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Antibodies bind target molecules with exquisite specificity. The removal of these
targets is mediated by the effector functions of antibodies. We reported earlier
that the monoclonal antibody (mAb) 3F6 promotes opsonophagocytic killing of
Staphylococcus aureus in blood and reduces bacterial replication in animals. Here, we
generated mouse immunoglobulin G (mIgG) subclass variants and observed a hierar-
chy in protective efficacy 3F6-mIgG2a > 3F6-mIgG1 = 3F6-mIgG2b >> 3F6-mIgG3
following bloodstream challenge of C57BL/6] mice. This hierarchy was not observed
in BALB/cJ mice: All IgG subclasses conferred similar protection. IgG subclasses
differ in their ability to activate complement and interact with Fcy receptors (FcyR)
on immune cells. 3F6-mIgG2a-dependent protection was lost in FcyR-deficient,
but not in complement-deficient C57BL/6] animals. Measurements of the relative
ratio of FcyRIV over complement receptor 3 (CR3) on neutrophils suggest the pref-
erential expression of FcyRIV in C57BL/6 mice and of CR3 in BALB/cJ mice. To
determine the physiological significance of these differing ratios, blocking antibodies
against FcyRIV or CR3 were administered to animals before challenge. Correlating
with the relative abundance of each receptor, 3F6-mIgG2a-dependent protection in
C57BL/6] mice showed a greater reliance for FcyRIV while protection in BALB/
cJ mice was only impaired upon neutralization of CR3. Thus, 3F6-based clearance
of S. aureus in mice relies on a strain-specific contribution of variable FcyR- and
complement-dependent pathways. We surmise that these variabilities are the result
of genetic polymorphism(s) that may be encountered in other mammals including
humans and may have clinical implications in predicting the efficacy of mAb-based
therapies.
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Staphylococcus aureus is a gram-positive bacterium that colonizes the skin and nares of
humans and is the most frequent cause of skin and soft tissue infections (1-3). S. aureus
colonization raises the risk of infections, as demonstrated by the fact that 80% of blood-
stream infection isolates are genetically indistinguishable from S. aureus cultured from
nasal swabs upon admission to the hospital (4). The ability of S. aureus to survive in the
bloodstream promotes rapid dissemination to many different sites, causing severe disease
manifestations such as sepsis, infective endocarditis, and deep-seated abscesses in virtually
every organ tissue (1-3, 5). The use of antibiotics to promote decolonization and proph-
ylaxis of nosocomial disease is associated with the emergence and spread of drug-resistant
strains designated MRSA (methicillin-resistant S. aureus) that cause difficult-to-treat infec-
tions with increased therapeutic failure and mortality rates (6, 7). To overcome this public
health problem, significant effort has been directed toward developing alternatives to
antibiotics including therapeutic antibodies (8).

Active immunization, the elicitation of protective antibodies, and passive immuni-
zation, the transfer of antibodies, have dramatically improved the outcome of infectious
diseases. Successful immunization requires the identification of key protective antigens
(9). Narrowing down the “protective antigens” of the human pathogen S. aureus has
proven more challenging as evidenced by several failed clinical trials toward the devel-
opment of vaccines and antibody therapeutics (10, 11). It has been suggested that the
constant exposure to S. aureus through colonization or past infections, may account for
the ineffectiveness of active and passive immunizations (12-15). One assumption is
that the pathogen elicits nonprotective antibodies that compete with protective anti-
bodies of active or passive immunizations (16). Another possibility is that key antigens
may be able to simply escape host recognition. We proposed earlier that Staphylococcal
protein A (SpA) is one such antigen (17). SpA is a conserved and abundant protein
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displayed on the cell surface where it binds the Fcy domain of
IgG via several Immunoglobulin-binding domains (IgBDs) to
block complement component Clq recruitment and
complement-dependent opsonophagocytic uptake of bacteria
(18-21). SpA-IgBDs also bind the variant heavy chain 3 (V;3)
of soluble antibodies and Vi 3-IgM B cell receptor to prevent
the development of neutralizing anti-S. aureus responses (17,
22-26). Carefully applied molecular engineering yielded non-
functional SpA variants that elicit SpA-neutralizing antibodies
(27, 28). This technology was exploited to derive the monoclonal
antibody (mAb) 3F6 that blocks SpA binding to its ligands Fey
and V3-Fab (20, 29). Using a recombinant human IgG1 var-
iant, we demonstrated earlier that N297-linked glycosylation of
Fey is required for 3F6 protection against S. aureus bloodstream
infection in mice (30). Protection was further improved by engi-
neering 3F6-hIgG1 to prevent SpA from blocking Fey and Clq
interactions (31).

Exploiting antibodies for the treatment of infections requires
the identification of protective antigens as well as an understanding
of the mechanisms involved in effector functions carried out by the
constant region (Fcy) of immunoglobulins. In mice, all IgG sub-
classes may engage with Clq and four Fcy receptors (FcyRs) known
as FcyRI, FeyRIIb, FcyRII, and FcyRIV, with variable affinities
ranging from negligible to high (32, 33). To investigate the impact
of antibody’s constant region in preventing S. aureus bloodstream
dissemination, we generated recombinant mouse IgG1 (mlgG1),
IgG2a (mlgG2a), IgG2b (mlgG2b), and IgG3 (mIgG3) variants
of 3F6 and performed passive immunization studies in two mouse
lines. We found that protection varied with the mouse strain and
3F6 subclass. We observed strain-specific differences in relative
levels of surface expressed FcyRIV and complement receptor 3
(CR3) on neutrophil populations. Interestingly, strain-specific lev-
els of FcyRIV and CR3 are associated with 3F6-mIgG2a-based

protection against S. aureus. C57BL/6] mice relied primarily on
FcyR effector functions while clearance of S.aureus by 3F6-mIgG2a
in BALB/cJ mice required complement.

Results

Generation of 3F6-migG mAbs. Previously, we developed mAb
3F6 that blocked interactions between the conserved surface-
displayed SpA and its ligands, and protected mice against S.
aureus bloodstream dissemination (20, 29, 30). To investigate
the optimal Fc effector activity for protection in animals, we
transferred the coding sequences of the variable heavy (VH) and
light chains of the original 3F6 mouse hybridoma (20) onto
four murine isotypes, resulting in the mAbs referred herein as
3F6-mlgG1l, 3F6-mlgG2a, 3F6-mlIgG2b, and 3F6-mlgG3,
respectively (Fig. 14 and S/ Appendix, Table S1). The corresponding
antibodies were purified as visualized by Coomassie staining of
sodium dodecyl sulfate—polyacrylamide gel electrophoresis (SDS—
PAGE), and their identity was validated by western blotting using
specific antiisotype antibodies (Fig. 1B). Fc N-glycosylation was
documented by releasing glycans from antibody preparations
and analyzed using matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry (S/ Appendix, Fig. S1 A-D). All
antibodies interacted similarly with the antigen SpAyiaa 2
nontoxigenic variant of SpA (Fig. 1C), and effectively blocked
the interaction between wild-type SpA and its natural ligand,
human IgG (hIgG) (Fig. 1D and SI Appendix, Table S2). The
mlgG2a antibody from the original mouse hybridoma, hybrid
3F6, was included as a control.

