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Antibody Drug Conjugate: Key Components 
 Antibody 

– Target specific with high affinity 

– Internalization and traffic to lysosome for 

active drug release 

– Site specific conjugation for homogeneous 

product 

– Good PK 

– Retention of above properties after drug 

conjugation 

 Attachment site 

– At native or engineered residues 

 Linker 

– Stable in circulation and during process and 

storage  

– Selective release of active drug inside target 

cells  

– Cleavage or non-cleavable 

 Cytotoxic Drug (warhead) 

– Highly potent and amenable to modifications 

(e.g., allow linker attachment) 

– Stable in circulation and lysosomes 

– Non-immunogenic  

– Bystander effect?  3 



The promise of antibody drug conjugates – targeted delivery 

of potent cytotoxic drugs for improved therapeutic index  
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Therapeutic Index=MTD/MED 

Decrease MED 

Increase MTD 

D
ru

g
 D

o
s
e
 



Christina Peters, and Stuart Brown Biosci. Rep. 2015;35:e00225 

Mechanism of action of ADCs  



“Classically conjugated” ADCs are heterogeneous 
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“Classically Conjugated” ADCs are Suboptimal 
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Payload deconjugation leads to: 

 Reduced on-target efficacy 

 Increased off-target toxicity 

 Uncontrolled distribution of drug 

Name Initial 

DAR 
DAR at day 3 

(% drug loss) 
DAR at day 7  
(% drug loss) 

R347-FCC-DAR 4 3.88 3.81 (1.8) 3.76 (3) 

1C1-CC-DAR 2 1.9 0.8 (57) 0.25 (86.8) 

1C1-CC-DAR 4 4.0 1.7 (57.5) 0.21 (94.75) 

1C1-FC-DAR 2 1.98 1.9 (4) 1.82 (8) 

1C17-FCC-DAR 4 3.92 3.83 (2.3) 3.7 (5.6) 

DAR change over time in mouse serum in vitro   



Site matters: the stability of site-specific ADCs using 

engineered cysteine is site dependent 
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Site matters: drug conjugation site modulates the 

therapeutic activity of site-specific ADCs 

Shen B, et al., Nat. Biotech. 2012, 30: 184-189 
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Conjugating drugs to cysteine using thiol/maleimide chemistry 

 1,4-Michael addition reaction 

 

 Fast and specific 

• T1/2=minutes at pH 7.4 

 

 Variable stability 
• Conjugation site 
• Linker/payload chemistry 

 

 

drug drug drug 
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Chemical approaches to stabilize ssADCs  

Hydrolyze thiosuccinimides after conjugation 

Change reaction chemistry 

Badescu, G., et al. (2014)  

Bioconjugate Chem. 25, 460-9. 

monosulphones arylpropiolonitriles 

Koniev, O., Leriche, et al.(2014) 

Bioconjugate Chem. 25, 202-6. 

haloacetamides 

Alley, S. C., et al. (2008) Bioconjugate 

Chem. 19, 759-765. 

Lin, D., Saleh, S., and Liebler, D. C. (2008) Chem. 

Res. Toxicol. 21, 2361-2369 

Palanki, M.S. et al. (2012) Biorg. Med. Chem. Lett. 

22, 4249-4253.  

Fontaine, et al. (2015) Bioconjugate Chem. 26, 

145-52. 

Lyon, R. P., et al. (2014) Nat. Biotechnol. 32, 

1059-62. 

Tumey, L. N., et al. (2014) Bioconjugate Chem. 

25, 1871-80. 
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Chemical approaches to stabilize ssADCs-thiosuccinimide hydrolysis 

Maleimide design: proximal amine 

Specific conditions: pH, temperature 

Maleimide design: R groups 

Lyon, R. P., et al. (2014) Nat. Biotechnol. 32, 

1059-62. 

Fontaine, et al. (2015) Bioconjugate Chem. 26, 

145-52. 

Tumey, L. N., et al. (2014) Bioconjugate Chem. 

