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Improved antibody pharmacokinetics by disruption of contiguous positive surface
potential and charge reduction using alternate human framework

Romain Ollier*, Aline Fuchs”, Florence Gauye, Katarzyna Piorkowska, Sébastien Menant, Monisha Ratnam,
Paolo Montanari, Florence Guilhot, Didier Phillipe, Mickael Audrain, Anne-Laure Egesipe, Damien Névoltris,
Tamara Seredenina, Andrea Pfeifer, Marie Kosco-Vilbois, and Tariq Afroz

Research, AC Immune SA, Lausanne, Switzerland

ABSTRACT

Optimal pharmacokinetic (PK) properties of therapeutic monoclonal antibodies (mAbs) are essential to
achieve the desired pharmacological benefits in patients. To accomplish this, we followed an approach
comprising structure-based mAb charge engineering in conjunction with the use of relevant preclinical
models to screen and select humanized candidates with PK suitable for clinical development. Murine
mAb targeting TDP-43, ACI-5891, was humanized on a framework (VH1-3/VK2-30) selected based on the
highest sequence homology. Since the initial humanized mAb (ACI-5891.1) presented a fast clearance in
non-human primates (NHPs), reiteration of humanization on a less basic human framework (VH1-69-2/
VK2-28) while retaining high sequence homology was performed. The resulting humanized variant, ACI-
5891.9, presented a six-fold reduction in clearance in NHPs resulting in a significant increase in half-life.
The observed reduced clearance of ACI-5891.9 was attributed not only to the overall reduction in
isoelectric point (pl) by 2 units, but importantly to a more even surface potential. These data confirm
the importance and contribution of surface charges to mAb disposition in vivo. Consistent low clearance
of ACI-5891.9 in Tg32 mice, a human FcRn transgenic mouse model, further confirmed its utility for early
assessment and prediction of human PK. These data demonstrate that mAb surface charge is an
important parameter for consideration during the selection and screening of humanized candidates in
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addition to maintaining the other key physiochemical and target binding characteristics.

Introduction

Monoclonal antibodies (mAbs) have emerged as a major class of
therapeutics for a wide range of medical applications. Despite the
establishment of powerful in vitro technologies such as phage
display or the creation of transgenic animals carrying human
immunoglobulin genes, immunization of wildtype (WT) rodents
remains a viable method to generate mAbs against challenging
targets such as misfolded proteins or transmembrane receptors
like G-protein coupled receptors (GPCRs)."* Therefore, mAb
humanization is still required in these cases and humanized
mAbs continue to represent the majority of mAb-based products
currently approved by the regulatory agencies.” The strategy and
science of going from mouse to humanized sequences remain
a cornerstone of the field. The first considerations focus on
maximizing the heavy and light chain sequence identity to the
human antibody repertoire, but the humanization process also
permits further engineering to improve biophysical and physico-
chemical properties such as thermostability, colloidal stability or
charge distribution.*®

Optimal pharmacokinetics (PK) is an important aspect of
the developability profile of a mAb to maximize its therapeutic
benefits and minimize the risks of failure at later stages of

development. The circulating half-life is even more critical to
consider for therapeutic indications such as diseases of the
central nervous system where high doses of mAbs are required
to ensure sufficient exposure within the brain tissue.>® Thus,
developing a mAb with slow clearance is essential to maximize
the needed exposure with the appropriate dosing regimen in
patients. Typically, mAbs exhibit biphasic PK profiles follow-
ing systemic administration. This is characterized by a rapid
distribution phase followed by a slower elimination.'® Slow
clearance and long half-lives of mAbs result from their inter-
action with Fc neonatal receptor (FcRn), which enables the
recycling of mAbs from the endosomal compartment to the
extracellular space.'’ In fact, many studies have successfully
exploited the FcRn recycling mechanism to further extend the
half-life by Fc engineering to increase the binding affinity to
FcRn.'>'? Therefore, transgenic mice expressing the human
FcRn (Tg32), recapitulating better the human FcRn recycling,
are being increasingly used in the early stages of antibody
discovery and development.'* Interestingly, the eventual test-
ing in humans of selected therapeutic mAbs has provided
a better correlation of the PK parameters with those obtained
in Tg32 mice as compared with non-human primates
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(NHP)." This further confirms the utility of these transgenic
mice for human PK prediction using allometric scaling.

Over the past two decades, our understanding of other
factors influencing mAb disposition in vivo has significantly
progressed. For example, fast-clearing mAbs with short half-
lives are often associated with poor developability due to self-
associations, nonspecific binding to extracellular proteins or
uneven charge distribution.'®”'® Therefore, multiple in vitro
assays have been established to de-risk the selection of candi-
dates in order to exclude mAbs with higher risk of sub-optimal
PK.*°** Despite the successful implementation of these
screening assays in discovery workflows, limitations in pre-
dicting in vivo clearance remain, such that, for some candi-
dates, engineering approaches are required to optimize for the
desired PK profile.

To treat neurodegenerative disorders which are chronic,
slow evolving diseases, an optimal PK profile is essential to
allow sustained mAb exposure in the central nervous system
when using immunotherapies. ACI-5891 was identified as an
effective mAb to target TDP-43 in amyotrophic lateral sclero-
sis and frontotemporal dementia, two disorders mediated by
pathological species of TDP-43.>> TDP-43 functions intracel-
lularly, mainly in the nucleus, to regulate gene transcription
and RNA metabolism (e.g., splicing, processing, stability,
translation and transport).”® In the healthy, physiological
state, TDP-43 has a modular structure with the N-terminal
domain taking part in inter-molecular interactions for TDP-43
oligomerization.”” The two RNA recognition motifs confer
nucleic acid binding specificity whereas®® the C-terminal
region of the protein is involved in protein-protein interac-
tions required for its function in RNA processing.”” In disease,
TDP-43 can acts as a ‘prion-like’ protein, misfolding into -
sheet structures that results in the aberrant accumulation with
aggregate formation in the cytoplasm of affected neuron and
glial cells.”® Subsequent cell-to-cell propagation of TDP-43
pathology is mediated by transmission of misfolded seeding
species.”’ > Even though the structural features of extracellu-
lar seeding-competent TDP-43 remain to be deciphered, cap-
ture and clearance of these species by a mAb have been shown
to significantly decrease pathological TDP-43 in animal mod-
els of these diseases.”
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Here, we report engineering of ACI-5891.1, a humanized
IgGl mAb targeting TDP-43 that has an unexpected fast
clearance in NHPs. Investigations into the short half-life of
ACI-5891.1 and its original chimera ACI-5891.5 suggested the
contribution of high positive surface potential in the variable
fragments (Fvs) of the mAb. The original sequence, ACI-
5891.5, was then rehumanized using an engineering approach
focused on reducing positive charges in key areas and aiming
for a more uniform charge distribution. Using in silico model-
ing, we identified a suitable pair of basic frameworks for
complementarity-determining regions (CDR) grafting. This
new scaffold enabled the disruption of positive surface poten-
tial while maintaining high binding affinity to TDP-43 and
a high sequence identity to human germlines, thereby mitigat-
ing the likelihood of immunogenic reactions. The consequent
engineered mAb, ACI-5891.9, demonstrated significant
improvement in PK studies using both Tg32 mice and NHPs,
confirming the utility of Tg32 mice to evaluate difference in
charge variants. Furthermore, the predicted human clearance
was consistent from both species providing a predicted human
half-life of 27 to 30 days for ACI-5891.9. Taken together, the
two non-clinical specie studies confirmed the highly favorable
human PK profile of ACI-5891.9 post engineering to optimize
the charge value and distribution.

