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ABSTRACT

To combat the COVID-19 pandemic, potential therapies have been developed and moved into clinical
trials at an unprecedented pace. Some of the most promising therapies are neutralizing antibodies against
SARS-CoV-2. In order to maximize the therapeutic effectiveness of such neutralizing antibodies, Fc
engineering to modulate effector functions and to extend half-life is desirable. However, it is critical
that Fc engineering does not negatively impact the developability properties of the antibodies, as these
properties play a key role in ensuring rapid development, successful manufacturing, and improved overall
chances of clinical success. In this study, we describe the biophysical characterization of a panel of Fc
engineered (“TM-YTE”) SARS-CoV-2 neutralizing antibodies, the same Fc modifications as those found in
AstraZeneca’s Evusheld (AZD7442; tixagevimab and cilgavimab), in which the TM modification (L234F/
L235E/P331S) reduce binding to FcyR and C1q and the YTE modification (M252Y/S254T/T256E) extends
serum half-life. We have previously shown that combining both the TM and YTE Fc modifications can
reduce the thermal stability of the CH2 domain and possibly lead to developability challenges. Here we
show, using a diverse panel of TM-YTE SARS-CoV-2 neutralizing antibodies, that despite lowering the
thermal stability of the Fc CH2 domain, the TM-YTE platform does not have any inherent developability
liabilities and shows an in vivo pharmacokinetic profile in human FcRn transgenic mice similar to the well-
characterized YTE platform. The TM-YTE is therefore a developable, effector function reduced, half-life
extended antibody platform.
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I .
ntroduction of the N297 glycan,® and IgG4P.” The third category of Fc

Fc engineering is increasingly used to customize effector func-
tions or half-life of antibody therapeutics. Fc engineering mod-
ifications cluster into three main categories: 1) effector function
enhancing, 2) effector function silencing, and 3) serum half-life
extending. Effector function enhancing modifications are
added when improved antibody-mediated cell killing or
enhanced immune cell activation via FcyR binding is required
(examples of effector function enhancing modifications are
afucosylation," DLE,” GAALIE, and others listed Wilkinson
et al).” Effector function silencing modifications are added
when the antigen-binding activity is the only desired mechan-
ism of action (MOA). Examples of this include binding and
activating an effector cell, as in some immuno-oncology
instances,* or avoiding antibody-dependent enhancement of
disease (ADE) in certain viral infections.” Some commonly
used “Fc-silenced” formats are the TM modification (L234F/
L235E/P331S),° LALA-PG (L234A/L235A/P329G),” removal

engineering is used for in vivo serum persistence, which can
be achieved by increasing the recycling of an antibody out of
the cell and back into the serum through pH-dependent FcRn
binding enhancement. To effectively increase the antibody
half-life, it is necessary to increase the binding to FcRn at pH
6, while not affecting (or weakening) the binding at pH 7.'°
Examples of half-life extending modifications are the YTE
modification (M252Y/S254T/T256E),'" N3Y (L432C/H433S/
N434Y/H435H/Y436L/T437C),'° DHS  (L309D/Q311H/
N434S),'? and others listed in Kuo et al."?

While Fc engineering allows the biological activity of ther-
apeutic antibodies to be tailored for specific MOAs and serum
half-life, introducing modifications into the Fc region can affect
the overall biophysical characteristics of these molecules,"*"
which in turn affects their developability profile. The develop-
ability profile of an antibody encompasses multiple properties,
including expression titers, propensity for aggregation, solubility
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and viscosity, thermal stability, nonspecific binding (NSB),
reversible self-association (RSA), storage and photostability,
post-translational modifications (PTMs), and pharmacokinetic
(PK) properties.'®'” All of these properties can substantially
impact the length and complexity of the chemistry, manufactur-
ing, and control (CMC) development and therefore affect the
overall chances of clinical success. Jain et al. first showed
a negative correlation between the number of developability
flags and success in the clinic.'® A subsequent analysis of their
results also showed that high antibody specificity and the
absence of NSB and RSA are more prevalent in approved anti-
body therapeutics compared with investigational antibodies (i.e.,
those still in clinical trials).'® Self-interactions can lead to low
solubility, aggregation, and high viscosity during antibody
production,'”* while nonspecific binding can lead to off-target
binding and fast clearance in vivo.2*? PTMs, such as oxidation,
deamidation, and isomerization, can have multiple effects on an
antibody. If found in the complementarity-determining regions
(CDRs), these modifications can affect binding affinity.'” In the
Fc, oxidation of methionine residues (Met-252 and Met-428) can
cause aggregation,” decrease effector functions,”* and decrease
binding to FcRn, and therefore affect molecule half-life.>> These
studies, along with accrued experience with the impact of devel-
opability issues on CMC activities, have led to an increased
emphasis on the developability of molecules moving forward
into the clinic.

Despite the resounding success of authorized vaccines
against SARS-CoV-2, neutralizing antibodies present
a promising complementary approach to protect against infec-
tion or prevent disease worsening, especially in immune-
compromised individuals who cannot generate a protective
immune response. The unprecedented need and urgency
caused by this pandemic require neutralizing antibodies, and
other therapeutics, to be brought to the clinic faster than ever
before. To meet such accelerated timelines, the selected anti-
body format for SARS-CoV-2 neutralizing antibodies must
have desirable developability profiles. AstraZeneca’s Evusheld
(AZD7442) is a combination of two SARS-CoV-2 neutralizing
antibodies (tixagevimab and cilgavimab) recently granted mar-
keting authorization for prophylaxis of SARS-CoV-2 in
immune-compromised individuals in the UK, EU, and
Canada and emergency use authorization (EUA) in the
US.*?! The two neutralizing antibodies in Evusheld
(AZD7442) each contain two distinct Fc modifications: 1) the
YTE modification for increased in vivo half-life, and 2) the TM
modification for decreased binding to FcyRs and Clq. The
combination of these two sets of Fc modifications is designed
to increase the in vivo half-life of the virus-neutralizing anti-
bodies, and to reduce the concern surrounding ADE, which is
mediated by antibody:FcyR interactions, respectively.
However, some potential concerns were raised regarding
developability, as previous analyses of TM-YTE antibodies
showed decreased thermostability of the Fc CH2 domain,
reducing the T,,1 of the TM-YTE CH2 from 70.1°C to 58.1°C
as measured by differential scanning calorimetry (DSC).***
One of these studies also showed a slight increase in aggrega-
tion propensity, self-association, and a lower apparent solubi-
lity compared to its wild type (WT) Fc counterpart. However,

that study compared a single variable fragment (Fv) on multi-
ple Fc engineered backbones.

