




The high and low m.w. fractions of GB4542 mediate distinct
effector functions

GB4542 was designed to improve the binding with FcgRs by
increasing the Fc valency through multimerization. To understand
whether different levels of Fc multimerization altered the binding
of GB4542 to individual FcgRs, we studied the lower- and higher-
order multimer components of GB4542, fraction 2 and fraction
4 from transient transfection pool, respectively. The dissociation
rates of TF4 with all the FcgRs were lower than TF2, which
resulted in decreased apparent KDs for TF4 binding to the ca-
nonical FcgRs than those for the TF2 (Supplemental Fig. 2,
Table II). These data demonstrate that, in keeping with our hy-
pothesis, GB4542 contains individual functional fractions and that
the higher-order multimers have enhanced avidity for the FcgRs
tested.
Next, we sought to understand how the concentration-dependent

effector functions of GB4542 related to the individual multimer
fractions within the combined preparation. In the ADCP assays,
although both TF2 and TF4 exhibited concentration-dependent
bimodal effects, in general, TF2 mediated more potent phago-
cytic activity in all of the tested donors (Fig. 7A). Interestingly,
the different GB4542 fractions mediated profoundly different
patterns of CDC (Fig. 7B). Specifically, although TF2 recapitu-
lated the CDC data obtained with the unfractionated material, TF4
was less potent in inducing complement-mediated killing. In ad-

dition, and unlike TF2 or GB4500, TF4 inhibited CDC by ∼80%
at 50 mg/ml.
To confirm that different levels of GB4542 polymerization

mediated distinct effector functions, we capitalized on our ability to
obtain more distinct fractions from supernatant derived from the
stable versus the transient pools. Similar to the transient fractions,
the lower m.w. SF (SF1) demonstrated greater ADCP and CDC
activity than higher m.w. SF (SF4). Although all of the fractions
mediated a dose-dependent bimodal effect in the ADCP assay, only
SF3 and SF4 decreased CDC activity at high concentrations, which
likely reflects the idea that interactions between Fc–FcgR and
Fc–complement require different levels of Fc aggregation (Fig.
7C, 7D). These data indicate that ability of GB4542 to enhance
Fc-dependent effector functions is largely secondary to the lower-
order multimers, whereas the inhibitory effects are most prominent
in the higher-order fractions.

GB4542 and GB4500 induce B cell depletion in PBMC, which
is associated with divergent patterns of proinflammatory
cytokine release

Next, we studied the ability of GB4542 to mediate B cell depletion
in human PBMC. At concentrations ,0.1 mg/ml, GB4542 medi-
ated more potent B cell depletion than GB4500 (Fig. 8A). In
contrast, at concentrations .0.1 mg/ml, whereas GB4500 main-
tained its capacity for B cell depletion, increasing concentrations

FIGURE 6. GB4542 mediates potent CDC, and its Fc analog inhibits mAb-mediated complement activation. (A) GB4500, GB4542, and IVIG were

evaluated for their ability to mediate CDC against purified human B cell targets using human complement. Data are mean 6 SEM of three experiments

from different donors. (B) B cells were treated with GB4500 or GB4542 at indicated concentration in the presence of human complement for 15 min at 37˚C.

C1q deposition was determined by staining cells with anti-C1q Ab and analyzed by flow cytometry. Data are shown as a representative staining and the

summarized percent of C1q deposition (mean 6 SEM) from three experiments. Inhibition of CDC (C) and C1q deposition (D) by GB2542 and IVIG. GB2542

and IVIG were preincubated with B cells in the presence of complement at indicated concentration for 15 min at room temperature, and GB4500 (10 mg/ml)

was subsequently added to the culture to induce CDC. Data are mean 6 SEM of three experiments. (E) Soluble GB4542 engages with C1q. The binding of

GB4542 and GB4500 with plate-bound C1q was tested in a C1q ELISA assay. Statistical analysis was performed comparing GB4500 versus GB4542 (A and B)

or GB4542 versus PBS (D). *p , 0.05, **p , 0.01.
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of GB4542 were inversely correlated with B cell loss. Impor-
tantly, IVIG, used as a control for homodimeric and aggregated
Fc domains, did not mediate an appreciable reduction in B cell
numbers.
As a part of these studies, we also sought to understand

whether GB4500 and/or GB4542 induced a proinflammatory
cytokine response in PBMC. In the presence of LPS, used as a
surrogate for systemic inflammation, both GB4500 and GB4542
stimulated IL-12 and TNF-a release (Fig. 8B). The appearance
of these cytokines directly correlated with the concentrations of
GB4500 and GB4542 required to mediate optimal B cell de-
pletion, with GB4542 stimulating cytokine production at lower
concentrations and limited induction of cytokine release at
higher concentrations. In contrast, GB4500 continued to stim-
ulate increasing levels of proinflammatory cytokine release at
concentrations higher than those required for optimal B cell
depletion.

