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Abstract: The constant region of immunoglobulin (Ig) G antibodies is responsible for their effector
immune mechanism and prolongs serum half-life, while the fragment variable (Fv) region is
responsible for cellular or tissue targeting. Therefore, antibody engineering for cancer therapeutics
focuses on both functional efficacy of the constant region and tissue- or cell-specificity of the Fv region.
In the functional aspect of therapeutic purposes, antibody engineers in both academia and industry
have capitalized on the constant region of different IgG subclasses and engineered the constant region
to enhance therapeutic efficacy against cancer, leading to a number of successes for cancer patients
in clinical settings. In this article, we review IgG subclasses for cancer therapeutics, including (i)
IgG1, (ii) IgG2, 3, and 4, (iii) recent findings on Fc receptor functions, and (iv) future directions of
reprogramming the constant region of IgG to maximize the efficacy of antibody drug molecules in
cancer patients.
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1. Introduction

Therapeutic monoclonal antibodies (mAbs) comprised more than 70% of global biologics revenue
in 2018 [1]. Up to 21 January 2020, the US Food and Drug Administration (FDA) and European
Medicines Agency (EMA) approved 74 therapeutic antibodies, 29 of which were for cancer-related
disease (39%) (Figure 1a). Interestingly, IgG1 constitutes at least 22 of the 29 cancer-related therapeutic
antibodies, while all other IgG subclass antibodies, including IgG4 but not panitumumab (IgG2),
were approved in 2014 or later (Figure 1b) [2]. As of January 2020, human or humanized antibodies
constituted more than 70% of the total cancer-related antibodies (Figure 1c). Among the 29 antibodies,
8 were for blood cancer and the other 21 were for solid cancer treatment (Figure 1d), including breast
cancer, colorectal cancer, head and neck cancer, lung cancer, rectal cancer, glioblastoma, melanoma,
myeloma, neuroblastoma, and sarcoma [2,3].
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Figure 1. Indication and molecular types of therapeutic antibodies approved by the US FDA and 

EMA, classified by (a) disease indications of all 74 therapeutic antibodies; (b) antibody subclasses of 

29 antibodies for cancer; (c) species type of 29 antibodies for cancer, i.e., murine, chimeric, humanized, 

or fully human; and (d) cancer types of 29 antibodies for cancer (blood or solid cancer). These figures 

were classified using data from “The Antibody Society (2020)” [2]. 1 Others in panel (a) include 

prevention of kidney transplant, macular degeneration, Muckle–Wells syndrome, bone loss, high 

cholesterol, X-linked hypophosphatemia, and osteoporosis in postmenopausal women at increased 

risk of fracture. 
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Figure 1. Indication and molecular types of therapeutic antibodies approved by the US FDA and
EMA, classified by (a) disease indications of all 74 therapeutic antibodies; (b) antibody subclasses of 29
antibodies for cancer; (c) species type of 29 antibodies for cancer, i.e., murine, chimeric, humanized,
or fully human; and (d) cancer types of 29 antibodies for cancer (blood or solid cancer). These figures were
classified using data from “The Antibody Society (2020)” [2]. 1 Others in panel (a) include prevention
of kidney transplant, macular degeneration, Muckle–Wells syndrome, bone loss, high cholesterol,
X-linked hypophosphatemia, and osteoporosis in postmenopausal women at increased risk of fracture.

It is undeniable that antibody therapies have greatly improved the survival rate of cancer patients,
and they are considered one of the most effective disease-targeting moieties for cancer. This is
because therapeutic antibodies selectively target cancerous cells or immune leukocytes and thus
exhibit lower toxicity compared to conventional small molecule-based chemotherapy or radiotherapy.
However, treatments with mAbs rarely lead to complete recovery from diseases [4]. Therefore,
mAbs require combination with other toxic therapeutic modalities [5–7], despite their extraordinary
specificities for cancer tissue or immune leukocytes. When they directly target tumor associated
antigens (TAAs) [8–11], the native effector function of mAbs may not be sufficient to eradicate refractory
tumor cells, and tumor cells may be resistant to immune effector cells when mAbs target and activate
immune leukocytes [12–16]. This necessitates understanding of the antibody effector mechanism
underlying Fc–Fc receptor biology and obliges antibody engineers to investigate the effector functions
of mAbs with desired constant regions.

