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Abstract

The humanization of antibodies for therapeutics is a critical process that can determine the success
of antibody drug development. However, the science underpinning this process remains elusive with
different laboratories having very different methods. Well-funded laboratories can afford automated high-
throughput screening methods to derive their best binder utilizing a very expensive initial set of equipment
affordable only to a few. Often within these high-throughput processes, only standard key parameters,
such as production, binding and aggregation are analyzed. Given the lack of suitable animal models, it
is only at clinical trials that immunogenicity and allergy adverse effects are detected through anti-human
antibodies as per FDA guidelines. While some occurrences that slip through can be mitigated by additional
desensitization protocols, such adverse reactions to grafted humanized antibodies can be prevented at the
humanization step. Considerations such as better antibody localization, avoidance of unspecific interactions
to superantigens and the tailoring of antibody dependent triggering of immune responses, the antibody
persistence on cells, can all be preemptively considered through a holistic sagacious approach, allowing
for better outcomes in therapy and for research and diagnostic purposes.

Statement of Significance: Recent investigations of antibody elements have revealed effects that when
combined with already known functions of elements such as isotypes, can open a new frontier in
antibody humanization to reduce adverse effects in sagacious design.

KEYWORDS: therapeutics antibodies; VH/VL families; constant isotype; super antigen binding; antibody
humanization

INTRODUCTION mitigation of such adverse reactions at the humanization

The therapeutic antibody market is steadily increasing over
the past few years [1]. Already an expensive developmen-
tal process, drug candidates can fail from adverse effects
during clinical trials that include allergic reactions from
immunogenicity [2]. While this is often difficult to predict
during the early stages of drug development, recent insights
into antibody functions and activity may allow for early

step. By taking a holistic and rational approach, prevent-
ing adverse reactions can be sagaciously taken, and this
review discusses the parameters with respect to the various
antibody elements.

Many of the current antibody therapeutics were obtained
through the immunization of animals, e.g. (mice), harvest-
ing of lymphocytes or spleen and generating hybridoma
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cells [3 and 4]. When purposed for therapy, rodent anti-
bodies are typically humanized. This humanization process
can occur to varying extents, involving the displacement
of antibody elements, such as the constant region (mouse-
human chimera akin to class isotype switching [5]), or
grafting the rodent complementarity determining regions
(CDRs) to a human antibody scaffold. While the early
generation of therapeutic antibodies are typically chimeras
of constant region humanization (e.g. rituximab, infliximab
and cetuximab), there remains arguments that the reduc-
tion of immunogenicity is very subjective to the particular
antibody, and the humanization process may not neces-
sarily correlate to reducing immune reactions [6], thus, it
is still necessary to test for anti-human antibodies during
clinical trials. Regardless of the nuances, the humanization
process has allowed for the addition to desired functions
to antibody therapeutics that include antibody recycling
[7], prevention of IgG4 light chain swapping [8], better
localization [9] and even cross-isotype engineering to acti-
vate multiple IgFcRs [10-12]. In this review, we discuss the
recent findings on antibody elements i.e. the variable (V-)
and constant (C-) regions of both the heavy and light
chains, as well as their role in humanization for therapeutics
(Fig. 1), and how they can be leveraged upon to make safer
therapeutics as well as research and diagnostic antibodies.

Heavy chain isotype

The earliest attempts of humanization as rodent-human
chimeras were proposed to reduce immunogenicity, increas-
ing the safety of such therapeutics. While recent Fc engi-
neering methods include detailed edits in the antibody
constant region to allow for the formation of bispecific
antibodies [14] amongst above already mentioned func-
tions, the constant region has innate features that can allow
tailoring for more effective functions for therapeutics, and
even for diagnostics and research use. In this, we highlight
the known human isotypes and how they can be considered
for various purposes.