Antibody-Mediated Protection in C57BL/6) and BALB/c] Mice
Challenged with S. aureus. When administered 12 h before
bloodstream challenge with strain MW2, a MRSA variant,
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Fig. 1. Anti-S. aureus activity of m3F6 subclasses in C57BL/6) and BALB/cJ animals. (A) Schematic of recombinant mouse antibodies. (B) Visualization of purified
antibodies using Coomassie-stained SDS-PAGE and western blotting under reducing condition. Numbers indicate masses of molecular weight markers. higG and
higE were loaded as controls. (C) Antibody interactions with purified SpAya, antigen assessed by ELISA (n = 3 assays); Asso, absorbance at 450 nm. (D) Recombinant
mouse 3F6 antibodies prevent the association of SpA to human IgG better than isotype control antibodies. Values were normalized to SpA interaction with human
1gG in Phosphate Buffered Saline (PBS) (n = 3 assays). Raw data are reported in S/ Appendix, Table S2. (E-H) Enumeration of tissue surface abscesses (£ and G)
and bacterial loads in kidney tissues (CFU/g) (F and H) following 15-d infection with S. aureus MW2 of C57BL/6J (E and F) or BALB/cJ (G and H). Animals received
PBS or 10 mg/kg (body weight) recombinant mouse 3F6 antibodies prior to challenge with S. aureus. Test antibodies are indicated on the figure. The original
3F6 mouse hybridoma (hybrid 3F6) was used as a control when indicated (C, D, G, and H). Data are presented as mean + SEM (C and D) or medians + 95% Cls
(E-H) and representative of at least two independent experiments (C and D). Dashed lines (F and G) indicate the lower limit of detection. Significant differences
are identified with the two-tailed Student's t test (D) and one-way ANOVA with Kruskal-Wallis test (E-H; ***P < 0.001; **P < 0.01; *P < 0.05). For comparison with
isotype controls and animal groups see S/ Appendix, Fig. S2 and Table S3.
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3F6-mlgG variants conferred different levels of protection
in animals, and the relative protection varied with the mouse
strain (Fig. 1 E-H and SI Appendix, Fig. S2). In this infection
model, bacteria disseminate from the bloodstream to organs,
such as the kidneys, where they form abscesses. Clinical disease
can be assessed by measuring daily weight change. On day 15
post challenge, animals are killed, and the kidneys are removed
to count visible bacterial abscesses and enumerate bacterial
loads by plating ground tissues (colony forming units per gram
of kidney, CFU/g). In C57BL/6] mice, administration of both
3F6-mlgG1 and 3F6-mlgG2a resulted in reduced numbers of
lesions (abscesses) and bacterial loads in kidneys (Fig. 1 £ and
Fand ST Appendix, Fig. S2 and Table S3); protection with 3F6-
mlgG2a was better than 3F6-mIgG1, in particular against weight
loss (S Appendix, Fig. S2A). Administration of 3F6-mIgG2b only
resulted in the reduction of bacterial loads but not of abscesses
(Fig. 1 E and F and SI Appendix, Fig. S2 A-C and Table S3).
3F6-mlgG3 did not provide any protection (Fig. 1 £ and Fand
SI Appendix, Fig. S2 A—Cand Table $3). Thus, in C57BL/6] mice,
antibody protection can be ranked as 3F6-mIgG2a > 3F6-mlIgG1
> 3F6-mIgG2b >> 3F6-mlgG3 (no protection). Such a hierarchy
was not observed in BALB/cJ mice. The protective activities of
3F6-mlgG1, 3F6-mlgG2a, 3F6-mlgG2b, and 3F6-mlgG3 were
almost indistinguishable (Fig. 1 G'and H and SI Appendix, Fig. S2
D and E and Table S3). We note that BALB/c] mice harbored
slightly higher numbers of lesions on the surface of kidneys (Fig. 1
Eand F) and exhibited greater weight loss (vide infra, ST Appendix,
Fig. $4 Band C) as compared with C57BL/6] animals. Nonetheless,
carlier histopathology studies revealed similar architecture of
abscess lesions between these mice (34-39). Thus, we rule out
the possibility that the difference in 3F6 antibody activity could
be caused by different pathologies. Instead, we speculate that
the effector functions of crystallizable fragment (Fcy) of mIgG
subclasses or engagement with downstream receptors account
for differences in protection observed in C57BL/6] mice and for
strain-specific differences observed between mouse strains.

Distinct Effector Functions Promote S. aureus Killing in Mouse
Blood. The simplest mechanism of antibody protection is
neutralization whereby an antibody binds its target, for example
a toxin or a virus, to block entry into host cells, and ultimately
prevent intoxication or viral replication (40). Antibodies can also
mark antigens on the surface of bacterial pathogens. The exposed
Fc domain can then interact with Fc receptors (FcR) found on
innate immune cells (41) or with the six-headed Cl1q molecule
(42). For extracellular bacterial pathogens, both interactions may
result in opsonophagocytic killing (OPK) (40). When IgG acts
as the opsonin, interaction with FcyR of phagocytes promotes
antibody-dependent cell-mediated phagocytosis (41, 42). When
IgG and antigen form oligomeric complexes, the C1 complex is
recruited via the complement component Clq (42). The classical
complement pathway is initiated resulting in the coating of the
bacterial cell surface with complement components such as the
C3b opsonin. Complement receptors on the surface of phagocytes
promote uptake of these opsonized bacteria, a process referred as
complement-dependent cell-mediated phagocytosis (43). Of note,
the thick envelope of S. aureus provides protection against direct lysis
by the complement C5b-9 complex or membrane attack complex
responsible for complement-dependent cytotoxicity (30, 44). To
assess the opsonizing activity of 3F6 antibodies, we performed an
ex vivo OPK assay by measuring the replication of S. aureus bacteria
in freshly drawn anticoagulated mouse blood. Following 30-min
incubation, sample aliquots were plated and CFU compared with
the inoculum at time 0 (Fig. 2). Some samples were incubated in the

