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ABSTRACT
Rozanolixizumab (UCB7665), a humanized high-affinity anti-human neonatal Fc receptor (FcRn) mono-
clonal antibody (IgG4P), has been developed to reduce pathogenic IgG in autoimmune and alloimmune
diseases. We document the antibody isolation and compare rozanolixizumab with the same variable
region expressed in various mono-, bi- and trivalent formats. We report activity data for rozanolixizumab
and the different molecular formats in human cells, FcRn-transgenic mice, and cynomolgus monkeys.
Rozanolixizumab, considered the most effective molecular format, dose-dependently and selectively
reduced plasma IgG concentrations in an FcRn-transgenic mouse model (no effect on albumin).
Intravenous (IV) rozanolixizumab dosing in cynomolgus monkeys demonstrated non-linear pharmaco-
kinetics indicative of target-mediated drug disposition; single IV rozanolixizumab doses (30 mg/kg) in
cynomolgus monkeys reduced plasma IgG concentration by 69% by Day 7 post-administration. Daily IV
administration of rozanolixizumab (initial 30 mg/kg loading dose; 5 mg/kg daily thereafter) reduced
plasma IgG concentrations in all cynomolgus monkeys, with low concentrations maintained throughout
the treatment period (42 days). In a 13-week toxicology study in cynomolgus monkeys, supra-pharma-
cological subcutaneous and IV doses of rozanolixizumab (≤ 150 mg/kg every 3 days) were well tolerated,
inducing sustained (but reversible) reductions in IgG concentrations by up to 85%, with no adverse
events observed. We have demonstrated accelerated natural catabolism of IgG through inhibition of IgG:
FcRn interactions in mice and cynomolgus monkeys. Inhibition of FcRn with rozanolixizumab may
provide a novel therapeutic approach to reduce pathogenic IgG in human autoimmune disease.
Rozanolixizumab is being investigated in patients with immune thrombocytopenia (NCT02718716)
and myasthenia gravis (NCT03052751).
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Introduction

The presence of pathogenic autoantibodies is a fundamental
feature of autoimmune and alloimmune diseases such as anti-
glomerular basement membrane antibody disease, immune
thrombocytopenia (ITP), myasthenia gravis, hemolytic ane-
mia, and pemphigus vulgaris. Reduction of circulating patho-
genic immunoglobulin G (IgG) concentrations can have
therapeutic benefit, and is currently achieved by plasmapher-
esis, specifically immunoadsorption1 or by intravenous immu-
noglobulin (IVIg), although IVIg may have additional
mechanisms of action beyond this.2,3 However, these current
treatments occupy time in specialized units and can be asso-
ciated with considerable side effects and health economic
implications.1,4 An alternative, more specific approach to
reduce plasma IgG in autoimmune conditions, such as accel-
erated catabolism of endogenous IgG, could benefit patients
and address significant unmet clinical needs. Inhibition of the

FcRn-IgG interaction has been shown to rapidly decrease IgG
concentrations in a mouse model.5 We have generated roza-
nolixizumab, a novel anti-human neonatal Fc receptor (FcRn)
monoclonal antibody (mAb). In a healthy volunteer study
(n = 48), dose-dependent reductions in serum IgG were
observed, and an acceptable safety profile was demonstrated,
with single (subcutaneously [SC] and intravenously [IV]
administered) doses of rozanolixizumab.6

The long half-life associated with IgG antibodies is attrib-
uted to the FcRn, a heterodimeric receptor composed of a
major histocompatibility complex class I-like α-chain and a
β2-microglobulin (β2m) chain. In endothelial and hemato-
poietic cells, FcRn is responsible for salvaging and recycling
IgG (and albumin). FcRn binds IgG at endosomal acidic pH,
and traffics it away from the degradative pathway that leads to
the lysosome, and back to the cell membrane, where the IgG is
released intact back into the plasma.7-10 Lack of FcRn function
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(and therefore lack of IgG salvage and recycling) in animal
models is associated with low plasma IgG concentrations and
resistance to autoimmune disease.11-14 Studies have shown
that in humans, β2m mutation can lead to defective FcRn
function, resulting in low plasma IgG concentrations, which
is a symptom of familial hypercatabolic hypoproteinemia.15-17

In vivo studies in human FcRn-transgenic mouse models and
non-human primates support the rationale of disrupting FcRn
function in order to reduce IgG concentrations.18-20 Disease
amelioration following administration of an anti-FcRn anti-
body has been demonstrated in a number of experimental
autoimmune disease models in animals.5,21-25 Thus, inhibition
of the FcRn-dependent IgG salvage pathway in autoimmune
conditions could lead to lower plasma concentrations of
pathogenic IgG and may result in therapeutic benefits.

Here, we present in vitro data functionally characterizing
rozanolixizumab (UCB7665; 1519.g57 IgG4P) and its variable
(V) region (1519.g57), expressed in various mono-, bi- and
trivalent formats. We also present in vivo data in human
FcRn-transgenic mice and in cynomolgus monkeys to inves-
tigate mechanism of action, and to allow characterization of
pharmacokinetics (PK), pharmacodynamics (PD) and safety.
The cynomolgus monkey was selected as a suitable species for
investigation of the PK, PD and safety of human IgG, and
mutants thereof, because human and cynomolgus monkey
IgG4 bind comparably to cynomolgus monkey FcRn26,27 and
have similar Fc effector functions.28

Results

Isolation and characterization of 1519.g57, the V-region
of rozanolixizumab

Following an immunization campaign in both rats and mice,
we identified a large panel of antibodies that bound to the
human FcRn α-chain (but not to β2m) and that blocked
human IgG binding to FcRn by both flow cytometry and
surface plasmon resonance (SPR; data not shown). Using an
affinity-based FcRn-binding selection criterion (KD ≤ 200 pM
at pH 6), 156 unique antibody V region sequences were
identified. This represented 95 unique clonotype families
(based on VH complementarity-determining region (CDR) 3
homology). Eleven of these families were selected, on the basis
of affinity for FcRn and ability to block IgG:FcRn interactions
(and not albumin), for subsequent humanization.
Representative V regions from the sequence families were
each expressed in Escherichia coli (E.coli) as a histidine-tagged
humanized Fab’ fragment, and numerous grafts of each anti-
body were engineered and prepared, so as to identify the
optimal humanized sequence. To identify the antibody candi-
dates with the highest activity, in vitro cell function inhibition
assays and an in vivo study in the human FcRn-transgenic
mouse model were undertaken. For this the candidates, in
Fab’ format, were PEGylated with 2 × 20 kDa PEG polymer.
Biophysical and biochemical characterizations were carried
out to ensure that the selected anti-human FcRn molecules
were suited to large-scale manufacture, formulation and long-
term stability. V region 1519, graft 57 (1519.g57; bold text in
Supplementary Figure 1) was selected as the development

candidate due to its optimal combination of activity, biophy-
sical and biochemical properties (Supplementary Table 1 and
Supplementary Table 2). To enable further characterization,
this V region was expressed in multiple antibody formats
(Fab’, Fab’PEG, IgG1, IgG4P, triFab’, FabFv, Fab’human albu-
min conjugate and Fab’mouse albumin fusion; Supplementary
Table 3). When subcloned as a humanized IgG4P (serine-to-
proline mutation at residue 241 to reduce propensity for Fab-
arm exchange31) isotype, this antibody is known as rozanolix-
izumab (Supplementary Figure 1; these sequence data have
been submitted to the DDBJ/EMBL/GenBank databases under
accession number MG976502 (light chain) and MG976503
(heavy chain)).

Rozanolixizumab was humanized using CDR-grafting.32

Under the 2014 INN/WHO method for assigning generic
names, rozanolixizumab was given the -xizu- sub-stem, des-
ignating it a chimeric/humanized molecule; the chimeric des-
ignation was assigned due to sequence similarities with
Macaque monkey IgG sequences, however, no Macaque mon-
key sequences were used in the humanization process. This
designation has been criticized and used as an example in the
literature to show some of the inaccuracies and inconsisten-
cies with the INN/WHO system;33,34 the naming system has
subsequently been revised and superseded.34

The binding epitope of 1519.g57 Fab’ overlaps with that
of human IgG Fc on FcRn

X-ray crystallography and hydrogen-deuterium exchange
(HDX) were both used to identify the binding epitopes of
1519.g57 Fab’ domain on human FcRn. Crystallization of
human FcRn (deglycosylated extracellular domain) in com-
plex with 1519.g57 Fab’ was achieved and the crystal structure
of the complex solved (Figure 1A and Supplementary Table 4;
protein data bank (PDB) entry 6FGB). The structure of FcRn
was unchanged by binding of 1519.g57 Fab’ (structure of
FcRn alone not shown). 1519.g57 Fab’ binds to human FcRn
via an epitope in the α-chain (Figure 1A and 1C), which
overlaps with the binding epitope of human IgG Fc domain
on FcRn (Figure 1B and 1C). The 1519.g57 Fab’ binding site
on human FcRn in solution was determined by HDX and was
consistent with that determined by X-ray crystallography
(data not shown).