Here, we profiled the biophysical characteristics of a diverse
panel of SARS-CoV-2-binding Fvs in the TM-YTE format, pro-
viding an in-depth look at the developability profile of the TM-
YTE platform. Our study shows that the TM-YTE platform,
despite having a lower CH2 T,,1, does not show a propensity
for aggregation, does not affect NSB, and is compatible with high
concentration protein formulation (HCPF). In addition, the
TM-YTE backbone shows a PK profile comparable to the YTE-
only backbone, indicating no effect on serum persistence. We
also find that the diffusion interaction parameter, kp, acquired
by dynamic light scattering (DLS) is more predictive of high
concentration viscosity than affinity capture self-interaction
nanoparticle spectroscopy (AC-SINS) results. Overall, we show
that the TM-YTE platform is a highly developable “Fc-silenced”
and half-life extended antibody format.

Results
TM-YTE antibodies exhibit lowered CH2 thermostability

The thermal stability of a panel of SARS-CoV-2 neutralizing
antibodies was assessed by DSC. Consistent with our previous
study,32 the T,,1 of all TM-YTE antibodies is ~58°C, whereas
that of their WT Fc counterparts are 72°C or higher (Table 1).
The T,,1 represents the unfolding temperature of the CH2
domain. It is unsurprising that CH2 thermostability is affected
because all six of the TM-YTE mutation sites lie within the
CH2 domain (Figure 1). The T,,2, often used as a predictor of
long-term stability because it represents the antigen-binding
fragment (Fab) (and CH3 domain if overlapping), was low in
antibodies 2, 6, and 8, but above 74.6°C for the rest of the panel
(Table 1). Only antibody 7 with a WT Fc had overlapping T,,1
and T,,2 at 75.2°C. Figure 2 shows an overlay of the melting
curves of the WT and TM-YTE format of antibody 4 as
a representative antibody, with the antibody 4 WT T,,1 at 72°C.

No aggregation propensity induced by the TM-YTE
platform

To test whether the lower thermal stability of CH2 domain in the
TM-YTE format affects aggregation or fragmentation propensity,
the antibodies were subjected to heat-stress and photo-stress stu-
dies. High-performance size-exclusion chromatography (HP-

Table 1. Melting temperature of SARS-COV-2 antibody domains by DSC. Thermal
stability was assessed by DSC. All antibodies, unless otherwise specified, are in the
TM-YTE format and have a lower T,,1 than the corresponding antibody in the WT
format. T,,,2 varies among the antibody panel.

Name Tm1-CH2 (°Q) Tm 2 - Fab (°C)
Antibody 1 583 83.0
Antibody 2 58.2 69.5
Antibody 3 58.2 819
Antibody 4 58.2 829
Antibody 5 58.1 76.0
Antibody 6 58.4 66.8
Antibody 7 57.9 74.6
Antibody 8 58.2 66.0
Antibody 4 WT 72.0 83.2
Antibody 7 WT 75.2
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Figure 1. Clustering of the TM-YTE modifications on the IgG1 structure. The TM (L234F/L235E/P331S, shown in dark blue spheres) and YTE (M252Y/S254T/T256E,
shown in red spheres) Fc modifications were mapped onto the IgG1 structure (PDB ID THZH). The antibody Fab and Fc regions are marked as well as the Fc CH2 and CH3
domains. The antibody Fv is shown in cyan, and the constant domains are shown in different shades of green. Note that while both the TM and YTE modifications are in
CH2, the TM modification cluster at the top of the CH2 domain near the hinge region in the binding regions for FcyRs and C1q while the YTE modification cluster near
the CH3 domain in the binding region for FcRn. Ribbon diagram of an IgG1 crystal structure with the location of TM and YTE modification sites highlighted as spheres.

Both modifications cluster in the Fc CH2 domain.

SEC) was used to monitor the level of aggregates and fragments in
the antibody samples before and after incubation at 45°C for
14 days, or exposure to 3,000 lux cool white light (CWL) for
7 days. HP-SEC can underestimate the amount of un-separated
and large fragments compared to CE-SDS but can still detect the
smaller resulting Fab fragments.”*** In the heat-stress study, no
major increase in aggregates was detected for any of the antibodies,
and only antibodies 1, 3, and 7 exhibited a low-level increase in
fragmentation (Table 2, Supplementary Figure 1). The WT version
of antibody 7 exhibited similar levels of fragmentation, indicating
an Fv-specific cause for this fragmentation. In the photo-stress
study, none of the antibodies showed a major increase in
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aggregation or fragmentation. The control antibody NIP228 was
produced in the WT, TM, YTE, and TM-YTE formats and tested
alongside in the heat and photo stress assays. No major increase in
aggregation or fragmentation was detected with any of the Fc
modifications, with levels remaining very low in all formats.
Peptide mapping analysis (Table 3) of these photo-stressed
samples showed that all antibodies had a similar level of Fc
oxidation increase at Met-428 (site important to FcRn
binding,’® EU numbering scheme) and that the level was low
after photo-stress under CWL for 7 days (<3.5% Met-428
oxidation), indicating that neither the TM-YTE modifications
nor the differences in the Fv region significantly affect Fc

-+ Ab4-WT
— Ab4-TM-YTE

n
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Figure 2. DSC profile overlay of a representative antibody in WT and TM-YTE format. Thermal stability of a representative antibody in WT and TM-YTE format was
assessed by DSC. Introduction of TM-YTE modifications results in decreased thermal stability of CH2, as seen by the lower temperature for the first (T,,1) melting peak.
A DSC graph plotting the melting temps of Ab 4 in WT format versus TM-YTE format. The Tm1 peak is ~58°C for the TM-YTE format and ~72°C for the WT format.
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Table 2. Heat-stress and photo-stress studies for TM-YTE SARS-COV-2 antibodies. Heat stress samples were formulated at T mg/mL in PBS, pH 7.2, and incubated at 45°C
for 14 days. Photo-stress samples were formulated at 2.5 mg/mL in PBS, pH 7.2, and illuminated under 3,000 lux cool white light (CWL) for 7 days. Control samples were
formulated at 1 mg/mL in PBS, pH 7.2, and incubated at 4°C. Changes in monomer, aggregate, and fragment content were then analyzed by HP-SEC compared to the

control sample.

Heat stress

Photo stress

Change in monomer Change in aggregate Change

in fragment  Change in monomer Change in aggregate  Change in fragment

Antibody (%) (%) (%) (%) (%) (%)
Antibody 1 =25 0.2 23 -1.0 0.8 0.2
Antibody 2 1.0 =21 1.1 -0.6 0.3 0.3
Antibody 3 -2.5 0.2 23 -0.8 0.6 0.2
Antibody 4 -1.2 0.5 0.7 -0.7 0.5 0.2
Antibody 5 -0.9 0.5 0.4 -1.0 1.0 0.0
Antibody 6 -0.8 0.1 0.7 -0.8 0.6 0.2
Antibody 7 -39 0.1 3.7 0.0 -0.2 0.3
Antibody 8 -0.2 -0.5 0.7 -0.5 0.3 0.1
NIP228 (WT Fc) -0.7 0.0 0.7 -1.0 0.3 0.7
NIP228-TM -0.4 0.0 0.4 -0.8 0.6 0.2
NIP228-YTE -1.0 0.2 0.9 -0.6 0.4 0.1
NIP228-TM-YTE -0.9 0.2 0.7 -0.6 0.6 0.0
Antibody 4 (WT Fc) -1.7 0.0 1.7 -0.5 0.5 0.0
Antibody 7 (WT Fc) -3.0 0.3 2.7 0.9 -0.9 0.0

oxidation in these antibodies. The oxidation level in the differ-
ent Fv regions varied in the antibody panel, with antibody 6
exhibiting the highest total oxidation increase in the Fv (5.4%),
followed by antibody 4 (2.0%). Overall, the TM-YTE platform
did not lead to high levels of Fc oxidation, aggregation, or
fragmentation after stress.

