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Supplementary information

Availability of referenced humanization experiments

Although many humanized Abs have been developed, the availability of data regarding failed cases is limited. Most of
the studies have reported only successful cases. Furthermore, mutations are typically present in CDRs rather than in
framework regions. Although some studies have reported failed attempts, they did not clearly indicate the binding affinity
(KD) or EC50 of the Abs. To validate our in silico method, we searched for studies providing a list of humanized Abs and
their corresponding binding properties and chose the humanized anti-epidermal growth factor receptor (EGFR) [1], anti-

glypican-3 (GPC3) [2], and anti-a4(1 integrin [3] mAbs to prove our in silico estimation method.



Application of our in silico method to the anti-EGFR a4.6.1 mAb

To validate our computational strategy, we tested our in silico simulation method for the anti-EGFR a4.6.1 mAb [1]. The
results of the best four candidates are listed in Table S1. The wRMSD:; values of fab12, fab11, fab10, and fab8 were
2.997, 3.066, 3.118, and 3.140, respectively. Furthermore, the WRMSD; values of a4.6.1 variants were high (>2.5A),
indicating that the CDR of a4.6.1 was flexible. The R? value of the correlation between the logarithm of EC50 and
wRMSD; was 0.9908 (Fig. S1). This finding indicated that our in silico prediction method can be used to estimate the
binding affinities of humanized candidates, especially those with low wRMSD; values. If the structural difference between

the humanized candidate and the original murine mAb is large, its effect on binding affinity would be less predictable.

Table S1. Calculated wRMSD; values of the anti-EGFR a4.6.1 mAb and experimental results.

EC50 (nM, Simulation Experiment
Candidates wRMSD;
reference) ranking ranking
fab12 2.997 0.0784 1 1
fab11 3.066 0.1617 2 2
fab10 3.118 0.3136 3 3
fab8 3.140 0.4704 4 4
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Figure S1. Correlation of wRMSD; with the log(EC50) of the anti-EGFR a4.6.1 mAb. In the best four humanized
candidates, the R? value of 0.9908 indicated that WRMSD; was highly correlated with the logarithm of EC50.



Application of our in silico method to the anti-GPC3 single-chain (scFv) Ab

We tested our in silico simulation method for the humanized anti-GPC3 scFv mAb [2]. The original mouse mAb YP9.1
was used as the structural reference for comparisons. The EC50 and wRMSD; results are listed in Table S2. The
WRMSD:; values of YP9.1, hYP9.1a, and hYP9.1b were 1.995, 2.239, and 2.092, respectively. The R? value of the
correlation between log(EC50) and wRMSD; was 0.9999 (Fig. S2).

Table S2. Calculated wRMSD; values of the anti-GPC3 YP9.1 scFv and experimental results.

EC50 (nM, Simulation Experiment
Candidates wRMSD; (A)
reference) ranking ranking
YP9.1 1.995 18 1 | 1
hYP9.1a 2.239 47 3 | 3
hYP9.1b 2.092 6.7 2 ‘ 2
2
R2=1.00 -_.. hYP9.1a
—~ 1.5
=
=
S 1
0 #hYP9.1b
?
— 0.5
*YP9.1
0
1.9 2.0 2.1 2.2 2.3
wRMSDi (A)

Figure S2. Correlation of wWRMSD; with the log(EC50) of the anti-GPC3 YP9.1 scFv. The R? value of 0.9999 indicated
that wWRMSD: was highly correlated with the logarithm of EC50 in humanized anti-GPC3 variants.



Application of our in silico method to the anti-a4p1 integrin HP1/2L mAb
We tested our in silico simulation method for the humanized anti-a4f1 integrin mAb [3]. The mouse mAb HP1/2L was
set as the structural reference for comparisons. The EC50 and wRMSD; results are listed in Table S3. The R? value of

the correlation between the logarithm of EC50 and wRMSD; was 0.8907 (Fig. S3).

Table S3. Calculated wRMSD; values and experimental results of the humanized anti-a4p1 integrin variants.

EC50 (nM, Simulation Experiment
Candidates wRMSD; (A)
reference) ranking ranking
HP1/2L 2.116 0.015 1 1
#143 3.080 0.53 5 5
#144 2.508 0.038 3 3
#152 2.484 0.023 2 2
#208 2.787 0.30 4 4
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Figure S3. Correlation of wRMSD; with the log(EC50) of humanized anti-a4f1 integrin variants. The R? value of
0.8907 indicated that wRMSD; was highly correlated with the logarithm of EC50 in the humanized anti-a431 integrin

variants.



Weighted and unweighted RMSD;
We used the SASA and motion fluctuations as weights to adjust RMSDi values. The weighted RMSD; was more
correlated with the logarithm of EC50 or Ko compared with the unweighted RMSD: (Table S4). The results indicated that

weighting improved the prediction of the binding affinity of the humanized candidates.

Table S4. Correlation between RMSD; and log(EC50) or log(Kp) with and without weighting adjustments.

R2 (A) R2 (A)
Humanized Antibody Improved R?2
unweighted weighted
anti-TNFa_EC50 0.9010 0.9013 0.0003
anti-TNFo_Kop 0.9855 0.9921 0.0066
anti-EGFR a4.6.1 0.9521 0.9908 0.0387
anti-GPC3 YP9.1 0.9606 0.9724 0.0118
anti-a4p1 integrin HP1/2L 0.7604 0.8907 0.1303
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