Rozanolixizumab has high affinity for FcRn at both pH
6.0 and pH 7.4, assessed by SPR and cell-based analyses

The binding affinity of rozanolixizumab and 1519.g57
expressed in various molecular formats (Fab’, Fab’PEG and
IgG) was assessed by SPR analysis and a cell-based binding
assay (Table 1). The estimates of KD, made by SPR analysis,
were considered to be similar for the different formats (59, 40,
22, 23 pM for Fab’, Fab’PEG, IgG1 and rozanolixizumab,
respectively; binding to human FcRn at pH 6.0), taking into
consideration the range of intra- and inter-assay variation
observed (~ 1.5- and 2-fold from the mean, respectively)
and the numbers of replicates. The SPR assay was designed
to avoid an avidity effect, with no reflection of bi-, as opposed
to mono-valency. Rozanolixizumab bound to human FcRn
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and cynomolgus monkey FcRn with a similar affinity at both
pH 6.0 (23 pM and 25 pM, human and cynomolgus monkey,
respectively) and pH 7.4 (34 pM and 53 pM, human and
cynomolgus monkey, respectively; Table 1) based on SPR
analyses; the observed differences in binding to human and
cynomolgus monkey at either pH 6.0 or pH 7.4 were not
considered significant. The greater binding of

rozanolixizumab to cynomolgus monkey FcRn at pH 6.0
versus that at pH 7.4 (25 pM vs 53 pM, respectively) was
considered significant; no functional consequence of this dif-
ference was expected. Human IgG of any specificity may bind
to human FcRn at acidic pH, via the Fc domain, but we
believe that the binding described here occurred via the V
region of the anti-FcRn antibody, and not its Fc region, for

Figure 1. Crystal structure of complex of human FcRn (deglycosylated extracellular domain) and 1519.g57 Fab’. (A) The binding epitope of 1519.g57 Fab’ on
FcRn α-chain is shown in red; (B) PDB 4N0U – human IgG Fc domain interacting with FcRn, demonstrating the overlapping epitope with that of 1519.
g57Fab’,29 (C) FcRn α-chain sequence, showing residues involved in interaction with 1519.g57 Fab’ (in red). Residues involved in interaction between human
FcRn and IgG (Fc domain) or albumin (as described by Oganesyan et al, 2014, highlighted in yellow or in blue, respectively) are also shown. The sequence of
human FcRn α-chain ECD was taken from Swiss Prot (P55899-1); Residue F44, identified by Oganesyan et al.29 as interacting with albumin, is residue E44 in this
sequence and in the sequence of Schmidt et al.30 Dark blue = FcRn α-chain; pale blue = β2 M; magenta = 1519.g57 heavy chain; orange = 1519.g57 light
chain; yellow = IgG Fc domain; red = 1519.g57 Fab’ binding epitope on FcRn.

Table 1. Binding characteristics of rozanolixizumab and other 1519.g57 formats to different species of FcRn. The extracellular domain of FcRn was used in SPR
analyses, whereas cell-based analyzes (MDCK cells) were conducted on membrane-bound FcRn. In SPR analyses, where kd results reached the limit of the instrument,
a value of 1.0 × 10−5 was assigned. Results are given as geometric means.

Species of FcRn Format System pH n ka, M
−1s−1 kd, s

−1 KD, pM

Human Rozanolixizumab SPR 6.0 8 4.4 × 105 1.0 × 10−5 23
7.4 8 3.7 × 105 1.3 × 10−5 34

Cells 6.0 3 – – 3.7 × 102

7.4 3 – – 4.3 × 102

Fab’ SPR 6.0 6 3.7 × 105 2.2 × 10−5 59
7.4 5 3.8 × 105 3.0 × 10−5 79

Cells 6.0 3 – – 4.4 × 102

7.4 3 – – 4.2 × 102

Fab’PEG SPR 6.0 5 4.3 × 105 1.7 × 10−5 40
7.4 5 3.3 × 105 1.8 × 10−5 56

IgG1 SPR 6.0 3 4.6 × 105 1.0 × 10−5 22
7.4 3 3.8 × 105 1.2 × 10−5 32

Cynomolgus monkey Rozanolixizumab SPR 6.0 5 4.3 × 105 1.2 × 10−5 25
7.4 5 3.3 × 105 1.8 × 10−5 53

Cells 6.0 3 – – 1.1 × 103

7.4 3 – – 1.0 × 103

Fab’ Cells 6.0 3 – – 9.6 × 102

7.4 3 – – 9.0 × 102

Mouse Rozanolixizumab SPR 6.0 3 1.2 × 105 1.3 × 10−2 1.1 × 105

Rat Rozanolixizumab SPR 6.0 3 8.5 × 104 8.4 × 10−3 9.9 × 104

Rabbit Rozanolixizumab SPR 6.0 3 0 0 –

FcRn, neonatal Fc receptor; IgG, immunoglobulin; KD, dissociation constant; ka, association rate constant; kd, dissociation rate constant; pM, picomolar; SPR, surface
plasmon resonance.
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the following 3 reasons: 1) formats lacking the Fc domain also
bound human FcRn with similar affinity; 2) binding occurred
at high affinity at pH 7.4, whereas binding of the Fc domain is
weak at neutral pH (the difference between 1519.g57 binding
to human FcRn at pH 6.0 and at 7.4 was not significant); and
3) binding at pH 6.0 was ~ 104-fold stronger than non-specific
(i.e., Fc-mediated) human IgG binding to FcRn (2.35 µM;35

2.52 µM;36 in a 2-site model, with an additional higher affinity
binding, with the two KDs of 370 nM and 2.1 µM37).

Madin-Darby canine kidney (MDCK) cells transfected
with either human or cynomolgus monkey FcRn (and
β2m) were used to assess the binding of rozanolixizumab
and 1519.g57 Fab’PEG to FcRn in the context of a cell
membrane; comparable binding was observed at pH 6.0
and pH 7.4, consistent with the SPR data (Table 1,
Supplementary Figure 2), though KD values were ~ 10-fold
greater than those determined by SPR.

Rozanolixizumab had only very weak binding to mouse
and rat FcRn at pH 6.0 (KD three orders of magnitude
weaker), and showed no detectable binding to rabbit FcRn
(Table 1). In support of these binding data, analysis of the
sequence alignment of the FcRn α-chains of human, cyno-
molgus monkey, rat, mouse and rabbit FcRn showed sequence
variability in the region of the 1519.g57 binding epitope (data
not shown; Swiss Prot: P55899, Q8SPV9, P13599, Q61559,
A9Z0W1, respectively). Thus, while cynomolgus monkey
was potentially equivalent to human for reproducing the
intended in vivo pharmacological effect of 1519.g57 antibo-
dies, wild-type murine and rabbit species were not suitable.

Lack of 1519.g57 IgG1 binding to human β2m and lack of
inhibition of human albumin binding to human FcRn by
1519.g57 IgG1 was confirmed by SPR analysis
(Supplementary Table 2), and was consistent with screening
and epitope-mapping results.

Rozanolixizumab inhibits FcRn-mediated IgG recycling in
vitro

MDCK cells stably transfected with human FcRn (and β2m)
are capable of recycling human IgG, while anti-FcRn antibo-
dies can block this activity. Rozanolixizumab was observed to
inhibit the recycling (IC50 0.41 nM; n = 4) of human IgG by
human FcRn-transfected MDCK cells in a dose-dependent
manner. Recycling of IgG was also inhibited in cynomolgus
monkey FcRn-transfected MDCK cells (IC50 0.98nM; n = 6).
In a separate experiment, differences in the potency of FcRn
blockade on MDCK cells were observed depending on the
molecular format of the antibody (Supplementary Table 5).
The potencies of the monovalent formats, Fab’, Fab and
Fab’PEG binding to FcRn, were not significantly different
(n = 6). However, bivalent rozanolixizumab had a greater
effect on IgG recycling in cells in vitro, suggesting that this
format may have gained potency by avidity (due to the proxi-
mity of a second Fab domain).

To further understand the disruption of IgG transport in a
system with endogenous human FcRn, we explored the traf-
ficking of an AlexaFluor (AF) 647-conjugated IgG in human
umbilical vein endothelial cells (HUVECs) after FcRn blockade.
We observed an increase in intracellular IgG AF647 (Figure 2A

and 2B), which would be consistent with disrupted recycling
and accumulation of the AF647 label. Limited co-localization
with Lysotracker was seen, suggesting the IgG could have been
degraded (Figure 2C).

To test if the increased trafficking of IgG to lysosomes
disrupted their function, we assessed the lysosomal function
in HUVECs using lysosomal associated membrane protein 1
(LAMP-1) staining or Lysotracker labelling. Rozanolixizumab
treatment was compared with two other agents, chloroquine
and gentamicin, which are known to disrupt lysosome func-
tion in vivo.38,39 Chloroquine caused swelling of lysosomes as
judged by LAMP-1 staining and an initial increase in
Lysotracker labelling followed by a reduction at higher con-
centrations. At these higher concentrations, we also observed
a reduction in cell counts, thought to be due to the high
concentrations of chloroquine. Gentamicin caused a modest
reduction in the accumulation of Lysotracker label in lyso-
somes. Rozanolixizumab did not appear to affect cell viability
as judged by cell counts (Supplementary Figure 3) or mea-
sures of nuclear staining (data not shown) consistent with
increased degradative targeting.

Rozanolixizumab does not induce cytokine release in
vitro

Using a variety of cell-based assay formats we investigated the
potential of rozanolixizumab to affect the production of seven
cytokines (interferon (IFN)γ, interleukin (IL)-12p70, IL-1β,
IL-6, IL-8, IL-10 and tumor necrosis factor (TNF)). While
the appropriate positive controls were able to induce cytokine
release as expected, rozanolixizumab treatment did not cause
cytokine release (nor did any other 1519.g57 molecular format
tested). The induction of cytokine release in vivo is therefore
considered to be very unlikely. Exemplary results of some
assay formats tested are depicted in Supplementary Figure 4.

Rozanolixizumab has high specificity for FcRn with no
cross-reactive protein or tissue binding

In order to exclude off-target binding by rozanolixizumab in
humans, a blinded-cell surface receptor screen was conducted
against over 4500 human plasma membrane proteins
(Supplementary Table 6) expressed on the surface of human
embryonic kidney (HEK)-293 cells. Rozanolixizumab was
shown to bind only to the α-chain of human FcRn with no
cross-reactive binding to any other proteins, confirming its
high specificity.