Results

Fast clearance of ACI-5891.1, an anti-TDP-43 mAb
humanized on framework VH1-3/VK2-30

To develop a therapeutic mAb targeting pathological TDP-43
in neurodegenerative diseases, a potent murine IgG2a mAb,
ACI-5891, binding an epitope conserved across mouse, NHP
and human in the TDP-43 C-terminal region, was identified by
hybridoma technology.”” In wildtype mice, ACI-5891 demon-
strated a favorable half-life of 14 days in a single intravenous
(IV) administration study at 30mg/kg (Figure Ia,
Supplementary Table S1) allowing assessment of functional
efficacy in the mouse models of disease.”> ACI-5891 was then
humanized by choosing frameworks with the closest sequence
identity to the mouse variable sequence. First, using the ACI-
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Figure 1. Pharmacokinetic profile of ACI-5891 variants in wildtype mice and NHPs. (a) ACI-5891 (mouse IgG2a) free plasma concentration (y-axis) over time (x-axis) in
CD-1 mice after IV injection at 30 mg/kg. Data are depicted as the mean + standard deviation for 3-4 animals/group. (b) Total serum concentration (y-axis) of human
chimeric IgG1 ACI-5891.5 (solid circles) and humanized ACI-5891.1 (solid squares) over time (x-axis) in NHPs after IV bolus injection at 40 mg/kg. Data are depicted as

the mean + standard deviation for 3 animals/group.



5891 mouse Fv, a human IgGl chimeric mAb, ACI-5891.5,
was generated as reference. For humanization, CDRs were
grafted onto the heavy and light chain variable frameworks,
VHI1-3 and VK2-30, respectively, and formatted as a human
IgGl. The resulting humanized variant ACI-5891.1 had 87%
and 88% identity to human VH and VL, respectively (Table 1).
This was achieved while maintaining its high binding affinity
to the target with a Kp of 175 pM as compared with the
parental chimera, ACI-5891.5, that bound with a K, of 328
pM (Table 1). Moreover, the thermostability of ACI-5891.1
was comparable to ACI-5891.5 demonstrated by the measured
melting point (Tm) of the two mAbs (Table 1). However,
a relatively short half-life of 4.6 and 4.0 days was observed for
ACI-5891.1 and ACI-5891.5, respectively, following a single
40 mg/kg IV administration in NHP (Figure 1b, Table 2,
Supplementary Figure Sla-b, Supplementary Table S2).
Intriguingly, this resulted from fast clearance values of 0.497
and 0.716 mL/h/kg, for ACI-5891.1 and ACI-5891.5, respec-
tively, while the volume of distribution was in the expected
range for both mAbs (Table 2).

Investigation of factors contributing to fast clearance of
ACI-5891.1

Following these unexpected findings, different factors impacting
the fast clearance of an mAb were investigated, including FcRn
binding, nonspecific binding, hydrophobicity, glycosylation
profile, target-mediated drug disposition (TMDD) and charge.
Both ACI-5891.1 and ACI-5891.5 demonstrated expected bind-
ing to human and NHP FcRn with fast association and dissocia-
tion kinetics at pH 6.0 and no residual binding at pH 7.4,
suggesting a standard recycling behavior (Figure 2a, Table 1).
In addition, ACI-5891 (murine IgG2a), ACI-5891.5 and ACI-
5891.1 presented affinity ranging from 22-45nM to mouse
FcRn, demonstrating the expected higher affinity of IgGs for
murine FcRn as compared to human FcRn (Table 3) and there-
fore the lack of PK translatability from WT mice to NHP. Next,
the possibility of a potential nonspecific interaction and subse-
quent clearance with abundant negatively charged molecules

Table 1. Properties of ACI-5891 humanized variants.

MABS (&) 3

present in the extracellular matrix such as heparin and insulin
were tested. As compared to the positive and negative mAb
controls, ACI-5891.1 and ACI-5891.5 demonstrated a low non-
specific score suggesting weak interaction with extracellular
matrix components (Figure 2b). In addition, ACI-5891.1
demonstrated a low propensity for self-association, as the struc-
tural analysis of Fv model revealed the absence of large hydro-
phobic surface (Figure 2c), which was also confirmed by the low
viscosity (3.0 cP) and absence of aggregation observed when
concentrated at 120 mg/mL (data not shown). These data sug-
gested that the hydrophobicity of ACI-5891.1 did not contribute
to the observed clearance. Furthermore, for ACI-5891.1, the
glycosylation profile and, more specifically, the high mannose
content were within the expected range for therapeutic mAb
(Table 4) and were unlikely to result in the observed clearance.
Finally, to rule out TMDD, levels and localization of TDP-43
were measured in the blood of naive NHPs. The mean serum
TDP-43 concentration in NHPs was 800 pg/mL (18 pM)
(Supplementary Figure S2a). Even though ACI-5891.1 cross
reacted with both human and cynomolgus monkey TDP-43
with high affinity, the serum concentration of target was 180-
fold lower compared to the mAb concentration in serum at
terminal time point (3.24 nM) in the NHP PK studies, suggest-
ing that TMDD was not the mechanism contributing to the fast
clearance. Moreover, no binding of ACI-5891.1 was observed on
the plasma membrane on any blood cell, i.e., platelets, T cells,
B cells, natural killer (NK) cells, monocytes, and erythrocytes by
flow cytometry (Supplementary Figure S2b). Following permea-
bilization, expected intracellular binding was confirmed in
T cells, B cells, NK cells, and monocytes (Supplementary
Figure S2b). These data further rule out a role for TMDD of
mAb via blood cell surface targeting.