PNAS 2023 Vol.120 No.14 2220765120

A C57BL/6J blood B BALB/cJ blood
2507 .CD/CVF  |+CD|+CVF 2007 - g +CD
* | | & B e
| (e}
g 200 L8 £ 150
3 E 1 3
o 1504 Q o
2 . 2 IEE £1004z
216015 i I 2
(@] I I (@]
= 504 | | = 504
0. R X 0l
EEQ@Q@E’% 55 55 &':E_mgg“'-:égg’g
SQEEEEST EE EE SEEEL SEEE
L & & 2 o © FLSSE FLOGE
™ W Wb ™ [T [T W™ OWwwLm
@ ™ 32} o0 [3pX5r) oam
Czso BALB/cJ blood Deoo C57BL/6J blood
-CVF +CVF wWT L clga’
£150- L © £ ¥ 26/s 8
§ o g400-
£1001 £
2 2 r * o 5lc B
3 C2001gfs B&S .
o ) I I I N I
0- © 0 — — —
S8 &8 00dI8RB3 0oSIIIBE 00III8BH
95 5% 2200000 220000 5s 250000 05
EE EE SEEEETE "JEEEECL CJEEEECE
6  © L © & L L & & L L & o LI
[T [T ™ L WL ™ ™ W WL ™ ™ W WL ™
(32l [52] [32] [32] [32] [32] [32] [52]

Fig. 2. OPK activity of antibodies toward S. aureus MW?2 in anticoagulated
freshly drawn blood of BALB/cJ and C57BL/6) mice. S. aureus MW?2 survival was
measured in freshly drawn (A) blood of C57BL/6) mice without (n = 6) or with
(n = 4) cytochalasin D (-/+ CD) or cobra venom factor (-/+ CVF), (B) blood of
BALB/c) mice without (n = 4) or with (n = 4) cytochalasin D (-/+ CD), (C) blood
of BALB/c) mice without (n = 4) or with (n = 4) cobra venom factor (-/+ CVF),
(D) blood (n = 4) of wild-type, y~, and c7ga™ mice. Test antibodies (5 pg/mL
blood) are indicated on the figure. Data are plotted as the average + SEM of
CFUs after 30-min incubation in blood compared with CFUs of inoculum (set
as 100%). Significant differences were identified with the two-tailed Student's
ttest (**P < 0.01; *P < 0.05).

presence of CD, a cell-permeable inhibitor of actin polymerization
that blocks phagocytosis, or cobra venom factor (CVF), a protein
analogue of complement component C3 that continuously
activates complement resulting in the depletion of complement
activity (45) (Fig. 2 A-C). 3F6-mIgG2a was the only variant able
to reduce bacterial replication in the blood of C57BL/6] mice. 3F6-
mlgG2a activity was markedly reduced in the presence of CD but
not in the presence of CVE suggesting complement-independent
phagocytic killing (Fig. 24). When the same assay was performed
with the blood of BALB/c] mice, all 3F6 isotypes performed better
than the mock control and lost their activity in the presence of CD,
in agreement with a cell-mediated phagocytic process (Fig. 2B). To
rule out the possibility that preexisting anti-S. aureus antibodies
may have accounted for differences in bacterial replication, total
CFUs of bacteria following 0- and 30-min incubation in C57BL/6]
and BALB/cJ whole blood are also shown in S7 Appendix, Fig. S3.
Although C57BL/6] mice appeared to have some anti-S. aureus
antibodies as compared with naive BALB/cJ or pMT control mice,
a correlation between preexisting antibodies and OPK activity was
not observed (S Appendix, Fig. S3). Since 3F6-mlIgG2a conferred
protection in both C57BL/6] and BALB/c] animals and their
blood (Figs. 1 and 2), this variant was further investigated. Unlike
with C57BL/6] mice, pretreatment of BALB/cJ] mouse blood with
CVF resulted in a loss of OPK activity of 3F6-mlgG2a (Fig. 2C).
Next, we used blood from C57BL/6] mice deficient for C1q and
FcyRs. In Clg-deficient animals (Clqa™), the A-chain of Clq
has been deleted resulting in loss of C1q expression (46). FcyR-
deficient animals (y”") lack the common y-chain required for all
activating receptors (FcyRI, FeyRIII, FeyRIV) (47). We found
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that 3F6 -mlgG2a retained its OPK act1v1ty in anticoagulated
C]qa blood but not in the blood of ]/ " mice (Fig. 2D). In
conclusion, the same 3F6-mIgG2a mediates killing of S. aureus in
complement-dependent and -independent manners in BALB/c]
and C57BL/6] mice, respectively. OPK in C57BL/6] whole blood
requires the activating FcyRs.

Strain-Specific Protection against Bloodstream Dissemination
in Mice Correlates with 3F6-migG2a Activity in Blood. To further
investigate the actmty of 3F6-mlIgG2a, C57BL/6] WT mice and
¥~ and Clqa ™ -deficient variants were passively immunized and
challenged with S. aureus. As observed earlier, 3F6-mlgG2a provided
protection in wild-type (WT) animals as compared with isotype
control (Fig. 3 A and B and S/ Appendix, Fig. S44). 3F6-mlgG2a
also provided significant protection against bacterial replication
and abscess formation in Clqa”~ mice although disease was more
pronounced as evidenced by the inability to regain weight loss (Fig. 3
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Fig. 3. 3F6-mlgG2a protects BALB/cJ and C57BL/6) mice via distinct
mechanisms. (A and B) Passive immunization with 3F6-migG2a protects
C57BL/6)WT and c7qa™ mice but not y/~ mice against S. aureus MW2 infection.
mligG2a or 3F6-mligG2a (10 mg/kg) was given before challenge with MW2.
Fifteen days post infection, kidneys (n = 20 animals, from two independent
experiments) were removed to enumerate surface abscesses (A) and CFU (B).
(C-F) 3F6-mlgG2a requires complement to protect BALB/cJ but not C57BL/6)
mice against S. aureus infection. Test antibodies (10 mg/kg body weight) with
or without CVF (150 pg/kg body weight) were administered to BALB/cJ (n =7 to
10 from two independent experiments) and C57BL/6) (n = 8 to 10 from two
independent experiments) mice before challenge with S. aureus MW2. Survival
(C and D) was recorded daily, and surface abscesses (E) and bacterial loads
(F) in kidneys were enumerated 15 d post infection. Data are presented as
medians + 95% Cl (A, B, E, and F). Dashed lines (B and F) indicate the lower
limit of detection. Significant differences were identified with the two-tailed
Mann-Whitney test (A and B) or one-way ANOVA with Kruskal-Wallis test (£ and
F; ***p <0.001; **P < 0.01; *P < 0.05).
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Aand Band S/ Appendzx, Fig. S4A). 3F6-mlIgG2a did not afford
protection in y mice (Fig. 3 A and B and S/ Appendix, Fig. S4A).