25, 1871-80. 
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 Resonance-promoted thiosuccinimide hydrolysis 

Hypothesis: 

Concept: 

N-aryl maleimides will spontaneously produce stable thiol conjugates under 

mild conditions through resonance-driven thiosuccinimide hydrolysis.  

Application of classic chemistry to 

solve a current problem 

Machida, M., Machida, M. I., and Kanaoka, Y. (1977) Chem. Pharm. 

Bull. 25, 2739-2743. 

Alkyl: 

Aryl: 
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 Why aren’t N-aryl maleimide used for ADC preparation? 

crosslinker design has carried over to ADC payload 

design, i.e. hydrolytically stable maleimides  

Kitagawa, T. and Aikawa, T. 

J Biochem (Tokyo) (1976) 79:233-236 

Maleimide hydrolysis + ester hydrolysis  

= some crosslinking 

Reduced maleimide hydrolysis 

= better crosslinking 

Reduced maleimide hydrolysis +  

reduced ester hydrolysis 

= best crosslinking 

MBS 

SMCC 
Partis, M.D., et al. 

J Protein Chem (1983) 2:263-277 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCJeT89yzk8YCFQuODQodMCMPCw&url=http://www.quantabiodesign.com/product-tag/maleimide-crosslinker/page/2/&ei=uql_VZfOKYucNrDGvFg&bvm=bv.96041959,d.eXY&psig=AFQjCNGp4_K779fpC0ECAEQaZEhhP4nAzQ&ust=1434516256112214
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLbW7722k8YCFYTUgAodF5AJSQ&url=http://adcreview.com/resource-guide/quanta-biodesign-ltd/&ei=nqx_VbaPOISpgwSXoKbIBA&bvm=bv.96041959,d.eXY&psig=AFQjCNG4jEjAhGJDSDgb7Z2Mhllmv4QTsg&ust=1434517000490366
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Molecules used to test hypothesis 

Maleimides: 

T289 

CH3 

CH2 

T289 

Antibody: 

 solvent-exposed engineered 

cysteine for site-specific conjugation 

 Hydrophilic PEG-biotin payloads 

 MMAE ADC payload 

Fc domain: 
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Payload Conjugation and Analysis 

T289C 

mAb 

mild 

reduction 
mild 

oxidation conjugation 

ADC 

40 eq. 

TCEP 

8 eq. 

DHAA 

1-4 eq 

maleimide 

reduced 

mAb 

oxidized 

mAb 

Conjugation Process: 

Analysis of Conjugates: 

Δ mass = 747.6  

Reduced mass spectrometry Reduced RP-HPLC 

T289C mAb 

MMAE ADC 

LC 
HC 

HC+1 drug 

PEG-biotin conjugate 

intensity  abundance 

T289C mAb 

Valliere-Douglass, J. F., McFee, W. A., and Salas-Solano, O. (2012). 

Anal. Chem. 84, 2843-2849. 
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Quantification by Mass Spectrometry 

rRP-HPLC Mass spectrometry 

 Conjugated mAb mixed with 

unconjugated mAb at known ratios 

 Deconvoluted mass spectrometry peak 

intensities used for calculations 

 

PEG-biotin conjugates 

MMAE conjugates 

 rRP-HPLC heavy chain peak areas 

compared to deconvoluted mass 

spectrometry peak intensities 

 

Mass spectrometry is quantitative for payloads used in this study 
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 Maleimide Conjugation Efficiency 

pH 5.5 7.4 8.6 

Maleimide type alkyl phenyl F-phenyl alkyl phenyl F-phenyl alkyl phenyl F-phenyl 

Conjugation @ 1hr (%) a,c, e 47 57 78 >90 >90 >90 >90 >90 >90 

Conjugation 

T1/2 (min)a,e 
74 40 17 1.7 0.72 0.21 ~0.33d ~0.28d ~0.25d 

Maleimide hydrolysis 

T1/2 (min)a,b 
2.8x104 1400 770 304 55 28 83 21 9 

Competing reaction Desired reaction 

Increased reactivity enabled efficient conjugation for N-aryl maleimides 

 

 

 

[a] Determined by mass spectrometry. [b] Determined by HPLC. [c] 1 h reaction. [d] Estimated from 2 measurements. [e] T289C mAb 

reaction performed at 1:1 thiol:maleimide stoichiometry, 1.3 mg/mL antibody and 17.3 µM maleimide. 