Following evaluation and exclusion of all the above-mentioned
factors influencing mAb clearance, we next hypothesized that the
high positive charge of the chimera, ACI-5891.5, and the huma-
nized variant, ACI-5891.1, may have contributed to the fast clear-
ance observed in NHPs. In fact, the theoretical pI of ACI-5891.1
and ACI-5891.5 Fvs are 8.7 and 8.4, respectively (Table 1). These
values are associated with net charge at pH 5.5 of + 10.1 and +

TDP-43 FcRn affinity at pH 6.0 FcRn affinity at pH 7.4
Antibody Human identity VH/VL (%) Fv pl Fv Charge pH5.5 Tm (°C) Kp (pM) Kp (nM) Kp (nM)
ACI-5891.5 67/81 8.4 +10.0 720 328 505 No Binding
ACI-5891.1 87/88 8.7 +10.1 71.0 175 695 No Binding
ACI-5891.9 88/86 6.9 +4.3 70.6 126 865 No Binding

Fv: Fragment variable, pl: isoelectric point, Tm: melting temperature, DSF: differential scanning fluorimetry, SPR: Surface plasmon resonance.

Table 2. Population PK parameter estimates following single IV administration at 40 mg/kg in NHPs.

Parameters Unit ACI-5891.5 ACI-5891.1 ACI-5891.9
(@] mL/h/kg 0.716 0.497 0.083
Ve mL/kg 346 25.7 233
Q1 mL/h/kg 0.5 0.5 0.4
Vor mL/kg 337 31.2 123
vd mL/kg 68.3 56.9 35.6
Tib days 4.0 46 12.7

Cl:clearance from the central compartment, Vc: volume of the central compartment, Q1: inter-
compartment distribution clearance, Vp1: volume of the peripheral compartment, Vd: total volume
of distribution = sum of Vc and Vp1, T1/2 b: terminal half-life.
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Figure 2. Investigation of factors contributing to fast clearance of ACI-5891.1. (a) Human FcRn (hFcRn) binding of ACI-5891.1 at pH 6.0 (left panel) and pH 7.4 (right
panel). SPR measurement performed using antibody concentrations of 3000 nM, 1000 nM, 333.3 nM, 111.0 nM, and 37.0 nM as depicted. Sensorgrams are shown in
black lines. (b) Non-specific binding of ACI-5891.1 and ACI-5891.5 by heparin and insulin ELISA. Mean signals for both targets are reported as nonspecific binding score.
(c) Surface representation of ACI-5891.1 Fv model colored according to Eisenberg’s scale of hydrophobicity (shown at the bottom of panel c). Intense red indicates the

most hydrophobic residue while white represents the most hydrophilic residue.

Table 3. Affinity of ACI-5891 variants to mouse, human and NHP FcRn.

mFcRn affinity at pH 6.0

hFcRn affinity at pH 6.0 cFcRn affinity at pH 6.0

Antibody Isotype Kp (nM) Kp (nM) Kp (nM)
ACI-5891 Mouse lgG2a 45 N.B. N.B.
ACI-5891.5 Human IgG1 22 505 512
ACI-5891.1 Human IgG1 29 695 749

N.B.: no binding, mFcRn (mouse), hFcRn (human), cFcRn (cynomolgus).

Table 4. Distribution of major glycoforms in ACI-5891.1 and ACI-5891.5.

Glycoform ACI-5891.1 ACI-5891.5
GOF 64.1% 64.6%
GI1F 15.6% 12.6%
G2F 1.4% ND %
GO 4.8% 4.6%
M5 8.2% 5.5%

10.0, respectively (Table 1). More importantly, the analysis of the
electrostatic surface potential of ACI-5891.5 Fv (identical to the
original mouse mAb ACI-5891) molecular model revealed an
uneven charge distribution, with substantial patches of positive
charge resulting from contiguous basic residues from both frame-
work and CDRs (Figure 3a). These observations supported further
engineering focused on charge reduction and especially disruption

of continuous positive surface potential while retaining mAb
potency.

Generation of anti-TDP-43 humanized mAb, ACI-5891.9
with reduced charge using framework VH1-69-2/VK2-28

The original mouse CDRs were then humanized on a new
framework selected for its intrinsic low isoelectric point
value and ability to disrupt clusters of positive charges on
ACI-5891 surface. Amongst VH germlines, VH1-69-2 was
of particular interest because it exhibited a favorable charge
profile with a pI value of 4.3 and net charge of —4.7 while
having a percentage of sequence identity close to 65%
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Figure 3. Electrostatic surface representation of ACI-5891.5 Fv and selection of human framework (a) Electrostatic surface representation of ACI-5891.5 Fv model.
Representation identical to the murine ACI-5891 Fv model. Key framework amino acids contributing to positive charges are indicated with white arrows. Positive
charges are displayed in blue, negative charges in red, and neutral patches in white. Black box indicates light chain residue. (b) List of human VH and VL germlines with
at least 50% sequence identity with original mouse sequences. Tables depict the calculated pl, the net charge at pH 5.5 and the sequence identity with the parental
mouse antibody ACI-5891. Original germlines used for humanization of ACI-5891.1 are framed in blue and germlines selected for their lower charge are framed in red.

(Figure 3b). From the analysis of VL human germlines
amino acid sequences, VK2-40 and VK2-28 presented the
lowest charge values and the best sequence identity to ACI-
5891 VL. When performing the in-silico modeling of ACI-
5891 CDR grafting, only frameworks VH1-69-2 and VK2-
28 could reduce significantly the Fv net charge. Indeed, the
use of VH1-69-2 as human acceptor framework disrupted
a large patch of positive charges by replacing murine posi-
tively charged residues with substitutions K64Q, R82a$ and
K73T (Figure 3a). In addition, the use of germline, VK2-28,
contributed to the charge reduction with substitution K45Q
in the VL framework 2. The net charge of the resulting
humanized mAb, ACI-5891.9, was reduced to + 4.3 and the
Fv theoretical pI decreased to 6.9 (Table 1). Moreover, the
electrostatic surface potential representations (Figure 4)
indicate that the charge reduction was associated with
a more balanced charge distribution across the molecular
surface of ACI-5891.9 compared to ACI-5891.5 and ACI-
5891.1. Importantly, this was achieved while maintaining
the high identity to human VH/VL germlines in addition
to the target binding affinity (Figure 5, Table 1). The stabi-
lity of all three mAbs measured by differential scanning
fluorimetry (DSF) was above 70°C as expected for
a human IgGl. The measured affinity of ACI-5891.9 to
human FcRn at pH 6.0 was comparable to ACI-5891.5
and ACI-5891.1 with no residual binding observed at pH
7.4 (Table 1).