As of January 2020, all FDA- and EMA-approved immunoglobulin isotypes are IgG
antibodies [2,18]. These antibodies bind to the family of Fc receptors (Fc gamma receptors, FcγRs) to
activate or inhibit signaling that mediates complex immune responses upon formation of immune
complexes [19,20]. The FcγRs bind IgGs [21–23] to initiate and regulate various effector functions, such
as inhibition of B cell proliferation, phagocytosis, degranulation of cytotoxic molecules in granulocytes,
and cytokine production [24,25]. Three different classes of human Fc gamma receptors for IgG have
been identified: FcγRI (CD64), FcγRII (CD32), and FcγRIII (CD16) [26]. Among FcγRs, FcγRI exhibits
high affinity (KD = 10−8 M) to the antibody-constant region, whereas FcγRII and FcγRIII display low
affinity (KD = 10−6~10−7 M) to the fragment crystallizable (Fc) region of IgG [27]. Mechanistically,
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FcγRs are grouped into two groups: activating FcγRs such as FcγRI (CD64), FcγRIIa (CD32a), and
FcγRIIIa (CD16a), and the inhibitory FcγR, FcγRIIb (CD32b). These activating and inhibitory FcγRs
transduce their functional signaling through immunoreceptor tyrosine-based activation motif (ITAM)
or inhibitory motif (ITIM), respectively [20,21].

Human FcγRI (CD64) is a glycoprotein that binds to monomeric IgG with high affinity (KD =

10−8~10−9 M). Human FcγRI binds with high affinity to IgG1 and IgG3 but binds weakly to IgG4 and
very weakly with IgG2 (Table 1) [28]. FcγRI consists of an α-chain with multiple glycan chains and
two γ-chain subunits of FcεRI [29,30].

Table 1. Molecular properties of IgG antibody subclasses.

IgG
Subclasses

Hinge Length (Amino
Acid Residues)

Number of Disulfide
Bonds in the Hinge Region

Serum Half-Life
(Week)

Relative Affinities to FcγRs 2

(Expected Effector Functions via FcγRs)
I IIa IIb IIc IIIa IIIb

IgG1 15 2 3 +++ +++ + + ++ +++

IgG2 12 4 1 3 - ++ - - -/+ -
IgG3 62 1 11 1 1 ++++ ++++ ++ ++ ++++ ++++
IgG4 12 2 3 ++ ++ ++ ++ - -

1 Values differ among antibody allotypes. 2 Values were adapted from IgG immune complex (IC) binding to
FcγR-transfected cells using FACS analysis in Bruhns et al. (2009) [17].

FcγRII is expressed more frequently on cells of hematopoietic lineage compared to other FcγRs.
There are three different FcγRII isoforms: FcγRIIa, FcγRIIb, and FcγRIIc. Whereas FcγRIIa and FcγRIIc
transmit activating signals on immune leukocytes, FcγRIIb produces inhibitory signals throughout the
membranes of blood cells. FcγRIIa exhibits diverse expression profiles on macrophages, monocytes,
neutrophils, and platelets. Relative to FcγRIIa, FcγRIIc has been reported to be expressed less frequently,
though it is uniquely present on natural killer (NK) cells [31]. FcγRIIa is generally thought to be
responsible for phagocytosis, cytotoxicity, and inflammatory cytokine release, but these mechanisms
remain to be validated. Unlike FcγRIIa, FcγRIIb can be found on basophils, mast cells, monocytes,
macrophages, dendritic cells (DC), and even B cells. FcγRIIb down-regulates immune activating
signals by flanking the triggered activating FcγRs [32].

There are two FcγRIII isoforms identified so far: FcγRIIIa and FcγRIIIb. FcγRIIIb is expressed on
neutrophils, and activation of FcγRIIIb stimulates degranulation and production of reactive oxygen
intermediates (ROI) in neutrophils [33]. FcγRIIIa is well-known for its contribution to ADCC activity
because it is the only FcγR expressed on NK cells. It is also regarded as an initiator for endocytosis,
phagocytosis, and cytokine production of existing immune leukocytes; however, the exact implications
are still unknown. The downstream signal transduction triggered by FcγRIIIa as well as FcγRI requires
association of γ or ζ chain on the cell surface [34,35].

FcγRs are important in mediation of both humoral immunity and immunologic responses [36].
The functions of Fc receptors must be elucidated to establish a direction for reprogramming the constant
regions of IgG antibodies for therapeutic purposes. However, it is not possible to elucidate the function
of FcγRs in various human leukocytes with irregular FcγRs profiles [37] without FcγR-selective Fc.