To evaluate any species differences in the potential binding
of rozanolixizumab to human and cynomolgus monkey tis-
sues prior to the first-in-human study,6 a tissue cross-reactiv-
ity study was performed using immunohistochemical staining
and microscopy of frozen tissue sections. Rozanolixizumab
showed specific staining in vascular endothelium, epithelial
cells, urothelium, connective tissue, glomerular mesangium,
and smooth muscle (see Supplementary Figure 5 for examples
of staining). Specific, predominantly cytoplasmic, staining
with rozanolixizumab was also observed in cells in most
tissues, including cells within lymphoid tissues, scattered peri-
vascular and periglandular cells, the neuropil and peripheral
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Figure 2. Rozanolixizumab causes an increase in intracellular IgG AF647. (A) HUVECs incubated for 24 hours with AF647-conjugated IgG (green) in the presence of
either rozanolixizumab or a control IgG4P antibody. Nuclei labelled with Hoechst (blue). (B) Quantification of vesicular area per cell from three independent
experiments. Graph shows arithmetic mean ± SD. (c) Co-localization of Lysotracker (green) with internalized AF647-conjugated IgG (red). Nuclei labelled with Hoechst
(blue). Areas of co-localization shown in yellow.
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nervous tissues, and within the connective tissue and cells
between muscle myofibres. The stained cells were usually
fusiform, stellar or cigar-shaped; based on their distribution
(mostly within the connective tissue framework), the scattered
specific positive cells are likely to be endothelial or endothelial
precursors and were more likely to be tissue-resident cells
rather than leucocytes. The expression of FcRn in multiple
tissues was consistent with published data.40-44 There was
good concordance of staining patterns between humans and
cynomolgus monkeys (results not shown), providing further
evidence (together with the comparable binding and pharma-
cology data) that the cynomolgus monkey was the most rele-
vant species to assess the safety of rozanolixizumab prior to
the first-in-human study.

Rozanolixizumab induces a rapid decrease in plasma IgG
in vivo in human FcRn transgenic mice

To investigate the effect of molecular format on activity in vivo,
human-FcRn transgenic mice were injected with human IgG,
and then received a single dose of rozanolixizumab or another
1519.g57 molecular format (Fab’, Fab’PEG, IgG1, triFab’,
FabFv, Fab’human albumin conjugate, Fab’mouse albumin
fusion) at 10, 30, 100 or 250 mg/kg, or with vehicle. In this
system, the concentration of human IgG in vehicle-treated
mouse plasma decreases due to IgG turnover in the absence
of synthesis.14 The effect of FcRn blockade was considered to
be exhausted when the rate of decline of human plasma IgG

concentration in treated animals was equal to that in vehicle-
treated animals. The baseline clearance rate of human IgG was
established using a mutated IgG4 antibody10 that was unable to
bind human FcRn (Supplementary Figure 6); rates of clearance
for the mutated IgG4 antibody were comparable to previously
reported data.45 FcRn blockade led to an accelerated rate of
decline in the concentration of human IgG in mouse plasma
compared with vehicle. All molecular formats exhibited a dose-
response relationship; the larger the dose, the longer the dura-
tion of effect, as exemplified in Supplementary Figure 6 for
rozanolixizumab.

Differences were observed in the activity of the antibodies
in the human FcRn transgenic mouse model according to
molecular format (Figure 3A and 3B). At equivalent doses of
100 mg/kg, the activities of monovalent 1519.g57 formats
(Figure 3A and 3B) could be ranked according to the differ-
ences in drug clearance and plasma concentration (Figure 4;
Fab’ [without attached PEG] was undetectable by 8 hours
after injection and so is not shown). Formats maintaining
higher concentrations for a longer period of time demon-
strated a prolonged effect on human IgG catabolism
(Figures 3 and 4). The profiles of all formats except for the
non-FcRn specific control Fab’PEG were typical of drugs that
suffer target-mediated drug disposition (TMDD), where
above a certain inflexion point the FcRn receptor is saturated,
while below that inflexion point a varying degree of saturation
is observed, with changes in the rate of elimination of the
drug being concentration-dependent. Interestingly, the IgG1

Figure 3. Effect of a single dose of various 1519.g57 formats (100 mg/kg) on human plasma IgG concentration in human FcRn-transgenic mice. Group sizes (n) as
indicated in the legend, combined from multiple experiments. For clarity, data are divided between two graphs: (A) and (B). Geometric mean and 95% confidence
interval are shown.
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format was less effective than the IgG4P format, and had an
apparent faster elimination. This difference in PK might be
explained by a difference in off-target binding, for instance to
murine Fc receptors (other than FcRn).

The valency of the various anti-FcRn molecules (mono-
to tri-valent) had no clear effect on efficacy. At the same
dose of 100 mg/kg, the monovalent Fab’PEG showed greater
activity than either rozanolixizumab (bivalent format) or the
triFab’ format (Figure 3A), indicating no increase of effect by
multiple, crosslinking binding. However, in molar terms, the
dose of Fab’PEG was about a third greater, which might
explain its greater activity. In addition, the plasma concen-
trations of the Fab’PEG format were sustained for longer
(Figure 4); this may be due not only to the higher molar
dose, but also due to the presence of a PEG moiety. The PEG
moiety is responsible for extending half-life in an FcRn-
independent manner,46 and therefore could provide a PK
advantage compared with the IgG formats that are blocking
their own recycling mechanism. Rozanolixizumab and the
triFab’ format were dosed approximately equally in molar
terms, but the IgG4P format showed greater activity
(Figure 3A), although this might, in part, be due to pro-
longed PK of rozanolixizumab (Figure 4).

Because mouse albumin binds to, and is recycled by, human
FcRn,47 the effect of FcRn blockade on mouse plasma albumin
concentration in the human FcRn transgenic mouse was mea-
sured. Neither rozanolixizumab, nor any other 1519.g57 format
(with the exception of IgG1 for unknown reasons), was observed
to have an effect on endogenous mouse plasma albumin concen-
tration (Supplementary Figure 7A and 7B), indicating little or no
blockade of albumin binding, even by those formats that included
or bound mouse albumin (Fab-albumin fusion or conjugate, or
FabFv). Themaintenance ofmouse plasma albumin concentration
suggested no effect on albumin turnover (the sumof synthesis and
degradation), and so possibly little or no change of expression of
FcRn. No adverse events were noted in any mouse treated with
rozanolixizumab or 1519.g57 in any molecular format.

Rozanolixizumab induces a rapid decrease in plasma IgG
in vivo in cynomolgus monkeys

Single-dose administration
IV administration of a single dose of rozanolixizumab in cyno-
molgus monkeys caused a dose-dependent reduction in plasma
IgG concentration (Table 2, Figure 5A); comparable results were
observed with 1519.g57 Fab’PEG (Supplementary Table 7). The
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Figure 4. The PK of a single dose of various 1519.g57 formats in human FcRn-transgenic mice: the effect of molecular format on the concentration of anti-FcRn free
in plasma. Group sizes (n) were as indicated in the legend, combined from multiple experiments. Geometric mean and 95% confidence interval are shown (one arm
shown only, for greater clarity).

Table 2. Calculated PK parameters after single IV doses of rozanolixizumab in cynomolgus monkeys. Data shown are geometric mean (coefficient of variation).

Pharmacodynamics

Plasma [IgG] Pharmacokinetics, mean (%CV)

Format Dose, mg/kg n % change from baseline Time to nadir, days Cmax, µg/mL Cmax/actual dose
AUClast,

µg/mL/day AUClast/actual dose

Rozanolixizumab 0 4 0 n/a n/a n/a n/a n/a
5 4 49 3.5 84.7 (17.6%) 4.6 (19.2%) 56.1 (18.4%) 3.1 (27.8%)
10 4 63 5 266.2 (4.9%) 7.4 (16.4%) 216.1 (12.6%) 6.1 (20.8%)
30 4 69 7 730.5 (11.5%) 9.1 (14.5%) 853.7 (7.6%) 10.7 (10.4%)

AUClast, area under the concentration-time course until last quantifiable concentration; Cmax, maximum observed plasma concentration; CV, coefficient of variation;
IgG, immunoglobulin G; n/a, not applicable.
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two formats appeared similar in efficacy, with no obvious differ-
ence in effect due to valency. The extent of reduction of plasma
IgG concentration correlated with the presence of anti-FcRn anti-
body in the plasma. Doses of 5, 10 or 30 mg/kg rozanolixizumab
(IV) gave 49%, 63% or 69% reduction in plasma IgG concentra-
tion in 3.5, 5 or 7 days, respectively (Table 2; Figure 5A). In other
experiments (data not shown) larger doses of rozanolixizumab
have generated only slightly greater reductions in plasma IgG
concentration; the 30 mg/kg single dose of rozanolixizumab was
considered to give close to maximum effect in this system.

After a single IV dose of rozanolixizumab, reduction of plasma
IgG concentration continued after the disappearance of free anti-
FcRn in plasma, suggesting a delayed effect; IgG returned to
physiological ranges within 8 weeks. 1519.g57 Fab’PEG (20 mg/
kg) resulted in a maximum reduction of about 70% following IV
administration (Supplementary Table 7); dosing via the SC route
was also effective, although to a lesser extent, with a maximum
reduction of about 50% (data not shown).

The concentration-time profile for rozanolixizumab
(Figure 5B) in cynomolgus monkeys showed marked non-linear
PK behavior, indicating TMDD, consistent with the findings in
the human FcRn-transgenic mouse model (Figure 4). Non-pro-
portionality to dose was observed for Cmax (maximum plasma
concentration) and AUClast (area under the concentration–time
curve until last quantifiable concentration for single dosing)
values in the derived non-compartmental PK parameters, expo-
sure increased greater than proportionally with dose (Table 2),
which may be related to the degree of saturation of the FcRn
receptor with higher doses of rozanolixizumab. The non-linearity
was accompanied by a rapid disappearance of rozanolixizumab
from the plasma. At the highest dose (30mg/kg), rozanolixizumab

was undetectable in plasma beyond Day 5, demonstrating faster
elimination compared with that previously reported for other
IgG4 mAbs in cynomolgus monkeys,48 due to a combination of
blockade of its own recycling process and TMDD. 1519.g57
Fab’PEG had comparable results (Supplementary Table 7), with
non-linear increases in exposure with dose, a profile characteristic
of TMDD, and rapid elimination (no drug detectable by Day 7
with a dose of 20 mg/kg). An advantage in terms of PK was
expected for the 1519.g57 Fab’PEG format compared with roza-
nolixizumab because the pegylated portion is independent of the
FcRn recycling system, and therefore could be expected to provide
a longer exposure at comparable dosing. However, based on the
PK results (Table 2 and Supplementary Table 7), little advantage
was observed, which could indicate that the drug disappearance is
predominantly driven by TMDD.