Significant reduction in clearance and increase in half-life
of ACI-5891.9

To assess the impact of charge reduction and the conco-
mitant disruption of positive charge surface in the huma-
nized variant ACI-5891.9, PK studies were first conducted
in Tg32 mice (Figure 6a, Table 5, Supplementary Figure
S3a-c, Supplementary Table S3). The chimeric mAb
together with the two humanized variants ACI-5891.1
and ACI-5891.9 were administered at single doses of 40
mg/kg IV each. ACI-5891.9 had a clearance of 0.183 mL/h/
kg, which was significantly lower than ACI-5891.5 and
ACI-5891.1, with clearances of 0.235mL/h/kg and 0.428
mL/h/kg, respectively. The reduced clearance of ACI-
5891.9 translated in a half-life of 16.4 days while the chi-
mera ACI-5891.5 and the humanized ACI-5891.1 presented
shorter half-life of 9.6 and 10.8 days, respectively. The
volume of distribution of ACI-5891.5 was comparable to
that of ACI-5891.9 but was higher for ACI-5891.1
(Table 5). Therefore, the resulting half-life reflected the
interplay between clearance and volume of distribution.
For ACI-5891.1, a sharp decline in mean PK profile
observed at later time points from 21days post-
administration was potentially attributed to an anti-drug
antibody response in a subset of mice. The sparse sampling
used in the study, where each animal was bled only once
or twice, limits conclusions that could be drawn from such
PK profile. Consistent with data from Tg32 mice, ACI-
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ACI-5891.5
(hlgG1 chimera)

ACI-5891.1
IGHV1-3/
IGKV2-30

ACI-5891.9
IGHV1-69-2/
IGKV2-28

Figure 4. Electrostatic surface representation of ACI-5891 humanized variants. Front, top, and back view of ACI-5891 chimera (ACI-5891.5), and the variants: ACI-5891.1
and ACI-5891.9, humanized using IGHV1-3/IGKV2-30 and IGHV1-69-2/IGKV2-28, respectively. Positive charges are displayed in blue, negative charges in red, and

neutral patches in white. Black boxes indicate light chain residue.

ACI-5891.5

fm—

180
160
140

180
160
140

ACI-5891.1

f—

_— ACI-5891.9

160

120
100
80
60
40
20+

120
100
80
60
40
204

Response Unit (RU)
Response Unit (RU)

140
120
100

=3
=3
1

60
40
20

Response Unit (RU)

T T T T
0 2000 4000 0

Time (s)

1
2000
Time (s)

T
2000
Time (s)

T T
4000 0 4000

Figure 5. Binding kinetics of ACI-5891 variants determined by SPR. Affinity determination of ACI-5891 variants to TDP-43 by SPR in single cycle kinetics at concentration
ranging from 1.2 nM to 100 nM. Analysis was performed using a 1:1 binding model. Gray line depicts the experimental data and black line depicts the data fit to the

model.

5891.9 exhibited a significantly reduced clearance of 0.083
mL/h/kg in NHP, which was more than five times lower
compared to the ACI-5891.1 (0.497 mL/h/kg) (Figure 6b,
Table 2, Supplementary Figure Slc, Supplementary Table
S2). Consequently, the half-life in NHP increased from 4.6
for ACI-5891.1 to 12.7 days for ACI-5891.9 (Table 2).
Taken together, the data from Tg32 mice and NHPs con-
firmed that the observed significant decrease in mAb clear-
ance resulted from the selection of alternate framework
VH1-69-2/VK2-28 that lowered overall charge and dis-
rupted the contiguous positive surface potential of
ACI-5891.

ACI-5891.9 demonstrates predicted human PK suitable for
clinical development

NHPs and Tg32 mice are two relevant preclinical models
that aid in the prediction of mAb clearance in humans.
Using allometric scaling, the predicted mAb clearance in
humans based on the PK data in Tg32 mice and NHPs was
0.195mL/h/kg and 0.256 mL/h/kg for ACI-5891.1 versus
0.082 mL/h/kg and 0.043 mL/h/kg for ACI-5891.9, respec-
tively (Supplementary Table S4). The predicted human
clearance was consistent from both species providing values
within a 2-fold difference. These data resulted in
a predicted human half-life of 27 to 30days for ACI-
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Figure 6. Single-dose pharmacokinetics in Tg32 mice and NHPs. (a) Total antibody serum concentration (y-axis) of ACI-5891.5, ACI-5891.1 and ACI-5891.9 over time
(x-axis) in Tg32 mice after IV bolus injection at 40 mg/kg. Data are depicted as the mean =+ standard deviation for 3 animals/time point, for a total of 21 animals per
group. Empty symbols represent data point for which at least one serum concentration was below the limit of quantification. (b) Total antibody serum concentration
(y-axis) of ACI-5891.5, ACI-5891.1 and ACI-5891.9 over time (x-axis) in NHPs after IV bolus injection at 40 mg/kg. Data are depicted as the mean + standard deviation for
3-4 animals/group. Lower limit of quantification (LLOQ) indicated in dotted line for both graphs.

Table 5. Population PK parameters estimates following single IV administration at 40 mg/kg in Tg32

mice.

Parameters Unit ACI-5891.5 ACI-5891.1 ACI-5891.9
(@] mL/h/kg 0.235 0.428 0.183
Ve mL/kg 18.8 29.3 20.8

Q1 mL/h/kg 2.8 2.4 2.8

Vo mL/kg 55.6 1147 79.0

vd mL/kg 744 144.0 99.8
Tiab days 9.6 10.8 16.4

Cl:clearance from the central compartment, Vc: volume of the central compartment, Q1: inter-
compartment distribution clearance, Vp1: volume of the peripheral compartment, Vd: total volume
of distribution = sum of Vc and Vp1, T1/2 b: terminal half-life.

5891.9 versus 17 to 22days for ACI-5891.1, respectively,
and confirming the highly favorable human PK profile of
ACI-5891.9.