Despite the negligence of FcγRs function, researchers in academia and biopharmaceuticals have
extensively investigated constant regions of IgG subclasses and even engineered them to maximize
therapeutic efficacy in cancer therapy. In this paper, we review advantages and disadvantages of
IgG subclasses for therapeutic usage, including i) IgG1, ii) IgG2, 3, and 4, based on known molecular
properties and affinities to Fc receptors, iii) recent findings on Fc receptor functions for antibody cancer
therapy, and finally iv) future directions of reprogramming the constant region of the IgG antibody for
better cancer therapy.

2. IgG1: The Most Abundant IgG Antibody in Cancer Therapeutics

IgG1 shows the highest serum abundance (65% of total IgG) [38] and is the most commonly used
therapeutic IgG antibody among IgG subclasses [2] because of its (i) significant binding to FcγRs, (ii)
short hinge length (15 amino acid residues) with two inter-heavy chain disulfide bonds, enabling
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relatively facile bioprocessing, and (iii) long serum half-life (Table 1). One immunosurveillance
mechanism in cancer involves generation of IgG antibodies that surround tumor cells via affinities to
cancer antigens. Especially, cancer-specific IgG1 antibodies attract diverse immune cells to the cancer site
by Fc–FcγRs interactions, while IgG2 or 4 antibodies (25% of total IgG) barely do (Table 1) [17]. Activated
leukocytes expressing FcγRs on their plasma membranes can target tumor cells by releasing cytotoxic
granules or inducing phagocytosis, processes called antibody-dependent cell-mediated cytotoxicity
(ADCC) or antibody-dependent cell-mediated phagocytosis (ADCP), respectively [39]. Moreover,
IgG1 antibodies can maximize these antibody-mediated activities by Fc-engineering methodologies to
enhance efficacy. Engineering Fc domains with enhanced affinity for activating FcγRs relative to the
inhibitory FcγRIIb has been attempted to strengthen ADCC or ADCP activity [40,41].

In the past 15 years, Fc engineering in academia and biotechnology has been directed toward
enhancing known activating FcγRs, such as FcγRIIa (i.e., major contributor to ADCP activity) and
FcγRIIIa (i.e., major contributor to the NK ADCC activity of NK cells), relative to the inhibitory FcγRIIb.
For example, the biotech company Xencor (CA, USA) succeeded in engineering Fc with increased
FcγRIIIa binding relative to FcγRIIb compared to the endogenous human Fc. One of their mutants,
S239D/I332E/A330L (EU numbering), exhibits a more than 100-fold increase in FcγRIIIa binding and
significantly higher ADCC activity compared to wild-type IgG Fc [42]. A distinctive Fc mutant from the
same company, G236A, resulted in increased FcγRIIa over FcγRIIb affinity with notable ADCP activity
relative to the native Fc [43]. Another biotech company, MacroGenics (MD, USA), isolated an Fc variant
mutant, L235V/F243L/R292P/Y300L/P396L, with increased FcγRIIIa over FcγRIIb binding ratio relative
to the wild-type Fc [44]. As expected, IgG antibody with mutant Fc exhibited improved ADCC activity
with human peripheral blood mononuclear cells (PBMC) and NK cells as well as tumor regression in
a human FcγRIIIa-transgenic mice model [45]. Further, the company submitted a Biologics License
Application (BLA) for FDA approval on December 2019 with successful phase 3 clinical trial with
margetuximab, an mAb that adapted the Fc variant to Fab targeting Her2. Their results showed a
24% risk reduction in patients on margetuximab compared to trastuzumab in 536 patients with breast
cancer [46]. Another Fc-engineered anti-CD20 antibody, ocaratuzumab, which exhibits 6-fold increased
ADCC activity relative to rituximab, is being developed by Mentrik Biotech and is under phase 3
clinical trial for patients with relapsed follicular lymphoma and other oncology indications [47].