Plasma albumin concentration was monitored, but no clear
dose-related trend was observed (Supplementary Figure 8). In
separate experiments, treatment of cynomolgus monkeys with
rozanolixizumab did not affect IgM or IgA concentrations
(data not shown), consistent with these molecules not being
salvaged and recycled by FcRn, and with data reported by
others on elimination of FcRn function (by a peptide
antagonist;19 in FcRn knockout mice14). Generation of anti-
drug antibodies (ADA) was detected in the majority of ani-
mals during the dosing period; however, no impact to PK or
PD was observed. No adverse events were noted in any
cynomolgus monkey treated with rozanolixizumab.

Repeat dosing: infrequent administration
In order to explore the possibility of treatment with rozano-
lixizumab over an extended period, studies were made of

Figure 5. (A) The effect of single IV doses of rozanolixizumab (5, 10 and 30 mg/kg) on plasma IgG concentration in cynomolgus monkeys, relative to baseline. Data
are arithmetic mean ± standard errors. (B) The PK of single doses (IV) of rozanolixizumab in cynomolgus monkey plasma.
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repeated dosing with either long or short periods between
doses. To evaluate the PK/PD of rozanolixizumab with infre-
quent dosing, the animals that received single IV doses of
30 mg/kg described above were then further treated with
rozanolixizumab 30 mg/kg IV on Days 63 and 126. These
time points were selected because in previous experiments
~ 60 days were required for plasma IgG concentrations to
return to pre-dose levels. PK profiles for rozanolixizumab
following the first and second administrations were similar,
but exposure was reduced following the third administration
(Supplementary Figure 9A). The magnitude of this can be
seen in the different Cmax values achieved, with geometric
means of 730, 764 and 569 μg/mL, after the first, second
and third administrations, respectively.

The second IV dose of rozanolixizumab induced a reduction
in plasma IgG concentration comparable to the first dose
(~ 75%; mean value) with a similar PD profile. In contrast,
the third IV dose on Day 126 achieved a lesser (~ 55%; mean
value) reduction in plasma IgG, but recovery was faster than
that of the first or second dose (Supplementary Figure 9B).
Thus, PD correlated with PK, as observed in the human FcRn-
transgenic mouse model (Figures 3 and 4). Generation of ADA
was detected in the majority of animals during the dosing
period, which may in part explain the reduction in drug effect
over time and the faster recovery of IgG after the third dose.
However, interpretation of the quantitative effect of ADA on
IgG concentrations is limited because the IgG assay detected all
IgG including ADA itself, so quantification of the margin in the
reduction in IgG was not possible with this method.

Repeat dosing: frequent administration
The effects of frequent treatment with rozanolixizumab were
evaluated by daily IV (initial 30 mg/kg loading dose on Day 0,
followed by 41 daily doses of 5 mg/kg) and SC (5 mg/kg for 60
consecutive days) administration. IV administration of rozano-
lixizumab for 42 consecutive days showed that the highest peak
drug concentration occurred after the loading dose, followed by
diminishing peak values after each dose until ~ Day 12, when
peak drug concentrations achieved a broadly steady level that
was maintained for the duration of the study in most animals
(Supplementary Figure 10A). The individual profiles showed a
rapid clearance during the dose interval leading to pre-dose
concentrations close to or below the limit of quantification;
some animals appeared to suffer effects from ADA towards the
end of the treatment period with decreases observed in the
peak rozanolixizumab concentrations.

The PK of rozanolixizumab following daily SC dosing
(with no loading dose) showed that plasma concentrations
increased until ~ Day 10 as expected, but decreased thereafter
(Supplementary Figure 10B). This decrease in exposure was
attributed to the formation of ADA.

Plasma IgG concentrations fell by ~ 70–75% (mean values)
from pre-dose levels by Day 10 with repeated dosing (Figure 6).
Daily IV administration reduced IgG concentrations in all
animals, and maintained low IgG concentrations throughout
the treatment period. As with the single and intermittent IV
doses, ADAs were detected during daily IV dosing, but with no
discernible effect on PD. Following daily SC administration, the
observed reduction in IgG concentrations was sustained in only

two of four animals; the absence of a sustained IgG reduction
in two animals may have been caused by the generation of
ADAs. An overshoot in the IgG profile with respect to baseline
was observed for one animal over the treatment period (base-
line IgG concentration ~ 8 mg/mL, maximum IgG concentra-
tion during the treatment period 18.5 mg/mL), investigations
showed no anomalies in this animal. There was no effect on
plasma albumin concentration or any drug-related adverse
events in cynomolgus monkeys dosed IV or SC, including
those with detectable ADA.

Rozanolixizumab induced marked sustained but
reversible decreases in plasma IgG in the absence of
adverse events in a cynomolgus monkey toxicology study

A 13-week toxicology study in cynomolgus monkeys was
conducted to evaluate the potential toxicity, toxicokinetics
and PD of high and repeated IV and SC doses of rozanolix-
izumab. Results from this study support the findings of the
previously reported 4-week toxicology study.6 SC (50 and
150 mg/kg) or IV (150 mg/kg) administration of rozanolix-
izumab every 3 days for 13 weeks and intermittent SC dosing
of rozanolixizumab (150 mg/kg) every 3 days in each of
Weeks 1, 6 and 10 (Table 3) was well tolerated in cynomolgus
monkeys. The no-observed-adverse-effect level (NOAEL) was
150 mg/kg dosed IV or SC every 3 days.

Plasma IgG concentrations were decreased in all rozanolixizu-
mab-treated groups (150 mg/kg), maximal reductions of up to
85% were observed by Week 13; plasma IgG concentrations
returned to baseline by the end of the 8-week recovery phase
(Figure 7). Reduction of plasma IgG concentration was less pro-
nounced when animals were treated only in Weeks 1, 6 and 10.

As previously observed in the 4-week study, there were no
rozanolixizumab-related mortalities nor adverse effects on the
standard toxicology, clinical pathology (apart from the large
decreases in IgG and the related small decreases in globulin
and total protein as expected with this mode of action), safety
pharmacology, immunotoxicology and histopathology. No
rozanolixizumab-related effects were observed on total IgM
or IgA; there was no evidence of infection as a result of
reduced total IgG concentrations. Small rozanolixizumab-
related decreases in albumin were observed (generally in the
range of a 1 to 13% decrease from baseline; Supplementary
Figure 11); the decreases were all within acceptable ranges,
not considered adverse and returned to baseline by the end of
the dosing phase. Albumin concentrations recovered during
the 8-week recovery period. No corresponding effect on
serum calcium concentration was observed.

Rozanolixizumab treatment, both IV and SC, resulted in
an expected decreased T-cell-dependent IgG antibody
response (TDAR) to keyhole limpet hemocyanin (KLH)
immunization. Both the primary and secondary responses
were reduced (Supplementary Figure 12). Reduced titers
upon treatment with rozanolixizumab reflect the pharma-
cologically intended effect, clearance of IgG antibodies due
to blockade of FcRn and the associated effect this has on
IgG recycling, they are not due to an impact on the cellular
level of IgG antibody production. No effect was observed in
the IgM-mediated anti-KLH response, this was as
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anticipated since IgM does not interact with FcRn.
Hematological assessments showed no effects on immune
cell population counts after rozanolixizumab treatment.
Immunophenotyping did not reveal any rozanolixizumab-
related effect on relative or absolute numbers of lympho-
cytes and lymphocyte subpopulations in blood samples and
lymphoid organs (data not shown). Rozanolixizumab had
no effect on a variety of factors released from immune cells
or factors affecting the activity of immune cells (e.g., cyto-
kines, C-reactive protein, fibrinogen, complement
components).

Discussion

Here, we described the generation of a high-affinity anti-human
FcRn antibody, in an optimal format, that works to inhibit IgG

salvage and so reduces plasma IgG concentration in FcRn-
transgenic mice and in cynomolgus monkeys. In a series of in
vitro SPR and cell-based binding experiments using a panel of
anti-FcRn antibody formats, rozanolixizumab (IgG4P) demon-
strated comparable binding to human FcRn and cynomolgus
monkey FcRn at both pH 6.0 and pH 7.4. Rozanolixizumab
demonstrated significantly greater potency when blocking IgG
recycling in MDCK cells (stably transfected with human FcRn
and β2m), compared with other molecular formats, and
increased intracellular trafficking of IgG to lysosomes.

Further in vivo characterizations in both a transgenic FcRn
mouse model and cynomolgus monkeys demonstrated dose-
dependent reductions in plasma IgG following rozanolixizu-
mab treatment, and remarkably fast clearance of rozanolixi-
zumab with non-linear PK, typical of drugs that suffer
TMDD; no clinically relevant effect was observed on plasma

Figure 6. The effect of daily IV and SC doses of rozanolixizumab on plasma IgG concentrations in cynomolgus monkeys. For IV dosing, a loading dose of 30 mg/kg on
Day 1 was followed by a daily dose of 5 mg/kg for 41 days. For SC dosing, 5 mg/kg was administered daily for 60 days. Thick lines represent mean values; thin lines
represent individual animals. *Animals received a loading dose of 30 mg/kg on Day 1.

1120 B. SMITH ET AL.



albumin concentrations. These data support the clinical devel-
opment of rozanolixizumab.6

We have demonstrated that rozanolixizumab acts as a
competitive inhibitor for IgG, by physically overlapping
with the IgG Fc binding site on the α-chain of FcRn.
Greater KD values (10-fold lower binding affinity) were
observed when the binding of rozanolixizumab and 1519.
g57 Fab’PEG were measured on cells transfected with human
or cynomolgus monkey FcRn compared with SPR analyses.
It is proposed that this lower binding affinity could be due to

steric hindrance by the nearby cell membrane or other
neighboring molecules present thereon. The low binding
affinity of rozanolixizumab for mouse FcRn was most likely
due to Fc (and not Fab) binding, since the binding was
comparable to that reported for human IgG Fc domain
binding to mouse FcRn (60 – 270 × 103 pM).35–37 The low
rodent cross-reactivity was insufficient to support the study
of rozanolixizumab in wild-type mice or rats; hence trans-
genic mice and cynomolgus monkeys were selected as the
test species for in vivo studies.

