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Supplementary Figures  

 

 

Supplementary Fig. 1. Identification of EGFRWT or EGFRMut NIH3T3 stable cells, 

Related to Fig. 1. 

 

 



 

Supplementary Fig. 2. The stability and oligomerization state of the cetuximab 

and cetuximab variants, Related to Fig. 4. 

(a) The reducing and nonreducing SDS–PAGE results for purified cetuximab and its 

variants. (b) The size-exclusion chromatography results for cetuximab and its variants. 

(c) Measurement of aggregation formation in cetuximab and cetuximab variants after 

incubation at 60°C and 37°C by DLS. Source data are provided as a Source Data file.  



 

 

Supplementary Fig. 3. Characterization of the purified anti-EGFR antibodies, and 

EGFR-ECD-Fc protein, Related to Fig. 4. 

(a) The reducing and non-reducing SDS-PAGE results of the purified panitumumab 

under reduced and non-reduced condition. (b) The reducing and non-reducing SDS-

PAGE results of the purified Ctx-DD and Ctx-VWY. (c) The reducing and non-reducing 

SDS-PAGE results of the purified WT-EGFR-ECD-Fc, S492R-EGFR-ECD-Fc, 



G465R-EGFR-ECD-Fc and G465E-EGFR-ECD-Fc protein. (d) The reducing SDS-

PAGE result of the purified Ctx-Y104X and Ctx-V50Q. Source data are provided as a 

Source Data file. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Supplementary Fig. 4. The binding ability of cetuximab variants with mutated 

EGFR, Related to Fig. 4. 

(a) The binding ability of cetuximab and Ctx-W52D with (left panel) NIH3T3 cells 

expressing EGFRG465E or with (right panel) G465E-EGFR-ECD-Fc fusion protein. All 



data are shown in mean ± SD values, n=3. (b) Site saturation mutagenesis of the Y104 

residue of cetuximab and its effect on reversing EGFRS492R-mediated resistance. The 

binding affinity of Ctx-Y104X for S492R-EGFR-NIH3T3 cells was evaluated by flow 

cytometry (left panel). The binding affinity of the top 7 high-affinity cetuximab variants 

for S492R-EGFR-ECD-Fc protein was further analyzed by ELISA (right panel). All 

data are shown in mean ± SD values, n=3. (c) The effect of two substitutions on the 

binding affinity of Ctx-VY for EGFRS492R. The binding ability with S492R-EGFR-

NIH3T3 cells was determined by flow cytometry (left panel) and with the S492R-

EGFR-ECD-Fc protein by ELISA (right panel). All data are shown in mean ± SD values, 

n=3. Source data are provided as a Source Data file.



 

Supplementary Fig. 5. Confocal imaging of HEK293T cells expressing full-length 

WT-EGFR-eGFP, S492R-EGFR-eGFP and G465R-EGFR-eGFP after 



immunostaining by cetuximab variants, Related to Fig. 5. 

(a) Identification of the EGFR-eGFP expression in HEK293T stable cell Lines. Scale 

bars: 100 µm. (b) The cell-surface expression of WT-/Mut- EGFR in HEK293T stable 

cell lines. Scale bars: 20 µm. 

 

 

 

 

 

 

Supplementary Fig. 6. The cell-surface expression of WT-/Mut- EGFR in SW48 

(WT-EGFR), COLO320DM, WT-EGFR-COLO320DM, S492R-EGFR-

COLO320DM and G465R-EGFR-COLO320DM cells, Related to Figure 6 and Fig. 

7. 



 

Supplementary Fig. 7. The toxicity profile of cetuximab variants, Related to Fig. 

7. 

(a) The H&E staining of different tissue sections from heart, liver, spleen, lung, and 

kidney after antibody treatment. Scale bars: 50 µm. (b) Serum levels of ALT, AST, BUN, 

and Cr after antibody treatment. All data are shown in mean ± SD values, n=5 mice for 

each group. Source data are provided as a Source Data file. 

 

 

 

 



 

Supplementary Fig. 8. Histological examinations of tumor tissues after 

administration of cetuximab and cetuximab variants, Related to Fig. 7. 

