Amatoxin-based antibody-drug conjugates induce immunogenic cell death and improve the anti-tumor
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INTRODUCTION

Anti-tumor activity of therapeutic antibodies can be significantly
enhancedby conjugationto cytotoxicsmallmolecules By usingsuch
antibody-drug conjugates(ADCs}he toxin is exclusivelydeliveredto

target cells and thereby kills only those cells Besidethe currently
approvedADCancludingEnhertu(HER), Trodelvy(Trop-2), Blenrep
(BCMA)and Zynlonta(C[1.9), 189 ADCshave entered clinicaltrials,
promising to strengthen the therapeutic capabilities for cancer
treatment. Most ADCsare basedon few cytotoxic mechanismswith

topoisomerase microtubule or DNAtargeting toxins as payloads
Accordinglythe useof new drugsthat function via alternativetoxicity
mechanisms could enhance the therapeutic potential of ADCs
Heidelberg Pharma focuses on amanitin-based ADCs, so called
ATAC®, comprisinga new classof ADCsawvith amanitinastoxic payload
(1). Amanitin is the well-known toxin of the amatoxinfamily which
specifically binds to the eukaryotic RNA polymerase |l thereby
Inhibiting the cellulartranscriptionprocess(2, 3). HeidelbergPharma
also pursues the strategy of site-specific conjugation to limit

heterogeneity of drugantibody 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&asedADCdelongto the

classof immune activatingdrugswhich exhibit synergisticanti-tumor

efficacywith immune checkpointinhibitors (ICIs)in vivo and induce
Immunogeniccell death (ICD) IClsare a classof cancertherapeutics
utilizing patients immune systemto kill cancercells IClsrely 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 LJI O A Bnyhiding Spstemand by that enhancingthe

anti-tumor efficacyof ICls,e.g., ATAC®are on high demandfor the

treatment of tumor patients

METHODS

Cell lines: JIMTF1 and Rajicellswere obtained from DSMZand NC#

N87from ATCC

Synthesis of conjugates: Cysteinereactiveamanitinlinker constructs
were synthesizedat HeidelbergPharmaand were site-specifically
conjugatedto anti-HER (variabledomainsof trastuzumab,cysteine
engineeredmonoclonallgGbackbone,HDP)and chimericanti-C[L9

antibody (DKFZ Heidelberg, Germany cysteine engineered
monoclonal IgG backbone,HDP) Drugantibody ratio for amanitin

conjugatesaccordingo LCMSanalysisvas~2.0 amanitinsper IgG

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

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

Immunofluorescence: Tumorswere snap frozen and embeddedin
OCT7um sectionswere fixed with 4%formalin and stainedwith anti-
human C 6 2 fragunentAR488, anti-HMGR-AF647, anti-calreticulin
andanti-mouselgGAR88.

Animal models: 5x10° JIMF1 or NCIN87 cellswere injecteds.c. into
6-8 weeks old female NMRI Nude mice. When tumor volumes
reacheda meanof app. 150 mm?3, mice were treated with a singlei.v.
doseof ananti-HER ATAC®IT-Ama) 2-4 weeksafter completetumor
remission (CR)was achieved, mice were re-inoculated with 5x10°
tumor cells

HER (1+) TNBCPDX studies were performed at XenTech(Evry

France) Mice were treated with a singledoseof ant-HER ATAC®v.
at ameantumor volumeof 170mm?g.

2.5x10° Rajicellsin a mix with 1x10” humanPBMCswvere injecteds.c.
Into 6-8 weeksold NODScidmice. Onthe sameday, treatment was
Initiated with either a singlei.v. doseof anti-C[L9 ATAC|pilimumab
(g3dx5), Pembrolizumal{g3dx5), Avelumab(g3dx6) or a combination
of ATAC@dasedADCandanICl

efficacy of immune checkpoint inhibitors in humanized mouse models
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1. ATAC®-treatment of homogenous cell line-derived xenografts leads to complete tumor
remission and immunity towards tumor re-challenge.

HER expressindiomogenousCDXmodelof breast(JIMTF1) or gastriccarcinomaNCIN87) in NMRI
nude mice were treated with a singlei.v. doseof ant-HER ATAC®T-Ama) ATACdreatment led to
acompletetumor remission(CRascomparedto control treatment (Figurel).

Interestingly, mice re-challengedwith the same tumor cell line after CRachievedby ATAC®
treatment, developedtumors with significantlylower tumor volumethan mice in whichthe tumor
wasinoculatedfor the first time (Figure2).
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Figure 1: Anti-HER2 ATAC®-treatment led to CR in HER2* breast and gastric cancer CDX models.

