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ABSTRACT

A major asset of many monoclonal antibody (mAb)-based biologics is their persistence in circulation. The
MHC class | family Fc receptor, FCGRT, is primarily responsible for this extended pharmacokinetic behavior.
Engagement of FCGRT with the crystallizable fragment (Fc) domain protects IgG from catabolic elimina-
tion, thereby extending the persistence and bioavailability of IgG and related Fc-based biologics. There is
a need for reliable in vivo models to facilitate the preclinical development of novel IgG-based biologics.
FcRn-humanized mice have been widely accepted as translationally relevant surrogates for IgG-based
biologics evaluations. Although such FCGRT-humanized mice, especially the mouse strain, B6.Cg-
Fegrt™'P" Tg(FCGRT)32Dcr (abbreviated Tg32), have been substantially validated for modeling huma-
nized IgG-based biologics, there is a recognized caveat - they lack an endogenous source of human IgG
that typifies the human competitive condition. Here, we used CRISPR/Cas9-mediated homology-directed
repair to equip the hFCGRT Tg32 strain with a human IGHG1 Fc domain. This replacement now results in
mice that produce human IgG1 Fc-mouse IgG Fab, chimeric antibodies at physiologically relevant levels,
which can be further heightened by immunization. This endogenous chimeric IgG1 significantly dampens
the serum half-life of administered humanized mAbs in an hFCGRT-dependent manner. Thus, such IgG1-
Fc humanized mice may provide a more physiologically relevant competitive hFCGRT-humanized mouse
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model for the preclinical development of human IgG-based biologics.

Introduction

Monoclonal antibody (mAb)-based biologics are among the
fastest growing and most promising treatments for a broad
range of human disorders, including cancer, autoimmune
and inflammatory diseases, diabetes, respiratory diseases, and
ophthalmologic diseases. A major asset of many mAb-based
biologics is their persistence in circulation (~21-day serum
half-life in humans'). This extended pharmacokinetic (PK)
behavior requires the crystallizable fragment (Fc) domain.
For this reason, the majority of therapeutic mAbs, as well as
many other protein-based biologics, include the human immu-
noglobulin G (IgG) Fc domain.

The Fc receptor of IgG was originally described as the
neonatal Fc receptor (FcRn). This unusual MHC class
I family Fc receptor is, however, used throughout life and is
now named ‘Fc fragment of IgG receptor and transporter’
(FCGRT). It is primarily expressed in the early endosomes of
cells within the circulatory system and is engaged in fluid-
phase endocytosis. IgG-Fc binds the Fc of IgG at acidic pH,
rescuing it from normal lysosomal catabolism by redirecting it
to the plasma membrane, which, upon encountering a neutral
pH, is released back into the circulation. This mechanism
greatly slows IgG destruction and is the primary mechanism
for the extended persistence and bioavailability of IgG
(reviewed in Ref.>?). Appreciation of FCGRT salvage has sti-
mulated the redesign of many IgG-based biologics with Fcs
engineered to enhance their persistence.*™®

However, the PK behavior of novel IgG-based biologics is still
unpredictable, with modifications to either the Fab or Fc
domains requiring extensive in vivo validation. Thus, the ability
to relevantly and economically assess their PK in vivo is a critical
aspect of the preclinical development of new IgG-based biolo-
gics. In vivo testing of mAb-based biologics in standard rodent
models falls short in translational relevance owing to species
differences between mouse and human FcRn.””'* Non-human
primates, e.g., cynomolgus monkeys, do provide a close evolu-
tionary surrogate, but their use is encumbered by practical and
ethical concerns. To overcome these, we have previously
described FCGRT-humanized mouse models that serve for pre-
clinical evaluations of IgG-based biologics in vivo. In particular,
the mouse strain B6.Cg-Fegrt™ P Tg(FCGRT)32Dcr/Dcr]
(abbreviated here to Tg32), which carries a null mutation for
the mouse Fcgrt a-chain gene and a transgene expressing the
human FCGRT a-chain transgene under the control of its nat-
ural human promoter, has been rigorously validated and is
regarded to be the most reliable non-primate surrogate for
preclinical testing of IgG-based biologics.”" '™

