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Antitumoral activity of monoclonal antibodies can be dramatically enhanced by  

conjugation to toxic small molecules. Beside the recent approval of Kadcyla (T-DM1) 

and Adcetris (SGN-35) more than 30 antibody-drug conjugates (ADC) have entered 

clinical trials, promising to strengthen the therapeutic capabilities for cancer treatment 

in the next decade. Surprisingly most ADCs are based on one of few toxic compounds 

only and on an even smaller number of toxicity mechanisms: Most antibodies are  

conjugated to the microtubuli-targeting auristatins and maytansines (1). Toxins that  

operate through such a mechanism could suffer from limited activity in different cancer 

indications and in cells expressing resistance mechanisms. Accordingly the use of new 

drugs that function via alternative toxicity mechanisms could enhance the therapeutic 

potential of ADCs (2).

In the present study we evaluated the antitumoral potency of a monoclonal antibody 

targeting the prostate-specific membrane antigen (PSMA) conjugated to a-amanitin, 

known as the most potent inhibitor of cellular transcription by effective blocking of 

RNA polymerase II activity. Amanitin was conjugated by stable and cleavable linkers to 

the  lysine residues or interchain cystein residues of the antibody moiety. Suitability of 

ADCs as therapeutics for prostate cancer was evaluated by models of preclinical  

oncology, e.g. cell viability assays and mouse xenograft models. 

Structure of toxin-linker compounds
The small molecule compound a-amanitin was conjugated by three different linkers to 

the anti-PSMA mAb 3F11. HDP 30.0643 is a lysine-reactive amanitin with stable linker, 

HDP 30.1465 is a lysine-reactive amanitin with protease cleavable moiety, and HDP 

30.0880 is a cystein-reactive amanitin with stable linker (Fig. 1).  

Cell Lines and antibody: The human prostate cancer cell lines CWR-22Rv1, MDA 

PCa2b and PC-3 were obtained from the ATCC and grown according to the suppliers in-

structions. C4.2 cells and 3F11 antibody were obtained by the Dr. P. Wolf (University of 

Freiburg). 

Synthesis of amanitin-ADCs: a-Amanitin was covalently conjugated to lysine side 

chains of anti-PSMA antibody by proprietary linker structures HDP 30.0643 and HDP 

30.1465 by a one-step conjugation reaction in PBS buffer, pH 7.4. Cystein-reactive ma-

leimide compound HDP 30.0880 was conjugated to reduced interchain disulfides in 

phosphate buffer, pH 8.0. Conjugates were purified by SEC-HPLC and dialysis. DAR 

(drug-antibody ratio) according to determination by UV-spectroscopy was ca. 2.5 to 4.7 

amanitins per IgG.    

Cell proliferation assay: Quantitative determination of DNA synthesis was performed 

by a chemoluminescent BrdU incorporation assay (Roche). 

Mouse xenograft models: Six to 8-wk-old athymic female NMRI nude mice  

(nu/nu) were obtained from Janvier. CWR-22rv1 cells (5.0 x 106), respectively, were in-

jected into the flank of each mouse for the development of a tumor. When tumors were 

well-established (150-250 mm3), treatment was started by single-dose i.v.  

application. Tumor volume was calculated as V = a x b2  x 0.5, where a is the length and b 

is the width.

Low abundance of cross-linked protein & aggregates
3F11-30.0643, 3F11-30.0880 and 3F11-30.1465 were analyzed by SDS-PAGE followed by 

coomassie staining and western blotting with anti-amanitin antibody. Results revealed 

low content of chemical cross-linking and higher drug loading of the antibody heavy 

chains compared to light chains for all conjugates (Fig. 2a). SEC-HPLC demonstrated 

low amounts of aggregation (<3%; Fig. 2b). Binding affinity for antigen was comparable 

between all ADCs and naked 3F11 (data not shown).

Prostate cancer is the most commonly diagnosed malignancy and is the third leading 

cause of cancer death among men in developed countries. While significant therapeutic 

advances have been made, available systemic therapeutic options are lacking. Amanitin-

based ADCs using an anti-PSMA antibody showed high antitumoral activity in a series 

of models of preclinical oncology. Amanitin as a toxic warhead for ADCs in prostate  

cancer seem to be a suitable therapeutic option because of the unique mode of action 

and the molecular characteristics of the toxin. Amanitin is highly active in drug-resis-

tant cells, independent of the status of expression of multi-drug resistant transporters 

because of its hydrophilic structure. By inhibition of RNA polymerase II  

amanitin-binding leads not only to apoptosis of dividing cells, but also of slowly  

growing cells, as often observed in prostate cancer.  

