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INTRODUCTION
Anti-tumor activity of therapeutic antibodies can be significantly
enhancedby conjugationto cytotoxicsmallmolecules. Byusingsuch
antibody-drug conjugates(ADCs)the toxin is exclusivelydeliveredto
target cells and thereby kills only those cells. Besidethe currently
approvedADCsincludingEnhertu(HER2), Trodelvy(Trop-2), Blenrep
(BCMA),and Zynlonta(CD19), 189 ADCshaveentered clinical trials,
promising to strengthen the therapeutic capabilities for cancer
treatment. Most ADCsare basedon few cytotoxicmechanismswith
topoisomerase-, microtubule- or DNA-targeting toxins as payloads.
Accordingly,the useof new drugsthat functionviaalternativetoxicity
mechanismscould enhance the therapeutic potential of ADCs.
Heidelberg Pharma focuses on amanitin-based ADCs, so called
ATAC®, comprisinga new classof ADCswith amanitinastoxicpayload
(1). Amanitin is the well-known toxin of the amatoxin family which
specifically binds to the eukaryotic RNA polymerase II thereby
inhibiting the cellulartranscriptionprocess(2, 3). HeidelbergPharma
also pursues the strategy of site-specific conjugation to limit
heterogeneity of drug-antibody species, to improve conjugate
stability, and to increasethe therapeutic window of ADCs. For this
purpose, antibodies are engineered at specific locations to
incorporatereactivecysteines.
In the current study,we showthat ATAC®-basedADCsbelongto the
classof immuneactivatingdrugswhichexhibit synergisticanti-tumor
efficacywith immune checkpointinhibitors (ICIs)in vivo and induce
immunogeniccell death (ICD). ICIsare a classof cancertherapeutics
utilizingpatients`immunesystemto kill cancercells. ICIsrely on the
activity of the immune system to develop their full potential.
Therefore,drugs that are heating up cold tumors and make them
visible to the ǇŀǘƛŜƴǘǎΩimmune systemand by that enhancingthe
anti-tumor efficacyof ICIs,e.g., ATAC®,are on high demandfor the
treatment of tumor patients.

METHODS
Cell lines: JIMT-1 and Rajicellswere obtained from DSMZand NCI-
N87 from ATCC.
Synthesis of conjugates: Cysteine-reactiveamanitin-linker constructs
were synthesizedat HeidelbergPharma and were site-specifically
conjugatedto anti-HER2 (variabledomainsof trastuzumab,cysteine
engineeredmonoclonalIgGbackbone,HDP)and chimericanti-CD19
antibody (DKFZ Heidelberg, Germany; cysteine engineered
monoclonal IgG backbone,HDP). Drug-antibody ratio for amanitin
conjugatesaccordingto LC-MSanalysiswas~2.0 amanitinsper IgG.

Flow cytometry: Apoptosisand ICDwas determinedby stainingthe
cells with Annexin V-FITC, 7AAD and anti-calreticulin-FITC,
respectively. Staining was measured by using FACSLyric (BD
Biosciences).

Immunohistochemistry: Tumors were fixed with 4% formalin,
embedded in paraffine and stained with the anti-HER2 antibody
Trastuzumab(ProteinaseK antigen retrieval) followed by an anti-
humanIgG-HRPantibody.

Immunofluorescence: Tumorswere snap frozen and embeddedin
OCT. 7µm sectionswere fixedwith 4%formalinandstainedwith anti-
humanCόŀōΩύ2 fragment-AF488, anti-HMGB1-AF647, anti-calreticulin
andanti-mouseIgG-AF488.

Animal models: 5x106 JIMT-1 or NCI-N87 cellswere injecteds.c. into
6-8 weeks old female NMRI Nude mice. When tumor volumes
reacheda meanof app. 150mm3, micewere treated with a singlei.v.
doseof ananti-HER2 ATAC®(T-Ama). 2-4 weeksafter completetumor
remission (CR)was achieved,mice were re-inoculated with 5x106

tumor cells.