Although such FCGRT-humanized mice have been sub-
stantially validated for modeling of humanized IgG-based bio-
logics, they lack an endogenous source of human IgG that
typifies the human competitive condition. Of particular rele-
vance here is that FCGRT trafficking is saturable. It operates
with high efficiency when serum IgG concentrations are low,
but declines asymptotically when serum IgG is in excess. This
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phenomenon is referred to as the concentration-catabolism
effect in which the persistence of therapeutic mAbs is inversely
correlated with the endogenous levels of competing endogen-
ous IgG.""” Preexisting FcRn-humanized models have very low
levels of endogenous mouse IgG due to the inability of hFcRn
to effectively bind and recycle mouse IgG.”'® Thus, PK assess-
ments of human IgG-based biologics in such FcRn-humanized
mice lack competing human IgG required for evoking the
concentration—catabolism effect. While preloading mice by
using intravenous immunoglobulin (IVIg) has been employed
as a means to provide a bolus of competing human IgG, an
endogenous source of humanized IgG will provide a more
appropriate physiological context.

To address this need, we used CRISPR/Cas9-mediated
homology-directed repair (HDR) to further engineer the
hFCGRT Tg32 strain, replacing the mouse hinge and Ighgl
Fc domain with the equivalent human IgGl domains. The
replacement resulted in the mouse strain, B6.Cg-Fcgrt™ P
Ighg1°m2UGHGUMY™ To(ECGRT)32Dcr/Mvw (abbreviated to
Tg32-hFc) that produce hIgGl Fc-mouse IgG Fab, chimeric
antibodies in serum concentrations at physiologically relevant
levels, which can be further heightened by immunization. We
show that the endogenous production of the chimeric IgG1
significantly dampens serum half-life of administered huma-
nized mAbs in an FCGRT-dependent manner consistent with
an appreciable concentration-competition effect. Thus, such
IgG1l-humanized, FCGRT humanized mice provide a more
physiologically appropriate mouse model for the preclinical
assessment of human IgG-based biologics.

Results
Construction of Tg32-hFc model

To provide a more relevant humanized IgG recycling environ-
ment, we genetically modified the Tg32 mouse strain to produce
human Fc-mouse Fab2 chimeric IgG1 antibodies. The modifica-
tion strategy outlined in Figure 1 uses CRISPR/Cas9-mediated

HDR leading to a switching out of the mouse Ighgl locus hinge
(Exon 2), CH2 (exon 3) and CH3 (exon 4) regions replacing it
with the human equivalent regions while preserving splice junc-
tions (Figure la). From 95 micro-injected embryos, six survived
to term (3 F, 3 M). Long-range PCRs extending beyond the
homology arms identified two females as having transgene repla-
cement. These were backcrossed to the parental Tg32 strain.
While both candidates faithfully transmitted the transgenic allele,
a single strain was ultimately established: B6.Cg-Fegrt™""
Ighg1e™"CHEUMY To(ECGRT)32Dcr/Mvw, abbreviated here to
Tg32-hFc. This strain was brought to homozygosity and charac-
terized in depth, including sequence on the modified region; see
Supplemental Figure 1.

To confirm that the modified gene is appropriately tran-
scribed and spliced, RNA was isolated from Tg32-hFc spleen
and subjected to RT-PCR and Sanger sequencing. Analysis of
the resulting sequence products demonstrated that the chi-
meric mouse-human in-frame mRNA spliced as predicted
(Figure 1b). Two isoforms were detected, with and without
sequences encoding the transmembrane and cytoplasmic tail
domains; see Supplemental Figure 2. These data demonstrate
that the Ighgl locus has undergone a functional modification
and now expresses an Ighgl chimeric mRNA predicted to give
rise to intact human Fc and/mouse (Fab), IgG1 antibodies.