The data suggest that activating FcyRs are essential to effect anti-
MRSA activity of antibodies in C57BL/6 mice. Deficient y”~ and
Clqa”™ BALB/cJ mice are not available to us. To investigate the
requirement for complement, BALB/c] and C57BL/6] mice were
challenged with MRSA following passive transfer of 3F6-mIgG2a
or isotype control and in the absence and presence of CVE Of note,
deletion of Clqa only affects activation of the classical (antibody-
dependent) pathway while by activating the alternative pathway,
C3-like CVF may lead to the complete depletion of complement
(classical, lectin, alternative). As observed by others before us (48),
administration of CVF resulted in acute disease in BALB/cJ animals
treated with isotype control antibody, and all animals (100%)
were removed from the study by day 4 post MRSA challenge
while 80% survived the challenge in the control group untreated
with CVF (Fig. 3C and SI Appendix, Fig. S4B). This experiment
emphasizes the importance of the complement system as a major
contributor to innate immune defenses against infection (48, 49).
Weight monitoring and abscess and CFU enumerations could only
be performed for surviving BALB/cJ animals and confirmed the
protective activity of 3F6-mIgG2a in absence of CVF but not in its
presence (Fig. 3 Eand Fand ST Appendix, Fig. S4B). CVF treatment
was also fatal in C57BL/6] mice that received isotype control
mlgG2a and were subsequently challenged with MRSA (Fig. 3D).
However, all CVF-treated animals (100%) survived the challenge
upon administration of 3F6-mIgG2a (Fig. 3D). Despite the high
survival rate conferred by 3F6-mlgG2a, the disease was severe in
absence of complement (3F6-mlIgG2a + CVF) as demonstrated
by the higher bacterial loads and abscess lesions and greater weight
loss when compared with C57BL/6] mice that received mIgG2a
and no CVF (mlgG2a - CVF) (Fig. 3 £ and F and SI Appendix,
Fig. S4C). Thus, the complement system is essential to control
staphylococcal replication in both C57BL/6] and BALB/cJ mice
but it is dispensable for the protective activity of 3F6-mlgG2a in
C57BL/6] mice.

Amino Acid Polymorphisms of C1q and FcyRIll Have No Impact
on Antibody Activity. The distinct immune effector functions
between mouse strains could be a result of genetic polymorphism
of Clq and FcyRs. We used the Mouse Genome Database
(MGD: http://www.informatics.jax.org) to look for amino acid
substitution(s) in coding sequences and identified nonsynonymous
single-nucleotide polymorphisms (nsSNPs) in the Clga, Clgb,
Clgc, and Fegr3 genes (Dataset S1) (50). cIga and c1gb only have
one nsSNP each (1527625206 and rs13473142, respectively), c1gc
had three nsSNPs (rs4224832, rs32277923, and 1s27625239), and
fegr3 had four nsSNPs (rs8242767, rs4222823, rs8242799, and
1s8242800). We used sera from C57BL/6] or BALB/cJ mice as a
source of Clq to measure interactions with 3F6-mlgG variants
(Fig. 4A4 and SI Appendix, Table S4). As expected, 3F6-mlIgG2a
displayed the highest binding for C1q, but no significant difference
was observed between the two sources of Clq (C57BL/6] or
BALB/cJ). Similarly, C1q nsSNPs did not affect the binding of
the other 3F6-mlgG subclasses (Fig. 44 and S/ Appendix, Table S4).
To examine the impact of FcyRIII polymorphisms, the extracellular
domains of the corresponding receptor originating from BALB/
cJ and C57BL/6] (with nsSNPs, rs4222823, 158242799, and
1s8242800) were produced and purified from HEK-293F cells
(Fig. 4B). FcyRIII proteins appeared as smears on SDS-PAGE
owing to N-glycosylation; the slower migration of C57BL/6]
FcyRIII can be explained by glycolsylation of the NWS motif that
replaces the NGR residues found in the extracellular domain of

BALB/c FcyRIII (Fig. 4B). With the exception of 3F6-mIgG3, all
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Fig. 4. Assessing the impact of C1q, FcyRIll and FcRn polymorphisms for
interaction with antibodies. (A) Interactions between 3F6-mligGs and Ciq
(n =3 assays) were assessed using ELISA plates coated with test antibodies or
mock (PBS) and incubated with BALB/cJ (Left) and C57BL/6) (Right) mouse sera.
Bound C1q was detected by HRP-conjugated anti-mouse C1q. (B) Coomassie-
stained gel of the extracellular domain of C57BL/6J and BALB/cJ FcyRIIl purified
from transfected HEK-293F cells. (C) Interactions between 3F6-migGs and
the extracellular domain of BALB/c) and C57BL/6) FcyRIll (n = 3 assays) were
assessed using ELISA plates coated with purified FcyRIll. Bound antibodies
were detected with HRP-conjugated anti-migG. (D) Interactions between
3F6-mlgGs and mFcRn (n = 3 assays) were measured at pH 6.0 using ELISA
plates coated with test antibodies or mock (PBS). Bound biotinylated FcRn was
detected with HRP-conjugated streptavidin. (F) Serum concentration over time
of four 3F6-migGs in C57BL/6) mice (n =5 mice per group). Absorbances (A, C,
and D) were recorded at 450 nm (A,s0). Data (A, C, D, and E) are presented as
mean + SEM and are representative of at least two independent experiments.

other antibodies interacted with soluble FcyRIII molecules albeit
with a slightly increased affinity for the BALB/cJ FcyRIII variant
this was particularly true for 3F6-mlIgG1 (Fig. 4Cand ST Appendix,
Table S4). Next, we wondered if the half-life of antibodies may be
different in the two mouse strains. Antibody turn-over is controlled
by the neonatal Fc receptor (FcRn) (51). FcRn consists of two
chains encoded by the Fegreand f2m genes. A search in MGD did
not reveal any amino acid polymorphism. Binding assays showed
that 3F6-mlgG2a, 3F6-mlIgG2b, and 3F6-mlgG3 had similar
affinity for mouse FcRn at pH 6.0 (Fig. 4D and SI Appendix,
Table S4). In C57BL/6] mice, a half-life of 5, 9, 6.5, and 4.5 d
were measured, respectively, for m3F6-IgG1, 3F6-mIgG2a, 3F6-
mlgG2b, and 3F6-mlgG3 (Fig. 4E). Although the higher half-life
of 3F6-mIgG2a can contribute to protection in C57BL/6] mice,
the half-life alone cannot account for the protective effect of 3F6-
mlgG1 (4.5 d) over 3F6-mlgG3 (5 d) observed upon challenge
with MRSA (Fig. 1 £ and F). Altogether, these data rule out the
possibility that differences in Clqa, Clgb, Clgc, and Fegr3 genes
or in antibody half-life account for isotype-dependent and mouse
strain-dependent activity of 3F6-mIgGs.