HER2 (1+) TNBCPDX studies were performed at XenTech(Evry,
France). Mice were treated with a singledoseof anti-HER2 ATAC®i.v.
at a meantumor volumeof 170mm3.

2.5x106 Rajicellsin a mix with 1x107 humanPBMCswere injecteds.c.
into 6-8 weeksold NODScidmice. On the sameday, treatment was
initiated with either a singlei.v. doseof anti-CD19 ATAC,Ipilimumab
(q3dx5), Pembrolizumab(q3dx5), Avelumab(q3dx6) or a combination
of ATAC®-basedADCandanICI.

RESULTS

1. ATAC®-treatment of homogenous cell line-derived xenografts leads to complete tumor
remission and immunity towards tumor re-challenge.

CONCLUSION
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Figure 3: ATAC®-treatment induces apoptosis and triggers ICD in vitro and in vivo.
A: Early(AnnexinV+/7AAD-) and late apoptosis(AnnexinV+/7AAD+) of untreatedor anti-HER2
ATAC®-treated NCI-N87 cells was determined by flow cytometry. B: Surface calreticulin
expressionon untreated or anti-HER2 ATAC®-treated NCI-N87 cells was analyzedby flow
cytometry. C-D: IFstaining(C) and statisticalevaluation(D) of calreticulin(green)and HMGB1
(red)on NCI-N87CDXtumorseither anti-HER2 ATAC®-treatedor untreated(n=2).

The treatment with ATAC®-basedADCsled to complete and

stabletumor remissionin different cell line-derivedxenograft

models with homogenousantigen expression. The induced

immunity in mice that achievedcomplete and stable tumor

remissionupon ATAC®-treatment suggestan activationof the

immunesystem.

The complete remission of heterogenous patient-derived

xenografttumors which were treated with ATAC®-basedADCs

further underline the involvement of the immune response

because previous in-house studies already showed that

ATAC®-based ADCsdo not have any bystander effect upon

extracellulardrug-release.

Thisobservationwasaccompaniedby the findingof enhanced

ICD marker expressionin vitro and in vivo. Especially,the

colocalization of hIgG+ tumor cells and HMGB1 staining

highlightsthe correlationbetweenthe treatment with ATAC®-

basedADCsandthe inductionof ICD.

Finally,the synergisticeffect in vivo of ATAC®-basedADCsand

ICIssupportthe previousstatedlink betweenthe activationof

the immunesystemdueto ATAC®-treatment.

Together,the presenteddatahighlightsthe generalconceptof

the synergisticeffect of ATAC-based ADCs® and ICIs which

applies to several types of ICIs thus strengthening the

scientificrationalefor combinationtreatmentsin clinicaltrials.

Figure 1: Anti-HER2 ATAC®-treatment led to CR in HER2+ breast and gastric cancer CDX models.
A-B: Immunohistochemistrystainingfor HER2 protein expressionin a s.c. breastcancerJIMT-1 (A)
andgastriccancerNCI-N87 (B) CDXtumor. C-D: Anti-tumor efficacyof an anti-HER2 ATAC®in breast
cancerJIMT-1 (C) or gastriccancerNCI-N87 (D) CDXmodel. Mice were treated with either PBS
(control)or ananti-HER2 ATAC®(n=10mice,Mean+/- SD).