Serological analysis of naive and immunized Tg32 and
Tg32-hFc mice

To determine if the targeting strategy resulted in chimeric
IgG1, we determined the levels of chimeric IgGl plasma in
naive and immunized Tg32 and Tg32-hFc mice. Naive Tg32-
hFc mice yielded chimeric IgG1 levels that ranged from 280 to
1,320 pg/ml (mean 600 pug/ml) and following immunization of
Tg32-hFc mice with 2,4-dinitrophenyl-keyhole limpet hemo-
cyanin (DNP-KLH), chimeric IgG1 was significantly increased
(mean value 4,200 pg/ml) (Figure 2a). Consistent with the
targeting strategy, chimeric IgG1 was not detected in Tg32
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Figure 1. (a) Targeting strategy to create Tg32-hFc mouse strain. Two sgRNAs 1652 and 1630 were combined with Cas9 in the presence of human donor DNA to mediate
HDR replacement of mouse Igh1 exons 2-4 with the human equivalents, whilst maintaining splice accepter and donor sites; see Supplemental Figure 1. Mouse segments
in blue, human in green. Correct integration and expression are predicted to give two chimeric mRNAs isoforms. CH1, constant heavy chain 1; CH2, constant heavy chain
2; CH3, constant heavy chain 3; Fc, fragment crystallizable region. (b) Shows predicted mRNAs from the region which were verified by RT-PCR, amplicons generated from
the cDNA template used a common forward primer targeting the mouse Ighg1 and a reverse primer specific to the 3 UTR of each variant; note, both chimeric isoforms
were found and their correct splicing and predicted sequence confirmed; see Supplemental Figure 2. Mouse regions shown in blue, human in green.. (c) Schematic of
the predicted chimeric IgG1 antibody, with the human hinge and hFc (CH2 and CH3) domains (in green).
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Figure 2. Serological analysis of naive and immunized Tg32 and Tg32-hFc mice. (a) Levels of chimeric IgG1 from plasma of naive Tg32-hFc, immunized and naive Tg32
mice. ND, not detected above background. (b) Titers of anti-DNP activity from plasma of immunized Tg32-hFc mice. Naive mice yielded no detectable anti-DNP activity
upon a plasma dilution of 1/1000 (not shown). (c) Mouse IgG1 quantification from the same plasma. (d) IgM, IgG2a, IgG2b, and IgA quantification from the same plasma.

Data from 19 week old, female mice. Values are plotted as mean + SEM (N=7-8).

mice (Figure 2a). We additionally assessed the antigen specifi-
city of chimeric IgG developed by the immunized Tg32-hFc
mice. Robust activity was evident even at a 1/25,000 dilution,
indicating that the human genetic substitution did not impede
the ability of the locus to elicit a strong antigen-specific chi-
meric IgG1 response after immunization (Figure 2b).

We also determined the impact of the modified Ighgl locus
on the production of mouse FCGRT-dependent (IgG1, IgG2a,
IgG2b) and mouse FCGRT-independent (IgM and IgA) immu-
noglobulins from the same mice as well as Fcgrt KO mice. As
expected for the targeted genetic modification, we did not detect
fully mouse IgG1 in naive or immunized Tg32-hFc mice, while
significant but low levels of mouse IgG1 (averaging 17 pg/ml)
were detected in naive Tg32 mice (Figure 2c). Furthermore,
immunization of Tg32-hFc mice leads to significant increases
in mouse IgM, IgM IgG2a, IgG2b and IgA, indicating that the
modified Ighgl locus did not negatively impact the overall anti-
body response (Figure 2d). The data indicated that the hFc
knock-in strategy resulted in Tg32 mice that undergo class
switch, affinity maturation and produce antibodies that include
chimeric IgG1. Moreover, the appreciable plasma concentrations
of chimeric IgG1 found in naive and immunized Tg32-hFc mice,
~600 pg/ml, and ~4,200 pg/ml, respectively, provide strong
evidence that chimeric IgGl is actively recycled by human
FCGRT.