PNAS 2023 Vol.120 No.14 2220765120

Neutrophils of C57BL/6) and BALB/cJ Mice Display Different
Levels of FcyRIV and CR. The MGD analysis revealed additional
SNPs in introns and other untranslated regions of FcyR and
complement genes that could result in differential expression
and thus impact the activity of 3F6-mIgGs (Datasets S1 and S2).
However, the number of SNPs was too large to explore directly.
Instead, we decided to compare the relative abundance of FcyRs
and CR3 and complement receptor 4 (CR4) on neutrophils of
C57BL/6] and BALB/cJ mice. Neutrophils are critical to fight
S. aureus infections (52). Animals were inoculated intravenously
with mock (naive control) or S. aureus and killed on days 1, 5, 10,
or 15. Side-by-side comparisons of CFU and abscesses in blood
and kidneys did not reveal any significant differences between
infected C57BL/6] and BALB/c] mice over time (SI Appendix,
Fig. S5 A-C). Positive CD11b"Ly6G" selections were used to sort
(SI Appendix, Fig. S5D) and enumerate neutrophils over the course
of infection (SI Appendix, Fig. SSE). The CD11b'Ly6G" cell
count was higher in uninfected BALB/cJ mice as compared with
C57BL/6] mice. However, this difference disappeared following
infection which resulted in a dramatic increase in CD11b"Ly6G”
cell counts starting on day 5 (S Appendix, Fig. S5E). Individual
levels of surface FcyRs and CRs were also assessed by immune-
staining and measuring relative fluorescence intensities (Fig. 5
A-F). Uninfected BALB/c] mice always produced more FcyRI
than any other groups, and infection resulted in reduction of
the FcyRI signal with no statistical difference between mouse
strains (Fig. 5A4). Surface display of FcyRIIb remained essentially
the same over the course of infection with levels similar between
mouse strains (Fig. 5B). In general, neutrophils of BALB/c] mice
displayed relatively more FcyRIII, CR3, and CR4 than those of
C57BL/6] mice (Fig. 5 C, E, and F). Conversely, relative levels
of FcyRIV were significantly higher in neutrophils of C57BL/6]
mice compared with BALB/c] mice (Fig. 5D). The overall levels
of CR4 were unchanged following MRSA challenge, but levels of
FcyRIII, FeyRIV, and CR3 increased significantly in neutrophils
of both C57BL/6] and BALB/c] animals over the course of
infection (Fig. 5 C-E). Notably, relative FcyRIV levels were higher
in neutrophils of C57BL/6] mice while CR3 levels were higher in
neutrophils of BALB/cJ animals (Fig. 5 D and E). The opsonin
iC3b generated upon cleavage of complement protein C3 is a
major ligand of CR3 (43). We observed that C3 levels were similar
between the two mouse strains in uninfected serum samples but
increased significantly on days 5 and 10 post MRSA infection;
infection in BALB/c] mice resulted in even higher C3 increases
as compared with C57BL/6] mice (Fig. 5G). Together, these
data point to specific roles for FcyRIV and CR3 in C57BL/6]
and BALB/cJ animals, respectively, that may be the basis for the
different effector function of 3F6-mlIgG2a observed in these
animals during S. aureus infection.

3F6-mligG2a Protection Requires FcyRIV in C57BL/6) and CR3 in
BALB/c) Mice. To explore the requirement of specific immune
receptors for 3F6-mlgG2a-mediated protection in different
mouse strains, we employed blocking antibodies against FcyRIV
(o-FcyRIV, 9E9) and CR3 (a-CD11b, M1/70) (47, 53, 54).
First, a-FcyRIV and a-CD11b were treated with peptide-N-
glycosidase F (PNGase F) to remove N-linked oligosaccharides and
eliminate the Fc-mediated effector functions of these antibodies.
Successful deglycosylation and loss of Fc-mediated functions were
documented by the faster mobility of antibodies on SDS-PAGE
(SI Appendix, Fig. S6A) and their inability to deplete circulating
CD11b'Ly6G" following injection in animals for 1, 5, and
14 d (81 Appendix, Fig. S6B). These blocking antibodies remained

bound on the surface of circulating neutrophils for at least 5 d
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Fig.5. Relative levels of FcyRs and CRs in naive and infected BALB/cJ and C57BL/6) mice. Animals that had received PBS or S. aureus MW2 (shown in S/ Appendlix,
Fig. S5 A-C) were euthanized on day 1, 5, 10, or 15 post infection. Flow cytometry was used to gate for CD11b*Ly6G" neutrophils (scheme shown in S/ Appendix,

Fig. S5D) that were subsequently stained with fluorescently labeled anti-FcyRI (A),

-FcyRIlb (B), -FcyRIIl (C), -FcyRIV (D), CR3 (E), and CR4 (F) antibodies. The

fluorescence intensity of each receptor resulted in only one peak. As a result, the median fluorescence intensity (MFI) was used to represent the level of these
receptors. 100% corresponds to the MFI measured for each receptor in the mock (PBS) BALB/c) samples at day one. (G) Levels of complement component C3 in
sera from naive and infected BALB/cJ and C57BL/6) mice. Data are presented as mean + SEM. Significant differences were identified with the two-way ANOVA

with the Tukey test (***P < 0.001; **P < 0.01; *P < 0.05).