Heat-stressed antibody samples retain binding to
SARS-CoV-2 receptor-binding domain

As part of the accelerated stability study, we wanted to deter-
mine if there was any general impact of PTMs on antibody
binding caused by the TM-YTE platform. Peptide mapping
analysis (Table 3) showed that compared to photo-stress, heat
stress induced higher levels of modifications in the CDR
regions. Therefore, the heat-stress samples were deemed the
more degraded material to probe for loss of binding.

To assess the impact of the accelerated stability heat-stress
on the functionality of the antibodies, the heat-stressed samples
were tested for loss of binding to SARS-CoV2 receptor-binding
domain (RBD) using a sensitive DELFIA. As shown in
Figure 3, no significant difference in ICs, was seen between
non-stressed and stressed samples for any of the antibodies
under the tested conditions (mAb 6 showed high variability in
this assay and differences did not reach significance).

TM-YTE antibodies are compatible with HCPF

It was previously reported that an antibody with a TM-YTE
Fc showed strong attractive forces as measured by DLS and
a lower solubility as measured in a PEG precipitation assay
compared with the same antibody with a WT or YTE Fc.*
To maximize its utility, any antibody Fc platform should be
compatible with HCPF. To assess RSA, which can lead to
solubility and viscosity issues, the TM-YTE SARS-CoV-2
antibody panel was tested by AC-SINS and DLS (Table 4).
None of the antibodies exhibited a large red shift in the
AC-SINS assay, indicating that no RSA was detected.
However, measurement of the interaction parameter (kp)
by DLS, another predictor for propensity to self-associate,
flagged antibodies 1 and 6 with kp values <-9 ml/g, a level
shown to correlate with strong attractive forces. The anti-
bodies were then concentrated to >125 mg/ml (if possible)
and their solubility and viscosity assayed. In this assay
antibody 6 could not be concentrated beyond 75 mg/ml
and antibody 1 could not be concentrated beyond 110 mg/
ml, with antibody 1 showing high viscosity at 100 mg/ml.
There was good agreement between the solubility assess-
ment, measured viscosity, and DLS results for flagged anti-
bodies, in contrast to the AC-SINS results, which did not
predict RSA for any antibody.

Table 3. Post-translational modification analysis of photo-stressed and heat-stressed TM-YTE SARS-COV-2 antibodies using peptide mapping by LC-MS. The antibody
panel was heat stressed (45°C, 1 mg/ml, 14 days) or photo stressed (CWL, 2.5 mg/ml, 7 days) and then analyzed by reducing tryptic peptide mapping by LC-MS to
monitor critical amino acid sites, as well as PTM increase in the Fc and Fv/CDR region.

Photo stress

Heat stress

Antibody % oxidation increase in M428 % total oxidation increase in CDR % total deamidation increase in CDR % total isomerization increase in CDR
Antibody 1 2.2 0.4 0 3.0

Antibody 2 23 0.3 0.2 3.2

Antibody 3 1.5 0.3 0 4.5

Antibody 4 13 2.0 0 0

Antibody 5 1.7 0.2 7.8 1.0

Antibody 6 14 54 3.1 6.0

Antibody 7 1.2 0.9 0.2 13.8

Antibody 8 2.0 1.1

129 7.8
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Figure 3. Antibody RBD binding relative potency after 14-day accelerated stability heat stress. Antibody binding to SARS-COV-2 RBD protein before (T0) and after
(T14) heat stress at 45°C was compared using a DELFIA. Binding curves were generated for each antibody and used to calculate ICsy values for TO and T14, which are
shown. The average T0O and T14 ICsq values (ng/mL) from both experiments, respectively, are as follows: antibody 1 = (101.1, 111,5); antibody 2 = (118.6, 133.5);
antibody 3 = (139.3, 152.3); antibody 4 = (119.4, 118.2); antibody 5 = (134.7, 154.2); antibody 6 = (205.6,263.7); antibody 7 = (140.8, 163.8); antibody 8 = (142.4,119.5).
The experiment was run twice. Bars represent standard deviations. TO and T14 values from both experiments were averaged and compared using a Student’s t-test.
None of the antibodies showed a significant difference between T0 and T14. A bar graph plotting the binding potencies of Ab 1-8 before and after heat stress for

14 days. No significant change in potency is observed after heat stress.

Table 4. Solution property assays of the TM-YTE antibody panel. The TM-YTE SARS-CoV-2 antibody panel was tested for RSA, solubility, and viscosity by AC-SINS, DLS,
and a solubility/viscosity assay. NIP228 is a negative control antibody, and IL330396 is a positive control antibody.

AC-SINS red shift (nm) DLS KD (mL/gm)

Solubility (approximate feasible concentration; mg/mL)

Viscosity at 100 mg/mL (cP)

Antibody 1 0.5 -9.9
Antibody 2 1 20.7
Antibody 3 1 4.0
Antibody 4 15 15.5
Antibody 5 15 12.0
Antibody 6 1 -23.2
Antibody 7 1 6.3
Antibody 8 1 17.1
1L330396° 29.5 -

NIP228¢ 15 -

<110 48
>125 34
2125 33
>125 28
>125 3
<75 n/a
>100° 37

>125 Not tested®

a. Solubility limitations prevented viscosity screening at desired concentration
b. Material availability limited extent of testing

c. Positive control antibody for the AC-SINS assay

d. Negative control antibody for the AC-SINS assay

TM-YTE antibodies do not exhibit nonspecific binding or
reduced FcRn binding

Antibody in-vivo half-life can be affected by NSB and/or by Fc
modifications that affect FcRn binding. To evaluate whether
the TM-YTE format affects NSB, the antibodies were tested in
a baculovirus particle (BVP) ELISA (Figure 4(a-b)) assay and
a HEK293 cell binding assay (Figure 4(c)). As shown in
Figure 4(a-b), the antibodies do not display any binding to
BVPs or binding to bovine serum albumin (BSA) that was
immobilized on plates by ELISA. The antibodies also do not
show any binding to HEK293 cells (Figure 4(c)). Therefore, in
both assays, the TM-YTE SARS-CoV-2 antibody panel does
not display any NSB properties.