Pharmacokinetics of humanized mAbs in Tg32 models

Having confirmed that the Tg32-hFc mice have significant levels
of chimeric IgGl antibodies, we addressed if this constitutive

endogenous production significantly dampens the half-lives of
administered humanized mAbs in a human FCGRT-dependent
manner. We tested two different mAbs: 1) HuLys11, a humanized
mAb containing the CH1-3 region of human IgG1 that was raised
against hen egg-white lysozyme,”” and 2) trastuzumab,
a humanized mAb that binds the extracellular domain of the
HER? receptor and is in clinical use'® (Figure 3). The experimen-
tal cohorts included the naive and immunized Tg32-hFc and
naive Tg32 mice whose plasma were analyzed above, as well as
similarly aged and sex-matched Fcgrt knockout (KO) mice. As
preloading with human IgG is known to enhance the clearance of
administered humanized mAbs,” the study also included naive
Tg32 mice injected 2 days earlier with purified human IgG (IVIg);
their human IgG levels in plasma averaged 2,300 pg/ml on day 0
of the experiment. Each cohort was injected intravenously with an
admixture of trastuzumab and HuLysl1l (10 mg/kg each) and
their blood was monitored serially. As is evident by the plasma
concentration-time courses (Figure 3; see Table 1 for detailed PK
analyses), naive Tg32-hFc mice cleared HuLysl1 significantly
faster than naive Tg32 mice, with B-phase Ty/, of 8.7 days and
17.4 days, respectively (p = .01) (Figure 3b). Previously immu-
nized Tg32-hFc mice also increased clearance (T, 8.2) but did
not differ significantly from naive Tg32-hFc mice. IVIg-preloaded
Tg32 mice showed the most rapid clearance (T, 5.4 days); see
Table 1 for details. Dependence on FCGRT was evident by the
inability to detect HuLys11 in Fcgrt KO mice.

Very similar patterns were found for trastuzumab, despite
its lower overall persistence (8.5 days in Tg32 mice; see Figure
3c,d). Compared with naive Tg32 counterparts, naive and
immunized Tg32-hFc mice increased clearance of
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Figure 3. Clearance of mAbs in naive Tg32, naive Tg32-hFc, immunized Tg32, IVIg-preloaded Tg32, and naive Fcgrt KO mice. (a) Plasma concentration-time course and
(b) B-phase half-lives of HuLys11. (c) Log-linear plasma concentration-time course and (d) B-phase half-lives of trastuzumab. Mean + SEM of cohorts from (a). ND, Half-
life of Fcgrt KO mice too low to be computed.

Table 1. Mouse models with trastuzumab and HulLys11 pharmacokinetic analysis.

Mouse Strain  JAX Stock# N° DNP-KLH Treated® higG Preload®  Antibody  Half-Life? Days CLY ml/hr/kg  Cmax® pg/ml - AUCY pgehr/ml  Vd® mi/kg
Tg32 14565 8 - trastuzumab 85+0.7 0.182 £ 0.013 188 £ 6 2087 = 103 52+2
Tg32 14565 8 + trastuzumab 52+03 0.409 + 0.031 134+7 1020 + 67 72+3
Tg32-hFc 29686 7 - trastuzumab 74 %02 0.244 + 0.013 157 7 1586 + 81 61+3
Tg32-hFc 29686 8 + - trastuzumab 6.5+0.3 0.227 + 0.008 192+ 4 1728 £ 51 51+1
Fegrt KO 03982 8 - trastuzumab ~ 0.21 £ 0.02 nd nd nd nd
Tg32 14565 8 - HuLys11 11.5+£07 0300+ 0.018 86 + 4 1103 + 65 1M17+7
Tg32 14565 8 + Hulys11 54+03 0.576 + 0.049 9 +12 642 + 66 109 + 14
Tg32-hFc 29686 7 - HuLys11 87+03 0.278 £ 0.018 119+38 1375 + 93 84+5
Tg32-hFc 29686 8 + - Hulys11 82+04 0.321 + 0.020 M2x7 1201 £ 71 90 +6
Fcgrt KO 03982 8 - HuLys11 nd nd nd nd nd

N is the number of mice per treatment group, IV dosed on day 0 at 10 mg/kg and 5 ml/kg with both trastuzumab and HuLys11.
PThe indicated Tg32-hFc mice were immunized with DNP-KLH 2 and 4 weeks prior to PK study.