Immunoglobulin G (IgG) 14

IgG is the most abundant isotype found in blood at 73%
(calculated from study population results in [15]). It has
four subtypes: IgG1, 1gG2, IgG3 and 1gG4 at 60%, 32%,
4% and 4%, respectively, of total IgG [16], each highly
similar but with their own unique functions and effects. All
current Food and Drug Administration (FDA) approved
antibody therapeutics are of the IgG isotype, with the
majority as IgG1 subtype. IgG1l can activate antibody-
dependent cellular cytotoxicity (ADCC), complement-
dependent cytotoxicity (CDC) and has a long half-life
of 33.2 days [17]. Alternatively, IgG2 weakly activates
ADCC and CDC, and is seldom used for therapeu-
tic purposes especially since natural polymorphisms in
FcyR2A (H131R), a receptor for IgGs, can result in weak
interactions particular to IgG2 [18]. Nonetheless, 1gG2
therapeutics do exist, and is often chosen for inhibiting
receptor-ligand interactions [19], being more resistant to
proteolysis at the hinge [20]. IgG3, on the other hand, has
the shortest half-life of 25.9 days [17] among the IgGs and

Figure 1. A schematic of antibody elements that can be humanized.
Top left represents the variable light chain (VL, red) consisting of Vi 1—
6 and VA1-11 families. Top right represents the variable heavy chain (VH,
yellow) consisting of VH1-7 families. Bottom right represents the constant
heavy chain (CH, light gray) consisting of y 1-4, «1-2, , §, . Bottom left
represents the constant light chain (CL, dark gray) consisting of Cx and
Cx1-3, 6-7. Augmented reality for this figure can be seen using APD AR
Holistic review App [13].

it can activate ADCC and CDC very efficiently. It is the
largest of the IgGs with an extended hinge and the only IgG
that contains O-link glycosylation with effects discussed
later.

IgG4 is similar to IgG2 in being a weak activator of
ADCC and CDC. Yet, it is also unique in that it occa-
sionally swaps its light chain, posing a challenge in antigen
recognition. While there are methods to prevents this by
mutations in the CHI region [8,21], IgG4 is classified to be
bispecific and functionally monovalent [22].

Within these IgG subtypes, there are little differences
between their transient recombinant production rates [9]
and their antigen binding properties [9,23-25] as shown in
our prior comparison using Trastuzumab and Pertuzumab
models across all known human constant isotypes and
subtypes on both heavy (constant heavy (CH)) and light
chains (CL) [9].

These features of the various IgG subtypes could be
chosen for their mode of action (ADCC/blocker) or
target-specific (receptor/bacteria/virus) effects. Depending
on desired properties, the interaction between IgG and
superantigens, i.e. protein G and protein A (except non-
binding IgG3) can be utilized for purification or for
avoidance of unwanted activation by superantigen binding
in the physiological sites of activity.

IgM

IgM is a penta/hexamer connected by the joining chain (J-
chain). Given its unique interconnectedness, it has a higher



valency of 10 or 12 that is multiple folds higher than the
other isotypes, contributing to its avidity effects [9]. As
the primary response antibody [26] accounting for 10% of
total Ig in blood [15], IgM can activate the complement
system [27] and is a potent CDC inducer [27] and [28]. [gM
can oligomerize in culture conditions without the J-chain
[9, 29] which encourages the formation of the hexameric
form that it is more effective than the pentameric form for
complement system activation [29]. Unlike IgG, common
superantigens, e.g. proteins G, A and L do not bind to
the IgM constant region. While one IgM therapeutic (Cen-
toxin) failed to reach the clinics due to production problems
and unpromising clinical data [30], there are many learning
points for [gM antibody therapeutics. At the point of writ-
ing, IgM Bioscience Inc., has developed IgM therapeutic
candidates that showed promise in clinical trials with more
following in the preclinical pipeline [31]. While IgM has
clear superior avidity and agglutination effects over IgG,
it is not a blanket rule that IgM can be leveraged upon
to create better antigen binders. In one example, we found
that the location of the epitope on the antigen to severely
limit full IgM valency through steric hindrances where
Pertuzumab-IgM is shown to be better Pertuzumab-IgGl,
but not for Trastuzumab-IgM and Trastuzumab-IgG1 [32]
due to epitope location in the same HER2 antigen. How-
ever, in this particular case, the large size of IgM was
also advantageous for steric inhibition of HER2 dimeriza-
tion, providing an advantage for IgM in such mechanistic
inhibition.