Table 3. Study design and mean PK parameters of rozanolixizumab in the 13-week toxicity study in cynomolgus monkeys. Data shown are arithmetic mean (SD).

Dosing regimen Number of males/females Necropsy at Day 91 Necropsy at Day 144

Cmax (µg/mL),
mean (SD)

AUC0–τ (µg/mL/day),
mean (SD)

Day 1 Day 64 or 88 Day 1 Day 64 or 88

Vehicle control 6M/6F* 3M/3F 2M/2F – – – –
50 mg/kg SC q3 days 4M/4F 4M/4F n/a 404

(84.2)
157
(192)

828
(244)

327
(408)

150 mg/kg SC q3 days 6M/6F* 4M/4F 2M/2F 1780
(639)

1730
(998)

3740
(1130)

3780
(2290)

150 mg/kg SC q3 days
(Weeks 1, 6, 10)

6M/6F* 4M/4F 2M/2F 1700
(338)

1160
(503)

3570
(569)

2410
(1220)

150 mg/kg IV q3 days 6M/6F* 4M/4F 2M/2F 4230
(618)

4870
(1030)

5450
(841)

5370
(2230)

*includes 2M + 2F for recovery
AUC0–τ, area under the plasma concentration (for repeated dosing) versus time curve on Day 1 or Day 64 or 88; Cmax, maximum observed plasma concentration; D,
day; F, female; M, male; W, week.

Figure 7. Individual percent change from baseline in plasma IgG concentration in cynomolgus monkeys following IV (A) or SC (B) rozanolixizumab dosing at 150 mg/
kg every 3 days for 13 weeks. Lines represent individual animal data.
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The in vitro data presented here supports the concept
that, although rozanolixizumab is bivalent, it binds to FcRn
in a monovalent manner. We have shown comparable effi-
cacy (in molar terms) for the bivalent rozanolixizumab and
monovalent 1519.g57 Fab’PEG in cynomolgus monkeys, cor-
roborating the monovalent binding of rozanolixizumab to
FcRn. From these data it is inferred that cross linking of
FcRn molecules by rozanolixizumab in vivo is unlikely or
infrequent. In vitro immunocytochemistry analyzes indicated
that the mechanism of reduction in plasma IgG concentra-
tion was inhibition of IgG salvage, which causes trafficking
of IgG to lysosomes for degradation instead of recycling, in
agreement with earlier reports.49

Both transgenic mouse and cynomolgus monkey data indi-
cated a dose-response relationship of anti-FcRn treatment to
plasma IgG concentration; the longer free drug was present,
the longer the observed reduction in plasma IgG concentra-
tion and the more pronounced the overall decrease.

Although the amount administered affected the extent of the
decrease in IgG concentration, the format of the anti-FcRn was
also seen to be important. A single dose of 1519.g57 Fab’ was
weakly effective in transgenic mice, probably because of its
rapid elimination. Formats with slower elimination appeared
more effective at equivalent doses, presumably because they
gave greater coverage (more extended period of anti-FcRn
presence that translates to prolonged saturation of FcRn
above a certain level). Marked TMDD was observed, consistent
with the mechanism of action of FcRn and the high receptor
expression, which can affect drug PK. In support of this,
elimination of rozanolixizumab was faster than that reported
by Haraya et al.50 for 11 non-anti-FcRn IgG1 and IgG2 anti-
bodies in mice (half-lives ranging between 3.5 and 13.2 days),
but consistent with the observations of Liu et al,22 who showed
rapid disappearance of anti-rat FcRn from rat plasma. The
expected PK exposure benefit from PEGylation was not
observed in these studies; no obvious advantage was seen
over the other IgG formats, Fab’PEG was similarly effective to
IgG. These results suggest that pronounced TMDD prevails
over the non-specific elimination of drugs as the main driver
of clearance, with blockade of IgG’s own recycling system
forming a secondary driver of clearance. This was particularly
so since 1519.g57 antibody bound FcRn at both pH 6.0 and at
neutral pH, leading to injected anti-FcRn rapidly encountering
and binding its target at neutral pH on the cell surface before
endocytosis had occurred.

FcRn is expressed in many tissues, so some loss of anti-
FcRn given via the SC route might be expected; indeed, some
loss would be expected with any mAb. It is unsurprising,
therefore, that a small drop of 7% in bioavailability in cyno-
molgus monkeys was seen after SC injection of a 20 mg/kg
dose of the 1519.g57 Fab’PEG format. Lower doses for the
Fab’PEG format were not tested in this work; additional
investigations would be required to better understand the
potential non-linear behavior of the drug’s PK during the
absorption phase. In this study, single and multiple adminis-
trations showed the SC route to be a viable drug delivery
option. An IV dose of 100 mg/kg of 1519.g57 Fab’PEG caused
an approximate 80% reduction in plasma IgG concentration
in cynomolgus monkeys; 20–30 mg/kg doses of either format

(rozanolixizumab or 1519.g57 Fab’PEG) approached this
extent of effect and so are expected to be close to the maxi-
mally effective dose. In cynomolgus monkeys, normal IgG
concentration was regained (with no rebound) by about
8 weeks after dosing, the effect of a single dose was prolonged
in line with the prolonged mAb exposure, and was
recoverable.

FcRn salvages and recycles IgG against a background of
continued IgG synthesis, so it is unlikely that inhibition of
FcRn could reduce plasma IgG concentration to zero. Very
high and prolonged dosing with rozanolixizumab resulted in
what we consider to be the maximum possible reduction of
plasma IgG concentration in cynomolgus monkeys, of ~ 90%.
A more practical single dose of 30 mg/kg, or repeated 5 mg/kg
doses achieved ~ 70–75% reduction. These results are consis-
tent with previously published data: two humans with β2m-
deficiency (and consequently FcRn-deficient) had plasma IgG
concentrations of about 11% and 25% of normal,51 and FcRn-
deficient mice had plasma IgG concentrations of about 11.8%
of normal.45 The extent of plasma IgG reduction achieved in
these preclinical investigations and in the clinical study6 are
comparable with the reduction (~ 50–60%) observed follow-
ing a full course of repeated plasmapheresis procedures in
humans, which is one of the current standards of care in
autoimmune diseases.52,53 This suggests that FcRn blockade
may not only have clinical efficacy in autoimmune disease,
but also that it could be more simply and rapidly adminis-
tered, and may be more convenient and more specific in its
mechanism of action than current treatments. Importantly,
when rozanolixizumab dosing was stopped, plasma IgG con-
centrations returned to pre-dose levels, demonstrating that
there was no lasting effect on FcRn.

Rozanolixizumab was effective across both SC and IV dosing
regimens, indicating flexibility in clinical use. While a single IV
dose (30 mg/kg) in cynomolgus monkeys reduced plasma IgG
concentrations immediately after infusion, and attained ~ 70%
reduction within ~ 7 days, 5 mg/kg/day SC took ~ 10 days to
reach a similar nadir. No other differences were observed
between IV and SC administration. In either case, recovery
after dosing was to the physiological range of plasma IgG con-
centrations, without rebound to concentrations greater than pre-
dose levels, by ~ 8 weeks after dosing. There appeared to be no
significant toxicity associated with these effects, although in
humans, prolongedmaintenance of very low IgG concentrations
(< 4–7 mg/mL) might be expected to lead to an increased risk of
infection, as observed in hypogammaglobulinemia.54 Reduced
IgG concentrations persisted even after clearance of rozanolix-
izumab from the plasma, suggesting that rozanolixizumab
remains bound to FcRn as it cycles from the cell surface to the
endosome and retains the ability to block IgG recycling even
after antibody is no longer detectable in the plasma, in line with
FcRn turnover.

FcRn is responsible for binding and recycling albumin as
well as IgG.55 Significant reductions in plasma albumin con-
centrations in patients would be undesirable, therefore during
development, the anti-FcRn variable region (1519.g57) was
selected for its lack of inhibition of the FcRn-albumin inter-
action. We have demonstrated that the binding epitope of
1519.g57 Fab’ was separate from that of albumin.
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Furthermore, the PK/PD studies reported here in transgenic
mice and cynomolgus monkeys showed that rozanolixizumab
caused no reduction in plasma albumin concentration outside
the normal range; an observation also reported in healthy
volunteers.6 The reductions in albumin observed in the 13-
week cynomolgus monkey toxicology study were likely attrib-
uted to partial steric hindrance at high concentrations of
rozanolixizumab; however, it is important to note that in
this study, rozanolixizumab was administered at a concentra-
tion 100-fold in excess of the planned human exposure level.
In cynomolgus monkeys there was no effect of rozanolixizu-
mab or 1519.g57 Fab’PEG on concentrations of IgM and IgA
(which are not recycled by FcRn), these data support the
results observed in the clinical healthy volunteer study of
rozanolixizumab.6 Overall, the effects of rozanolixizumab
and 1519.g57 Fab’PEG were specific to IgG, in contrast to
currently available therapies, which can affect a range of
immune modulators (with the exception of immunoadsorp-
tion, in which IgG alone is removed by affinity
chromatography).