Short in-vivo half-life can also be caused by weak binding
or loss of binding to FcRn if residues critical to FcRn binding
are directly mutated or undergo increased PTMs. We there-
fore tested the FcRn binding affinity of the TM-YTE antibody
panel using a FcRn column. Antibody is bound to the column
at low pH (5.5) and eluted at neutral pH (8.8). A later elution
time (long retention time (RT)) indicates stronger FcRn

binding. We first assessed the effects of the TM and YTE
modifications, separately and in combination, on FcRn bind-
ing. Figure 5(a) shows the FcRn affinity column RT profile of
antibody 4 with different Fc formats. Comparison of WT and
YTE antibody 4 shows that, as expected, adding the YTE
modification increases binding to FcRn, as seen by the
increased RT. Adding the TM modification onto the YTE Fc
did not cause a shift in the FcRn binding profile, while adding
the TM modification to the WT Fc caused a very small shift
toward a shorter retention time (from 16.3 min to 15.9 min),
indicating that the TM modification has little or no effect on
FcRn binding. Next, we tested whether the TM-YTE antibo-
dies show any susceptibility to PTMs (deamidation, isomer-
ization, or oxidation) that affect FcRn binding. Figure 5(b)
shows the normalized, relative RT of un-stressed, heat-
stressed, and photo-stressed antibody samples. First, all tested
TM-YTE antibodies retained full binding to the FcRn column
after photo and heat stress, showing that inserting the TM-
YTE modifications into the Fc does not cause the TM-YTE
antibodies to be susceptible to loss of FcRn binding through
PTMs. Second, all the tested mAbs showed a relative RT
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Figure 4. SARS-CoV-2 TM-YTE antibodies do not show Nonspecific Binding (NSB) in BVP ELISA and HEK binding assay. (a+b) The TM-YTE antibody panel was
tested for NSB in a BVP ELISA: (a) BVP assay score and (b) BSA or plate binding of the TM-YTE antibody panel. (c) HEK binding assay. NIP228 is a negative control antibody
that exhibits low NSB in these assays, and NSB mAb is a positive control antibody that exhibits high NSB in these assays. Assays were repeated three times,
representative graphs are shown. Bars represent standard deviations. (a) A bar graph plotting the BVP binding assay score of Ab 1-8 compared to positive control (“NSB
mAb”) and negative control (NIP228) antibodies. Assay score for Ab 1-8 is similar to negative control. (b) A bar graph plotting the plate/BSA binding OD (450 nm) of Ab
1-8 compared to positive (“NSB mAb”) and negative control (NIP228) antibodies. The OD of Ab 1-8 is similar to negative control. (c) A line graph plotting the HEK
binding assay fluorescent signal versus antibody concentration for Ab 1-8 compared to positive (“NSB mAb”) and negative control (NIP228) antibodies. The fluorescent

signal of Ab 1-8 is similar to negative control.

below 1 (0.66-0.81 min), indicating that the entire panel had
weaker binding to FcRn than the control antibody NI1P228-
YTE. However, considering the results from Figure 5(a) indi-
cating that antibody 4 in the YTE and TM-YTE formats show
near identical FcRn binding, it would seem that this difference
stems from the exceptionally high FcRn binding of our con-
trol NIP228-YTE antibody. Strengthening this point, antibo-
dies 5 and 8 showed a longer RT compared to the rest of the
panel, indicating stronger FcRn binding through Fv
contributions.

YTE and TM-YTE antibodies exhibit similar in-vivo PK
profiles

Following intravenous (IV) injection in human FcRn transgenic
Tg32 mice, serum antibody concentrations declined in a multi-
phasic fashion with a terminal half-life of 2-3 weeks for seven of

eight TM-YTE antibodies tested (Figure 6 and Supplementary
Table 1). Seven of eight of the TM-YTE antibodies displayed
similar PK profiles, with only antibody 2 showing accelerated
clearance. Additionally, the PK of the YTE and TM-YTE ver-
sions of the well-characterized control antibody were similar,
indicating that adding the TM modification does not signifi-
cantly alter antibody PK from their respective counterparts that
only have the YTE Fc modification.

Discussion

Dozens of potential Fc modifications have been described in
the literature,””® and over 160 antibodies with FcyR-targeting
Fc modifications have entered clinical trials or have been
approved.>” Many of these Fc modifications have not been
extensively characterized for developability, making it difficult
to know what downstream impact they may have when
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Figure 5. FcRn affinity chromatography of the TM-YTE antibody panel. (a) As an example of how TM-YTE modifications affect FcRn binding, the elution profile of
antibody 4 in the different Fc formats from an FcRn affinity column is shown. A later elution time indicates stronger FcRn binding. (b) FcRn binding of un-stressed,
photo-stressed or heat-stressed antibodies was analyzed using FcRn affinity column. The retention time on the column was normalized between runs as described in the
methods section to a well behaved YTE control antibody. A relative retention time of 1 would indicate equal FcRn binding to the control YTE antibody. (a) SEC
chromatogram plotting absorbance at 280 nm versus time for Ab4 in WT, TM, YTE, and TM-YTE formats. TM and WT formats elute earlier compared to YTE and TM-YTE
formats. (b) A bar graph plotting the relative retention time of Ab 1-8 after no stress, 7 day photo stress, or 14 day heat stress. No significant difference is observed
between different conditions.

-«- Control Ab YTE
-e- Control Ab TM-YTE

<
2
= — Ab 1
£E
g2 —— Ab2
g s — Ab3
. Ab 4
1 ! 1 | I 1 I 1 I I 1 I - ADS
Pre 1 6 24 72 144 216 336 408 504 672 - Ab6
Hours Post Dose —~— Ab7
—— Ab 8