IgE

The use of IgE therapeutics for cancer immunotherapy
to mount exaggerated allergic responses to treat cancer
was proposed and termed—“AllergoOncology”[33]. As the
activation of mast cells can lead to type-I hypersensitiv-
ity inflammatory response that is deemed more effective
than IgG ADCC in tissues, research in AllergroOncology
is increasingly popular [34] and [35]. IgE plays a central
role in this type-I hypersensitivity [36 and 37], and despite
being one of the least abundant isotypes in blood (60 000
times < IgQG) [38], it is often found on mast cells lining
mucosal areas that are also colonized by microorganisms.
Thus, the binding of bacterial superantigens, e.g. A or L
[39] can potentially cross-link and activate these IgE sen-
sitized mast cells [40] leading to allergic symptoms. While
the biotechnological production of potential IgE thera-
peutics can avoid these superantigens by using the high
affinity receptor FceRlwa for affinity purification, it is not
possible to do so for other isotypes given the low equi-
librium dissociation constant rates with their respective
receptors. This limits the affinity purification of other iso-
types to rely on superantigens, i.e. protein A/G/L. Con-
sidering that many drugs fail clinical trials due to adverse
effects including anaphylaxis, it is important to ensure
that such IgE biologics do not aggravate or cause such
effects. At the time of writing, there are patents on using
IgE as a cancer therapeutic drug (e.g. [41]), with compa-
nies working on IgE therapeutics (e.g. IGEM Therapeutics
Ltd), and candidates in clinical trials (e.g. NCT02546921,
www.clinicaltrials.gov).
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IgAs 1 and 2

The two human IgA subtypes: IgAl and IgA2 are the
dominant Ig in mucosal areas where it mounts the defence
against bacterial and virus [42] infections as 17% of total
antibodies in blood [15]. IgA1 has a longer hinge, and the
differences in hinges were found to modulate allosteric
signaling between the antigen (Fab) and receptor binding
regions or Fc [43]. IgAl differs from IgA2 in having O-
linked glycans in this region [44], allowing IgA1l, but not
IgA2, to be recognized by certain T-lymphocyte receptors
[45 and 46]. The main immune effects of IgA are ADCC,
Antibody-Dependent Cellular Phagocytosis (ADCP) and
the triggering of cytokines release via FcaRI or CD8§9
on effector cells [47]. In human isotype comparison
experiments using Trastuzumab and Pertuzumab, transient
recombinant [gA production was the highest of the isotypes
and subtypes [9]. Experiments to increase its short half-
life of 3—6 days [47] by removing the N-glycosylation sites
(N166 and N337), stabilizing linkage of heavy chain to
light chain and removing free cysteines (C311 and C472)
are promising [48]. Despite great interest in considering
IgA for therapeutics [49], there is none in clinical trials.
While the short half-life may be a factor, this may be
an advantage when designing a fast acting biologic that
can remain active in the gastrointestinal environment with
potential for oral administration (passive immunisation of
IgA via human milk and colostrum) [50]. IgA can dimerize
[50] to its predominant form for secretion [51], and future
exploitations may involve possible combinations of IgA1-
A2 dimers for oral administration, or monomeric forms
for intravenous administration to decrease off-site side
effects and increase localization to mucosal areas [50].
Given that there are no known functional differences other
than avidity between monomeric and dimeric IgA [52],
further investigations with regards to immune efficacy
are warranted. IgA does not or binds weakly to common
superantigens Protein G, A(weakly) and L (VL), making
it a possibly safer isotype than IgE for therapy in mucosal
areas colonized by microflora.

IgD

IgD is similar to IgAl and IgG3 in possessing O-linked
glycans with a long hinge between CH2 and CH3 domains.
IgD is typically secreted in the upper respiratory tract and
bone marrow, and binds to certain T-lymphocyte receptors
via the O-linked glycan [45 and 46]. Together with IgM, it is
often the B cell receptor [53] and is rarely found in secreted
forms, making up to about 0.25% of total Ig in serum [54].
IgD levels are associated with viral infections such as HIV
[55] providing a hint to a possible role in infectious diseases
although much remains to be investigated. It has a short
half-life of 2.8 days [54], poor cell culture production [9]
and showed diminished antigen binding effect of the V-
regions in limited experiments [9], making it a poor choice
for a therapeutic. At the point of writing, there is no known
interest in IgD therapeutics.

The CH region plays an important role in localization,
half-lives and even immune effector functions. While the
latter is not a consideration for diagnostic and research use,
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the right isotype may be a matter of convenience in labora-
tories to the secondary antibodies that various labs already
possess for their immunological assays or when designing
research antibodies with long shelf lives. On the diagnos-
tic front, CH may be of interest for their avidity effects
from multimeric formation of IgM in hemagglutination-
based assays, and naturally, the half-life and stability of the
antibodies for the shelf-life of diagnostic kits [56].