The PK of rozanolixizumab was consistent with expectations
for a human mAb, in cynomolgus monkeys, against a high
abundance cell surface target that is widely distributed on the
extracellular membrane, including vascular endothelium.10

Since FcRn is critical in salvaging IgG from degradation,
FcRn inhibition would be expected to accelerate IgG clearance
in a dose-dependent manner. Indeed, in these studies and in
the clinical healthy volunteer study,6 rozanolixizumab exhibited
pronounced TMDD, manifested as non-linearity in clearance
with dose, and decreasing clearance with increased dose. Even
at high doses, rozanolixizumab was cleared remarkably rapidly
compared with other IgG-type mAbs, which typically demon-
strate half-lives of ~ 6–10 days in monkeys.48

Administered human or humanized biologic drugs can be
recognized as foreign by the immune system and, as such,
ADA are commonly generated in animals and, usually to a
lesser extent, in humans.56 Measurement of ADA in animal
models is undertaken within the PK/PD studies to inform the
relevant PK and IgG data (unaffected by ADA) that could be
used to guide dose selection in the first in human study, and
to ensure that a sufficient number of animals are adequately
exposed to the test item, to enable derivation of toxicological
effects; the frequency of ADA is not representative or transla-
table into humans. The ADAs identified in rozanolixizumab-
treated cynomolgus monkeys possibly contributed to the gra-
dual loss of PD observed in some repeat-dosed animals after
an initial period of efficacy of ~ 10 days or longer during
which the ADA response was mounted. As the drug tolerance
of the ADA assay was not determined, the results are not
definitive. However, the lack of detectable ADAs or loss of PD
effect in normal mice dosed repeatedly with rabbit-mouse
chimeric anti-mouse FcRn Ab indicate that blockade of
FcRn per se did not cause or potentiate generation of ADA,
even against an essentially foreign protein. The generation of
ADA in cynomolgus monkeys was therefore possibly due to
humanized rozanolixizumab being a heterologous protein in
cynomolgus monkeys. In a Phase 1 clinical study in 48 healthy
volunteers, ADAs were detected in subjects across all treat-
ment groups following single SC and IV doses of

rozanolixizumab 1–7 mg/kg, but concentrations were consid-
ered low, with quantifiable concentrations observed in only
five subjects.6 ADA had no effect on IgG concentrations or on
the PK of rozanolixizumab.6 Phase 2 studies will further
explore the ADA profile and any impact on the pharmacolo-
gical effect following repeated dosing of rozanolixizumab.

The safety of FcRn inhibition was further confirmed after
dosing of rozanolixizumab at supra-pharmacological exposures
(up to 6-fold above the predicted maximum human exposure)
for 13 weeks in cynomolgus monkeys. Minor effects on albumin
were observed, all within acceptable ranges. There were no
adverse effects. A reduction in the TDAR was reported in the
absence of any other immune changes, but this was due to the
expected clearance of KLH-specific IgG and was not thought to
be due to any direct effects on immune functions, such as the
ability to mount antibody responses. As expected, no effects on
KLH-specific IgM antibody titers were observed, since FcRn is
not involved in the recycling of IgM. This is supported by in
vitro safety analyses, which demonstrated that rozanolixizumab
showed no effect on cytokine production. Although the FcRn
C-terminal (intracellular) domain contains motifs that may be
associated with endocytosis and trafficking,57,58 it lacks the
immunoreceptor tyrosine-based activation motif (ITAM) and
immunoreceptor tyrosine-based inhibition motif (ITIM) that
are associated with the transmembrane signalling observed
with other Fc receptors.59 Although Baker et al.60 reported
that in dendritic cells, interaction between FcRn and immune
complexes can lead to secretion of IL-12, to our knowledge
there is no mention in the literature of cellular signalling that
occurs as a result of FcRn binding its natural ligands, IgG or
albumin. The induction of cytokine release by stimulation of
FcRn-expressing cells directly was therefore considered to be
low. Moreover, rozanolixizumab is an IgG4P isotype with
reduced capacity to interact with Fcγ receptors, inability to
activate the complement cascade and strongly reduced capacity
to cause cytokine release by cells interacting with the Fc part of
the antibody via Fcγ receptors.

In summary, we have described the generation and char-
acterization of a humanized anti-human FcRn antibody, roza-
nolixizumab, as a potential therapeutic to reduce the
concentration of plasma IgG (but not albumin, IgA or IgM).
A Phase 1 study (NCT02220153) was recently published,6

providing the first clinical evidence in healthy volunteers of
rozanolixizumab as a potential new treatment concept for
autoimmune diseases. SC administration of rozanolixizumab
up to 7 mg/kg and IV administration up to 4 mg/kg was well
tolerated in healthy volunteers.6 Clinical development of roza-
nolixizumab continues with Phase 2 studies in myasthenia
gravis (NCT03052751) and ITP (NCT02718716).

Materials and methods

Immunization

Rats and mice were both immunized with FcRn extracellular
domain (ECD) or NIH3T3 mouse fibroblasts transiently co-
transfected with a mutant surface-stabilized form of human
full length FcRn (L320A and L321A)61 and mouse β2m. The
NIH3T3 cells were transfected (using electroporation) with a
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1:1 ratio of the human FcRn α-chain and mouse β2m DNA
(75 µg of each vector was transfected per 3 × 107 cells). Rats
and mice were immunized by SC injection of between 1 × 107

and 5 × 107 NIH3T3 mouse fibroblasts expressing mutant
human FcRn and mouse β2m (three injections) in Weeks 1,
6 and 9, with a fourth final (IV) injection of 10 µg human
FcRn ECD (in combination with mouse β2m) in Week 15. Rat
and mouse B cells were harvested in Week 17.

Screening of antibody in B-cell cultures and V region
recovery

Sera from immunized animals were screened by flow cytome-
try on a FACSCanto II flow cytometer (BD Biosciences, UK)
for antibody binding (at neutral pH) to HEK-293 cells that
were transiently transfected to express the mutant surface-
stabilized form of human FcRn (L320A; L321A). Binding of
IgG from mouse or rat sera was revealed with phycoerythrin
(PE)-labelled anti-mouse or anti-rat Fc antibodies, respec-
tively. Sera were also screened for the ability to block binding
of AF 488-conjugated IgG to human FcRn at pH 6.0 on these
cells, monitored by flow cytometry on a FACSCanto II flow
cytometer (BD Biosciences, UK).

B-cell cultures were prepared from animals whose sera
showed FcRn binding and blockade of IgG binding to FcRn,
using a method similar to that described by Zubler et al.62

Further details are provided in Supplementary Methods, as
are details of V region recovery63 and cloning.

Conversion to humanized Fab’ and other formats

Genes encoding humanized V-region heavy (VH) and light
(kappa, VK) chain sequences were designed and constructed
by Entelechon GmbH. VK and VH genes were cloned into
proprietary expression vectors, containing DNA encoding the
human κ-chain constant, the human gamma 1 heavy-chain
constant (CH1) and truncated hinge regions with a
C-terminal 6x Histidine (6HIS) tag, respectively. Transient
co-transfection of heavy and light chain vectors enabled the
expression of humanized Fab-6HIS in HEK-293F cells
(11625–019; Life Technologies). Candidates were screened
for retention of their FcRn binding (SPR analysis) and stabi-
lity (biophysical characterization), and selected candidates
were re-cloned for expression in E.coli as the Fab’ format to
allow PEGylation and further study in mice.

The optimal candidate, antibody 1519, was humanized by
grafting the CDRs from the parent rat antibody V-regions
onto human germline antibody V-region frameworks. The
CDRs grafted from the donor to the acceptor sequence were
as defined by Kabat,64,65 with the exception of CDR-H1 where
the combined Chothia/Kabat definition was used.32 Human
V-region IGKV1-17 plus IGKJ2 J-region (IMGT, http://www.
imgt.org/) was chosen as the acceptor for the light chain
CDRs. Human V-region IGHV3-7 plus IGHJ4 J-region
(IMGT, http://www.imgt.org/) was chosen as the acceptor
for the heavy chain CDRs. The ultimate V-region pairing
was named 1519.g57. Various formats of this antibody were
generated as indicated in Supplementary Table 3.

Preparation of protein reagents

Human FcRn ECD (sequence AESH. . . to . . .AKSS; UniProt
P55899)66 and the equivalent cynomolgus monkey FcRn ECD
were each expressed in HEK-293 cells co-transfected with the
respective α-chain and homologous β2m. The FcRn ECD was
purified by affinity chromatography on IgG (CnBr-activated
Sepharose 4 Fast Flow; GE Healthcare, UK), binding at pH 5.8
and eluting at pH 8.67,68 Rabbit, mouse and rat FcRn ECD were
expressed, each with the homologous β2m, in proprietary
Chinese Hamster Ovary (CHO) SXE69 cells and protein purified.

Humanized Fab’ was expressed in, and prepared from E.
coli,46,70 and further modified as detailed in Supplementary
Table 3. IgG molecules were prepared from CHO SXE69 cell
culture medium by affinity chromatography on MabSelect™
SuRe™ (GE Healthcare, UK), followed by size-exclusion chro-
matography (SEC) on HiLoad XK 50/60 Superdex 200 PG
(GE Healthcare, UK). The purity of the final product was
confirmed by reducing and non-reducing SDS-PAGE, and
by analytical scale SEC. Reagents were sterilized by filtration
through a 0.22 µm filter and stored at 2 to 8°C, in the dark.

Biochemical and biophysical analysis

Candidates in Fab’6HIS format were analyzed to identify
those with greater stability and suitability to manufacturing
and formulation; detailed characterization was undertaken for
rozanolixizumab (1519.g57 IgG4P; Supplementary Table 1;
Supplementary Methods).

Crystallography was undertaken with deglycosylated human
FcRn ECD complexed with 1519.g57 Fab’ (Supplementary
Methods).

Characterization of binding affinity to human FcRn by
SPR

Binding affinity measurements were conducted using SPR
technology on a Biacore T200 system (GE Healthcare, UK).
For screening of B-cell supernatants, IgG was captured out of
the culture supernatant using an immobilized goat anti-rat
IgG, Fc gamma (AP138; Chemicon International Inc.) anti-
body; human FcRn ECD (100 nM) was allowed to flow over
the chip surface. Human IgG (009-000-003; Jackson
ImmunoResearch Lab Inc, UK) was then passed over the
surface to bind to captured FcRn. Failure of IgG to bind
FcRn indicated blockade of FcRn by the anti-FcRn antibody.