Figure 6. Serum concentration curves of the TM-YTE antibodies in human FcRn transgenic mice. Mean concentrations of the TM-YTE antibody panel and a well
characterized control antibody in human FcRn transgenic Tg32 mouse serum following a single IV injection of 5 mg/kg are shown. Bars represent standard deviations.
Pharmacokinetic parameters can be found in supplementary Table 1. A line graph plotting the mean serum concentration vs hours post dose following a single IV
injection of 5 mg/kg antibody into human FcRn transgenic Tg32 mice. Test Ab1-8 are compared to control mAbs in YTE and TM-YTE formats. Beginning at 504 hr post
dose, Ab 2 begins to show significantly reduced serum concentration compared to the controls and other test Abs.
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incorporated into therapeutics. TM, YTE, and TM-YTE mod-
ifications are among the most extensively characterized Fc
modifications®'"'*?>%%*! and the most clinically advanced.
Some representative examples are durvalumab** and
anifrolumab* (TM only, both approved), nirsevimab (YTE
only, recommended by the European Medicines Agency’s
(EMA) Committee for Medicinal Products for Human Use
(CHMP) for marketing authorization),** and tixagevimab
and cilgavimab (TM-YTE, EUA in the US and authorized in
the EU).””*” Removal of the Fc CH2 glycosylations through
either deglycosylation or aglycosylated protein production is
also a well-characterized Fc modification and an alternative
strategy to disrupt IgG effector functions and complement Clq
binding.*” Similarly, to the TM-YTE modifications, CH2
domains lacking the glycosylation at N297 have been shown
to have lower thermostability by 6-8°C.***” This lower ther-
mostability has been shown to lead to a higher propensity for
aggregation under heat stress and greater susceptibility to
papain digestion.”” However, an aglycosylated anti-IL6 IgG1
produced in yeast (clazakizumab) exhibited an extended serum
half-life of 30 days*® and was successfully manufactured for use
in multiple clinical trials.*”*® A second aglycosylated anti-PD-
L1 antibody, atezolizumab, exhibits a normal serum half-life of
3 weeks and is now approved for multiple indications.”' ™ It is
important to also note that utilizing an Fc modification that
does not affect thermostability is not a guarantee that the
developability profile will remain unaffected. For example,
when the motavizumab Fab was produced on various Fc back-
bones containing different half-life extending modifications,
either the YTE, LS (M428L/N434S),’° or one of several other
half-life extending modifications, and tested for thermal stabi-
lity and propensity for aggregation, the LS-carrying variant,
despite having thermostability comparable to WT, showed
aggregation rates similar to the other less thermostable Fc
variants.”” This is unsurprising because aggregation does not
necessarily require protein unfolding and Fc modifications
may lead to aggregation and other manufacturing issues in
ways unrelated to thermostability. In addition, as seen with
our panel of TM-YTE antibodies, the different Fv regions can
also have significant effects on the overall molecule character-
istics, so every Fv and backbone pairing will need to be criti-
cally analyzed. In summary, while it is prudent to aim for
similar or improved thermostability as the WT Fc backbone,
when designing or selecting new Fc modifications, useful Fc
modifications should be fully characterized for developability
and should not be overlooked based solely on a slightly lower
thermostability.

Determining which biophysical characteristics make an
ideal antibody therapeutic has been the focus of intense effort
in the antibody engineering field, with several works analyzing
which characteristics and assays best differentiate antibodies
approved for therapeutic use from those at earlier stages.'®'®
Similarly, efforts are being made to determine which early
developability assays accurately predict downstream CMC
issues, in order to ensure that fully developable clones are
selected as lead candidates (and that developable clones are
also not accidentally discarded).”>*®> The AC-SINS assay can
be used to detect RSA of antibodies, which at high concentra-
tions may lead to solubility and viscosity issues.”® This assay

requires very small amounts of material, making it an attractive
method for early-stage screening of large numbers of antibo-
dies. To evaluate how well the AC-SINS assay predicts solubi-
lity and viscosity issues, we also tested the self-association of
our panel of antibodies by DLS, as well as their actual solubility
and viscosity at high concentrations (>125 mg/ml). In AC-
SINS, none of the antibodies showed a red-shift that is indica-
tive of RSA. However, during the concentration of these anti-
bodies in clinically relevant formulations (histidine-based
buffer at pH 6.0), two antibodies exhibited undesirable solubi-
lity attributes. Analyzing the same antibodies by DLS in 20 mM
histidine/histidine-HCI (pH 6.0) flagged negative kD values of
<-9 ml/g, indicating attractive protein-protein interactions
that are in good agreement with the observed poor solubility.
While the DLS and viscosity assays were run in histidine-based
buffers and the AC-SINS assay was run in PBS buffer, the lack
of buffering should only make the AC-SINS assay more sensi-
tive to RSA detection. Recently, a framework for screening
viscous and opalescent solution behavior has been described
utilizing kp in histidine-based buffers as a singularly predictive
determinant with a high rate of success, in agreement with
these results.®® That study, however, did not include the AC-
SINS assay for correlation. Although the high-throughput and
low material demand aspects of AC-SINS make it an attractive
early developability screening option compared to DLS, clear
gaps have been identified in its ability to predict RSA at high
concentrations. Combining AC-SINS, DLS, and viscosity
assays is therefore the recommended approach when screening
the top antibody candidates for high concentration solution
properties.

IgG molecules are recycled back into the serum through
their interaction with FcRn. PTMs in residues that affect FcRn
binding generated either during storage or in the serum, can
affect antibody half-life.”> The most common PTM that affects
FcRn binding in WT IgG molecules is oxidation at residues
Met-252 and Met-428 (EU numbering), with Met-252 oxida-
tion exhibiting a greater impact on FcRn binding than Met-428
oxidation.>® The YTE modification (M252Y/S254T/T256E),
introduced to extend serum half-life of IgGs, mutates Met-
252 to a tyrosine, therefore leaving Met-428 as the only suscep-
tible oxidation site in the Fc region that could affect FcRn
binding. As shown by peptide mapping analysis (Table 3), the
Met-428 oxidation rate across the entire TM-YTE antibody
panel was similarly low after 7 days of CWL photo-stress.
This demonstrates that Fc oxidation in the TM-YTE platform
is generally low and not affected by the Fv region, and under
normal manufacturing and storage conditions, is not likely to
reach a level sufficient to affect PK. The extended serum half-
life of the TM-YTE antibody platform recently also received
clinical validation from an analysis of initial time points from
the Phase 1 trial of Evusheld (AZD7442).%' The analysis
showed that the TM-YTE mAbs comprising Evusheld
(AZD7442; tixagevimab and cilgavimab) had a serum half-life
of approximately 90 days, similar to that seen for the anti-RSV
motavizumab that contains only the YTE modification.*’

Peptide mapping is an essential tool to assess the degrada-
tion pathways of an antibody at the primary sequence level. In
addition to de-risking the impact of the TM-YTE mutation on
the critical Fc Met-428 oxidation levels, peptide mapping can



be used to assess general PTM levels. To evaluate if any
sequence liability is present in the CDR, antibodies are stressed
in a pH 7.2 PBS buffer at 45°C for up to 14 days. A 7-day
timepoint was also taken and analyzed to allow us to plot the
modification rate (time 0, 7, and 14 days). With these data, the
potential degradation pathways during long-term storage and
whether they pose a challenge to liquid formulation stability
can be predicted. However, the results for this analysis need to
be evaluated carefully and are best combined with an evalua-
tion of the impact on antibody potency. Even when
a modification in the CDR is identified, it does not necessarily
lead to the candidate being eliminated or requiring sequence
optimization if the modification has no effect on antibody
potency. Even if the modification is found to affect antibody
potency, it may be amenable to a control strategy. For example,
most Asn sites show an accelerated deamidation rate at alkaline
pH (i.e., in PBS buffer at pH 7.2), but this is suppressed at
acidic pH. Therefore, even if an Asn site was found to have
a moderate deamidation rate in PBS heat-stressed samples, it is
still likely to be controlled by a pH 6.0 formulation buffer.
Similarly, Asp isomerization rate is known to be accelerated
by high temperature. If an Asp site was found to isomerize in
PBS heat-stressed samples, it will also likely increase in pH 6.0
formulation buffer.®>%* However, as monoclonal antibody
therapeutics are stored either frozen or at 2-8°C refrigerated
temperature, with limited time out of refrigeration, isomeriza-
tion can generally be controlled at levels that will not affect
potency during storage. In summary, understanding primary
sequence modifications and their impact by combining peptide
mapping with potency assays provides valuable insights during
the early developability assessment, and allows an early assess-
ment of the criticality of a modification. This early read-out of
potential critical quality attributes is especially valuable to
initiate an early method development and control strategy
planning.