after injection, as demonstrated by their ability to compete for
staining using fluorescently labeled a-CR3 (S Appendix, Fig. S6C)
and o-FcyRIV (8 Appendix, Fig. S6D). Thus, PNGase F-treated
a-FcyRIV and a-CD11b can be used to selectively block the access
to the FcyRIV and CR3 receptors without depleting neutrophil
counts in vivo. These antibodies were administered to groups
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Fig.6. Impact of FcyRIV and CR3 (CD11b) blocking antibodies on the activity
of 3F6-mlIgG2a in animals challenged with S. aureus. (A and B) Enumeration
of bacterial loads in kidneys from S. aureus MW2-infected BALB/cJ (A) or
C57BL/6) (B) mice. Animals (n = 16 to 20 animals, from two independent
experiments) received 3F6-migG2a or isotype control migG2a (10 mg/kg of
body weight) and deglycosylated a-FcyRIV or a-CD11b (CR3) (7.5 mg/kg of
body weight) as indicated, before challenge with S. aureus MW2. Bacterial
loads in kidneys were enumerated at 5 d post infection. Data are presented
as mean + SEM. Significant differences were identified with the two-tailed
Student's t test (***P < 0.001; **P < 0.01).
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of BALB/cJ and C57BL/6] animals along with a mock control;
animals also received the control and test antibodies, mIgG2a
and 3F6-mIgG2a, respectively. All animals were challenged with
MRSA for 5 d (Fig. 6 A and B). The administration of a-CD11b,
but not of a-FcyRIV, abrogated 3F6-mlgG2a protection in
BALB/cJ mice (Fig. 64). In contrast, protection afforded by 3F6-
mlgG2a in C57BL/6] mice was eliminated in the presence of
blocking a-FcyRIV, but not, a-CD11b antibodies (Fig. 6B8). Thus,
expression patterns of FcyRs and CRs on immune cells govern
antibody-mediated protective functions. This finding implies
that the same therapeutic antibody may function via distinct
mechanisms in different hosts.

Discussion

Complementarity-determining region of IgG initiates the recog-
nition of antigens, and IgG-Fcy mediates downstream effector
functions by interacting with FcyRs and complement component
Clq. Even neutralizing antibodies, that primarily interfere with
toxin binding or virus entry into target cells, display different
efficacies depending on their subclass (55-57). For example, the
mAb 19D9 that binds the protective antigen of Bacillus anthracis
toxins displays greater neutralization when produced as a mouse
IgG2a variant; when tested in mice, this protection was found to
require FcyRs (56). In mice, FcyRI, FeyRIII, and FeyRIV operate
as activating receptors and FcyRIIb as an inhibitory receptor
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(33,47, 58). Using soluble FcyRs, it was found that each receptor
interacts with different affinity with each IgG subclass. mIgG2a
and mIgG2b interact with all FcyRs, mIgGl1 interacts only with
FeyRIII and FcyRIIb, and mlIgG3 only binds FcyRI weakly
(41, 47). The sum of both activating and inhibitory signals trig-
gered through immune complex binding to FcyRs determines the
outcome of immune responses (33, 58). When measured as an
activating-to-inhibitory (A/I) ratio, the highest values were
reported for mIgG2a followed by mIgG2b suggesting that these
two subclasses should be quite potent in vivo; conversely mIgG1
that interacts more strongly with inhibitory FcyRIIB than FeyRIII
displays the least activating activity (58). Other factors such as
valency, avidity, glycosylation, abundance, and distribution on
immune cells also modulate IgG activity, a complexity that can
be extrapolated using mathematical models (59) or investigated
using antibody engineering and knockout animals that lack dis-
tinct effectors of IgGs (41). Antibodies also interact with different
affinities with Clq following the hierarchy mIgG2a > mIgG2b >
mlgG3 > mlgGl (32).

Earlier, we characterized 3F6-hIgG1 in a BALB/c] mouse model
of staphylococcal bloodstream dissemination. Of note, hIgG1 is
considered to be the equivalent of mlgG2a. We found that
N297-linked glycosylation of Fey, specifically fucosyl mono- and
di-galactosyl (G1F/G2F) substitutions were essential for
complement-mediated protection of animals (30). However,
removal of fucosyl residues that abrogated Clq binding but
enhanced binding toward activating FcyRs, also protected animals
from S. aureus bloodstream challenge (30). To better delineate the
role of Fey function for S. aureus uptake and killing in mice, we
generated the four mouse variants 3F6-mlgG1l, 3F6-mlgG2a,
3F6-mlgG2b, and 3F6-mIgG3. Here, we find that the activity of
antibodies varies depending on the subclass and mouse strain. The
latter finding was unexpected. 3F6-mlIgG2a protected BALB/c]
from S. aureus bloodstream challenge in a complement-dependent
and FcyRIV-independent manner. Conversely, 3F6-mlgG2a
reduced bacterial replication in C57BL/6] mice in an
FeyRIV-dependent and complement-independent manner. These
conclusions were reached by passively immunizing wild-type ani-
mals following chemical depletion of complement (CVF), and
immunological neutralization of FcyRIV and CR3 or by exploiting
knockout CI qa'/' and y~ C57BL/6] mice. A similar conclusion
was reached when measuring bacterial replication in anticoagulated
whole blood from these animals. Other surprising results included
protection mediated by 3F6-mIgG3 in BALB/cJ but not C57BL/6]
mice, a protection that was negated upon CVF pretreatment, and
protection mediated by 3F6-mlIgG1 in both animals, in spite of a
low A/1 ratio and low affinity for C1q. We suspect that 3F6-mIgG3
protection in BALB/c] mice is the result of augmented C1q recruit-
ment. With respect to 3F6-mlgG1, we suspect that the abundance
of SpA and the fact that each SpA molecule can be labeled with five
3F6 molecules on the bacterial surface are sufficient to compensate
for weak C1q and FcyRs interactions; further SpA does not interact
with mIgG1-Fey and thus cannot block the effector functions of
this subclass (31, 60). However, how can we account for the distinct
activities of the same antibody, 3F6-mIgG2a, in two mouse strains?
We explored the possibility of nucleotide polymorphisms (50, 61).
Little is known about SNPs affecting antibody-based immunother-
apy in mouse models, unlike the better characterized polymor-
phisms of human FcyRs, FcRn, and complement encoding genes
(62-65). A missense mutation that impairs the inhibitory function
of (human) hFcyRIIb and two SNPs in the promoter of the gene
result in increased expression of this receptor in several types of
immune cell (62, 66). A phenylalanine to valine substitution at