The light chain constant (constant light (CL))

While a lot of functions and effects are attributed to the
CH, the light chain constant region or CL can have effects
on overall antibody stability. In humans, the CL consists
of two isotypes: kappa (Ck) and lambda (CA), where the
latter has another five known functional subtypes of CAl—
3 and CA6-7 (Cx 4 and 5 are classified as pseudo genes)
[57 and 58]. The human ratio of usage of x to A is close
to 1, but in mice, the ratio is around 20:1 [59]. As a result,
humanized antibodies of rodent origins following isotype
lineages are predominantly «, and only about 6 out of more
than 50 approved antibodies utilize A-chains: Avelumab,
Belimumab, Evolocumab, Raxibacumab, Guselkumab and
Erenumab.

There are little differences between the recombinant pro-
duction of Cx and Cx [9], although our previous experi-
ments showed CA7 to be produced in slightly lower lev-
els in a hybrid form fused to a variable kappa (Vi) [9].
In general, A-chains are associated with more rigid stable
interdomain interactions [60], longer hydrophobic CDR 3s
[61] and shorter half-lives [62]. For unknown reasons, it is
also the dominant light chain produced in response to some
viral immunisations [59]. As a therapeutic, A-chains can be
considered if it is more energetically favorable for pairing
with the heavy chain for stability in diagnostic kits or for
faster clearance [62].

Variable (V-) region

The three categories of V-regions in human follow the
division of variable heavy (VH) 1-7 for the heavy chain,
and variable lambda (VA) 1-11 and Vk1-7 for the respec-
tive light chains [57 and 58]. For more complete human-
ization, the CDRs of animal antibodies are grafted onto
the human scaffold, and in this, the V-region framework
regions (FWRs) that were traditionally thought to pri-
marily hold up the CDRs, are also attributed to have the
main role of forming the paratope to bind the epitopes.
While the FWRs were assumed to have a small role in
antigen recognition, recent work have demonstrated the
importance of FWRs via loop structure alteration [63-71],
VH-variable light (VL) interaction affecting CDRs orien-
tation [72-77], binding to superantigen protein L [78-81],
allosteric communication to Fc receptors (FcR) [82] and
antibody production [82 and 83] amongst many others.

These new data confound an already challenging CDR
grafting process that can affect the success of the thera-
peutic, where many factors are in play, e.g. presence of
microbiome and their proteins.

Within the V-regions, the segregation of CDRs and
FWRs have debatable boundaries. Given that CDRs can

have varying lengths, there are at least six boundaries that
are error prone as denoted by the dashes in FRW1-CDR1-
FRW2-CDR2-FRW3-CDR3-*FRW4*. While both heavy
and light chains start with FRW1, opinion is divided on
the end of the light chain where some determined it to
end at CDR3 without a FWR4 (denoted by *) due to the
absence of the diversity (D) gene in V(D)J rearrangement
in the light chains. This difference in opinion adds to the
nonstandardized grafting methods across labs to yield
varying results.

Pre-humanization considerations

FWRs and CDRs.  There are currently six numbering
systems for the V-regions in attempts to numerically deter-
mine the FWR-CDR boundaries, each with their pros and
cons summarized from [84], as shown in Table 1.

Each numbering system comes with its own set of
assumptions with very little cross-validation agreement.
Pure reliance on these methods alone may not result in
successful grafting requiring additional checks that may
involve structural of further sequence alignment. In fact,
the challenges analysis and accurately establishing the
artificial CDR/FWR boundaries contributed to the need of
back-mutations in many CDR-grafted antibodies to restore
binding affinities [110 and 111].

While the FWRs are clearly involved in antigen engage-
ment, CDRs play the major role as evident from the con-
ferment of antigen binding properties in grafting alone.
While different CDRs have different weightages in antigen
binding (with the highest weightage typically assigned to
VH CDR3), slight changes in CDRs can affect antigen
recognition. The difficulty in determining this CDR-FWR
region is especially pronounced in sequence analysis meth-
ods that investigates only one chain at a time, ignoring the
combination of both heavy and light chains. In addition,
hypervariability and the varying lengths of CDRs further
complicates the attempts to determine specificity determin-
ing residues (SDRs) that requires the in-depth analysis of
the structural fit of the six CDRs (three from each chain) to
form the paratope. Current methods to manage this include
surface reshaping [112-118]. Thus, despite some attempts
to utilize SDR grafting to minimize immunogenicity in the
CDRs [119 and 120], this methodology is far less used
(>16 000 articles in Google Scholar for “CDR grafting” as
opposed to > 2000 articles for “SDR grafting” at the point
of writing), leaving CDR grafting as the more commonly
used method.