In addition to FcRn binding, the PK of an antibody can be
affected by multiple parameters, some of which are difficult to
fully predict or de-risk. Target-mediated clearance, Fab iso-
electric point (as well as the balance of charge within the
CDRs), glycosylation state, RSA, and NSB have all been
shown to potentially affect the clearance of antibodies.*>***
In vitro assays, such as BVP ELISA, HEK cell binding or DNA
and insulin-binding assays, can de-risk antibodies for NSB, and
AC-SINS and DLS examine RSA. It has been suggested that
in vitro assays screening for NSB, RSA, and FcRn binding
should be used as a triaging step to select favorable clones,
which are then further validated in Tg32 FcRn humanized
mice.®* This approach would seem to be validated here, as
our antibody panel did not flag in any of the NSB assays or in
AC-SINS. Even so, following IV injection in human FcRn
transgenic Tg32 mice, one of the eight antibodies exhibited
fast clearance (antibody 2). This indicates that the initial
in vitro screening step is effective, but may still miss some
antibodies that exhibit fast clearance in vivo. Interestingly,
both antibodies that displayed strong attractive forces in DLS
(antibodies 1 and 6) did not show accelerated clearance in vivo.

The SARS-CoV-2 TM-YTE neutralizing antibody panel is
our first in-depth look at the developability profile of a diverse
panel of TM-YTE antibodies. Introducing both the half-life

MABS (&) e2152526-9

extending YTE and the effector function reducing TM mod-
ification to the same IgG1 Fc has previously been reported to
lower the thermal stability of the Fc to 58°C.%? It was unclear,
however, if the lower thermal stability of the TM-YTE Fc
would translate into a less stable or developable molecule, in
particular, due to changes in conformational stability and
aggregation propensity. In the panel of eight antibodies tested
here, none of the antibodies showed a significant increase in
aggregation propensity, with only three antibodies showing
a small increase in fragmentation under heat stress.
Importantly, for one of these and for the control antibody
NIP228, the levels of aggregation/fragmentation observed
between WT Fc and TM-YTE Fc were almost identical.
Our second greatest concern was that instabilities in the Fc
might lead to NSB, but none of the antibodies were flagged in
the BVP ELISA or the HEK cell binding assay, two assays that
detect NSB. The solubility assay also did not show any pro-
blems with concentrating six of eight of these antibodies to
high concentrations (>125 mg/ml) nor did the rest of the assays
point to any problem related to the Fc. Overall, our scrutiny of
the diverse panel of TM-YTE antibodies did not reveal any
developability issues precluding clinical use of the TM-YTE
platform. This conclusion is further strengthened by the recent
marketing authorizations and emergency use authorization
granted to Evusheld (AZD7442), which is a combination of
two TM-YTE antibodies.** >

Materials and methods
Antibody and protein production

Antibody VH and VL DNA fragments were cloned into
a proprietary CMV-driven mammalian expression plasmid
containing human IgGl Fc with the YTE serum half-life
extending and TM effector function-ablating modifications.
The plasmids were sequence verified by Sanger sequencing.
Antibodies were expressed transiently in HEK293F cells using
293 Fectin (Gibco #12347019) according to the manufacturer’s
instructions and grown in Freestyle medium (Gibco
#12338018) for 6 days. At 6 days, the media was clarified by
centrifugation, filtered, and purified using MabSelect SuRe
resin (Cytiva #11-0034-94). Antibody purity was determined
using HP-SEC as described below, and the correct mass of
antibodies was verified by mass spectrometry. SARS-CoV-2
RBD (residues 334-526) was cloned with an N-terminal
CD33 leader sequence and C-terminal GSSG linker, AviTag,
GSSG linker, and 8xHisTag, expressed in FreeStyle 293 cells
(Thermo Fisher) and isolated by affinity chromatography using
a HisTrap column (GE Healthcare), followed by size-exclusion
chromatography with a Superdex 200 column (GE Healthcare).
Purified proteins were analyzed using SDS-PAGE to ensure
purity and appropriate molecular weights. Endotoxin levels
were measured using Charles River Endosafe® cartridge
(Charles River) and found to be below 1IEU/mg.

NIP228 and “NSB mAb” control antibodies

NIP228 is a monoclonal antibody against 4-hydroxy-3-iodo-
5-nitrophenylacetic acid®’ that historically has been shown not
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to exhibit aggregation/fragmentation propensities under simi-
lar heat/photo stress conditions and is used as a negative con-
trol in select developability assays. The “NSB mAb” is
a monoclonal antibody against an undisclosed target not
related to SARS-CoV-2 that shows high BVP scores and plate
binding in the Baculovirus ELISA and high HEK293 cell bind-
ing in the HEK binding assay and is used as a positive control
antibody in these assays. Unless otherwise stated, both control
antibodies are on a WT human IgG1 Fc. Both control anti-
bodies were discovered and produced in-house.

HP-SEC

Antibody samples were analyzed using HP-SEC to determine
levels of aggregate, monomer, and fragment. Samples (100 pg
in PBS buffer) were injected on an Agilent 1200 series high-
performance liquid chromatography (HPLC) instrument and
separated using a TSKgel G3000SWxl size-exclusion column
(Tosoh Bioscience #08541). The mobile phase was 100 mM
sodium phosphate (pH 6.8), and sample flow rate was 1 mL/
min. Ultraviolet (UV) detection was performed at 280 nm.

Baculovirus ELISA

BVP ELISA was performed essentially as described
elsewhere,*” with some modifications. Briefly, a 1% BV suspen-
sion in 50 mM sodium carbonate buffer (pH 9.6) was used to
coat half of 96-well ELISA plates (Nunc Maxisorp) overnight at
4°C, while the second half of the ELISA plates was left uncoated
to test the antibodies for plate binding. All following steps were
performed at room temperature. The next day the wells were
washed with Dulbecco’s PBS (DPBS) and then incubated with
blocking buffer (Dulbecco’s PBS with 0.5% BSA) for 1 h, fol-
lowed by three washes with DPBS. Next, test antibodies at
100 nM and 10 nM in blocking buffer were added to both the
BVP coated and uncoated wells and incubated for 1 h, followed
by three washes with DPBS. Next, goat anti-human IgG-
horseradish peroxidase (HRP) secondary antibodies (1:5000
dilution, Sigma-Aldrich #A0170) in blocking buffer were
added to the wells and incubated for 1 h, followed by three
washes with DPBS. Finally, 3,3’,5,5’-tetramethylbenzidine sub-
strate (SeraCare #5120-0075) was added to each well and
incubated for 2 minutes. The reactions were stopped by adding
an equal volume of 0.2 M sulfuric acid to each well. The
absorbance was read at 450 nm. BVP score and plate binding
were determined by normalizing absorbance to control wells
with no test antibody.