Discussion

In this report, we present our approach to generate and select
a humanized mAb targeting TDP-43 with desired potency and
exposure in vivo. These data demonstrate the relevance of our
humanization process to optimize mAb surface charge that
significantly ameliorated the mAb PK profile in vivo. This was
achieved by selection of an appropriate human framework
based on sequence identity and physicochemical properties
to minimize the risks of immunogenicity in humans. Finally,
considering the limitations of the current in vitro assays to de-

risk the selection of candidates with sub-optimal PK, the Tg32
mice appears to be a suitable model for both NHP and human
PK predictions.

The observed clearance in NHPs for ACI-5891.1 (0.497
mL/h/kg) and ACI-5891.5 (0.716 mL/h/kg) was 2-3-fold
higher than the reported range of 0.24-0.30 mL/h/kg (95%
confidence interval) based on a population PK analysis of
mAbs in NHPs.** Several lines of evidence suggested that
there was a minimal contribution of TMDD to fast clear-
ance. Firstly, even though TDP-43 could be measured in
healthy NHP and human plasma,’ the levels were very
low compared to the antibody levels measured in the PK
studies. Moreover, being mainly an intracellular protein, this
pool of soluble TDP-43 most likely represented cell turn-
over. Finally, ACI-5891.9 binding with high affinity to
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human and NHP TDP-43 (similar to ACI-5891.1) showed
low clearance, demonstrating lack of TMDD as a major
contributor to clearance mechanism. Surprisingly, none of
the previously reported in vitro assays predicted fast clear-
ance for ACI-5891.1, suggesting inherent limitations in their
versatility to identify and de-risk the selection of sub-
optimal candidates. Reiteration of humanization using
a less basic framework while preserving sequence identity
confirmed the contribution of positive surface potential to
the fast clearance of ACI-5891.1 and ACI-5891.5, suggesting
that charge-mediated interactions are not well detected in
available in vitro assays to assess characteristics influencing
nonspecific clearance.

The change of humanization framework from VHI-3/
VK2-30 to a less basic VH1-69-2/VK2-28 resulted in
a reduction of overall charge as well as an intended disrup-
tion to the large positive surface potential. The framework
residues, K64, R82a, K73 (in the heavy chain) and K45 (in
the light chain), comprised a contiguous positive surface
potential in ACI-5891.5 Fv. Even though this positive sur-
face was partially reduced in ACI-5891.1 (R82aS, K73T),
basic framework residues such as R44 (in the heavy chain)
compensated to retain the high positive charge and created
new positive surface potential. Strikingly, by using germlines,
VH1-69-2/VK2-28, less basic framework residues such as
Q64, G44 and Q45 were introduced to completely disrupt
the large positive surface potential. This charge removal was
achieved with minimal changes in the framework region,
thus reducing the risk of immunogenic epitopes by preser-
ving natural sequences of human germlines. ACI-5891.9
frameworks have 100% identity with VH1-69-2 while three
back-mutations were introduced in VK2-28 to preserve
binding affinity to TDP-43. Moreover, this change resulted
in a significant reduction of charge by 5.8 units in ACI-
5891.9 that translated in a six-fold reduction of clearance in
NHPs as compared with ACI-5891.1 (Table 2). In fact, the
measured clearance of ACI-5891.9 (0.083 mL/h/kg) was even
lower than the typical clearance of 0.24-0.30 mL/h/kg
reported by Betts et al. ** Our data are consistent with the
hypothesis that mAbs with Fv net charge superior to + 6.2
(at pH 5.5) have higher risk of fast nonspecific clearance in
NHPs.”> These data demonstrate that for ACI-5891, the
change of the Fv charge from +10.1 to +4.3 was sufficient
to see a significant decrease in mAb clearance in vivo even
though it is difficult to infer the relative contributions of
charge distribution vs. total net charge in reducing clearance.

These data emphasize that while sequence identity, stability
and expression are parameters generally considered for select-
ing human acceptor frameworks, charge should be equally
evaluated during this selection. Therapeutic antibodies with
high positive charges have been shown to be more susceptible
to interact with the negatively charged extracellular matrix and
cell membrane, and consequently more likely to be cleared via
pinocytosis.’>*” While the correlation between charge and
clearance has been demonstrated for a given mAb, studies
performed on a larger and more diverse set of mAbs suggested
otherwise, illustrating a complex relationship.***® Several
studies have even highlighted the limitations of charge reduc-
tion on mAD disposition, and the principles could not be

universally applied.” Recently, Liu et al.*® observed a “U”-
shaped relationship between nonspecific clearance and mAb
charges, claiming an increased clearance at both very high and
low charges, suggesting only a narrow optimal charge range in
which, interestingly, ACI-5891.9 would fall. Therefore, the use
of an appropriate rodent model recapitulating good inter-
species translatability is essential for screening charge variants
prior to evaluation in NHP. The PK data generated with the
original murine IgG2a antibody demonstrated the lack of pre-
dictability for the fast clearance observed with the chimeric
antibody in NHP or Tg32 mice. This can be explained by the
differences in affinity of antibodies for FcRn across species.
While the recycling mechanism is similar across species,
human and rodent antibodies have a high affinity to rodent
FcRn as compared with that of NHPs and human, leading to
poor PK translatability from WT mice.*>*"' In this study, Tg32
mice were confirmed as a suitable model that could be used to
screen and exclude mAbs with a risk of poor PK profile prior
to testing in NHPs as both species efficiently discriminated
between the different ACI-5891 charge variants. Our data
confirmed that the human PK predicted for ACI-5891.9 was
consistent when scaled from both Tg32 mice and NHPs and
significantly better than the one obtained for ACI-5891.1
(Supplementary Table S4).

Together, these data confirm that charge engineering can
substantially improve the developability of a clinical candidate.
Furthermore, our comparative studies demonstrate the utility
of Tg32 mice to investigate the effect of charge engineering on
mAb PK, offering alternatives to using studies with primates to
achieve the same goal.

Material and methods
Antibody production and purification

The Fv domain of ACI-5891 was discovered by hybridoma
technology, from mice immunized using the SupraAntigen®
vaccine technology.”> VH and VL domains of ACI-5891 var-
iants were cloned into mammalian expression vectors contain-
ing the human kappa constant domain and the human IgGl
constant domain, respectively. Chinese hamster ovary cells
were transiently transfected with equimolar quantities of
heavy and light chain vectors. Antibodies were purified from
supernatants by protein A chromatography (Cytiva, cat#
17543803). The identity and purity of the purified antibodies
were confirmed using native and reduced SDS-PAGE.
Concentrations of antibodies were measured using the
NanoDrop Spectrophotometer (Thermo Fisher Scientific).

