Chinese Hamster Ovary (CHO) cells and targeted against human
IL-36R. Both L234 and L235 of the heavy chain were mutated to
alanine to minimize Fc effector function. MAB04 is a rat/mouse
chimeric monoclonal antibody of the IgG2a isotype that is direc-
ted against mouse IL-36R. It utilizes a backbone that has two
mutations in the Fc region (Asp265Ala andAsn297Ala) to reduce
FcγR and complement binding.36 MAB04 is specific tomouse IL-
36R and does not cross-react to human, cynomolgus, mini pig,
rhesus, marmoset, or rat IL-36R-Fc.

Nonclinical pharmacokinetic studies
All procedures were reviewed and approved by the Institutional
Animal Care and Use Committee and conducted in full com-
pliance with the ethical and regulatory principles and local and
national licensing regulations.

Mouse studies
In-life studies were conducted in house. MAB04 was adminis-
tered by intraperitoneal injection to female, C57BL/6mice at 0.3,
1.5, and 10 mg/kg (N = 3 per dose group) to assess potential
TMDD impact and saturability as well as clearance (CL/F) across
a dose range intended to cover the human therapeutic dose.
Blood samples collected via whole blood microsampling
(10 µL) over one and two weeks for the 0.3 mg/kg and higher
dose groups, respectively, were diluted in phosphate-buffered
saline (PBS) and analyzed using an enzyme-linked immunosor-
bent assay (ELISA) to determine free concentrations of MAB04.

Nonhuman primate studies
The in-life studies were conducted at Charles River Laboratory
(Reno, NV). Nine male drug-naive cynomolgus monkeys
(Mauritius origin) weighing 2.3–2.7 kg were each administered
a single intravenous dose of MAB92 at 0.3, 1.5, or 10 mg/kg as
a 10-min constant rate infusion. Serial blood samples were
processed to serum and collected for up to 1008 h (42 d) after
dosing. Because MAB92 does not bind to cynomolgus monkey,
PK characteristics of that molecule address only the catabolic
stability and FcRn recycling properties of the molecule, rather
than full PK evaluation including possible TMDD.

Clinical pharmacokinetic study
Human PK data from a Phase 1, single rising dose study of
MAB92 (NCT02525679) were used to validate the PK predic-
tions based on the models. The FIH dose selection was based on
a MABEL approach using an in vitro IC10 as the target with
predicted exposure based on TMDD saturation (linear) PK. The
PK data were obtained from healthy male volunteers, and the
available data from the 0.03, 0.05, 0.1, 0.3, 1, 3, 6, and 10 mg/kg
intravenous doses were used to verify human PK predictions.
Noncompartmental analyses were utilized to compare the
observed versus predicted Cmax and AUC0-∞. All studies were
conducted in accordance with the ethical standards of the
Declaration of Helsinki.

Bioanalytical assay

MAB04 quantitation in mouse
MAB04 concentration in the mouse whole blood samples was
determined using a protein-capture ELISA. Briefly, recombinant
mouse IL-1 Rrp2/IL-1 R6 (R&D Systems, Minneapolis, MN) was
immobilized onto Nunc MaxiSorp 96-well plates (ThermoFisher,
Waltham,MA). The plateswerewashed and then blockedwith 5%
bovine serum albumin in PBS (w/v). Matrix reference standards,
quality control, and test samples (10 µL whole blood diluted into
90 µL PBS) were transferred to the blocked plates. The plates were
washed again, and horseradish peroxidase (HRP)-conjugated sec-
ondary antibody (Southern Biotech, cat#1080–05) was added. The
plates were washed, and the BioFx (SurModics) substrate TMBW
was added. The plates were allowed to develop at room tempera-
ture, and then, the BioFx liquid stop solution (0.2 M H2SO4) was
added before the plates were analyzed on a SpectraMax (Molecular
Devices) M5 Plate Reader at OD 450 nM. Drug concentrations
were derived from the four-parameter fittingmodel from Softmax
Pro software (Molecular Devices). Equivalent MAB04
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concentration inmouse serumwas derived fromhematocrit factor
(0.45)-corrected whole blood concentration.