Discussion
GB4542 was designed to improve engagement of the canonical
FcgRs and enhance complement activation by increasing avidity
through the creation of Fc multimers as part of drug targeting
CD20. This approach differs from other Ab engineering strategies
that focus on a single Fc–FcgR interaction. Specifically, strategies
such as defucosylation or prolonging off rates to improve CDC are
designed to enhance affinity (29, 30). In contrast, the enhanced
effector function of GB4542 is premised on an increase in avidity
for the low-affinity FcgRs. As such, this strategy mimics naturally
occurring polyclonal Ab responses to neo-antigens, in which Fc
coverage is enhanced by the availability of Abs against multiple
unique epitopes on each antigenic target. The key distinction be-
tween GB4542 and polyclonal Ab responses is that the increased
avidity of GB4542 enables it to bind low/intermediate-affinity
FcgRs and C1q, independent of Ag engagement. In contrast, be-
cause polyclonal Abs aggregate at the antigenic site, they cannot

Table II. Binding kinetics of GB4542 fractions to the canonical FcgRs

Apparent KD (mol21) ka (1/ms 3 105) kd ([1/s]21)

TF2 TF4 TF2 TF4 TF2 TF4

FcgRI 1.6 6 0.7E11 4.8 6 4.1E14 28.6 6 1.7 44.0 6 0.7 4.7 6 1.9E5 2.1 6 1.8E7
FcgRIIa 4.0 6 1.7E6 1.2 6 0.9E7 1.0 6 0.4 5.4 6 0.4 3.7 6 0.6E1 6.5 6 0.08E2
FcgRIIb 1.6 6 0.06E7 8.9 6 0.09E9 11.5 6 1.6 16.0 6 0.4 1.9 6 2.3E1 1.4 6 0.3E2
FcgRIIIa 1.6 6 0.4E10 1.0 6 0.6E11 37.7 6 5.5 43.4 6 1.4 5.9 6 1.0E4 4.3 6 2.6E5

His-tagged FcgRs were captured to a CM5 chip using a covalently bound mouse anti-His Ab. For FcgRI and FcgRIIIa, GB4542 TF2 and TF4 were serially diluted from 1.5
to 0.023 nmol. For FcgRIIa and FcgRIIb, GB4542 TF2 was serially diluted from 750 to 5.9 nmol, and GB4542 TF4 was serially diluted from 150 to 0.29 nmol. Diluted samples
were injected at 25 ml/min for 3 min followed by a 5-min dissociation phase. All curves were run in triplicate. A mouse anti-His–bound surface was used as a reference surface,
and blank runs were subtracted from all curves. KDs were calculated using the 1:1 Langmuir model, with RI set to zero in the BIAevaluation software version 3.1.

FIGURE 7. The high and low m.w. fractions of GB4542 mediate distinct FcgR and complement effector functions. GB4542 fractions from the transient

transfection pool (TF) (A and B) and the stable transfection pool (SF) (C and D) were evaluated in ADCP (A and C) and CDC (B and D) assays. In the ADCP assays,

macrophages were cocultured with CFSE-labeled normal B cells in the presence of serial dilutions of Ab and sAb fractions for 1 h, followed by CD11b staining and

FACS analysis. Data are shown as the percentage of macrophage-phagocytosed B cells. In the CDC assay, normal B cells were incubated with serial dilutions of Ab

or sAb fractions in the presence of 10% human complement serum for 1 h. Cells were then analyzed for apoptosis/death by flow cytometry. Data are presented as

the mean 6 SEM of at least three experiments using cells from different donors. *p , 0.05, **p , 0.01 TF2 versus TF4 (A and B) or SF1 versus SF4 (C and D).
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effectively bind low-affinity FcgRs in the absence of Ag, a fact
that limits their ability to induce secondary FcgR-mediated and
complement-mediated tolerance (31, 32).
The cDNA construct used to generate GB4542 protein encodes