CONSIDERATIONS OF THE PROCESSES POST-
HUMANIZATION

Production

Poorly grafted antibodies will lead to poor production or
non-binding antibodies. Even single amino acid deletions
on the “less important” light chain FWRs can have signif-
icant effects [63]. In such cases, the pairing of heavy and
light chains can mitigate such effects to an extent where
poor producers can yield functional antibodies [82] when
paired with the right partner chains. The factors involved
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Table 1. Summary of the various antibody numbering schemes used for framework and complementary determining region identification

Numbering Scheme

Pros

Cons

Kabat [85-91]

Chothia [92-94]

Martin [95]

Gelfand [96-100]

IMGT [101-108]

Honneger (AHo’s) [109]

Based on sequence alignment.

Includes v-region of antibodies and T cell
receptor.

Basis of KABATMAN database.
Considered standard

Based on crystal structure alignment.
Better CDR definition reflected in
structural loop.

Can be optimized by defining new
insertion points

Uses larger Abysis database.

Based on structural alignment.

Accept unconventional length sequences.
Uses ABnum software based on Chothia.
Considered to be the upgraded version of
Chothia scheme.

Incorporate database from IMGT, Kabat
and Chothia

Features “two span bridge.”

Precise comparison of secondary
structures in aligned sequences

Based on Ig superfamily from different
species.

Based on germ-line V gene alignment.
Includes variable region of antibodies and
T cell receptor.

Uses continuous numbering system.

Used by WHO-IUIS

Based on structural alignment.
Pre-defined C23, W43, C106 and G140 as
conversed residues.

Takes into account of “two span bridge”
conformation in CDRI1.

Matches well to antibody structures

Based on limited numbers of sequences.
May be biased as it is based on most
common length sequence.
Unconventional insertion or deletion in
FWRs not included.

Do not match well with 3D structure
Possible confusion when used with other
schemes.

Based on most common CDR length.
Ignores sequence with unconventional
length.

Insertion points are not consistent

May incorporate all the weakness from
various database

Complex nomenclature.

Does not include gaps and deletions.
Definition of CDR loops is different from
other schemes

Due to continuous numbering system, it
is difficult to visualize insertions.

Less flexible.

Difficulty adapting to sequences with new
insertions

Conserved residues positions are only
from 28 structures.

Possibility of number skipping.

Less flexible on insertions

in the pairing is still elusive, preventing efficient in silico
surface reshaping, often requiring trials and errors. It is only
through large scale rational approaches that some clues
where certain VH and VLs would be better producers were
ascertained, e.g. Vi3 & 4 for the light chain, and VHI1, 3, 5
and 7 over VH2, 4 and 6 [82].

Aggregation

Apart from reducing the useable fraction of therapeutics
(and thereby manufacturing costs and final treatment
costs), aggregation has also been found to affect the
immunogenicity of therapeutic antibodies [121]. The
aggregation of antibodies, particularly IgE [122], can also
lead to unspecific activation of mast cells in the absence
of the known antigen, exhibiting “cytokinergic” effects.
While cytokinergic activity is not reported in other Igs
since IgE is unique in its modus operandi by activation

of sensitized cells, such aggregative effects can lead to
other diseases even when on other isotypes, e.g. IgA
nephropathy [123]. In addition to mitigating extrinsic
factors by controlling buffer and temperature conditions,
intrinsic interventions via protein engineering methods to
reduce glycosylation, adding tetra-peptide extensions, and
mutagenesis of residues in specific parts of antibodies have
been incorporated to reduce antibody aggregation [121]. In
our previous work [9], we found the IgG versions of our
model antibodies to be more consistent in exhibiting lower
levels of unwanted aggregations compared to the other
isotypes (with exception of the expected oligomerization of
IgM). These effects can be mitigated by VH-VL pairing (see
Supplementary material of [82]), thus requiring a rational
and holistic approach to antibody humanization consider-
ing the desired properties of the therapeutic antibody. It is
conceivable that by combining methods to control extrinsic
and intrinsic factors in aggregation, immunogenicity can be
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Figure 2. Illustration of allosteric communication found between
CDRs/FWRs and Fc engagement as shown from our previous work [39,
43, 82).

reduced without compromising desired biological effects
conferred by specific antibody elements. Certainly, further
optimization of these factors in a combinatorial manner is
required, and taking consideration of the varying processes
adopted in different labs.