Humanization of murine ACI-5891

The murine ACI-5891 was humanized by CDR grafting.
CDRs were identified according to the Kabat nomenclature.
First, structural models of Fv domains were generated using
the AbodyBuilder pipeline and the APBS program used to
calculate the electrostatic potential which was then rendered
in Pymol (Schrodinger).** Hydrophobicity of ACI-5891 was
analyzed using the surface representation of ACI-5891 mole-
cular model colored according to the Eisenberg scale of



hydrophobicity scale.*” The theoretical pI and charge of Fv
domains were determined using the prediction server
Isoelectric Point Calculator 2.0,* reporting the average pre-
dicted pI and net charge at pH5.5. Human heavy and light
chain framework sequences were identified from the IMGT
antibody database based on sequence identity. Theoretical pI
of individual VH and VL germline were calculated as pre-
viously described. Murine CDRs of ACI-5891 VH and VL
were grafted onto selected frameworks VH1-3/VK2-30 and
VHI1-69-2/VK2-28 to generate ACI-5891.1 and ACI-5891.9,
respectively. Back-mutations were introduced at critical fra-
mework residues known to influence CDR conformation
and based on the molecular model of ACI-5891 Fv
domains.*

Binding affinity measurement by surface plasmon
resonance

Affinity measurement to human FcRn

Binding affinities of ACI-5891 variants to human FcRn
(hFcRn) were measured at pH 6.0 and pH 7.4 by surface
plasmon resonance (SPR) using a Biacore 8K instrument
(Cytiva). Biotinylated hFcRn (AcroBiosystems, cat # FCM-
H82W4) was immobilized on flow-cell 2 (fc2) of flow-
channels 1 to 8 of a streptavidin (SA) sensor chip (Cytiva,
cat# BR-1005-31) to reach a final surface density of approx-
imatively 150 RU. For K, determination, recombinant mAbs
diluted in the matching running buffer (either PBS-P+ pH 6.0
or PBS-P+ pH 7.4) were flowed over the immobilized hFcRn at
five different concentrations ranging from 3000 nM to 37 nM
from a three-fold serial dilution. Kinetic measurements were
performed with a contact time of 120 s and a dissociation time
of 120 s at a flow rate of 30 uL/min. Regeneration was per-
formed using two consecutive injections of PBS-P+ pH 7.4 for
30 s. Sensorgrams obtained from multi-cycle kinetics were
double-referenced using the blank fcl and blank injections
and analyzed with a steady-state affinity model using the
Biacore Insight evaluation software.

Affinity measurements to human TDP-43

Target binding affinities were performed on a Biacore 8K
instrument (Cytiva). Recombinant human TDP-43
N-terminally fused to a SUMO tag (Selvita) was immobilized
on flow-cells 1 and 2 of channels 1 to 8 of a CM5 sensor chip
(Cytiva, cat# BR100530) to reach 300 to 400 RU on all eight
channels. Increasing concentration of recombinant mAbs ran-
ging from 1.2 to 100 nM prepared from a three-fold serial
dilution in running buffer were injected in single-cycle kinetics
on fcl and fc2. Kinetic measurements were performed with
a contact time of 300 s and a dissociation time of 3600 s at
a flow rate of 30 uL/min. Regeneration was performed using
two consecutive injections of 10 mM glycine-HCI pH 1.7, at
a flow rate of 30 uL/min for 30 s. Results obtained from single-
cycle kinetics were double-referenced using the blank fcl and
evaluated the Biacore Insight evaluation software.
Sensorgrams were analyzed using the 1:1 binding fit model
with variable reflective index and global Rmax parameters.
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Thermostability measurement by DSF

The melting temperatures (Tm) were determined using
a QuantStudio™ 3 Real-Time PCR System (Thermo Fisher
Scientific). Measurements were performed by mixing 5 ug of
antibody diluted in protein thermal shift assay buffer (Thermo
Fisher Scientific, cat#4461146) with 2 pL of 5xProtein Thermal
Shift Dye (Thermo Fisher Scientific, cat#4461146) in a final
volume of 20 pL/well. The plate was scanned from 25°C to
100°C at a rate of 0.05°C/s. The first Tm was assigned using the
first derivative of the raw data calculated with the protein
thermal shift analysis software (Thermo Fisher Scientific).

Glycosylation profile

Recombinant antibodies were analyzed by quick N-glycan
method to detect the proportion of N glycan forms. Samples
were reduced using 20 mM dithiothreitol (DTT) and incu-
bated for 30 min at room temperature (RT). The resulting
preparation was separated on reverse-phase column (Agilent,
cat# PL1912-1502) using an elution gradient of buffer A (0.1%
trifluoroacetic acid (TFA) in water) and buffer B (0.1% TFA in
acetonitrile), liquid chromatography - mass spectrometry
(LC-MS) analysis was performed on a Q-TOF mass spectro-
meter (Agilent)

Data deconvolution was performed using the Agilent bio-
confirm software and each N-glycan type was manually deter-
mined by matching the measured mass to the theoretical mass.
The relative abundance of glycan forms was calculated by
dividing the intensity of each peak to the total peak intensity.

Determination of monomer content by SE-HPLC

For size exclusion - HPLC (SE-HPLC) analysis, 15 uL of sam-
ple was injected on a TSK gel G3000 SWXL (Merck, cat#
808541) using a HPLC system (Waters, 2695 separation mod-
ule). Samples were run in 1x PBS at 1 mL/min and 30°C.
Elution was monitored at 280 nm using a UV detector
(Waters, 2998 Photodiode Array Detector). Data were ana-
lyzed using Empower 3 software and expressed as percent of
peak area over total area.

Insulin and heparin ELISA

The nonspecific binding of humanized variants was tested in
ELISA, adapted from assays described previously,'”** using
insulin and heparin as coating agent. Briefly, insulin (Sigma-
Aldrich, cat# 19278) at 5 pg/mL and heparin (Sigma-Aldrich,
cat# H3149) at 10 pug/mL were coated onto ELISA plates
(Thermo Fisher Scientific, cat#442404) at 50 uL/well overnight
at 4°C or RT, respectively. Wells were blocked with 150 uL of
PBS containing 0.5% bovine serum albumin (BSA) for 1h at
RT. Plates were washed three times with PBS buffer containing
0.1% Tween 20, and 50 puL of recombinant antibodies diluted
to 100 nM in PBS containing 0.5% BSA were added to each
well in triplicate. A blank control with no antibody was
included for background normalization. Positive and negative
control human IgG1 antibodies, previously described in Jain
et al.,*® were included for reference. After 1 h incubation at RT,
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plates were washed as described above. Bound antibodies were
detected with 50 pL/well of an anti-human IgG conjugated to
horseradish peroxidase (Abcam, cat# ab98624) diluted to 1/
10,000 in PBS with 0.1% Tween 20. Plates were incubated for
30 min at RT and washed as described above. Finally, 50 pL of
TMB substrate (BD Biosciences, cat# 555214) was added to
each well and incubated for 10-15min. Reactions were
stopped by adding 50 uL of 2 M HCI to each well. The absor-
bance was read at 450 nm and the binding score to individual
antigen determined by normalizing absorbance with control
wells without test antibody. The reported nonspecific binding
score is the average of individual scores.