For analysis of humanized anti-FcRn candidates binding to
FcRn an Affinipure F(ab’)2 goat anti-human IgG Fc fragment-
specific (109-006-098; Jackson ImmunoResearch Lab Inc., UK)
antibody fragment was immobilized to the sensor chip and anti-
FcRn antibody captured. Human FcRn ECD was titrated from
20 nM to 1.25 nM over the captured anti-FcRn. For analysis of
binding of anti-human FcRn antibodies to rat, mouse or rabbit
FcRn, themaximum concentration of FcRnwas greater (200 nM).
Estimates of KD were the means of 5 replicates. Where dissocia-
tion was very slow and kd values could not be accurately quanti-
fied, a value of 1 × 10–5 s–1 was assigned. Further details of SPR
methods are provided in Supplementary Methods.
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Characterization of binding affinity to FcRn on cell
surfaces

MDCK cells were transfected with human FcRn α-chain and
human β2m and a stable line was generated. Similarly, an
MDCK stable cell line expressing cynomolgus FcRn α-chain
with cynomolgus β2m was also generated. Cells were incu-
bated in flow cytometry (FACS) buffer (phosphate-buffered
saline (PBS) with 0.2% (w/v) bovine serum albumin (BSA),
with 0.09% (w/v) sodium azide) for 30 mins prior to addi-
tion of AF 488-conjugated anti-FcRn antibody for 1 hour in
FACS buffer (at either pH 7.4 or pH 5.9). The final anti-
body concentrations ranged from 400 nM to 0.003 nM. The
cells were then washed in ice cold FACS buffer and ana-
lyzed by flow cytometry using a Guava flow cytometer
(Millipore). The number of moles of bound antibody was
calculated using interpolated values from a standard curve
generated from beads comprised of differing amounts of
fluorescent dye (Quantum FITC-5 Molecules of equivalent
soluble fluorochrome beads, AbD Serotec FCSC555).
Geometric mean fluorescence values were determined in
the flow cytometric analyzes of cells and beads. Titration
data sets were also produced for isotype-matched control
(non-FcRn-specific) antibodies for each antibody format, in
order to determine non-specific binding characteristics.
Values of non-specific binding (of control antibody) were
subtracted from the anti-FcRn antibody values and the
generated specific binding curve was analyzed by non-linear
regression using a one-site binding equation (Graphpad
Prism®) to determine the KD. Three replicates experiments
were conducted. KD values could be determined when bind-
ing of 1519.g57 Fab’PEG and rozanolixizumab was assessed
in the context of a cell membrane; however, individual ka
and kd values could not.

IgG recycling in cells

MDCK cells over-expressing human or cynomolgus mon-
key FcRn and β2m were plated in a 96-well plate and
incubated overnight at 37°C, 5% CO2, to allow cells to
adhere. The cells were washed with Hanks’ balanced salt
solution with calcium and magnesium (HBSS + Ca2+/Mg2+)
pH 7.2 + 1% BSA and incubated with a range of concen-
trations of anti-FcRn molecules for 1 hour. The supernatant
was removed and 500 ng/ml of biotinylated human IgG
(009-060-003; Jackson ImmunoResearch Lab Inc., UK)
added to the cells in HBSS + Ca2+/Mg2+ pH 5.9 + 1%
BSA (v/v) for 1 hour at 37°C, 5% CO2. After a pulse time
of 60 minutes, the cells were washed and incubated in
HBSS + Ca2+/Mg2+ pH 7.2 at 37°C, 5% CO2 for 2 hours.
IgG released into the supernatant was measured using a
meso scale discovery (MSD) assay with an anti-human IgG
capture antibody (109-005-003; Jackson ImmunoResearch
Lab Inc., UK) and a streptavidin-sulpho tag reveal antibody
(MSD). The inhibition of IgG recycling was analyzed by
non-linear regression to determine the IC50.

Intracellular IgG trafficking

HUVECs were maintained in M-200 media containing Large
Vessel Endothelial Supplement (Life Technologies, USA) at
37°C in a humidified incubator and used until Passage 8. Cells
were then incubated with 2.5 µg/mL AF 647-conjugated IgG
for 24 hours in 96-well imaging plates (Corning, USA) in the
presence of indicated concentrations of either rozanolixizu-
mab or a control IgG4 Ab. Nuclei were labelled by the addi-
tion of Hoechst (Nucblue Dye; Life Technologies, USA) in
media for 30 minutes. Cells were then washed twice in Live
Cell Imaging Solution (Life Technologies, USA) and left in
Live Cell Imaging Solution. Images were acquired using a
Thermo Arrayscan with a 20x objective and appropriate exci-
tation and emission parameters. Triplicate wells were used for
each condition with at least 9 fields per well acquired. The
spot detector algorithm was used to analyze AF 647-conju-
gated IgG vesicles and the Total Spot Area per Object para-
meter was obtained from the Cellomics Scan software (Life
Technologies, USA). Replicate wells were then averaged and
the data presented are the mean from three independent
experiments.

For Lysotracker labelling, cells prepared as above were
incubated with 100 nM Lysotracker Green (Life
Technologies, USA) for 10 minutes at 37°C. Cells were then
washed twice with Live Cell Imaging Solution and images
acquired using a Molecular Devices ImageXpress with a 20x
objective and appropriate excitation and emission parameters.

Assessment of lysosomes

Human serum was prepared from donors by allowing blood
to clot in red-topped Vacutainers (BD Biosciences, UK) fol-
lowed by centrifugation. HUVECs were grown in 50% human
serum and 50% normal growth medium as described in the
previous section. For LAMP-1 staining, cells were fixed using
4% paraformaldehyde (methanol-free; Life Technologies,
USA), washed twice in PBS, and then permeabilized with
−20°C methanol. Cells were then washed in PBS and blocked
with PBS containing 5% goat serum for 30 minutes. Cells were
incubated with anti-LAMP-1 (9091S; Cell Signaling
Technology, USA) followed by goat AF 488-conjugated anti-
rabbit IgG secondary antibody (A-11034, Life Technologies,
USA) and DAPI (D1306; Life Technologies, USA). Cells were
then left in PBS before imaging on a Thermo Arrayscan.
Images were acquired as described previously, except the
‘Spot Average Area’ parameter of the Spot Detector
Analysis, which was used to quantify lysosome area.
Lysotracker labelling was carried out by incubating cells first
with Hoechst and 100 nM Lysotracker Red DND99 (Life
Technologies, USA) for 90 minutes at 37°C. Cells were then
washed 3 times in Live Cell Imaging solution and images
acquired on a Thermo Arrayscan and the ‘Spot Area per
Object’ used to quantify Lysotracker staining. Data from
independent experiments were normalized to control wells
(with no drug addition) and then pooled.
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Assessment of cytokine release in vitro

The potential of rozanolixizumab to affect cytokine produc-
tion was investigated using four cell-based assay formats (per-
ipheral blood mononuclear cells (PBMC); HUVEC confirmed
to express FcRn; whole blood combined with HUVEC and
PBMC combined with HUVEC). These cell types were used in
combination with various rozanolixizumab delivery formats
(soluble rozanolixizumab and rozanolixizumab cross-linked
with an anti-human Fc F(ab’)2 [simulation of ADA-mediated
additional cross-linking of the target]). See supplementary
materials for detailed methodology.

Transgenic mouse model

Male and female muFcRn−/− huFcRn Tg32 transgenic mice
(weighing 18–40g; B6.Cg-Fcgrttm1Dcr Tg(FCGRT)32Dcr;
Jackson ImmunoResearch Lab Inc., UK [stock number
004919]) were used to study the effect of FcRn blockade on
human IgG concentration, anti-FcRn antibody PK, and
mouse albumin concentration in the plasma. All experiments
were conducted in accordance with the UK Home Office
Animals (Scientific Procedures) Act 1986, with local ethical
approval and recently published guidelines.71

Effects of rozanolixizumab in a human FcRn-transgenic
mouse model

Male and female Tg32 transgenic mice were treated with
rozanolixizumab in PBS (variable volume according to dose
size) at 10, 30, 100 and 250 mg/kg IV (n = 4–32 per group),
human IgG4 mutated to abolish FcRn binding (200 mg/kg;
n = 4) or with various 1519.g57 formats (100 mg/kg; n = 4–34
per group). Twenty-four hours prior to administration of
rozanolixizumab, each mouse was injected IV with 500 mg/
kg of a 10% w/v solution of polyclonal human IgG (726820;
Gamunex®-C, Grifols, US) to give a plasma concentration of
~ 10 mg/mL. Serial tail bleeds were taken at regular intervals
throughout the experiment and used to quantify the plasma
concentration of human IgG, rozanolixizumab and mouse
albumin by liquid chromatography tandem mass spectrome-
try (LC-MS/MS) following tryptic digestion (details of this
method are shown in the supplementary information).

Cynomolgus monkey studies

Safety and PK/PD studies were conducted in cynomolgus
monkeys. Studies were conducted by Covance Laboratories
Ltd, UK, in accordance with the requirements of the United
Kingdom Home Office Animals (Scientific Procedures) Act
1986, with local ethical approval and recently published
guidelines.71 All procedures in the study were also in compli-
ance with the German Animal Welfare Act (1972), were
approved by the local Institutional Animal Care and Use
Committee, and in consideration of European Commission
Recommendation 2007/526/EC on guidelines for the accom-
modation and care of animals used for experimental and other
scientific purposes (Appendix A of Convention ETS 123).

Tissue cross-reactivity study

Binding of rozanolixizumab to fresh frozen tissue samples from
three unrelated human donors and three cynomolgus monkeys
was assessed by immunohistochemistry. Rozanolixizumab was
conjugated in house (without detectable loss of FcRn binding
activity) with fluorescein isothiocyanate (FITC) at a molar
labeling ratio of FITC to rozanolixizumab of 0.83:1; three
concentrations of labelled rozanolixizumab were tested (0.2,
0.1 and 0.05 μg/mL). Binding was detected immunohisto-
chemically using a biotinylated anti-FITC secondary Ab, fol-
lowed by incubation with horseradish peroxidase-coupled
streptavidin and a chromogene substrate (Covance, UK).
Placental tissue was used as a positive control for FcRn-specific
staining. A fully human IgG4 isotype control-FITC-conjugated
antibody (ET904-FITC, Eureka Therapeutics) was used as an
isotype control (molar labeling ratio FITC to ET904: 2.5), since
it binds a hapten not existent in human cells.