<The indicated Tg32 mice received IV injections of human IgG 2 days prior to PK study.

9Half-life, clearance (CL), maximum plasma concentration (Cmax), area under the curve (AUC), and volume of distribution (Vd) means and standard errors were
determined for individual mice using noncompartmental analysis. No data (nd) could be derived for most PK parameters from Fcgrt KO mice as plasma levels were
below the detection limits of the ELISAs.

trastuzumab to a similar extent (T4, 7.4 and 6.5 days, respec-
tively), while Tg32 mice preloaded with IVIG exhibited
a more appreciable reduction (T,,, 5.3 days). Again, depen-
dence on FCGRT in all cases was evident by the very short

half-lives found for mice lacking FCGRT (T,,, + 0.02 days);
see Table 1 for details. These combined data strongly support
the contention that the endogenous production of chimeric
IgGl in Tg32-hFc mice, both naive and immunized,



significantly dampens the half-lives of administered huma-
nized mAbs in a human FCGRT-dependent manner, but not
to the extent found in bolus IVIg-preloaded mice.

Discussion

FCGRT-humanized mice have been substantially validated for
modeling of humanized IgG-based biologics, but lack an endo-
genous source of competing human IgG that typifies the
human condition. Here, we used gene editing to seamlessly
humanize the mouse IgG1 Fc and hinge domains. Our target-
ing strategy resulted in Tg32 mice, Tg32-hFc, that develop fully
mouse antibodies of the expected classes, subclasses, and abun-
dance, but with the IgGl gene carrying a humanized Fc
domain, leading to its substantial plasma elevation.

Tg32 mice are hypergammaglobulinemic because of the
failure of human FCGRT to bind and recycle mouse IgGs. In
keeping with this, plasma concentrations of IgG1 in naive Tg32
mice averaged 17 pug/ml, whereas that of naive Tg32-hFc mice
averaged 600 pg/ml. This 35-fold elevation of circulating IgG1
is almost certainly due to active hFCGRT-specific recycling,
extending the IgG half-life and thus its plasma concentrations.
The level of chimeric IgG1 now observed is comparable to that
of native IgG1 reported in wildtype C57BL/6 ] mice (~280 ug/
ml mg/ml).19 Furthermore, after immunization with DNP-
KLH, we found that the Tg32-hFc mice mount a robust anti-
body response, with chimeric IgG1 plasma levels increasing
substantially. The elevated plasma elevations of chimeric IgG1
in comparison to mouse IgG2a and IgG2b provide further
confirmation that the chimeric IgGl1 is uniquely protected by
hFCGRT in Tg32-hFc mice. Moreover, the detection of all
immunoglobulin classes in plasma of naive Tg32-hFc mice
and its elevation post immunization indicates that the hFc
substitution did not impair the overall capacity and capability
of B cells to respond, class switch and differentiate to plasma
cells. Combined, these data provide functional evidence that
the chimeric IgGl is appropriately regulated and uniquely
protected by hFCGRT in the Tg32-hFc model.

Our key prediction is that the chimeric IgG1 in Tg32-hFc
mice would compete for hFCGRT recycling with administered
humanized mAbs. In support of this, we evaluated two huma-
nized mAbs, trastuzumab and HuLysll. Our data show
reduced B-phase half-lives when these mAbs are administered
to Tg32-hFc mice compared with the noncompetitive environ-
ment of standard Tg32 mice. This more rapid clearance clearly
documents the ability of chimeric IgG, endogenously produced
and maintained homeostatically by human FCGRT-mediated
recycling, to diminish the persistence of administered thera-
peutic mAbs. Although these data cannot be directly equated to
cynomolgus monkeys or humans, Tg32-hFc mice do provide
a more physiologically relevant competitive FCGRT-
humanized rodent model for assessing the behavior of Fc-
based therapeutics and human FCGRT biology.