Binding affinity

While the primary desired effect of CDR grafting in
humanization is to ensure retention of antigen binding,
recent studies have demonstrated the impact of CDRs and
FWRs on FcR engagement (Fig. 2) [39, 82]. Even with
the best scaffold for production and retention of antigen
binding, immune effector cell engagement is a key function
of many therapeutics. Apart from production, the CH and
the VH-VL pairings have slight but notable effects. When
trying to leverage on the unique functions of the various
CHs (e.g. IgE sensitization on mast cells as a form of
passive immunization for immediate reaction upon antigen
challenge), consideration of VH and VH-VL effects are
also to be taken when tweaking the antibody drug for
persistence on receptors [39]. In such attempts, there is a
need to also consider the innate ability of FWR effects
to bind superantigens that may trigger or inactivate the
antibodies, e.g. choosing Vk 2, 5 and 6 to avoid superantigen
protein L binding if the therapeutic target is not deployed
in otherwise sterile environments such as blood, but in
areas with microflora. All at the same time, balancing the
other desired parameters of the final product in localization
production, aggregation, half-life, etc.

Added optional safeguards and considerations

As mentioned earlier, the upcoming trend of designing
tandem or cross-isotype Fc antibodies [10-12] to com-
bine desired effects of more than one CH is interesting
and promising. Yet, with these artificial challenges, the
risks of immunogenicity are also increased. While there are
in silico methods to perform T- and B-cell epitope predic-
tions (see review [124]), there should be significant care in

the interpretation of results, in particularly, the prediction
of allergenicity. For example, in the case of in silico pre-
dictions of food allergens [125], the presence of an epitope
(e.g. on peanut) does not necessary equate to Type 1 hyper-
sensitivities if the eventual response is not IgE (not every-
one mounted IgE responses to peanut). In fact, promising
treatments for allergy include oral (OIT)/sublingual (SIT)
immunotherapies [126 and 127] to elicit IgG4 antibodies
over IgE. Furthermore, in silico T- and B-cell epitope pre-
dictions are severely limited in being unable to consider
the intrinsic immunological factors of the human leuko-
cyte antigen system fully, which has the crucial role in the
development of anti-drug antibodies [128]. Thus, despite
the numerous assays [129-131] developed as added checks
before the dive to clinical trials, sagacity is limited here
given that immunogenicity and allergy adverse effects can
only truly be detected during clinical trials as per FDA
guidelines.

CONCLUSION—HOLISTIC VIEW IN ANTIBODY
HUMANIZATION.  The location of the target, the
immunological mechanisms to be deployed against the
target, the purpose of the drug, and many others, are
among the numerous considerations in antibody drug
design and development beyond obvious biotechnological
considerations, such as production cost. The complex
nature of the various elements of the antibodies are shown
by recent work to be more interconnected than previously
reduced. While a simple CH swap for chimerization may
meet the needs of designing antibodies toward research
use or diagnostics, there is an increasing requirement
for sagacity in antibody therapeutic design beyond brute
force methods and the incorporation of desensitization
interventions as rescue measures. On top of increasing the
success of the antibody therapeutics, the cost savings may
translate to more affordable drugs where a holistic view
[132] toward meeting the key features of the final drug
product could make the difference between failure and
success.
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ABBREVIATIONS:

VH Variable heavy
CH Constant heavy
VL Variable light

CL Constant light
Vi Variable kappa
Ck Constant kappa
Vi Variable lambda
Cx Constant lambda



FWR Framework regions

CDR Complementarity determining regions
ADCP Antibody-dependent cellular phagocytosis
SDR Specificity determining residue

V-region  Variable -region

C-region  Constant -region

ADCC Antibody dependent cellular cytotoxicity
CDC Complement-dependent cytotoxicity
J-chain Joining chain
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