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ABSTRACT
IgG4, a common type of therapeutic antibody, is less stable during
manufacturing processes compared with IgG1. Aggregation and
fragmentation are the two main challenges. In this study, we report
instability of the heavy chain (HC) C-terminal region under acidic conditions,
which leads to cleavage and aggregation. Leu445, at the C-terminal region
of the HC in IgG4, plays a critical role in its acid-induced fragmentation and
subsequent aggregation. We found that mutating HC C-terminal Leu445 to
Pro (the corresponding residue in IgG1) in IgG4_CDR-X significantly
reduces fragmentation and aggregation, while mutating Pro445 to Leu in
IgG1_CDR-X promotes fragmentation and aggregation. HC C-terminal
Gly446 cleavage was observed in low pH citrate buffer and resulted in
further fragmentation and aggregation, whereas, glycine buffer can
completely inhibit the cleavage and aggregation. It is proposed that
cleavages occur through acid-induced hydrolysis under acidic conditions
and glycine stabilizes IgG4 via two main mechanisms: 1) product feedback
inhibition of the hydrolysis reaction, and 2) stabilization of protein
conformation by direct interaction with the peptide backbone and charged
side chains. Experiments using IgG4 molecules IgG4_CDR-Y and
IgG4_CDR-Z with the same CH domains as IgG4_CDR-X, but different
complementarity-determining regions (CDRs), indicate that the stability of
the HC C-terminal region is also closely related to the sequence of the
CDRs. The stability of IgG4_CDR-X is significantly improved when binding
to its target. Both observations suggest that there are potential interactions
between Fab and CH2-CH3 domains, which could be the key factor
affecting the stability of IgG antibodies.

Purpose and Rational
A 57 Da cleavage from the HC C-terminal of one IgG4 molecule was
observed during purification. It was suspected to be caused by the low pH
hold step, resulting in fragmentation, subsequent aggregation, and low
yield.

RESULTS
Table 1: MS analysis of HC of IgG4_CDR-X purified by different
procedures. A 57 Da mass loss was observed consistently during
process.
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Glycine inhibits and citrate promotes acid-induced Cterminal fragmentation and subsequent aggregation

Figure 3: Deconvoluted heavy chain mass spectra showing pHdependent C-terminal cleavages of IgG4_CDR-X. A) Neutral pH,
protein was eluted from ProA column with 100 mM citrate buffer, pH
3.5, and immediately neutralized; B) pH 4.0, protein was eluted from
ProA column with 100 mM citrate buffer, pH 4.0, followed by hold in
the same buffer for 1 hr before neutralization; C) pH 3.5, protein was
eluted from ProA column with 100 mM citrate buffer, pH 3.5, followed
by hold in the same buffer for 1 hr before neutralization.

Point mutation L445P on IgG4_CDR-X heavy chain
significantly reduces HC C-terminal truncation and
antibody aggregation with no changes of Tm and affinity

To address the issue the following approaches were applied.
• Comparison with and without low pH hold step
• Screening elution buffer types and concentration
• HC C-terminal point mutation, L445P (as indicated in Fig. 1)
• CDR mutations and target binding check
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Figure 4:SE-HPLC monomer peak change and protein loss of
IgG4_CDR-X, IgG1_CDR-X and their mutants IgG4_CDRX(L445P), IgG1_CDR-X(P445L) after acidic stress. A) Overlaid
SE-HPLC chromatograms of T0, T1 hr and T24 hr; B) SE-HPLC
monomer peak area change; C) Protein loss measured by A280.
Table 3: Affinity and Tm comparison of wild type antibodies
IgG4_CDR-X, IgG1_CDR-X, and their mutants IgG4_CDR-X
(L445P), IgG1_CDR-X(P445L) by SPR and VP-DSC. No
changes were observed between wild type and mutants.

Table 2: Heavy chain C-terminal cleavage of IgG4_CDR-X, IgG1_
CDR-X and their mutants IgG4_CDR-X(L445P), IgG1_CDR-X
(P445L) after acidic stress. Approximately 40% of the IgG4 L445P
CDR-X molecules experienced no cleavage (except for C-terminal Lys).

lgG4 Fc stability is influenced by possible interaction
between Fab and Fc

Protein was produced in CHO cells and purified via ProA column.
Aggregation was checked by SEC-HPLC, cleavage and fragmentation by
Mass Spec, and binding affinity by SPR.

Figure 1: Sequence alignment of CH3 in IgG1 and IgG4. Conserved
residues are shown in black. Similar residues are shown in green.
Residues with different properties are shown in red. The numbering of the
amino acids is based on the EU numbering system.

Table 4: Soluble aggregation and precipitation of IgG4_ CDRY and IgG4_CDR-Z compared with IgG4_CDR-X after acidic
stress. 1). Soluble aggregation as determined by SE-HPLC. 2).
Precipitation as determined by A280.

Acid-induced fragmentation and aggregation of IgG4_
CDR-X

Figure 2: SE-HPLC and MS analysis of IgG4_CDR-X under acidic
stress in different buffers. A) Stacked SE-HPLC chromatograms in
sodium citrate buffer; B) Stacked SE-HPLC chromatograms in sodium
acetate buffer; C) Overlaid SE-HPLC chromatograms in L-glycine buffer;
D) Summary of protein loss determined by A280, aggregation
determined by SE-HPLC, and C-terminal cleavages detected in mass
analysis for samples after stress.

Table 5: Comparison of acid-induced soluble aggregation,
precipitation and heavy chain C-terminal cleavages of IgG4_
CDR-X in antigen-complexed and uncompleted form. 1)
Soluble aggregation as determined by SE-HPLC. 2) Precipitation
as determined by A280. 3) Cleavages by MS analysis

CONCLUSION
In conclusion, heavy chain C-terminal Gly 446 cleavage was
found in IgG4_CDR-X at low pH and is likely through an acidicinduced hydrolysis. Gly 446 cleavage triggers further C-terminal
cleavages. Its aggregation is induced by HC C-terminal
cleavage. Two mitigating approaches are found to improve IgG4
stability. Glycine buffer prevents cleavage of Gly446, while the
L445P mutation provides greater stability to the HC C-terminus.
Furthermore, IgG4 has a unique spatial orientation, with the Fab
located near the Fc region. Certain mutations in the CDR and
antigen binding can also help to stabilize the CH2-CH3 domains
which suggests presence of interaction between the Fab and
CH2-CH3 domains. These key factors are important to be
considered when IgG4 is exposed to manufacturing conditions.
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