two human IgG1 Fc fragments spaced by IgG2H/ILZ moieties,
which is designed to facilitate multimerization (Fig. 1A) (33–36).
We previously used this strategy to generate recombinant murine
IgG Fc multimers and a recombinant anti-human EGFR sAb
(25, 28). SDS-PAGE analysis proved that the resultant protein,
GB4542, exists as a homodimer and higher-order multimers.
Importantly, the differences in appearance between gels shown in
this study and those previously reported by us are consistent with
technological variances in the SDS-PAGE systems employed in
the two reports, rather than a qualitative changes in GB4542 (28).
As anticipated, SPR analysis and FACS-based cellular binding
assays revealed that GB4542 demonstrated greatly enhanced
avidity to the canonical FcgRs (Fig. 2, Table II). Furthermore,
GB4542 showed improved binding to C1q in an ELISA-based
assay (Fig. 6E). Importantly, in both cases, this enhanced bind-
ing was independent of Ag–Fab interactions.
GB4542 induced potent immunoregulatory effects. Although

the mechanisms by which GB4542 mediated enhanced B cell kill-
ing at lower concentrations are readily understandable, the means
by which it induced FcgR-dependent inhibition at higher concen-
trations are less clear and are likely pleiotropic. Several recent
studies demonstrate that soluble immune complexes (ICs) effec-
tively mitigate defined types of autoimmunity in mice (18) and that
high amounts of IC formation during persistent viral infection in-
terfere with Ab effector functions by competition for FcgRs (31, 32).
Our studies demonstrated that GB4542 likely mimics the effects of
naturally occurring IC by competing for FcgRs and inhibiting Fc–
FcgR-dependent effector functions. Importantly, based on data
from other groups, it is also possible and indeed plausible that the
FcgR-mediated anti-inflammatory properties of GB4542 are not

simply passive, but that GB4542 can also actively induce toler-
ance (16, 38).
In addition to FcgR-mediated functions, mAb-mediated CDC

is postulated to be one of the important effector mechanisms in
anti-CD20 immunotherapy (29, 38, 39). In vitro studies of CDC
activity, using human serum as a source of complement, demon-
strated that GB4542 significantly enhanced the B cell killing
compared with GB4500. This enhanced killing was associated
with increased C1q deposition on the target cell surface. These
findings highlight the ability of GB4542 on opsonized B cells to
stably engage C1q molecules with profoundly enhanced efficiency
compared with GB4500. More importantly, our data demonstrated
that GB4542 not only reduced the drug concentration required to
induce optimal CDC and C1q deposition, but also increased the
maximal level of these activities, at the concentrations evaluated.
In keeping with prior reports, the concentrations of GB4542 re-
quired to mediate optimal CDC were ∼1-log order higher than
those needed for B cell depletion from PBMC and phagocytosis
(30).
Similar to the inhibitory effects observed for FcgR-dependent

functions, GB2542 protected B cells from anti-CD20 mAb-
mediated CDC. This protection was associated with reduced C1q
deposition that likely resulted from the ability of soluble sAb
to effectively engage C1q, independent of Ag–Fab interactions
(Fig. 6E). However, unlike GB4542-mediated bimodal effects in
ADCC and ADCP assays, GB4542 did not inhibit CDC, even at
the highest concentrations tested. These findings are in keeping
with data suggesting that different degrees of Fc multimerization
are required to elicit FcgR and complement-mediated effects. For
example, recent studies revealed the dimeric fraction of IVIG
has increased ability of blocking Fc–FcgR interaction over IVIG
monomers in macrophage phagocytosis, and a separate report
suggested that C1q activation required the formation IgG hexamers
(40, 41). Consistent with these findings, whereas both lower- and

FIGURE 8. Low concentrations of GB4542 mediate efficient B cell depletion in PBMC, which is associated with proinflammatory cytokine production.

(A) PBMCs were cultured in the presence of serial dilutions of GB4500 or GB4542 for 48 h. B cell depletion was determined by FACS analysis of

remaining CD32CD19+Annexin V2/7-AAD2 cells in the culture relative to untreated controls. The results are the mean and the SEM of four experiments

with different donors (*p, 0.05, **p, 0.01). (B) Supernatant was harvested from individual cultures and measured for the cytokines indicated by ELISA.