HEK binding assay

Nonspecific HEK cell binding was measured using a Mirrorball
Fluorescence Cytometer (SPT Labtech). First, 10 pL of Alexa
Fluor 647 goat anti-human IgG (H + L) antibody (Invitrogen
#A-21445) diluted to 16 nM in Mirrorball buffer (Hanks’
Balanced Salt solution with 0.5% BSA) was added to wells of
a 384-well, clear bottom plate. Next, 10 pL of test antibody
serially diluted in Mirrorball buffer was added to the wells.
Finally, 20 pL of HEK293f cells diluted to 250,000 cells/mL in
Mirrorball buffer was added to the wells. The plate was incubated

at room temperature for 2 h, and the fluorescence of each well
was measured using the Mirrorball Fluorescence Cytometer.

AC-SINS

AC-SINS was performed essentially as described
elsewhere,®® with some modifications. Briefly, both whole
goat IgG (Jackson ImmunoResearch #005-000-003) (non-
capture) and polyclonal goat anti-human IgG Fc (Jackson
ImmunoResearch #109-005-098) (capture) antibodies were
dialyzed into 20 mM potassium acetate (pH 4.3) buffer, and
then conjugated to 20 nm gold nanoparticles (Innova
Biosciences #3201-0100) at a 3:2 ratio of capture:non-
capture antibodies. Antibodies were incubated with gold
nanoparticles at a 9:1 ratio for 1 h at room temperature,
and then blocked by the addition of 0.1 uM poly-(ethylene
glycol) methyl ether thiol (2000 MW, Sigma-Aldrich
#729140) for 1 h. The coated and blocked nanoparticles
were concentrated 12.5-fold by centrifugation and stored at
4°C. To assess self-association, 5 pL of nanoparticles were
mixed with 45 pL of purified antibody at 50 ug/mL in PBS,
pH 7.2 or HSA buffer [20 mM histidine, 120 mM sucrose,
80 mM arginine, pH 6] in a 384-well plate. Nanoparticles
were mixed with buffer only (no antibody) as a control.
Absorbance was measured on a SPECTROstar Nano UV/
vis plate reader from 490 to 700 nm. The wavelength of peak
absorbance was calculated in the MARS data analysis soft-
ware and used to determine the wavelength shift compared
to the nanoparticle-only control.

Accelerated stability heat stress study

For accelerated stability testing, samples were diluted to 1 mg/
mL in PBS (pH 7.2) and incubated for 2 weeks at either 4°C or
45°C. Samples were then analyzed by HP-SEC, peptide map-
ping, and DELFIA binding assay as described in those sections.
The monomer, aggregate, and fragment percentages for each
sample were calculated based on curve integration using the
HPLC ChemStation software (Agilent). The change in mono-
mer, aggregate, and fragment content was calculated from the
difference between each sample incubated at 45°C versus 4°C.

Photostability assay

For photostability testing, antibodies were formulated at
2.5 mg/mL in PBS (pH 7.2), filled into 1lcc Schott glass vials,
stoppered/sealed, and placed into an ICH-compliant photo-
stability chamber (Caron Model 6545-2). Samples were
exposed to cool white light at 3000 lux over the course of
1 week, for a total exposure of approximately 500,000 lux
hours. Samples were analyzed by HP-SEC and peptide map-
ping as described in those sections.

DsC

Thermal melting transitions were determined by using
Microcal VP differential scanning calorimetry system
(Malvern, PA). Monoclonal antibody solutions were diluted
to 1 mg/ml in the final buffer and change in the heat



capacity (Cp) was measured as the samples were heated from
20° to 95°C wusing a temperature ramp of 90°C/h.
Normalized heat capacity data were obtained after subtract-
ing to the buffer blank and normalizing to the concentration
of the monoclonal antibody. Data were analyzed using
Microcal LLC origin software to calculate the thermal melt-
ing transitions associated with the unfolding of the distinct
domains.

Solubility assay

Each antibody was dialyzed into the intended histidine-based
platform formulations at pH 6.0. Samples were then concen-
trated in Amicon Ultra centrifugal filters (Millipore Sigma
UCF9030) at 4,000 g. Each sample was mixed every 1-2 min-
utes during centrifugation and assessed visually for any signs of
sample precipitation. Protein concentration was also routinely
measured by absorbance at 280 nm using UV-vis spectrophot-
ometer (Trinean DropSense 96, Unchained Labs Pleasanton,
CA) with respective antibody’s extinction coefficients and cor-
rected for density when necessary. Any early precipitation
events were noted and samples centrifuged further with dili-
gent monitoring of protein concentration; precipitating sam-
ples showed minimal further increase in protein concentration
upon continued centrifugation.

Viscosity

Concentrated antibody solutions were diluted in the intended
histidine-based platform formulations to 100 mg/mL and filtered
using 0.22 um filters. Each sample was subjected to rotational
shear stresses of 1000 s~ at 23°C on an MCR301 rheometer using
the CP20-1 cone and plate system (Anton Parr, Part 3274). Five
measurements were taken each minute over the course of data
collection and averaged to provide viscosity values

DLS

The antibody panel was reformulated into histidine/histidine-
HCl buffer, pH 6.0, to match buffer composition/pH common
to potential platform formulations. Z-average apparent diffu-
sion coefficient measurements were carried out using Dynapro
plate reader (Wyatt technology, Santa Barbara, CA) equipped
with a laser source at 833 nm wavelength. The scattered light
was collected in a back scattering mode at an angle 153°. For
each antibody, 40 ul at respective concentrations 2, 4, 6, 8, and
10 mg/ml was distributed in triplicate into a low volume 384-
well plate (Corning, Tewksbury, MA), covered with a paraffin
film, and spun at 3000 RPM for 1 minute to remove any air
bubbles. The sample chamber was equilibrated for 1 h prior to
measurements, and data were collected for 10 acquisitions of
10 seconds and averaged for each well. The Z-average transla-
tional diffusion coefficient was determined from cumulant
analysis of the autocorrelation function and modeled as

D= D0(1+ kDC) to obtain “kD” diffusion virial coefficient
(interaction parameter).
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Peptide mapping