No thiol conjugation 

vs. 

Summary of Maleimide-PEG-Biotin Conjugation and Hydrolysis Kinetics 

R. J. Christie, et al. J. Controlled Release 2015, 220, 660-670. 
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Thiosuccinimide Hydrolysis 

Observed reaction 

51400       51600 51400      51600 51400      51600 

Deconvoluted mass (a.m.u.) 

Conjugate +  

Na+ 

Conjugate 
Conjugate 

Conjugate + 

(Na+ and H2O) 

Conjugate + 

 H2O 

Conjugate + 

H2O + Na+ 

Conjugate 

Partial hydrolysis 

reduced glycosylated 

mass spectrometry 

alkyl 

phenyl 

F-phenyl 

Maleimide-PEG-biotins 

pH 7.4, 22 oC 

Thiosuccinimide Hydrolysis 

Maleimide N-substitution: 

Hydrolysis half-lives 

No hydrolysis Complete hydrolysis 

Thiosuccinimide hydrolysis  

T1/2 (hr) 

Functional group pH 7.4, 22 oC pH 7.4, 37 oC pH 8.6, 22 oC 

alkyl 96 32 10 

phenyl 6.4 1.5 0.8 

F-phenyl 4.3 0.7 0.4 

mass  

spec 

R. J. Christie, et al. J. Controlled Release 2015, 220, 660-670. 



Conjugate Stability in Buffer 

alkyl 

phenyl 

F-phenyl 

alkyl 

phenyl 

F-phenyl 

 Stability assessed in PBS, pH 7.4 containing 143 mM BME at 37 oC 

 Maleimide-PEG-biotin conjugates 

 Mass spectrometry analysis 

No forced hydrolysis Forced hydrolysis 
pH 8.6, 1hr, 37 oC 

N-alkyl thiosuccinimide 

No forced hydrolysis 

T=0 T=24 h T=48 h 

 N-aryl maleimide conjugates are more stable 

 Thiosuccinimide hydrolysis limits deconjugation 

R. J. Christie, et al. J. Controlled Release 2015, 220, 660-670. 
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Effect of Payload on Conjugate Stability 

pH 7.4 + BME (147 mM) mouse 

serum 

compound PEG-biotin MMAE MMAE 

Deconjugation 

(K1, obs, s
-1) 1.3x10-6 1.9x10-6 1.8x10-6 

Deconjugation 

T1/2 (hr) 
148 101 107 

Maximum deconjugation 

(%) 
35 60 67 

Payload deconjugation rate constants (37 oC) 

vs. 

cLogP = 5.75 

C5 amide 

cLogP = -2.19 

C2 amide 

67% 

35% 

 PEG and/or short amide linkage 

accelerate hydrolysis 

 Payload hydrophobicity may 

also impact hydrolysis 

 Slowly hydrolyzing 

thiosuccinimides exhibit more 

deconjugation. 



Conjugate Stability in Serum 

 Whole mouse serum, 37 oC 

 Maleimide-MMAE conjugates 

 Immunocapture 

 Mass spectrometry analysis 

N-alkyl maleimide MMAE 

N-phenyl maleimide MMAE 

 N-phenyl maleimide ADC is stable 

in mouse serum for over 1 week.  