Pharmacokinetic study in wildtype mice

The in vivo study was approved by the Institutional Animal
Care and Use Committee (IACUC) of WuXi AppTec and
performed in an accredited animal facility. Nine female CD-1
mice (age: 6-8 weeks) were used in this study. Animals were
purchased from Hilltop Lab Animals, Inc. Free plasma con-
centrations of ACI-5891 were determined after single intrave-
nous administrations at 30 mg/kg of ACI-5891. Plasma was
collected in each animal from the tail vein on five occasions.
Plasma samples were collected from 3 mice per time-point
after dose administration at the following time-points: 0.05 h,
0.25h, 0.5h, 1h, 2h, 6h, 24 h, 72 h and day 7, day 14, day 21
and day 28.

Pharmacokinetic study in non-human primates

The in vivo study was approved by the IACUC of WuXi
AppTec and performed in an animal facility accredited by
the provincial animal management office. Male cynomolgus
monkeys >2 years old, weighing >2 kg, were purchased from
Hainan Jingang Laboratory Animal Co. Ltd. All tested anti-
bodies were administered by single IV bolus injection at 40
mg/kg (n =4 animals per dose group and per antibody). Serum
was collected in each animal at the following timepoints: pre-
dose,0.05h,1h,2h,4h,8h,16h,24h,48h, day 7, day 14, day
21, day 28, day 35, day 42, day 48, day 56.

Determination of human antibody concentration in NHP
serum

The total concentration of human antibody in cynomolgus
monkey serum was determined by ELISA. A biotinylated
mouse polyclonal anti-human Kappa chain antibody
(Southern Biotech, cat#SBA-2064-08) diluted to 1.5 pug/ml in
PBS with 0.05% Tween 20 was captured onto a streptavidin
coated microplate (Microcoat Biotechnologie GmbH, cat#
604500) for 1h at RT. Plates were washed four times with
PBS with 0.05% Tween 20 and blocked with 100 pl of PBS
with 1% BSA and 0.05% Tween 20 (dilution buffer) for 1 h at
RT. Standard curves prepared from a two-fold serial dilution
starting at 50 ng/mL and test samples diluted in 1:100 in
dilution buffer supplemented with 1% cynomolgus monkey
serum (Neo-Biotech) were loaded to the plates, incubated for

90 min at RT, and washed as previously described. Bound
human antibodies were detected with an anti-human Kappa
chain antibody conjugated to horseradish peroxidase
(Southern Biotech, cat# SBA-9230-05) diluted to 4.0 ng/ml in
dilution buffer. Plates were incubated for 30 min at RT and
washed as previously described. Finally, TMB substrate
(SeraCare, cat# 5120-0081) was added to each well and incu-
bated for 10-15 min. Reactions were stopped by adding 100 puL
of Stop solution (Bethyl, cat#E115) to each well. Absorbance
was read at 450 nm with a reference wavelength at 690 nm
using a Biotek microplate reader. Concentrations of all serum
samples were back-calculated against a reference standard
using a non-linear 4-parameter regression fit including a 1/
y2 weighting.

Quantification of TDP-43 in NHP serum

TDP-43 levels in cynomolgus monkey serum were determined
by immunoassay based on single molecule array (SIMOA®)
technology using AC Immune’s proprietary anti-TDP-43
mADbDs. For capture, an AC Immune proprietary murine anti-
human TDP-43 mAb was conjugated with Quanterix para-
magnetic carboxylated beads according to the manufacturer’s
instructions. Briefly, beads were washed and activated with ice-
cold 1-ethyl-3-[3-dimethylaminopropyl]carbodiimide] for 30
minutes at 4°C. Activated beads were incubated with the
murine antibody in PBS 1x (0.2 mg/mL) for two hours at
4°C with shaking. The beads were washed several times and
blocked with Quanterix bead blocking buffer according to the
manufacturer’s instructions. A final heat treatment step was
performed to improve the stability of the beads by incubating
the beads at 37°C for 18 hours with shaking. For detection,
TDP-43 mAb ACI-5891 (murine IgG2a) was biotinylated
using the Thermo Fisher Scientific EZ-Link NHS-PEG4
Biotin Kit. According to the manufacturer’s instructions, 6
uL of biotin solution was used for 0.2 mg of antibody. Several
steps of buffer exchange and purification in PBS 1x were
performed using the Amicon Ultra-0.5 Centrifugal Filter
Unit. For the assay, a Simoa® microplate shaker from
Quanterix was used with constant shaking at 800 rpm accord-
ing to the manufacturer’s instructions. Briefly, a 96-well plate
(96-Well Polypropylene Microplates, 249944, Thermo Fisher
Scientific) was loaded with 100 pL of diluted serum (1/10) and
25 uL of antibody conjugated beads (0.02x109 beads/mL final
concentration). After incubation of this mixture for 30 min-
utes, the plate was washed and 100 pL of 0.3 ug/mL biotiny-
lated ACI-5891 was added to the wells and incubated for 10
minutes. Streptavidin-p-galactosidase (SBG) diluted to 150 pM
in SBG diluent was then added and incubated for 10 minutes.
The beads were then resuspended in a resorufin-f-
D-galactopyranoside substrate, transferred to the Simoa® disc
and the fluorescence signal measured. Data were calculated
using SR-X software to obtain raw data expressed as average
enzyme per bead (AEB). Samples were tested in duplicate. The
calibration curve was generated using recombinant human
TDP-43 N-terminally fused to a SUMO tag (Selvita) diluted
to a concentration range of 0.98 to 4,000 pg/mL.