(a) Histological examinations of tumor tissues after H&E staining, after EGFR and Ki-

67 staining, and after the TUNEL assay. Scale bar, 50 μm. (b, c and d) The percentages 

of Ki-67-positive cells from (a). (e, f and g) Quantification of TUNEL-positive cells 

from (a). The number of positive cells was counted in three randomized microscopic 

fields of view. All data (b-g) are shown in mean ± SD values, n=3 mice for each group 

(*p < 0.05, **p < 0.01, ***p < 0.001, ****p< 0.0001, N.S. means not significant; two-

tailed Student’s t-test.). Source data are provided as a Source Data file. 

 



 

Supplementary Fig. 9. FACS sequential gating strategies. 

(a) FACS sequential gating strategy related to Fig. 1b. (b) FACS sequential gating 

strategy related to Fig. 4c. (c) FACS sequential gating strategy related to Fig. 5d. 

 

 

 



Supplementary Tables 

 

Supplementary Table 1. The prediction results of EGFRMut/ cetuximab interaction 

by Rosetta platform are consistent with the validation result of the acquired 

cetuximab-resistant EGFR mutations after cetuximab treatment, Related to 

Figure 3. 

 

 

 

 

 

 

 

 

 

 

  



Supplementary Table 2. The G   values for Cluster 1 of EGFRS492R/ 

CetuximabMut, Related to Figure 3. 

 



Supplementary Table 3. The G   values for Cluster 2 of EGFRS492R/ 

CetuximabMut, Related to Figure 3. 

 



Supplementary Table 4. The G   values for Cluster 3 of 

EGFRS492R/CetuximabMut, Related to Figure 3. 

 



Supplementary Table 5. The G   values for Cluster 1 of 

EGFRG465R/CetuximabMut, Related to Figure 3. 

 



Supplementary Table 6. The G   values for Cluster 2 of EGFRG465R/ 

CetuximabMut, Related to Figure 3. 

 



Supplementary Table 7. The G   values for Cluster 3 of EGFRG465R/ 

CetuximabMut, Related to Figure 3. 

 



Supplementary Table 8. All kon, koff, and KD values in three technical replicates, 

Related to Fig. 4. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Table 9. Primers used in this study 

Gene 

name 

 