IgG recycling by FCGRT is a logarithmic function of serum
IgG concentrations. It operates at high efficiency when IgG is
limiting and diminishes when IgG is in excess."”'>** Thus, the
persistence of IgG is predicted to be inversely related to its
concentration in circulation. Our findings that the half-lives of
the test therapeutic mAbs were longest in Tg32 mice (lacking
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Fc-humanized IgG1), naive Tg32-hFc mice (having ~600 pg/
ml chimeric IgGl) being intermediate, and with IVIG-
preloaded Tg32 mice (having 2,300 pg/ml IgG at Day 0 of the
experiment) showing the greatest reduction were consistent
with this inverse relationship. However, our finding that
immunized Tg32-hFc mice (having ~4,200 pg/ml chimeric
IgGl) showed only an intermediate reduction is
a conspicuous exception not readily explained by the standard
concentration—catabolism model.

It is well established that FCGRT is a saturable Fc receptor.
The FCGRT-dependent concentration—catabolism effect
incorporates two variables: FCGRT availability and IgG con-
centrations in circulation. While modeling of this phenom-
enon usually assumes that FCGRT availability is invariant, it
is well established in transgenic models that hIgG concentra-
tions correlate positively with the transgenic hFCGRT copy
number.” Increases in FCGRT thus increase serum concentra-
tions of IgG. The reticuloendothelial system is a major reposi-
tory of functionally competent FCGRT expression and IgG
recycling.*'** Immunization protocols that include a strong
adjuvant, such as the Freund’s adjuvant used in our study, are
highly immunostimulatory to this organ system, with
a substantial expansion of myeloid derivatives, their activation
state, and upregulated levels of FCGRT expression.”>*” We
thus posit that the relatively anemic half-life reductions of
HuLysll and trastuzumab in immunized Tg32-hFc mice
occurred because immunization increased the overall capacity
of hFCGRT to recycle IgG.

Opverall, the development of these Tg32-hFc mice provides
a relevant and economic model to rapidly evaluate novel engi-
neered Fc-based biologics within a more competitive environ-
ment, and could provide a more reliable preclinical PK analyses
model. This Tg32-hFc model also provides a convenient vehi-
cle for the rapid generation of Fc-humanized IgG1 monoclonal
antibodies.

Materials and methods
Generation of Tg32-hFc mice

Mice used and created in this study are listed with genotype,
full and abbreviated names in Table 2. An overview of the
targeting strategy is shown in Figure la. Fertilized oocytes
isolated from the Tg32 strain were microinjected with two
sgRNAs (#1630, #1652) targeting the sequence encoding the
beginning of the Ighgl hinge domain and the end of the
CH3 domain, respectively. The sgRNAs were designed as
TRU-guides with 18nt of target-specific sequence.”® sgRNA

Table 2. Mouse strains used or created for this study with genotype and abbre-
viated name. All mice are available from The Jackson Laboratory.

JAX Genotype
Short Stock
Name Full Strain Name Ref #  mFcgrt hFCGRT 1gG1
Fegrt B6.129X1-Fcgrt™“/Dcr) 003982 -/- null wt
KO
Tg32 B6.Cg-Fcgrt™'°“ Tg(FCGRT) 014565 -/- Tg/Tg  wt
32Dcr/Der)
Tg32-  B6.Cg-Fcgrf™P Ighg1°m2eHSY 029686 -/~ Tg/Tg  Tg/
hFc MW Tg(FCGRT)32Dcr/Mvw
Tg
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#1630 required pre-pending with a non-homologous 5’ G to
facilitate in vitro transcription. Guide target sequences are
shown with the PAM in parentheses: #1630: 5' gCACAATC
CCTGGGCACTG(tgg) and #1652 5 GAGCCTCTCCC
ACTCTCC(tgg); see Figure la. Each sgRNA was microin-
jected at 30 ng/ul, with Cas9 mRNA (Trilink) at 60 ng/pl,
and plasmid donor at 20 ng/ul. The plasmid donor (partly
synthesized by Genscript) consisted of a 902 bp human
sequence (hinge (Exon 2), CH2 (exon 3) and CH3
(exon 4)) flanked by ~5kb homology arms. A total of 95
embryos derived from Tg32 were microinjected and trans-
ferred into 5 pseudopregnant females. Three transfers failed
to deliver any liveborn, the remaining two females delivered
6 mice (3 F/3 M) from 38 embryos implanted, two of which
were identified as candidates for the transgene replacement
by PCR. Following backcrossing to Tg32 mice, both strains
transmitted the transgenic allele. Ultimately, ahomozygous
single strain was established and characterized; B6.Cg-Fcgrt
tmiDer - opg1em2AGHGUMYW 1o(RCGRT)32Dcr/Mvw, JAX #
029686, abbreviated here to Tg32-hFc.