Measurement of TDP-43 expression in NHP peripheral
whole blood

Fresh whole blood from naive NHPs in K,EDTA anticoagulant
were used and a combination of monoclonal antibodies to
detect T, B and NK cells, erythrocytes, monocytes and platelets
was used for immunophenotyping (Supplementary Table S5).
Intracellular staining for TDP-43 was performed after deter-
gent-based permeabilization, whereas extracellular staining
was performed directly on live, non-permeabilized cells.
ACI-5891.1 was labeled with Alexa Fluor 647 dye.
A secondary fluorescent antibody AF647 was used as
a control. This condition was defined as fluorescence minus
one (FMO) and was used to determine the background level of
fluorescence for all given markers within the panel for normal-
ization. The percentages of each cell population measured
using the full panel and the FMO samples were compared.
Sample acquisition was performed using an 8-color (triple
laser) BD FACSCanto II cytometer running BD FACSDiva
software (version 6.1 BD Biosciences). To correct for the
spectral overlap of the fluorochromes in the analysis, a series
of monochromatic compensation samples were prepared and
analyzed using beads. The spectral overlaps generated in each
detector for these samples were automatically calculated by the
instrument software and used to generate a compensation
matrix for the analysis. The final settings (voltages and com-
pensation matrix) were applied to all sample analysis protocols
and panels. This compensation procedure was performed on
each analysis occasion.

Pharmacokinetic study in Tg32 mice

The in vivo study was approved by the project license holder
under the UK home office project license No. PPL PP9376768
and conducted in a facility approved by the UK home office
(Establishment License X5CB0078). For each antibody, 21
male hFcRn Tg32 homozygous transgenic mice were used
(Jackson Laboratory, Strain #:014565). Animals were housed
and maintained according to the procedures established by
Charles River Laboratories, Edinburgh Ltd. Test articles were
administered by single IV bolus in saphenous vein at 40 mg/kg.
Animals were sparse sampled. Serum was collected from each
animal on a maximum of two occasions. Three serum samples
were obtained at each timepoint at the following time points:
0.083h, 0.25h, 2h, 8h, 24h, 72h and day 7, day 14, day
21, day 28, day 35, day 42.

Determination of human antibody concentration in Tg32
mice serum

The total concentration of human antibody in mouse serum
was determined by ELISA. A biotinylated mouse monoclonal
anti-human IgG (Abcam, cat#256120) diluted to 0.75 pug/mL in
PBS containing 0.05% Tween 20 was captured onto
a streptavidin coated microplate (Microcoat Biotechnologie,
cat# 604500) for 1h at RT. Plates were washed four times
with PBS containing 0.05% Tween 20 and blocked with 100
uL of PBS containing 1% BSA and 0.05% Tween 20 (dilution
buffer) for 1h at RT. Standard curves prepared from a two-fold
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serial dilution starting at 22 ng/mL and test samples diluted
1:100 in dilution buffer supplemented with 1% mouse serum
(BioIVT) were loaded to the plates, incubated for 90 min at RT
and washed as previously described. Bound human antibodies
were detected using an anti-human Kappa chain antibody con-
jugated to horseradish peroxidase (Southern Biotech, cat# SBA-
9230-05) diluted to 3.2ng/mL in dilution buffer. Plates were
incubated for 30 min at RT and washed as described above.
Finally, TMB substrate (SeraCare) was added to each well and
incubated for 10-15 min. Reactions were stopped by adding
Stop solution (Bethyl) to each well. Absorbance was read at
450 nm with a reference wavelength at 690 nm using a Biotek
microplate reader. Concentrations of all serum samples were
back-calculated against a reference standard using a non-linear
4-parameter regression fit including a 1/y2 weighting.

Pharmacokinetic data analysis

Plasma concentration-time profiles were used to determine PK
parameters and half-life in CD-1 mice using non-
compartmental analysis (Phoenix WinNonlin, version 6.3;
Pharsight Corporation). For Tg32 mice and NHPs, PK para-
meters were estimated by non-linear mixed effect (NLME)
modeling. A 2-compartmental model with linear elimination
from central compartment was systematically assessed. NHP
with confirmed anti-drug antibody were excluded from PK
analysis (1 animal for ACI-5891.1 and 1 animal for ACI-
5891.5). In Tg32 mice study, concentration at time points
showing potential sign of anti-drug antibody response for
ACI-5891.1 and ACI5891.5 (unexpected concentration drop
in some animals from 504 h) were excluded from PK analysis.
Only the linear portion of the PK profile was used to assess
clearance for 5891.1. In the final model, omegas were fixed to
0.1 for all PK parameters, to enable the use of Stochastic
Approximation Expectation Maximization (SAEM) algorithm,
except ACI-5891.1 in NHP where omega was identifiable on
CL and Vpl.

PK parameters are reported as typical population PK para-
meters and the terminal half-life is derived from it. To evaluate
the final PK models, visual predictive checks were performed
by simulations based on the final PK estimates using 1000
individuals. Mean prediction concentrations with their 95%
percentile interval are plotted and compared with observed
data (see Supplementary Figures S1, 3). The population PK
parameters describing the PK in Tg32 mice and NHPs for each
tested antibody were scaled by allometric scaling using single
species fixed exponent from Tg32 mice and NHPs to predict
human PK parameters. Exponent estimated by Betts et al.**
were used for the prediction of human linear PK of mAbs.
Data preparation, exploration and model pre- and post-
processing was performed with Rstudio (3.6.3) and the
R package IQRtools (1.8.0, IntiQuan). Parameters for NLME
models were estimated using Monolix (2019R1, Lixoft).

Acknowledgments

We thank Drs Anita Hamilton and Tim D. Jones for their expert advice
during the humanization of ACI-5891.



12 (&) R OLLIERETAL.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This study was funded by AC Immune SA.

Abbreviations

CDR Complementarity-determining regions
Cl Clearance from the central compartment
DSF Differential scanning fluorimetry
ELISA Enzyme-Linked Immunosorbent Assay
Fc Fragment crystallizable

fc flow cell

FcRn Fc neonatal receptor

hFcRn Human Fc neonatal receptor

Fv Fragment variable

GPCR G-protein coupled receptors

IgG Immunoglobulin

v Intravenous

LLOQ Lower limit of quantification

mAb Monoclonal antibodies

NHP Non-human primates

NK Natural killer

pl Isoelectric point

PK Pharmacokinetic

Q1 Inter-compartment distribution clearance
RU Response unit

SPR Surface plasmon resonance

T Terminal half-life

TDP-43  TAR DNA-binding protein 43

Tm Melting temperature

TMDD  Target mediated drug disposition

V. Volume of the central compartment
VH Variable Heavy chain

VL Variable Light chain

Vo Volume of the peripheral compartment
WT Wildtype
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