Reduced tryptic peptide mapping was performed by first dena-
turing and reducing 100 pg of antibody sample in a guanidine
hydrochloride buffer with dithiothreitol (20291, Thermo
Scientific) at 37°C for 30 minutes. The sample was then alky-
lated with iodoacetamide (786-078, G-Biosciences) for 30 min-
utes in the dark at room temperature. Subsequently, the sample
mixture was dialyzed into 6 M Urea, and then diluted with Tris
pH 7.5 buffer to allow for trypsin digestion. Trypsin (V5280,
Promega) was added at 1:20 protease:protein ratio and incu-
bated at 37°C for 4 h. The reaction was quenched by adding
trifluoroacetic acid (TFA, T6508, Sigma-Aldrich). Digests of
the sample were analyzed using a Fusion Orbitrap mass spec-
trometer (Thermo Fisher Scientific, Waltham, MA, USA) con-
nected with an AQUITY ultra-performance liquid
chromatography (UPLC; Waters). An AQUITY UPLC
BEH300 C18 column (1.7 pum, 2.1 x 150 mm; Waters) was
used for separation. The column temperature was held at 55°C.
Mobile phase A was 0.02% TFA in water, and mobile phase
B was 0.02% TFA in acetonitrile. Digested peptides were eluted
from the column with a 0-35% linear gradient and the chro-
matographic profile was monitored by using UV absorbance at
220 nm and MS. MS data were processed by BiopharmaFinder
3.0 (Thermo Fisher Scientific).

DELFIA binding assay

A DELFIA® (PerkinElmer) method was used to measure anti-
body binding to the RBD of the SARS-CoV-2 spike protein
before and after heat stress. Nunc MaxiSorp™ 96-well plates
were coated overnight with purified RBD protein (Sino
Biological). Assay plates were then washed with 1X TBS-
Tween buffer (PerkinElmer) and blocked with BSA (Sigma).
Antibody samples were serially diluted and added to the plate
for 1 h. Bound antibody was detected with DELFIA®
Europium-N1 anti-human IgG (PerkinElmer), and the signal
quantified via time-resolved fluorescence on an Envision plate
reader (PerkinElmer). ICs, was calculated with a four-
parameter logistic (4PL) curve using GraphPad Prism v 8.0.
ICs, of the stressed sample was compared to a reference sample
to generate a percent relative potency.

FcRn affinity chromatography

Approximately 40 pg/40 pL of antibody was loaded onto a 1 ml
huFcRN-coupled Sepharose affinity column using an Agilent
HPLC, followed by a 3CV linear gradient from buffer
A (20 mM MES, 150 mM NaCl, pH5.5) to 40% buffer
B (20 mM tris + 150 mM NacCl, pH8.8) and a 18CV linear
gradient from 40% to 100% buffer B. The experiment was
performed at a flow rate of 0.5 ml/min at room temperature
using the Agilent-DAD to measure the A280 of the elution
profile. Retention time was normalized to the relative retention
time with the following formula and using the well-behaved
control antibody NIP228 in the WT and YTE format: Relative
RT = ([sample RT - NIP228 RT]/[NIP228-YTE RT -
NIP228 RT]).
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PK studies in human FcRn transgenic mice

PK studies were conducted in human FcRn transgenic Tg32
mice. Mice were fed a standard rodent chow diet and main-
tained on a 12/12 hour light cycle in microisolator cages. Vendor
and facility health monitoring programs identified the mice free
of all commonly tested rodent pathogens. All animal studies
were approved by AstraZeneca’s Institutional Animal Care and
Use Committee and were conducted in an Association for
Assessment and Accreditation of Laboratory Animal Care-
accredited facility. Mice (6/group) were IV injected with 5 mg/
kg antibody in PBS. Blood samples were collected at 1 h, 6 h, and
24 h, and on days 3, 6, 9, 14, 17, 21, and 28 post-injection.

PK ELISA

The concentration of antibodies in mouse serum samples was
determined using a qualified ELISA assay. The method procedure
was a stepwise format in which wash steps follow each incubation
step. Microtiter plates were coated with a sheep anti-human IgG
antibody (AU003.M, The Binding Site). A standard curve of each
antibody was prepared in 10% pooled normal mouse serum.
Three levels of quality control (QC) samples were prepared in
100% pooled mouse serum and were stored frozen. Following
a blocking step with Casein buffer, standard curve calibrators,
QCs, and samples diluted to the method minimum required
dilution (MRD) of 1:10 were added to the microtiter plates and
incubated for 1 hr with shaking. After a wash, HRP-labeled goat
anti-human IgG antibody (A80-219P, Bethyl Laboratories) was
added to the plate and incubated for 1 h with shaking.
Chromogenic color development is directly related to levels of
analyte in the sample. Reaction was stopped with acid, and the
plate was read on a spectrophotometer at 450 nm, and data
analyzed with SoftMax® Pro (SMP), version 5.4. The standard
curve was established using a 4-parameter logistic curve fit
model without weighting provided by the software program
SMP v5.4. The quantitative range of this assay was 31.25 ng/mL
(lower limit of quantitation [LLOQ]) to 1000 ng/mL (upper limit
of quantitation [ULOQ)]).

PK analysis

Noncompartmental PK analysis was performed with Phoenix
WinNonlin 6.3 (Pharsight, Sunnyvale, CA, USA) on the com-
posite serum antibody concentration data following a single IV
administration of 5 mg/kg dose. Nominal doses and sampling
times were used. Maximum concentration after dosing (Cmax)
was observed. The area under the concentration-time curve
from time 0 to infinity (AUC...) was calculated with the log-
linear trapezoidal method. Systemic clearance (CL) after dos-
ing was estimated using dose/AUC._... The terminal elimina-
tion half-life (t%2) was calculated using In(2)Az, where Az is the
first-order terminal rate constant estimated by log-linear
regression of the terminal log-linear decay phase. The steady-
state volume of distribution (Vss) was estimated using
Vss = MRTj,¢ . CL, where MRT)¢ is the mean residence time
determined by area under the first moment curve and AUC,,_...

List of Abbreviations

AC-SINS Affinity capture self-interaction nanoparticle spectroscopy
ADE Antibody-dependent enhancement

BVP Baculo-virus particles

CMC Chemistry, manufacturing, and control

CHMP Committee for Medicinal Products for Human Use
COVID-19  Corona virus disease 2019

CWL Cool white light

DLS Dynamic light scattering

DSC Differential scanning calorimetry

ELISA Enzyme-linked immunosorbent assay

EMA European Medicines Agency

EUA Emergency use authorization

EU European Union

Fab Fragment antigen binding

FcRn Neonatal Fc receptor

Fc Fragment crystallizable region

FcyR Fragment crystallizable gamma receptor
FDA Federal drug administration

Fv Fragment variable region

HCPF High concentration protein formulation
HEK Human embryonic kidney
HP-SEC High-performance size-exclusion chromatography

v Intravenous

mAb Monoclonal antibody

MOA Mechanism of action

NSB Non-Specific Binding

PBS Phosphate buffered saline

PK Pharmacokinetics

PTM Post-translational modifications
RT Retention time

RSA Reversible Self Association
SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2
SD Standard deviation

UK United Kingdom

WT Wild type
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