R. J. Christie, et al. J. Controlled Release 2015, 220, 660-670. 23 



Activity of Serum-Incubated ADCs 

 Receptor-positive cancer cell line 

 Maleimide-MMAE conjugates 

 N-alkyl maleimide  ADC lost potency 

• IC50 

• Max. kill 

 N-phenyl maleimide  ADC retained potency  

N-alkyl maleimide MMAE 

ADC 

N-phenyl maleimide MMAE 

ADC 

R. J. Christie, et al. J. Controlled Release 2015, 220, 660-670. 24 
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Site-specific ADCs based on N-terminal serine enables site-

specific conjugation of a drug into any given mAbs 

Mild and selective 

oxidation 

4 Molar equivalent of 

sodium periodate 

1X PBS, pH 7.4 

Oxime 

ligation 

Alkoxyamine-funtionalized 

anti-cancer drug 

10 mM p-Anisidine, 

100 mM Sodium phosphate 

pH 6 

N-terminal 

Serine 
N-terminal 

Serine 

VL 

VH 

VL 

VH 

VL 

VH 

VL 

VH 

Aldehyde 
Aldehyde 

VL 

VH 

VL 

VH 

Alkoxyamine-PEG4-monomethyl-auristatine-E (MW = 995.31 Da) 

26 
Thompson et al., Bioconjug Chem. 2015, 26:2085-96. 



Quantitative oxidation of the N-terminal serine and analytical 
characterization of the Serine-ADC 
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Thompson et al., Bioconjug Chem. 2015, 26:2085-96. 



Conjugation of the alkoxyamine-PEG4-MMAE to 

the N-terminal aldehyde is highly efficient 
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Isotype control (R347) 

←HC 

←HC 

←LC + 1 MMAE 

Anti-EphA2(1C1) 

←LC + 1 MMAE 

DAR = 2 

LC (23511) 

↓ 

LC (23511) 

↓ 

LC (22819) 

↓ 

24474.41 LC + 1 MMAE → 

DAR = 2 

LC (22819) 

↓ 

23764.02 ← LC + 1 MMAE 

Thompson et al., Bioconjug Chem. 2015, 26:2085-96. 



Drug conjugated to N-terminus of an antibodies 

doesn’t have impact on antigen binding  
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Hydrolytic stability of site-specific ADCs based on 

N-terminal serine  

Thompson et al., Bioconjug Chem. 2015, 26:2085-96. 



Site-specific ADCs based on N-terminal serine  is 

serum stable 
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←LC-oxime-PEG4-MMAE 

←LC-oxime-PEG4-MMAE 

1C1-Ser-ADC, time zero day in rat serum at 37°C 

1C1-Ser-ADC, time four days in rat serum at 37°C 

LC (23511) 

↓ 

LC (23511) 

↓ 

Thompson et al., Bioconjug Chem. 2015, 26:2085-96. 



Site-specific ADCs based on N-terminal serine is 

highly active both in vitro and in vivo 
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Summary 
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• Thiol/maileimide conjugation chemistry for antibody drug 

conjugates 

– Thiol/maileimide conjugation can undergo drug exchange, resulting in drug 

premature release and decreased serum stability and in vivo efficacy 

– Position matters for ADCs using thiol/maileimide conjugation chemistry    

• N-Aryl maleimides have been developed and applied to stabilize 

thiol-linked ADCs for increased potency and potentially improved 

therapeutic index. 

– Both efficient thiol conjugation and thiosuccinimide hydrolysis are achieved 

due to increased maleimide/thiosuccinimide reactivity. 

– Phenyl substitution allows tuning of both conjugation and hydrolysis kinetics. 

– N-Aryl maleimides are a simple and convenient platform to produce stable 

bioconjugates such as polymers, nanoparticles, biosensors, and more 

• Site-specific ADC generated using the engineered N-terminal 

serine  

– Has high drug conjugation efficiency 

– Is serum stable 

– Is highly potent both in vitro and in vivo 
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Hydroxide 

driven 

 Hydrolyze thiosuccinimides after conjugation 

–   

Hydrolysis 

 Maleimide design 

B. Resonance-promoted thiosuccinimide 

Hydrolysis (N-Aryl-Maleimide) 

Thiosuccinimide 
Thioether 

Hydrolysis 

 

Resonance 

driven 
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