Genotyping of the hFc allele used PCR primers flanking the
humanized region (1731 F, 5 GAAATGGATCT
CAGCCCAGAAG and 1732 R, 5 AGCTAGAGGAAGGTCTG
GTAAG), generating a 1,484 bp amplicon. Sanger sequencing
of the PCR product was used to determine the zygosity of the
chimeric allele. Partial verification of the replacement event
used long-range PCR primers 1838 F, 5 CAGCCGGAGAA
CAACTACAA and 1839 R, 5 AACAGTCCCAGGCCTA
AATG generating a 5,825 bp amplicon, one located outside
of the homology arm and the other located within the huma-
nized portion of the chimeric allele followed by sequencing.
Additionally, Long Read Sequencing (PacBio) was used to
verify the complete sequence across both homology arms as
base-perfect; see Supplemental Figure 1. This sequence was
generated using genomic DNA isolated from the liver of
a mouse homozygous for the humanized Ighgl allele. Long-
Range PCR (LongAmp® Taq, New England Biolabs) was per-
formed with primers (1839 R, 5 AACAGTCCCAG
GCCTAAATG; and 1840 F, 5'GACAGGTGGAAGTGT
GTTGA) to generate an 11,665 bp amplicon for Long Read
Sequencing (PacBio). Alignment of the LR Sequence to the
predicted allele confirmed that no unintended mutations
were incorporated into the chimeric allele.

Verification of the Tg32-hFc humanized immunoglobulin
heavy constant gamma 1 transcript and splicing

Total spleen RNA from of a 12-week-old homozygous male
Tg32-hFc mouse was isolated and used to make poly-T primed
cDNA (Invitrogen 18080-044; First Strand ¢cDNA Synthesis
Kit). This cDNA was subject to PCR followed by Sanger
Sequencing verifying the predicted splice variants (Ighgl-vI1
and Ighgl-v2), and that splicing of the human sequence
occurred as predicted. Amplicons generated from the cDNA
template used a common forward primer targeting the mouse
Ighgl Exon 1 (F1, 5" AGTGACCTGGAACTCTGGAT), and
a reverse primer specific to the 3" UTR of each variant: either
Rvl (5" CAGTGCTGGGTGCTTTATTTAC) or Rv2 (5' CTGT
GACCAGAAGGAGGATCTA); see Figure 1b. The resulting
product was sequenced; see Supplemental Figure 2.