Pharmacodynamics and PK analysis in cynomolgus
monkeys

A PK/PD study was conducted to characterize the in vivo
pharmacologic activity of rozanolixizumab, and to facilitate
the translation of non-clinical pharmacology to expected clin-
ical effect. A range of doses were tested to explore the dose-
exposure-IgG response curve and to characterize PK. Each
dosing group comprised four healthy, young adult males
weighing a minimum of 2.3 kg; animals were ~ 135 to
185 weeks old at initiation of dosing. For single-dose studies,
a 5, 10 or 30 mg/kg dose was administered IV on Day 0; for
infrequent dosing a 30 mg/kg dose was administered IV on
Days 0, 63 and 126; for frequent dosing, animals received
either daily SC doses of 5 mg/kg (for 60 days), or a 30 mg/
kg IV loading dose followed by daily IV doses of 5 mg/kg (for
41 days). Control animals received daily IV doses of vehicle
(PBS). The concentration of samples for injection was
adjusted with PBS to allow a dose volume of 2 mL/kg, based
on individual body weight. Further details of the 1519.g57
Fab’PEG PK study are provided in the supplementary
materials.

General health and body weight were monitored, and
histopathology conducted at the end of the study. Blood
samples were taken at regular intervals for analysis of total
plasma IgG, albumin, and rozanolixizumab concentrations.
Blood samples for IgG and rozanolixizumab analysis were
collected from the cephalic/saphenous/femoral vein into
tubes containing lithium heparin anticoagulant, gently
mixed and kept on ice prior to centrifugation (10 min,
1500 g, 4°C). Plasma was immediately separated and stored
at – 20°C. Derived PK variables (Cmax, AUC0–t, tmax [time
to occurrence of Cmax, obtained directly from the observed
plasma concentration–time curves], Cmax/Dose, AUC0–t/
Dose) were calculated by non-compartmental analysis
methods from individual plasma concentration vs actual
time profiles after single dose administration using
Phoenix® WinNonlin® v6.4. PK variables were calculated
using actual blood sampling time points.
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IgG bioanalysis

To quantify total IgG in monkey plasma, samples (10 µL)
were mixed with an internal standard (isotopically labelled
unique IgG peptide; Eurogentec), denatured and trypsin
digested. After digestion, the samples were diluted and the
resulting signature peptides (Analyte: H2N –
TTPPVLDSDGSYFLYSK – COOH, internal standard: H2N –
TTPP(U-13C5, 15N)VLDSDGSYFLYSK – COOH) were ana-
lyzed by reversed phase ultra-high-pressure liquid chromato-
graphy coupled with electrospray MS/MS detection (details in
supplementary information). The assay had a lower limit of
quantification (LLOQ) of 0.102 mg/mL and an upper limit of
quantification of 15.345 mg/mL. The assay did not distinguish
between endogenous IgG and administered rozanolixizumab,
hence a transient peak of total IgG was observed shortly after
dosing with rozanolixizumab.

Individual IgG-time profiles were plotted for absolute IgG
and used to calculate the percentage change from baseline IgG.
For baseline values, the mean of all IgG samples collected pre-
vious to the first dose administration was used. The arithmetic
mean of the percentage change from baseline IgG at each time
point was then calculated and plotted, stratified by dose regimen.

Albumin analysis

Albumin concentrations were determined by SPIFE electro-
phoresis as part of a standard clinical chemistry panel by
Covance, UK.

Rozanolixizumab bioanalysis

A validated MSD assay72 with an LLOQ of 0.31 μg/mL was
used to determine concentrations of rozanolixizumab in cyno-
molgus monkey plasma. Briefly, rozanolixizumab was captured
by biotinylated FcRn immobilized on a streptavidin-coated
MSD plate and revealed using commercially available goat
anti-human kappa antibody (NB7463; Novus Biologicals) that
had been conjugated to sulpho-TAG in-house (qualified assay
developed by UCB). The assay diluent was PBS/1% BSA/1%
bovine gamma globulin (BGG)/1% block B at neutral pH (1/
100 minimum required dilution, MRD). The calibrator was
prepared using pooled 1% cynomolgus monkey plasma (to
reflect the MRD); the inclusion of a zero calibrator ensured
no endogenous IgG bound to immobilized FcRn. The electro-
chemiluminescence signal was proportional to the amount of
rozanolixizumab in the sample.

Rozanolixizumab ADA detection

A semiquantitative homogeneous qualified MSD assay72

(LLOQ 0.14 units/mL) with a pooled ADA calibrator harvested
from cynomolgus monkeys who were dosed with 1519.g57 Fab’
was used to detect anti-rozanolixizumab antibody. This assay is
similar in format to the mouse ADA assay with the exception
of the reagents. For ADA bridging, rozanolixizumab conju-
gated to biotin and rozanolixizumab conjugated to sulpho-
TAG were used. The positive control used in the calibrator
and controls was purified from the plasma of a cynomolgus

monkey previously immunized with a molecule of the same
idiotype. Data were read from the calibrator curve to give a
semi-quantitative measure of units/mL, as the pooled ADA
calibrator was not identical to the ADA in the sample.

13-week toxicology study

Male and female cynomolgus monkeys were injected with
rozanolixizumab 50 mg/kg or 150 mg/kg SC every 3 days for
13 weeks, or 150 mg/kg IV every 3 days for 13 weeks, or
150 mg/kg SC every 3 days in Weeks 1, 6 and 10 (Table 3),
followed by an 8-week treatment-free recovery period. This
study was conducted as detailed for the 4-week toxicology
study.6 Additional investigations undertaken in the 13-week
toxicology study included immune function assessment
(TDAR to KLH immunization), and measurement of serum
cytokines and complement activation markers. To assess the
effect of rozanolixizumab on the TDAR to KLH, cynomolgus
monkeys were immunized SC with 1 mg of KLH (1 mL in
saline) on Day 41 and Day 69. A validated MSD assay was
used to detect specific anti-KLH IgG and IgM. Complement
activation markers (C3, C3a, C4 and C5a) were quantified in
cynomolgus monkey plasma using Konelab Prime 60 or
Tecan Sunrise (Thermo Scientific, US); cytokines (IFN-γ,
TNF-α, lymphotoxin-alpha (also known as TNF-β), IL-1β,
IL-2, IL-6, IL-8 and IL-10) were quantified in cynomolgus
monkey serum using a validated flow cytometric assay
(FACScalibur, Becton Dickinson).

Acknowledgments

The authors would like to acknowledge Helen Brand, Katharine Cain,
Richard Davies, Jonathan Symmons and Bernadette Sweeney of UCB
Pharma for their input into construct design, expression and purification
of reagents; Remi Okoye of UCB Pharma for her input to the in vivo
characterizations; Julia Steel of UCB Pharma for her input into the in
vitro SPR characterizations; Andy Ventom, Mark Jairaj and Ludovicus
Staelens of UCB Pharma for their input to the LC-MS/MS; Sarah
Hamilton of UCB Pharma for her contribution to the aspartyl isomeriza-
tion work; Tom Ceska of UCB Pharma for his contributions to the X-ray
crystallography work; Gillian McCluskey and Rona Cutler of UCB for their
input to the cytokine release work; Alastair Lawson of UCB Pharma for his
invaluable guidance during the initial stages of the project, Andrew
Popplewell, Alison Eddleston and Anthony Shock of UCB Pharma for
their guidance during development of the manuscript and other UCB
staff who have contributed throughout the project. The authors would
like to acknowledge C. Marc Luetjens at Covance Preclinical Services
GmbH, Muenster, Germany for conducting and reporting the 13-week
toxicity study in cynomolgus monkey. Finally, the authors would also like
to acknowledge Laura Griffin, PhD, of iMed Comms, Macclesfield, UK, an
Ashfield Company, part of UDG Healthcare plc for medical writing sup-
port that was funded by UCB Pharma in accordance with Good
Publications Practice (GPP3) guidelines (http://www.ismpp.org/gpp3).

Disclosure of Potential Conflicts of interest

BS, AK, RLG, KLD, MCC, PA, LED’H, HF, KG, HH, LK, DL, CM, RM,
OQ, KS, LC, SPS, RT, AT, KT, SW, SS and FRB are/were all employees of
UCB Pharma and may hold stock and/or stock options.

Funding

The study was funded by UCB Pharma.

MABS 1127

http://www.ismpp.org/gpp3


Abbreviations

ADA anti-drug antibody
AUC area under curve
β2m β2-microglobulin
CDR complementarity-determining region
CHO Chinese hamster ovary
Cmax maximum plasma concentration
E.coli Escherichia coli
ECD extracellular domain
FACS fluorescence-activated cell sorting
FcRn neonatal Fc receptor
HDX hydrogen-deuterium exchange
HEK cells human embryonic kidney cells
HUVEC human umbilical vein endothelial cell
IgG immunoglobulin G
IV intravenous
IVIg intravenous immunoglobulin
ITAM immunoreceptor tyrosine-based activation motif
ITIM immunoreceptor tyrosine-based inhibition motif
ITP immune thrombocytopenia
KD dissociation constant
ka association rate constant
kd dissociation rate constant
KLH keyhole limpet hemocyanin
LAMP-1 lysosomal-associated membrane protein 1
LLOQ lower limit of quantification
MDCK Madin-Darby canine kidney
mAb monoclonal antibody
MRD minimum required dilution
MSD mesoscale diagnostics
PCR polymerase chain reaction
PD pharmacodynamics
PEG polyethylene glycol
pI isoelectric point
PK pharmacokinetics
RSE relative standard error
RU response unit
SC subcutaneous
SPR surface plasmon resonance
TDAR T-cell-dependent IgG antibody response
tmax time to occurrence of Cmax

TMDD target-mediated drug distribution.
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