Antibody engineers have focused on using amino acid mutations to develop an IgG1 antibody Fc
with enhanced affinity for FcγRIIIa, resulting in potentiated effector function [44,48–54]. Meanwhile,
researchers in the field of glycan engineering have worked to maximize the affinity of IgG1 Fc to FcγRIIIa
by modifying Fc glycans such as fucose [55] and branching N-acetylglucosamine (GNAc) [56–60].
This is because the Asn297-linked carbohydrate chains on the Fc region of IgG1 are critical for FcγRs
binding [61–63]. Removal of fucose on IgG1 Fc carbohydrate significantly increased FcγRIIIa affinity,
resulting in enhanced ADCC and ADCP activity relative to the native IgG1 Fc counterpart [64].
In January 2019, the US FDA approved obinutuzumab, an afucosylated anti-CD20 antibody created by
scientists at GlycArt Biotechnology, in combination with ibrutinib for first-line treatment in patients with
chronic lymphocytic leukemia/small lymphocytic lymphoma [5,65]. Another example is a humanized
afucosylated anti-CCR4 antibody, mogamulizumab (trade name Poteligeo), which was approved by
the FDA for cutaneous T cell lymphoma (CTCL) in August 2018 [66]. These successes in oncology
drug approval indicate the significance of potentiated IgG1 Fc functions for cancer therapeutics.

3. IgG2 and 4 with Relatively Lower Effector Functions; IgG3 with a Long Hinge Region
Compared to IgG1

As mentioned above, IgG1 mAbs or antibodies with enhanced tumor-killing functions of Fc can
be advantageous over native Fc when they directly target TAAs. However, there are cases where target
cell-clearance activities such as ADCC, ADCP, and/or CDC can be detrimental. For example, mAbs may
act as immune-checkpoint blockers or bispecific leukocyte engagers to target tumor tissues. In these
cases, constant regions with fewer effector functions are favorable [67,68]. To retain immune leukocytes
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that kill tumor cells, it is important to minimize the effector function of Fc so that immunosurveillance
can be turned on, because FcγR activation thresholds vary among patients. One simple way to lower
FcγR engagement is to employ the constant region of IgG2 or IgG4 because of its relatively lower FcγR
affinity, compared to that of IgG1 (Table 1) [17,41].

IgG2 has minimal FcγRIIa affinity relative to IgG1 (Table 1) and can elicit ADCC [69] and ADCP [70]
by monocytes and macrophages, respectively. Because IgG2 can form four inter-heavy chain disulfide
bonds (Table 1) [71] with three possible IgG2 disulfide isoforms [72], a super-agonistic property can be
achieved by changing conformation of the hinge region of IgG2 [73]. The hinge region of IgG2 is most
resistant to proteolysis among IgG subclasses [74]. As of January 2020, panitumumab is the only IgG2
therapeutic antibody approved by the US and EU.

IgG4 has relatively low affinity to FcγRI and FcγRII (Table 1) [17] and can elicit ADCP by
macrophages [70] but not ADCC by NK cells [75]. IgG4 can undergo Fab-arm exchange, which results
in native bispecific antibodies [76]; this has been observed in vivo [77,78]. This phenomenon can be
abolished by introducing an S228P mutation that abrogates formation of intra-chain disulfide bond
isomers [77,79]. Currently, the three anti-PD-1 drugs nivolumab, pembrolizumab, and cemiplimab
are on US and EU markets, approved for head and neck cancer, advanced melanoma, and cutaneous
squamous cell carcinoma, respectively. These antibodies share an IgG4 constant region with the S228P
mutation, targeting effector T lymphocytes with relatively lower effector Fc functions compared to the
IgG1 constant region (Table 1).

IgG3 shows the highest affinity to all the FcγRs among the IgG subclasses [17] but has a short
serum half-life (Table 1) compared to IgG1 due to R435, which affects neonatal Fc receptor (FcRn)
binding. This therapeutic disadvantage can be overcome by R435H mutation, which is present in
IgG1, 2, and 4 [80]. The main reason why there are not yet clinically available IgG3 antibodies is its
62-amino-acid long hinge region with 11 inter-heavy chain disulfide bonds (Table 1) [17], which require
complex biomanufacturing and bioprocessing.