Immunoglobulin quantification

Chimeric I1gG1 was quantified from the plasma of Tg32-hFc
mice by capture with mouse anti-human IgG1 (clone G17-1,
BD Biosciences) and detection with mouse anti-human kappa-
HRP (clone SB81a, Southern Biotech). Human IgG1 antibodies
purified from healthy donors were used as a standard (Enzo
Life Sciences). Some mice were primed with 100 pg of DNP-
KLH in complete Freund’s adjuvant, challenged with DNP-
KLH in incomplete Freund’s adjuvant, and bled 2 weeks later.
Anti-DNP quantification of chimeric IgG1 was determined by
capture with DNP-albumin conjugate (Sigma-Aldrich) coated
at 5 pg/ml phosphate-buffered saline (PBS), and detection with
mouse anti-human IgG1-HRP (clone G17-1, BD Biosciences).
Mouse Ig isotypes were quantified using the Meso Scale
Discovery mouse isotyping panel per manufacturer’s instruc-
tions with the exception of mouse IgGl. Mouse IgGl was
quantified by capture with goat anti-mouse IgGl (Southern
Biotech) at 5 pg/ml PBS, and detection with goat anti-mouse
kappa-AP (Southern Biotech). A mouse IgG1 isotype control
(Southern Biotech) was used as a standard. Statistical analysis
of antibody concentrations was determined with PRISM soft-
ware by a 2-sided T-test with Welch’s correction or ANOVA
using the Turkey’s multiple sample comparison test.

PK analysis

We essentially followed the approach of Petkova et al.” In brief,
groups of naive Tg32, naive Tg32-hFc, Tg32-hFc mice pre-
viously immunized with DNP-KLH, naive Tg32, preloaded
with 250 mg/kg human IVIg, and Fcgrt KO mice were pre-
bled at day 0, and intravenously co-injected with the huma-
nized mAbs trastuzumab'® and HuLys11'” (10 mg/kg each).
The mice were then bled serially (25 ul samples) into K3EDTA
at1,3,5,7,13,17, 21, and 28 days, and the blood processed to
plasma. The plasma was diluted 1 to 10 in 50% glycerol in PBS
and stored at —20°C until analysis. HuLys11 was quantified by
capturing with lysozyme purified from chicken egg white
(Sigma-Aldrich) coated at 5 pg/ml in carbonate buffer (pH
9.6) and detected with mouse anti-human IgG1-HRP (clone
G17-1, BD Biosciences). Trastuzumab was quantified in the
plasma samples by capturing activity on ELISA plates with
anti-idiotype antibody AbD18018 (Bio-Rad) coated at 5 pg/
ml PBS, detecting with mouse anti-human IgG Fc CH2 domain
with HRP conjugation (Bio-Rad) at 2 pg/ml. HuLys11l was
quantified by capturing with lysozyme purified from chicken
egg white (Sigma-Aldrich) coated at 5 pg/ml in carbonate
buffer (pH 9.6) and detected with mouse anti-human IgG1-
HRP (clone G17-1, BD Biosciences). Trastuzumab and
HuLysll plasma concentrations were analyzed using PK
Solutions Software (Summit Research Services). Human IgG1
was quantified from the plasma of Tg32-hFc mice by capture
with mouse anti-human IgG1 (clone G17-1, BD Biosciences),
detection with mouse anti-human kappa-HRP (clone SB81a,
Southern Biotech), with human IgGl1 isotype control purified
from healthy donors (Enzo Life Sciences) used as a standard.
Anti-DNP activity resulting from the DNP-KLH immuniza-
tion was quantified by capture with DNP-albumin conjugate



(Sigma-Aldrich) coated at 5 pg/ml PBS, and detection with
mouse anti-human IgG1-HRP (clone G17-1, BD Biosciences).
Mouse Ig isotypes were quantified using the Meso Scale
Discovery mouse isotyping panel per manufacturer’s instruc-
tions with the exception of mouse IgGl. Mouse IgGl was
quantified by capture with goat anti-mouse IgGl (Southern
Biotech) at 5 pg/ml PBS, detection with goat anti-mouse
kappa-AP (Southern Biotech), with mouse IgG1 isotype con-
trol (Southern Biotech) used as a standard. PK analyses of
HuLysll and trastuzumab were determined using PK
Solutions Software (Summit Research Services). Statistical ana-
lysis of half-life determinations was evaluated with PRISM
software by ANOVA using the Turkey’s multiple sample com-
parison test.
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PBS  Phosphate-buffered saline

PCR  Polymerase chain reaction

pH Potential of hydrogen

PK Pharmacokinetic

MABS (&) e1829334-7

RNA  Ribonucleic acid
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