position 158 increases the affinity of hFcyRIIIA for hIgG1, hlgG2,
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and hIgG3 (67). A variable number of tandem repeats within the
hFcRn promoter influences its transcription and response to anti-
body therapy (68-70). Polymorphisms in complement-encoding
genes have also been linked to the clinical response of patients receiv-
ing antibody therapies (71, 72). Based on these observations, we
explored the possibility that nsSNPs in the coding sequences of the
Clga, Clgb, Clgc, and Fegr3 genes could account for the difference
in 3F6-mlgG2a activity. However, this line of investigation was not
met with success. Of note, we did not identify SNPs in the Fegrz
and f2m coding segments of the two strains. SNPs in noncoding
(untranslated) sequences can also affect the expression of genes.
Mutations that could have affected the expression of the Fegrz and
P2m genes were ruled out by measuring the half-life of all four
antibody subclasses in BALB/c] and C57BL/6] mice. Next, we
asked if mutations may have affected the expression levels of Fcy
and complement receptor genes. Here, we focused our analysis on
neutrophils as they represent the first line of defense against S. aureus
bacteria (52). Neutrophils of naive BALB/c] and C57BL/6] mice
were found to express different patterns of FcyRIII, FcyRIV, CR3,
and CR4. Importantly, the relative ratio of FcyRIV over CR3 was
found to be higher on neutrophils of C57BL/6] mice as compared
to neutrophils of BALB/c] mice. This skewed FcyRIV/CR3 ratio
was maintained when animals were challenged with S. aureus and
offers a molecular basis for the distinct opsonophagocytic activity
of 3F6-mlgG2a in the two strains. We conclude that noncoding
genetic differences can modulate the downstream effector capacity
of immune responses and govern the protective mechanisms of
antibody. We speculate that this is not restricted to laboratory ani-
mals. In fact, a recent study that examined the relative abundance
of FcyRs on human leukocytes found a dichotomy between donors
with either low- or high-expression levels of inhibitory hFcyRIIb
(73). Thus, each IgG subclass may exert protection via different
mechanisms in distinct hosts. One explanation is that genetic pol-
ymorphisms between hosts may result in distinct distribution and
relative abundance of complement and Fcy receptors on immune
cell populations.

Materials and Methods

Ethics Statement. Animal research was performed in accordance with institu-
tional guidelines following experimental protocol review, approval, and super-
vision by the Institutional Animal Care and Use Committee at The University of
Chicago. Experiments with S. aureus were performed in biosafety level 2 (BSL2)/
animal BSL2 containment upon review by The University of Chicago Institutional
Biosafety Committee.

Bacterial Strain, Mammalian Cell Line and Growth Media. Community-
associated MRSA USA400 (MW2) was grown in tryptic soy broth (TSB) at 37 °C.
Suspension serum-free adapted FreeStyle™ 293-F cells were cultured in
FreeStyle™ 293 Expression Medium (Life Technologies) and maintained in a
5% CO, humidified incubator at 37 °C.

Construction, Expression, and Purification of Recombinant 3F6-migGs.
The constant heavy chains of mlgG1 (Uniprot No. P01868), migG2a (Uniprot No.
P01863), migG2b (Uniprot No.AOA075B5P3), and mlgG3 (Uniprot No. P03987-
2) were assembled with VH chain of the mouse hybridoma mAb 3F6(20) resulting
in 3F6-mlgG1, 3F6-mlgG2a, 3F6-mlgG2b, and 3F6-mIgG3. The light chain was
identical in all mouse 3F6 antibodies. The corresponding amino acid sequences
are shown in S/ Appendix, Table S1.The genes encoding these antibodies were
synthesized by Integrated DNA Technologies, Inc., and polymerase incomplete
primer extension was used to swap the gene constructs into the expression vector
pVITRO1-102.1F10-IgG1/x (Addgene, number 50366) (74) as described earlier
(29). All plasmids were sequenced and transfected into FreeStyle™ 293-F cells
using polyethylenimine (75). Transfectants were isolated with hygromycin B (400
pg/mL)selection and expanded in TripleFlask Cell Culture Flasks (ThermoFischer).
Antibodies were affinity purified from supernatants of expanded cultures over
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protein G-sepharose (Genscript), dialyzed against Phosphate Buffered Saline
(PBS) as described (30) and visualized by separation on 12% SDS-PAGE. For
immunoblotting, proteins on SDS-PAGE were transferred to nitrocellulose mem-
branes and probed with HRP-conjugated anti-mIgG1 (Fisher Scientific), -mlgG2a
(Fisher Scientific), -mlgG2b (Fisher Scientific), -mlgG3 (Fisher Scientific), -mIgG
(Cell Signaling), -hlgG (Bio-rad), and higE (ThermoFisher).

Construction, Expression, and Purification of Recombinant mFcyRIIl. The
plasmid pCMV3-SP-N-His-Mouse CD16/FCGR3 harboring full-length cDNA of BALB/cJ
FeyRlllwas purchased from SinoBiological(MG50326-NH)and served asatemplate for
further mutagenesis. Primers 5’ GTCTGGTACCACACTTGAATCTAGAGCGGCCGCCGAATT3
and 5'GCCGCTCTAGATTCAAGIGIGGTACCAGACTAGAGA3” were used to delete the
transmembrane and cytoplasmic domains of BALB/cJ FcyRIIl. The plasmid har-
boring only the extracellular domain of BALB/cJ FcyRIIl served as a template to
introduce three amino acids found in the extracellular domain of C57BL/6J FeyRIll
using primers 5'TGGTCATCCATCCGGAGCCAGGTCCAAAGTAGITACACGTTTAAGGCCAC3’
and 5’ACTTTGGACCTGGCTCCGGATGGATGACCAGITGTGGAACCACTGGGTAGAA'. The
plasmids encoding the extracellular domain of BALB/cJ FeyRIIl or C57BL/6J FeyRIll
were transiently transfected into FreeStyle™ 293-F cells using polyethylenimine.
Culture supernatants were collected and subjected to Ni-NTA column to purify the
extracellular domain of BALB/cJ FeyRIll and C57BL/6J FeyRIIL.

Enzyme-Linked Immunosorbent Assay. Binding measurements to SpA, were
performed in microtiter plates (Nunc Maxisorp) coated with T pug/mL SpAga in 0.1
M carbonate buffer (pH 9.5) at 4 °C overnight. Wells were blocked before incuba-
tion with serial concentrations of recombinant 3F6-mlgGs. To measure inhibition
of SpA binding to hlgG, microtiter plates were coated overnight with 10 pg/mL
SpAand then blocked for 1 h. Next, plates were incubated with PBS or 200 pg/mL
isotype control antibodies (mlgG1, migG2a, migG2b, or migG3, Fisher Scientific)
or 3F6-mlgGs prior to incubation with HRP-conjugated hlgG (1 pg/mL, Jackson
ImmunoResearch).To measure binding to mouse C1q or mouse neonatal Fc recep-
tor(mFcRn), microtiter plates were coated with serial dilutions of purified 3F6-mlgGs
overnight. After blocking, wells were incubated as indicated for 2 h at room tempera-
ture with 100 pLwild-type C57BL/6J or BALB/cJ mouse sera followed by incubation
with HRP-conjugated anti-C1q antibody (Bio-rad) or wells were incubated for 2 h at
pH 6.0 with biotinylated mFcRn (2 pg/mL, Immunitrack) prior to incubation with
HRP-conjugated streptavidin (4 pg/mL, New England Biolabs). To measure binding
tothe extracellular domain of C57BL/6J and BALB/cJ FeyRIIL, microtiter plates were
coated with 10 pg/mLof the purified receptors at 4 °C overnight. Wells were blocked
before incubation with serial concentrations of recombinant 3F6-mlgGs, followed
by incubation with HRP-conjugated anti-mlgG (Cell Signaling). To measure the con-
centration of complement component C3, mouse sera were diluted 31,250-fold in
PBS before coating microtiter plates at 4 °C overnight. Wells were blocked before
incubation with the Goatanti-mouse C3 (CompTech). Serum C3 concentrations were
calculated using a standard curve of mouse C3 (CompTech) diluted in PBS ata range
of 0to 5 pg/mL. All plates were developed using OptEIA reagent (BD Biosciences).
Experiments were performed in triplicate to calculate averages and SE of the mean
and repeated for reproducibility.