4. Recent Findings of Fc Receptor Functions for Treating Malignancy

A well-established function of FcγRIIIa, capable of engaging NK cells and inducing ADCC activity,
highlights the superior therapeutic efficacy of mAbs with Fcs engineered for higher FcγRIIIa affinity
relative to native IgG1 Fc [81,82]. Contradictorily, other studies reported that exhaustion of NK cells
did not significantly lower the therapeutic efficacy of anti-CD20 mAbs [83]. Rather, macrophage
depletion significantly reduced the tumor regression activity of mAbs targeting CD20 [83], CD30 [84],
and CD40 [85] in mice. Together with well-known functions of macrophages in tumor phagocytic
activity [86], these results indicate that ADCP activity is critical in therapeutic efficacy against cancer.
The ADCP activity of macrophages is triggered by FcγRIIa intracellular signaling [87–89]; however,
anti-CD20 or anti-Her2 antibodies with engineered Fcs that only bind to FcγRIIIa triggered not only
ADCC, but also ADCP using human NK cells and macrophages in vitro, which is an unknown function
of FcγRIIIa [90]. This study again highlights a clinical ramification of FcγRIIIa in cancer therapeutics.

The role of FcγRs in cancer therapeutics calls attention to mAbs targeting both TAAs and
immune-checkpoint receptors on leukocytes. FcγRIIb is highlighted as an immune-checkpoint receptor
in various immune cells and is considered an “antibody checkpoint” in cancer immunotherapy [91].
Furthermore, the experimental result that mice injected with Fc-engineered antibodies for enhanced
FcγR affinity exhibited survival even after re-challenge with tumor cells indicates that FcγR may
contribute to long-term antitumor T-cell memory immunity responses [92].

When the inhibitory FcγRIIb is genetically knocked out, the therapeutic efficacy of mAbs targeting
CD20, Her2, and EGFR is significantly enhanced in hematologic malignancy and solid cancers [40].
This indicates that FcγRIIb is an immune-checkpoint molecule similar to CTLA-4 or PD-1 in T
cells [4,12,93]. Interestingly, FcγRIIb on B cells limits the anti-tumor activity of the anti-CD20 antibody
rituximab [94] and promotes internalization of the rituximab antibody [95]. This FcγRIIb-mediated
internalization of rituximab was correlated with receptor expression in different subtypes of B cell
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lymphoma, such as chronic lymphocytic leukemia (CLL), mantle cell lymphoma (MCL), marginal zone
lymphoma, follicular lymphoma (FL), and diffuse large B cell lymphoma [96,97]. Therefore, FcγRIIb
seems to limit the potency of therapeutic antibody and promotes antibody drug resistance. Developing
anti-FcγRIIb antibodies specifically blocking the rituximab-FcγRIIb interaction [98] and using them
in combination with rituximab may be a decent strategy to overcome anti-CD20 drug resistance in
the clinic.

Anti-CTLA-4 antibody is an immune checkpoint blocker associated with improved survival in
melanoma patients having the high-affinity FcγRIIIa-V158 allele to IgG Fc relative to those carrying
the low affinity allele, FcγRIIIa-F158 [99]. This clinical outcome of anti-CTLA-4 was expected because
FcγR-mediated clearance of regulatory T (Treg) cells, which express notably higher levels of CTLA-4
than effector T (Teff) cells, is favorable relative to that of Teff cells (Figure 2a). In the PD-1/PD-L1
axis, anti-PD-1 antibody bearing constant region of IgG1 with higher FcγR affinity exhibited lower
therapeutic efficacy, compared to that having constant region of IgG4 [100]. This indicates that FcγR
negatively regulates anti-PD-1 antibody therapy due to ADCC or ADCP activity on Teff cells (Figure 2b).
Conversely, the therapeutic efficacy of anti-PD-L1 antibody was enhanced with the constant region of
IgG1 relative to IgG4 (Table 1) due to ADCC or ADCP activity targeting PD-L1-expressing tumor cells
(Figure 2c) [101].
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Figure 2. Proposed Fc function on immune-checkpoint blocking antibodies targeting (a) CTLA-4, with
FcγR-mediated clearance of regulatory T (Treg) cells; (b) PD-1, with minimized antibody-dependent
cell-mediated cytotoxicity (ADCC) or antibody-dependent cell-mediated phagocytosis (ADCP) activity
on effector T (Teff) cells; (c) PD-L1, with enhanced ADCC or ADCP activity on tumor cells.

5. Future Directions for Reprogramming the Constant Region of IgG Antibodies for
Treating Malignancy

There have been beneficial clinical outcomes of Fc-engineered antibodies with enhanced affinity
to FcγRIIIa relative to native IgG1 Fc counterparts, including margetuximab [46], ocaratuzumab [47],
obinutuzumab [65], and mogamulizumab [66]. However, it is not clear which leukocytes or FcγRs
are responsible for the potentiated therapeutic results because various immune cells exhibit discrete
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FcγR expression profiles [102]. In addition, every IgG1 Fc variant reprogrammed for improved
affinity toward FcγRIIIa also shows higher affinity to other FcγRs compared with wild-type IgG1
Fc. It not well documented which FcγRs contribute to clinical benefits, especially when considering
macrophages or dendritic cells in contrast to NK cells that only express FcγRIIIa (CD16a) [102]. This is
important because intra-tumoral macrophages [95] and dendritic cells are critical as anti-tumoral
immune effectors [103].