HDP has constructed more than 70 different linkers allowing the conjugation of  

amanitin to lysine-residues, cystein-residues and non-natural amino acids of antibodies. 

In the presented work we compared the activity of three different linkers based on the 

anti-PSMA antibody 3F11: 

- Highest activity in vitro was observed for the cleavable linker derivative 3F11-30.1465.  

Metabolization of the self-immolative derivative 3F11-30.1465 leads to the release of  

natural compound a-amanitin which shows higher activity compared to the  

metabolization products of stable linker ADCs.

- Higher activity in vitro of cleavable linker ADC 3F11-30.0643 does not translate in  

higher activity in vivo.

- Despite equal activity in vitro, cystein-conjugated 3F11-30.0880 shows signficantly  

lower potency in vivo compared to lysine-conjugated 3F11-30.0643 ADC, indicating for 

lower stability of the conjugates coupled by maleimide chemistry.

 

The positive findings of these initial experiments encourage Heidelberg Pharma to 

further proceed with amanitin-based anti-PSMA ADCs towards clinics.       
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Figure 2: (a) Analysis of naked 3F11 (1), 3F11-30.0643 (2), 3F11-30.0880 (3) and 
3F11-30.1465 (4)  by reducing and non-reducing SDS-PAGE and anti-amanitin WB.  
(b) SEC-HPLC of 3F11-30.0643.

Figure 1: Chemical structures of amanitin-linker compounds. Antibody lysine 
and cystein side chains are shown in blue and green, respectively.  
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Cytotoxicity on prostate cancer cells in vitro
Effect on cell viability of 3F11-30.0643, 3F11-30.0880 and 3F11-30.1465 were compared for 

PSMA-positive cell lines LNCaP, CWR-22rv1, MDA PCa2b and the PSMA-negative cell 

line PC-3. All three ADCs show picomolar activity on PSMA-positive cells with  

highest potency observed for the cleavable linker ADC 3F11-30.1465 (Fig. 4).  

PSMA-negative PC-3 cells are not sensitive for ADCs up to micromolar concentrations. 

Naked antibodies show no effect (data not shown).

Figure 5: (a) Growth arrest of LNCaP cells by addition of 100ng/mL IL-6.  
(b) BrdU-assay demonstrating comparable toxicity of amanitin ADCs independent 
of growth  status.

Figure 6: CWR-22rv1 subcutaneous xenograft model. Amanitin ADCs were applied  
as single dose i.v. at 150µg/kg with respect to toxin.

Cell line 3F11-30.0643 
EC50 [pM]

3F11-30.0880 
EC50 [pM]

3F11-30.1465 
EC50 [pM]

LNCaP 42 73 17

CWR-22rv1 460 620 270

MDA PCa2b 240 250 72

PC-3 >100.000 >100.000 >100.000

Figure 4:  BrdU-assay with PC cells and amanitin-based anti-PSMA ADCs.
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High activity on proliferating and non-proliferating cells 
Prostate cancer is often characterized by slow growth of tumor tissues. Mode of action 

of amanitin indicates not only for high activity on dividing cells, but also on slowly  

growing cells or growth-arrested cells. This was demonstrated for LNCaP cells which can 

be permanently transdifferentiated into a quiescent neuroendocrine phenotype by IL-6. 

Anti-PSMA amanitin-ADCs demonstrated proliferation-independent toxicity as shown 

for 3F11-30.0643 (Fig. 5). 

Effective toxin release by Cathepsin B using cleavable linker 
To demonstrate functionality of the cleavable linker moiety in 3F11-30.1465 the ADC was 

incubated with lysosomal protease Cathepsin B for up to six hours. Toxin release was 

documented by a western blotting method using anti-amanitin antibody. In contrast to 

stable linker ADC 3F11-30.0643 payload was released from 3F11-30.1465 within  

several hours indicating for effective accumulation of free amanitin in intracellular  

vesicles upon uptake (Fig. 3).  

Figure 3: Release of amanitin by Cathepsin B from antibody using Ala-Val linker.
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Antitumoral activity by single dose application 
Antitumoral activity in vivo was evaluated by subcutaneous mouse xenograft models. 

Amanitin-based ADCs lead to complete remissions at higher doses with no or marginal 

weight loss of animals (Fig. 6).  Lysine-conjugated ADCs 3F11-30.0643 and 3F11-30.1465 

were significantly more active than the cystein-conjugated ADC 30.0880. Difference in 

activity for cleavable and non-cleavable linkers was low for anti-PSMA ADCs.


