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(Monoclonal antibody variant having a clip in its complementarity
determining region: establishment of purification under non-denaturing
conditions and comprehensive characterization)
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Fragments in pharmaceutical monoclonal antibody (mAb) products are one of critical quality attributes
(CQAs) and are required to be controlled for efficacy and safety. Several mAb fragments derived from clip
formation in the complementarity determining regions (CDRs), as well as from cleavage in the hinge
region, have been reported. The properties of CDR-clipped mAbs are, however, not fully understood
because of difficulties in separating them from intact mAbs under native conditions due to similarities in
molecular sizes.

First, I succeeded in isolating CDR-clipped mAb at a high purity under native conditions by selecting
an appropriate size exclusion chromatography (SEC) column (Yarra SEC-300), by taking advantage of
the phenomena that the separation of CDR-clipped mAb from the intact mAb by SEC varied from column
to column. Then I demonstrated that the peptide bond between Ser105 and Ser106, located in the CDR
H3, is cleaved in the clipped mAb and that the fragment of residues 1-105 and residual mAb are
associated non-covalently in the clipped mAb. The clipped mAb elutes earlier than does the intact mAb
on the Yarra SEC-300 column. This difference in the elution times was expected to be ascribable to the
different intermolecular (hydrophobic) interactions between mAbs and the stationary phase of the column.
In fact, the effect of the addition of 5% ethanol in the mobile phase, which weakens the hydrophobic
interactions, on the shortening of the elution time, was larger for the intact mAb than for the clipped mAb
by about a factor of two.

Second, by comparing the CDR-clipped mAb thus prepared with the intact one, I carried out a
comprehensive characterization for physicochemical and biological properties of a CDR-clipped mAb. The
clip formation was found to decrease various activities of the mAb. Enzyme-Linked Immuno Sorbent
Assay (ELISA) demonstrated that the clip formation decreased the affinity of the mAb to the antigen
VEGF by about 1/3. ELISA also showed that the clip formation decreased the affinity of the mAb to
neonatal Fc receptor, FcRn, which serves to elongate the half-life of antibody in blood stream, by about
1/3. FeyRlIIIa affinity chromatography demonstrated that the clip formation lowers the affinity of the
mADb to FeyR, which is expressed on the surface of various cells such as B lymphocytes, macrophages, and
neutrophils, and contribute to various protective functions by immune system. In addition, the clip

formation results in the lower protein stability of the mAb: the clipped mAb exhibited higher tendency to



form dimers by a factor of ten or more, the phenomenon reflecting the lowered monomer stability. The
thermal transition temperature of the antigen binding fragment (Fab) was lowered by 6 °C by the clip
formation. Furthermore, the clip formation was found to change various properties of mAb: lowered
hydrophobicity of the Fab domain, the increase in oxidized species, deamidated species, sialylated N-
glycan, galactosylated N-glycan, and the acidic charge variants. Because FcRn (FcyR) binds IgG by its
CH2-CH3 (CH2) domain, the clip formation in CDR is considered to change the structure of the CH2—
CH3 (CH2) domain to decrease the affinity for the FcRn (FcyR). To investigate whether the clip formation
in the CDR is propagated to the CH2 domain over a 60-A distance, we compared the higher order
structures of the CDR-clipped molecule and the intact molecule by hydrogen/deuterium exchange mass
spectrometry (HDX-MS). I observed changes in the structures of the variable regions of heavy chain and
light chain (VH/VL) and the CH2 domain. This observation reveals that the structural changes in CDR
propagate to the binding interface of IgG to FcRn (FcyR) in the CH2 domain.

My study has demonstrated the clip formation in CDR can influence the efficacy, safety,
immunogenicity, pharmacokinetics, and other properties of pharmaceutical mAbs. Therefore, the
monitoring of the fragments produced by clipping in CDR region would be critical to control the quality

of pharmaceutical products.