The data shown are one representative of three experiments from different donors.
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higher-order fractions of GB4542 demonstrated decreased ADCP
effect at higher concentrations, decreased CDC activity was ob-
served only in the presence of high concentration of higher m.w.
fractions (TF4, SF3, and SF4) (Fig. 7).
One of the primary goals of this study was to determine whether

GB4542 mediated IVIG-like anti-inflammatory properties. Our
data demonstrate that GB4542/2542 and IVIG likely employ
both overlapping and distinct mechanisms to mediate their Fc-
dependent inhibitory effects. For example, both GB4542 and
IVIG blocked Fc–FcgR-mediated ADCC and phagocytosis and
inhibited C1q deposition on the cell surface. However, the con-
centrations of GB4542 required to mediate these inhibitory effects
were ∼100 times lower than those of IVIG. These data may reflect
the fact that IVIG contains only a small portion of multimerized
IgGs and are consistent with our animal data in which stradomers
could treat or protect animals from autoimmune diseases at a
significantly lower dose than IVIG (25). Similarly, although
GB2542 blocked Fc multimer binding to all of the low-moderate–
affinity human FcgRs tested, IVIG was less effective in blocking
FcgRIIb interactions. Furthermore, the inhibitory effect of
GB2542 in CDC was associated with blockade of C1q deposition on
target cells, whereas IVIG-mediated inhibition of CDC did not im-
pact cell-surface C1q levels under the same experimental settings.
We propose a two-phase model for clinical translation of these

findings. In the early phase, or upon initial drug exposure, low
concentrations of GB4542 effectively engage CD20 on the B cell
surface, where the multimerized Fc domain mediates highly potent
B cell depletion. In the late phase, or after reduced CD20 avail-
ability secondary to B cell depletion, the multimerized Fc domains
of the sAbs can bind C1q and competitively inhibit complement
deposition, while also blocking the engagement of immune
complexes with FcgR-expressing effector cells. In vivo studies
are currently in progress to delineate the most effective dosing
strategy and route of administration to achieve long lasting
rituximab-like B cell depletion while concomitantly inducing
durable IVIG-like tolerogenic effects.
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Supplemental Figure 1. Non-reducing (A) and reducing (B) SDS PAGE analysis of  whole and fractionated GB4542 produced 
by the stable pool. In order to develop a high fidelity GB4542 protein product, we generated a stable GB4542 producing pool.  
Exclusion chromatography was employed to better delineate the component of individual fractions and as a means to provide 
material for functional studies. Non-reducing SDS PAGE analysis of the whole and fractionated proteins (SF 1-4) revealed 4 
predominant bands, consistent with the homodimer, and higher order multimers. Under reducing condition, whole and fractions of 
GB4542 demonstrated identical heavy chain band at around 80 kDa, and light chain band at around 25 kDa. 
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Supplemental Figure 2.  Histograms supporting the numerical data presented in Table 1 and 2.  SPR analysis of the GB4500 vs 
GB4542 (A), GB4542 TF2 vs TF4 (B) binding to canonical human Fc Rs. GB4542 exhibits dramatically slower dissociation rates 
compared to GB4500. TF4 exhibited slower dissociation rates compared with TF2, particularly with regard to Fc RIIa and Fc RIIb. Chi2 is 
a measurement of the fit of the curve. 
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Supplemental Figure 3: GB2542 binds Fc R expressing immune cells. PBMCs with or without B cell depletion were stained 
with serial dilutions of Dylight 488 labeled GB2500 or GB2542, in combination with immune cell markers. Binding was analyzed 
by FACS.GB2500, an unmodified anti-Her-2 mAb, does not bind peripheral blood cells which lack Her-2 expression. In contrast, 
multimerized GB2542, binds Fc R expressing PBMC, but does not bind T cells, which lack Fc R expression. These data indicate 
that the multimerized Fc domains of GB2542, which are identical to GB4542, effectively bind Fc Rs on PBMC. 
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Supplemental Figure 4. GB4542 co-localized with Fc RII on human macrophages. In order to understand whether GB4542 interacted 
with Fc Rs on PBMC, we  tested its ability to co-localize with Fc RII on human macrophages.  At 0.1 μg/ml, GB4500 was not visible.  
However, following incubation of macrophages with GB4500  at a concentration of 10 μg/ml, we observed a diffuse pattern of staining for 
both CD32 and GB4500. In contrast, GB4542 was visible by confocal at a concentration of 0.1 μg/ml and co-localized with CD32 (white 
arrows), in a discrete punctate pattern.  These data suggest that GB4542 both co-localizes with CD32 and alters its location in/on  
macrophages.
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