MAB92 quantitation in cynomolgus monkeys
Serum concentrations of humanized anti-IL36 monoclonal anti-
bodyMAB92 in cynomolgusmonkey serumweremeasured using
a drug-specific capture ELISA method. Microtiter plates (Nunc
Maxisorp) were coated overnight with hsIL1RL2 (ECD) provided
by the Boehringer Ingelheim reagent group. Plates were washed
with wash buffer (1X PBS with 0.05% Tween 20, Sigma) and
blocked with blocking buffer (5% milk in 1X PBS, Sigma) and
then incubated shaking for 1 h at room temperature. Plates were
washed again, and calibration standards, quality controls, and
monkey serum samples diluted in blocking buffer were added to
the plate and incubated shaking for 1 h at room temperature.
Plates were washed, and HRP-conjugated goat antihuman IgG,
adsorbed againstmonkey (Southern Biotech, cat#2041–05), detec-
tion antibody was added at 1:10,000 dilution and incubated shak-
ing for 1 h at room temperature. Following three plate washes,
bound HRP-conjugate was detected using tetramethylbenzidine
(TMB) substrate. The reaction was stopped with 1 M H2SO4, and
the absorbance was measured using a SpectraMax M3 microplate
reader at 450 and 650 nm dual wavelength. Softmax Pro software
(v5.4) was used for calibration standard curve fitting using a four-
parameter logistics model and back calculation of all unknown
sample concentrations.

MAB92 quantitation in human
The concentration of MAB92 in human plasma (K2EDTA) was
measured using a validated ELISA method utilizing a 96-well
microtiter format. The plate was coated with an anti-MAB92
monoclonal antibody (5C8). Test material (blanks, calibration
standards, QCs, and study samples) was diluted at the minimum
required dilution of 1:20 (5%matrix), added to the 5C8 coated and
blocked microtiter plate, and then incubated for 60 ± 5 min on
a plate shaker at room temperature. After washing the microtiter
plate, anti-MAB92 monoclonal antibody (biotinylated 8H11) was
added and incubated on the plate for an additional 60 ± 5min. The
platewaswashed again, streptavidin-HRPwas added, and then the
mixture was incubated on the plate for an additional 30 ± 5 min.
The plate was washed again, TMB was added to the wells to
generate a chromophore, and the development of color was
stopped by the addition of a stopping solution. The absorbance
at 450 and 650 nmwas measured, and theMAB92 concentrations
were calculated using a four-parameter standard calibration curve.

FANTOM5 RNA transcriptome (mouse and human)
Mouse and human heat maps of FANTOM5 RNA transcriptome
data (0.5 TPM cutoff) were extracted from the European
Bioinformatics Institute (EMBL-EBI) using EBI Search,
a scalable text search engine providing access to the biological
data resources hosted at the EMBL-EBI.37 Transcriptome data
were then exported to excel, and the total TPM for 14 gender-
matched organs was recorded for each species. Organs with
expected low antibody exposure due to restricted access of large
polarmolecules (e.g., eye, brain, CNS, and testes) were excluded as
contributions to TMDD in those organs were expected to be low.

The ratio of human to mouse TPM for IL-36R was 0.013. TPM in
remaining tissues was below the quantitation limit in both species.

Abbreviations

IL-36R interleukin-1 receptor-like 2
IL-1RAcP IL-1 receptor accessory protein
mAb monoclonal antibody
PK pharmacokinetics
Cmax maximum concentration
AUC0-∞ area under the curve from time 0 to infinity
t1/2 terminal half-life
CL clearance
V volume of distribution
FIH First-in-Human
TMDD target-mediated drug disposition
ITE Indirect target engagement
FANTOM Functional Annotation of the Human Genome
CAGE Cap Analysis of Gene Expression.
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