FcγRIIa and FcγRIIb are expressed relatively highly in macrophages and dendritic cells compared
to other FcγRs [99]. Moreover, FcγRIIa is the only activating FcγR on the plasma membrane of human
dendritic cells, while FcγRIIb on the same cells regulates antigen presentation in collaboration with
FcγRIIa [104]. Therefore, it is critical to define the functions of FcγRIIa and FcγRIIb on various types
of immune cells, especially macrophages and dendritic cells. For this purpose, an Fc that selectively
binds to FcγRIIa and FcγRIIb is essential (Figure 3). FcγR-selective antibodies are advantageous over
blocking antibodies or siRNAs because they will elucidate direct functions of antibody-mediated
activity rather than just providing indirect evidence by inhibiting intracellular signal cascades; however,
neither FcγRIIa- nor FcγRIIb-selective Fc is available at present. Engineering of FcγR-selective Fc may
be challenging, as the amino acid sequences of FcγR ecto-domains are highly homologous (FcγRIIa
and FcγRIIb exhibit 96% identity in amino acid sequence) [105].
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Figure 3. To elucidate Fc function, FcγR-selective Fc should be present. (a) Native IgG antibodies
engage all types of FcγRs, making it very difficult to dissect the function of each FcγR in macrophages
until the FcγR-selective IgG antibody is present; (b) FcγRIIb function in dendritic cells can only be
clarified in the presence of FcγRIIb-selective IgG antibody.

With the precedent of FcγRI- and FcγRIIIa-selective Fcs [90,106], FcγRIIa- and FcγRIIb-selective
Fcs should be developed to dissect antibody-mediated effector mechanisms for understanding human
immunobiology and providing future antibody therapeutics. These selective Fcs are designed for (i)
tumor cell destruction, such as anti-CD20 antibodies [5], (ii) immune cell activation, such as agonistic
anti-CD40 [107,108] or anti-TNFR antibodies [109], which elicit antigen presentation and subsequent
adaptive immune response by engaging FcγRIIb, and (iii) anti-tumor vaccine effect [92]. FcγRs have
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been demonstrated to contribute to the adaptive memory immune response. However, it is not
possible to determine which FcγRs are responsible for long-term anti-tumor immunity until full sets of
FcγRs-specific Fcs are present.

Now that mouse models in which not only the murine FcγR genes have been exchanged with
human counterparts [110,111] but also the murine µ region of heavy chain and kappa regions of
Ig light chain genes have been exchanged with human IgG constant heavy regions and human κ
light region genes, respectively [112], are available, FcγRs-specific IgG antibodies can be developed
to indicate the contribution of FcγR to long-term anti-tumor efficacy using these mouse models.
This work has previously been evaluated [92] but since IgG antibodies used in the study were not
strictly FcγRs-specific, we cannot draw any conclusion on which FcγR is responsible for long-term
anti-cancer efficacy. The animal models can be very useful to elucidate the FcγR function in adaptive
immunity; however, they have limitations in the immunobiology of a mouse, such that murine FcγR
expression profiles on murine immune leukocytes cannot be translated into that of humans.

6. Conclusions

Capitalizing on native IgG1 subclass or engineered constant regions of IgG is a potent strategy
used to potentiate therapeutic efficacy that has had several clinical successes, including approval
of antibody drugs with significant or even improved affinity to activating FcγRs. On the contrary,
IgG2, IgG4, or even mutant constant regions to silence effector functions are required for antibody
cancer therapy, especially when a drug targets immune-checkpoint molecules on effector leukocytes.
However, it is not yet clear which FcγRs and which immune effector cells are responsible for anti-tumor
efficacy. FcγR-selective Fcs are prerequisites for this elucidation, as antibodies that selectively activate
each FcγR will directly gain immune function. Once the function of an IgG constant region becomes
clear by Fc reprogramming, antibody platforms can be developed to broaden therapeutic windows for
cancer treatment.
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