primer sequence 

WT-EGFR Overlap-F: TTTGGGACCTCCGGTCAGAAAACCAAAATTATAAGCAACAGAGGTGAAAACAGCTGCAA 

Overlap-R: TTGCAGCTGTTTTCACCTCTGTTGCTTATAATTTTGGTTTTCTGACCGGAGGTCCCAAA 

S492R-

EGFR 

Overlap-F: TTTGGGACCTCCGGTCAGAAAACCAAAATT AAGAGAAACA GAGGTGAAAA CAGCTGCAA  

Overlap-R: TTGCAGCTGTTTTCACCTCTGTTTCTCTTAATTTTGGTTTTCTGACCGGAGGTCCCAAA 

I491M-

EGFR 

Overlap-F: TTTGGGACCTCCGGTCAGAA AACCAAAATT ATGAGCAACA GAGGTGAAAA CAGCTGCAA  

Overlap-R: TTGCAGCTGTTTTCACCTCTGTTGCTCATAATTTTGGTTTTCTGACCGGAGGTCCCAAA 

K489E-

EGFR 

Overlap-F: TTTGGGACCTCCGGTCAGAAAACCGAGATTATAAGCAACA GAGGTGAAAA CAGCTGCAA  

Overlap-R: TTGCAGCTGTTTTCACCTCTGTTGCTTATAATCTCGGTTTTCTGACCGGAGGTCCCAAA 

K467T-

EGFR 

Overlap-F: GGAGATAAGTGATGGAGATGTGATAATTTCAGGAAACACCAATTTGTGCTATGCAAATA  

Overlap-R: TATTTGCATAGCACAAATTGGTGTTTCCTGAAATTATCACATCTCCATCACTTATCTCC 

G465R-

EGFR 

Overlap-F: GGAGATAAGTGATGGAGATGTGATAATTTCAAGAAACAAAAATTTGTGCTATGCAAATA 

Overlap-R: TATTTGCATAGCACAAATTTTTGTTTCTTGAAATTATCACATCTCCATCACTTATCTCC 

G465E-

EGFR 

Overlap-F: GGAGATAAGTGATGGAGATGTGATAATTTCAGAGAACAAAAATTTGTGCTATGCAAATA  

Overlap-R: TATTTGCATAGCACAAATTTTTGTTCTCTGAAATTATCACATCTCCATCACTTATCTCC 

S464L-

EGFR 

Overlap-F: GGAGATAAGTGATGGAGATGTGATAATTCTGGGAAACAAAAATTTGTGCTATGCAAATA  

Overlap-R: TATTTGCATAGCACAAATTTTTGTTTCCCAGAATTATCACATCTCCATCACTTATCTCC 

I462R-

EGFR 

Overlap-F: GGAGATAAGTGATGGAGATGTGAGAATTTCAGGAAACAAAAATTTGTGCTATGCAAATA  

Overlap-R: TATTTGCATAGCACAAATTTTTGTTTCCTGAAATTCTCACATCTCCATCACTTATCTCC 

R451C-

EGFR 

Overlap-F: CTGAACATAACATCCTTGGGATTATGCTCCCTCAAGGAGATAAGTGATGGAGAT  

Overlap-R: ATCTCCATCACTTATCTCCTTGAGGGAGCATAATCCCAAGGATGTTATGTTCAG 

S442R-

EGFR 

Overlap-F: ACATGGTCAGTTTTCTCTTGCAGTCGTCAGGCTGAACATAACATCCTTGGGATTACGCT  

Overlap-R: AGCGTAATCCCAAGGATGTTATGTTCAGCCTGACGACTGCAAGAGAAAACTGACCATGT 

V441D-

EGFR 

Overlap-F: ACATGGTCAGTTTTCTCTTGCAGTCGACAGCCTGAACATAACATCCTTGGGATTA CGCT 

Overlap-R: AGCGTAATCCCAAGGATGTTATGTTCAGGCTGTCGACTGCAAGAGAAAACTGACCATGT 

WT/MUT-

EGFR 

F: CCGGATATCATGCGACCCTCCGGGACGGCCGGGGCAGCGCTCCTGGCGCTGCTGGCTGC 

R: CCGCTCGAGTCATGCTCCAATAAATTCACTGCTTTGTGGCGCGACCCTTAGGTATTCTG 

WT/MUT-

EGFR-

eGFP 

Overlap-F: ACAAAGCAGTGAATTTATTGGAGCAATGGTGAGCAAGGGCGAGGAGCT 

Overlap-R: AGCTCCTCGCCCTTGCTCACCATTGCTCCAATAAATTCACTGCTTTGT 

F: GGGGTACCATGCGACCCTCCGGGACGG 

R: GCTCTAGAGCTCAAAGCTTCTTGTACAGCTCGT 

WT/MUT-

EGFR-

ECD-Fc 

Overlap-F: GGGCCTAAGATCCCGTCCATCGAGCCCAAATCTTGTGACAAA 

Overlap-R: TTTGTCACAAGATTTGGGCTCGATGGACGGGATCTTAGGCCC 

F: CTGGGACTGCTCCTGCTGTGGTTTCCCGGCGCCAGATGCCTGGAGGAAAAGAAAGTTTG 

R: TTTATAGCGGCCGCTCATTTACCCGGAGACAGGGAGAGGCTCTTCTGCGTGTAGTGGTT 

Ctx-Y104X Overlap-F: GCGCTCTGACCTATTACGATNNSGAGTTCGCGTATTGGGGTCA 

Overlap-R: TGACCCCAATACGCGAACTCSNNATCGTAATAGGTCAGAGCGC 

F: GTGGCGGCCGCTCGAGATGGATATGAGGGTGCCTGCCCAGCTGCTGGGACTG 