Treatment with anti-HER2 ATAC® induces immunogenic cell death in homogenous HER2+ cell line-derived and heterogenous HER2+ patient-derived xenograft models.
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Figure 5: Anti-HER2 ATAC®-treatment led to CR in a Her2 (1+) breast cancer PDX
model.
A: IHCstainingfor HER2 protein expressionin a s.c. TNBCPDXmodel. B: Anti-tumor
efficacyof ananti-HER2 ATAC®in the samebreastcancerPDX. Micewere treated with
either non-targetingor an anti-HER2 ATAC®(n=10 mice,Mean +/- SD). IFstaining(C)
and statistical evaluation (D) of HMGB1 (red) expressionon PDXtumors after the
treatment with control ATACor ananti-HER2 ATAC®(n=5).
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Figure 6: Combined treatment with an ATAC®-based ADC and ICI results in a synergistic anti-tumor effect in a s.c. Burkitt lymphoma model.
A-C: Tumorgrowth of Rajicellsinoculateds.c. in a 1:4 ratio with humanPBMCs. Tumorswere treatedwith PBS,ananti-CD19ATAC®,Ipilimumab(q3d x 5) (A), Pembrolizumab(q3d x 5)

(B), Avelumab(q3d x 6) (C) or in combinationof ATAC®-basedADCandICI. * p<0.05; ** p<0.001; *** p<0.0001unpairedWelcht-test; Holm-Sidakcorrection.

HER2 expressinghomogenousCDXmodelof breast(JIMT-1) or gastriccarcinoma(NCI-N87) in NMRI
nudemicewere treated with a singlei.v. doseof anti-HER2 ATAC®(T-Ama). ATAC®-treatment led to
a completetumor remission(CR)ascomparedto control treatment (Figure1).
Interestingly, mice re-challengedwith the same tumor cell line after CR achievedby ATAC®-
treatment, developedtumors with significantlylower tumor volumethan mice in which the tumor
wasinoculatedfor the first time (Figure2).
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Figure 2: Anti-HER2 ATAC®-treatment resulted in significantly reduced tumor growth of HER2+

JIMT-1 and NCI-N87 cancer cells after re-inoculation.
A: Schemeof the experimentalset-up of the re-challengeexperiment. B: Tumorgrowth of JIMT-1
(left) or NCI-N87 (right) in untreated micewascomparedto tumor growth in micewhich were re-
challengedwith the sametumor after CRby ATAC®-treatment. (n=15 mice,Mean+/-SD; * : p-value
<0.0001(unpairedWelcht-test, Holm-Sidakcorrection)).

Theimmunity towardsre-challengeof CDXtumors,the anti-tumor effect on heterogenousPDXmodel,togetherwith the inductionof ICDin CDXaswell asPDXmodels
suggestanactivationof the immunesystemuponATAC®-treatment. Consequently,it wasinvestigatedwhethercombinationof ATAC®-basedADCsandICIs(Ipilimumab,
Pembrolizumab,Avelumab)mayhavea synergisticeffect.

3. Combined treatment of ATAC®-based ADCs with immune checkpoint inhibitors leads to a synergistic anti-tumor effect in vivo.

Figure 4: ATAC®-treatment induces HMGB1 expression in hIgG+ tumor cells.
H&E staining of NCI-N87 CDX tumor treated with anti-HER2 ATAC®.
Immunofluorescencestainingof fresh frozen tumor sectionsfor HMGB1 and human
IgG(hIgG).

Basedon the finding that ATAC®-treatment reducestake rate of the sametumor upon re-
challenge,it was investigatedwhether ATAC®-basedADCscan activate the immune system.
Consequently,ICDmarkerincludingcalreticulinandHMGB1 were analyzedin vitro and in vivo.
Treatmentof NCI-N87 with anti-HER2 ATAC®led to increasedapoptosisandsurfaceexpression
of calreticulin (CRT)compared to untreated cells in vitro (Figure3). This observationwas
confirmedin NCI-N87 CDXtumors in vivo (Figure3). Interestingly,only in hIgG+ tumor regions
HMGB1 expression(Figure4) wasobservedin micewhichwere treatedwith anti-HER2-ATAC®.
Additionally,singlei.v. doseof ananti-HER2 ATAC®resultedin a significanttumor growth delay
in a HER2 low expressingheterogeneouspatient-derivedxenograft(PDX)modelof TNBC. Like
CDXtumors,enhancedHMGB1 expressionwasobservedin PDXtumorstreatedwith anti-HER2
ATAC®(Figure5).
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