S. aureus Replication in Whole Blood. To measure staphylococcal survival in vitro,
PBS, isotype control antibodies (mlgG1, mlgG2a, migG2b, or migG3), or 3F6-mlIgGs
were mixed in a 50-uL suspension containing 2.5 x 10° CFU of strain USA400
(MW2)and added to 0.5 mLfreshly drawn mouse blood. Blood was anticoagulated
with 5 pg/mL desirudin and, where indicated, preincubated for 10 min with cyto-
chalasin D (CD, Invitrogen) or 20 min with CVF (Comptech). After incubation with
bacteria at 37 °C for 0 or 30 min, 0.5 mL SK Buffer (PBS containing 0.5% saponin,
100 U streptokinase, 50 pg trypsin, 1 pg DNase, and 5 pg RNase) was added to
each sample for 10 min at 37 °C prior to plating on agar for CFU enumeration. This
step was performed to liberate bacteria from fibrin agglutinates (76). Assays were
performed in duplicate and repeated for reproducibility.

Animal Infection. C57BL/6J and BALB/cJ mice (6 to 7 wk of age) were obtained
from Jackson Laboratory. Mating pairs of C1qa™'~ (46)and y '~ (47) animals in the
C57BL/6J background were kindly provided by Michael Diamond from Washington
University and bred in our animalfacility. For passive immunization studies, animals
were injected into the peritoneum with 10 mg/kg of indicated antibody 16 to 24 h
before challenge. When indicated, animals were simultaneously injected with CVF
(0.75 mg/kg), a-CD11b (7.5 mg/kg), or a-FeyRIV (7.5 mg/kg). For challenge with S.
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aureus, animals were anesthetized with a cocktail of ketamine-xylazine (50 to 65 and
3to 6 mg/kg). Cultures of USA400 (MW?2) were grown to an absorbance at 600 nm of
0.42,and bacteria were washed in PBS once and adjusted to a suspension of 6.5 x
107 CFU/mI. 100 L of this suspension was injected into the periorbital venous plexus
of anesthetized animals. Animals were monitored for survival and clinical signs of
disease, and body weight recorded daily. When indicated, mice were killed on day 1,
5,10, or 15 post infection by carbon dioxide inhalation. Blood, serum, and kidneys
tissues were collected and suspended in SK Buffer before plating serial dilution for
CFU enumerations. Kidney abscesses were reported by visible enumeration. Animal
experiments were repeated at least once.

Flow Cytometry Analysis. Blood samples (100 pL) from naive or challenged
mice were treated with RBC lysis buffer (Biolegend), centrifuged (350 x g)
and supernatants discarded. Cells in pellets were washed in cold PBS and
resuspended in PBS with 5% BSA for staining with anti-CD11b-APC/Cy7
(Biolegend), anti-Ly6G-BV650 (Biolegend), anti-FcyRI-PerCPCy5.5 (Biolegend),
anti-FcyRIIb-PE (Biolegend), anti-FcyRIII-PE/Cy7 (Biolegend), anti-FcyRIV-FITC
(Biolegend), and anti-CD11¢-APC (Biolegend) antibodies in the dark and on ice
for 30 min. All stained samples were analyzed using a flow cytometer (BD LSRII
3-8, BD Biosciences). Total neutrophils were obtained by gating CD11b*Ly6G™*
cells. The fluorescence intensity of each receptor in neutrophils resulted in a
single peak, thus the median fluorescence intensity (MFI) was used to repre-
sent the level of these receptors. 100% was set as the MFI data recorded for
each receptor from PBS-treated BALB/cJ mice. Experiments were performed
at least twice.

In Vivo Half-Life of Recombinant 3F6-migGs. To measure antibody phar-
macokinetics and dynamics, mice were injected into the peritoneal cavity with
antibodies (10 mg/kg body weight). After 1and 6 haswellas 1,2,3,7,11,15,22,
and 28 d, blood was sampled from the retroorbital plexus and sera were analyzed
by enzyme-linked immunosorbent assay (ELISA). Plasma antibody concentra-
tions were calculated using a standard curve of 3F6-mlIgGs diluted into mouse
plasma at a range of 1 to 500 ng/mL. Antibody half-life was calculated using
N(t) = N, (1/2)""2, where N, is the highest concentration of 3F6-migGs, N(t) is
the nondecayed concentration at time t, and t, , is the half-life of the decaying
concentration. Experiments were performed at least twice.

Removal of N-Glycosyl Groups from Blocking Antibodies. Blocking antibody
against CD11b or FeyRIV («-CD11b or a-FcyRIV) in PBS without sodium azide
were purchased from Biolegend. 75 uL PNGase F (New England Biolabs, P0704L)
was added to 5 mg a-CD11b or o FcyRIV at 37 °C for 4 h. The antibodies were
repurified over protein G-sepharose (Genscript).

statistical Analysis. Staphylococcal survival in blood and ELISA data were
analyzed with the two-tailed Student's t test. Bacterial loads and abscess num-
bers in renal tissues were analyzed with the two-tailed Mann-Whitney test or
one-way ANOVA with Kruskal-Wallis test. When indicated, the lower limit of
detection was determined by mixing a known concentration of bacteria with a
known weight of uninfected tissue or blood. Two-way repeated measure ANOVA
with Bonferroni's multiple comparisons test was used to analyze changes in body
weight. Percentage of neutrophil and MFI data were analyzed using two-way
ANOVA with the Tukey test. All data were analyzed by Prism (GraphPad Software,
Inc., La Jolla USA), and statistical significance was indicated as follows: *, P < 0.05;
** P<0.01;** P<0.001.

Data, Materials, and Software Availability. All study data are included in the
article and/or SI Appendix.
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