R: GCCCTCTAGACTCGAGTCATTTACCCGGAGACAGGGAGAGG 

Ctx-W52D Overlap-F: AAGGCCTGGAATGGCTGGGTGTAATCNNKAGCGGCGGTAACACCGACTACAAT 

Overlap-R: GATTACACCCAGCCATTCCAGGCCTTTGCCAGGGCTCTGACGCACCC 



F: GTGGCGGCCGCTCGAGATGGATATGAGGGTGCCTGCCCAGCTGCTGGGACTG 

R: GCCCTCTAGACTCGAGTCATTTACCCGGAGACAGGGAGAGG 

Ctx-VY Overlap-F1: AAGGCCTGGAATGGCTGGGTCAGATCTGGAGCGGCGGTAACAC 

Overlap-R1: GTGTTACCGCCGCTCCAGATCTGACCCAGCCATTCCAGGCCTT 

Overlap-F2: GCGCTCTGACCTATTACGATGTGGAGTTCGCGTATTGGGGTCA 

Overlap-R2: TGACCCCAATACGCGAACTCCACATCGTAATAGGTCAGAGCGC 

F: GTGGCGGCCGCTCGAGATGGATATGAGGGTGCCTGCCCAGCTGCTGGGACTG 

R: GCCCTCTAGACTCGAGTCATTTACCCGGAGACAGGGAGAGG 

Ctx-Y104D Overlap-F1: CTGACCTATTACGATGATGAGTTCGCGTAT 

Overlap-R1: ATACGCGAACTCATCATCGTAATAGGTCAG 

F: GTGGCGGCCGCTCGAGATGGATATGAGGGTGCCTGCCCAGCTGCTGGGACTG 

R: GCCCTCTAGACTCGAGTCATTTACCCGGAGACAGGGAGAGG 

Ctx-DD Overlap-F1: AAGGCCTGGAATGGCTGGGTGTAATCNNKAGCGGCGGTAACACCGACTACAAT 

Overlap-R1: GATTACACCCAGCCATTCCAGGCCTTTGCCAGGGCTCTGACGCACCC 

Overlap-F2: CTGACCTATTACGATGATGAGTTCGCGTAT 

Overlap-R2: ATACGCGAACTCATCATCGTAATAGGTCAG 

F: GTGGCGGCCGCTCGAGATGGATATGAGGGTGCCTGCCCAGCTGCTGGGACTG 

R: GCCCTCTAGACTCGAGTCATTTACCCGGAGACAGGGAGAGG 

Ctx-VWY Overlap-F1: AAGGCCTGGAATGGCTGGGTCAGATCGACAGCGGCGGTAACAC 

Overlap-R1: GTGTTACCGCCGCTGTCGATCTGACCCAGCCATTCCAGGCCTT 

Overlap-F2: GCGCTCTGACCTATTACGATGTGGAGTTCGCGTATTGGGGTCA 

Overlap-R2: TGACCCCAATACGCGAACTCCACATCGTAATAGGTCAGAGCGC 

F: GTGGCGGCCGCTCGAGATGGATATGAGGGTGCCTGCCCAGCTGCTGGGACTG 

R: GCCCTCTAGACTCGAGTCATTTACCCGGAGACAGGGAGAGG 

Cetuximab-

scFv library 

Related to 

S492R 

F: ATGCGGCCCAGCCGGCCCAGGTTCAACTGAAACAGTCCGG 

R: AAATATGCGGCCGCTTTCAGTTCCAGTTTCGTGCCGGCACCGAAAGT 

Overlap-F1: CCTGGAATGGCTGGGTNNSATCTGGAGCGGCGGTAACACCNNSTACAATACCCCATTCA 

Overlap-R1: TGAATGGGGTATTGTASNNGGTGTTACCGCCGCTCCAGATSNNACCCAGCCATTCCAGG 

Overlap-F2: GCGCTCTGACCTATTACGATNNSGAGTTCGCGTATTGGGGTCAGGGCACTCTGGTTACC 

Overlap-R2: GGTAACCAGAGTGCCCTGACCCCAATACGCGAACTCSNNATCGTAATAGGTCAGAGCGC 

Overlap-F3: AGCTTTTCTTGCCGCGCGTCCCAAAGCATTGGTACCNNSATTCACTGGTACCAGCAGCG 

Overlap-R3: CGCTGCTGGTACCAGTGAATSNNGGTACCAATGCTTTGGGACGCGCGGCAAGAAAAGCT 

Overlap-F4: GCTGACTACTATTGTCAGCAGAACAATAACNNSCCGNNSACTTTCGGTGCCGGCACGAA 

Overlap-R4: TTCGTGCCGGCACCGAAAGTSNNCGGSNNGTTATTGTTCTGCTGACAATAGTAGTCAGC 

Cetuximab-

scFv library 

Related to 

G465R 

F: ATGCGGCCCAGCCGGCCCAGGTTCAACTGAAACAGTCCGG 

R: AAATATGCGGCCGCTTTCAGTTCCAGTTTCGTGCCGGCACCGAAAGT 

Overlap-F1: CCTGGAATGGCTGGGTNNSATCNNSAGCGGCGGTAACACCNNSTACAATACCCCATTCA 

Overlap-R1: TGAATGGGGTATTGTASNNGGTGTTACCGCCGCTSNNGATSNNACCCAGCCATTCCAGG 
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Supplementary Fig. 2a uncropped scans of gel  

 

 

 

 

 

 

 



Supplementary Fig. 3 uncropped scans of gels 

 