A-B: Immunohistochemistrystainingfor HER protein expressionn a s.c. breastcancerJIMTF1 (A)
and gastriccancerNCiN87 (B) CDXumor. C-D: Anti-tumor efficacyof ananti-HER ATAC@n breast
cancerJIMTF1 (C) or gastriccancerNCIN87 (D) CDXmodel Mice were treated with either PBS
(control)or ananti-HER ATAC@& =10 mice,Mean+/- SD)

A
®
G . &
\s N 5 —_—
ééé& >
<@ CR
of 1sttumor
s.c HER2  Tumorgrowth after
tumors first inoculation
B - Firstinoculation Reinoculationafter ATAC&eatment
20007 15007
= T
I§I1500 E
) D 1000 T
S c . —
= 1000 - =
- A |
®) / O 500 |
E o0 \V = |
= ] ] =
0 T 0 —riy

(] 20 40 60 80 0 20 40 60 80

Dayspostgroupallocation Dayspostgroupallocation

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 experimentalsetup of the re-challengeexperiment B: Tumorgrowth of JIMF1
(left) or NCIN87 (right) in untreated mice was comparedto tumor growth in mice which were re-
challengedwith the sametumor after CRby ATACd&reatment. (n=15 mice,Mean +/-S0Q *: p-value
<0.0001 (unpairedWelcht-test, Holm-Sidakcorrection))
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RESULTS

Treatment with anti-HER2 ATAC® induces immunogenic cell death in homogenous HER2* cell line-derived and heterogenous HER2* patient-derived xenograft models.

Basedon the finding that ATAC&reatment reducestake rate of the sametumor upon re-
challenge,it was investigatedwhether ATAC&ased ADCscan activate the immune system
ConsequentlyilCDmarkerincludingcalreticulinand HMGH. were analyzedn vitro andin vivo.
Treatmentof NCIN87 with anti-HER ATAC@&ed to increasedapoptosisand surfaceexpression
of calreticulin (CRT)comparedto untreated cells in vitro (Figure 3). This observationwas
confirmedin NCiN87 CDXtumors in vivo (Figure3). Interestingly,only in higG tumor regions
HMGRH. expressior(Figured) wasobservedn micewhichwere treated with ant-HER-ATAC®
Additionally,singlei.v. doseof ananti-HER ATAC®esultedin a significanttumor growth delay
In a HER low expressindheterogeneougatient-derivedxenograft(PDX)model of TNBCLike
CDXumors,enhancedHMGH. expressiorwasobservedn PDXtumorstreated with anti-HER
ATAC®Figureb).
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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 untreated or anti-HER
ATACdreated NCINB7 cells was determined by flow cytometry B: Surface calreticulin
expressionon untreated or ant-HER ATACd&reated NCIN87 cells was analyzedby flow
cytometry C-D: IF staining(C) and statisticalevaluation(D) of calreticulin(green)and HMGH
(red)on NCIN87 CDXumorseither ant-HER ATACdreated or untreated (n=2).

Figure 4: ATAC®-treatment induces HMGB1 expression in higG* tumor cells.
H&E staining of NCIN87 CDX tumor treated with ant-r-HER ATAC®
Immunofluorescencestainingof fresh frozen tumor sectionsfor HMGH. and human

IgG(higG.
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Figure 5: Anti-HER2 ATAC®-treatment led to CR in a Her2 (1+) breast cancer PDX
model.

A: IHCstainingfor HER protein expressionn a s.c. TNBCOPDXmodel B: Anti-tumor
efficacyof ananti-HER ATAC®&n the samebreastcancerPDXMice were treated with
either non-targetingor an ant-HER ATAC®n=10 mice, Mean +/- SD) IF staining(C)
and statistical evaluation (D) of HMGRH. (red) expressionon PDXtumors after the
treatment with control ATAGr ananti-HER ATAC@&n=5).

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

Theimmunity towardsre-challengeof CDXumors,the anti-tumor effect on heterogenou€PDXmodel,togetherwith the inductionof ICDin CDXaswell asPDXmodels
suggestan activationof the immunesystemupon ATAC&reatment. Consequentiyit wasinvestigatedwhether combinationof ATAC@®asedADCsand ICIs(Ipilimumab,

PembrolizumabAvelumab)nayhavea synergistieffect.
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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 humanPBMCsTumorswere treated with PBSan anti-COL9 ATAC®|pilimumab(g3d x 5) (A), Pembrolizumal§g3d x 5)

(B), Avelumah(g3d x 6) (€) or in combinationof ATAC@asedADCandICI. * p<0.05; ** p<0.001; *** p<0.0001unpairedWelcht-test; HolmSidakcorrection
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CONCLUSION

The treatment with ATAC@&asedADCsled to complete and
stabletumor remissionin different cell line-derived xenograft
models with homogenousantigen expression The induced
Immunity in mice that achievedcomplete and stable tumor
remissionupon ATACdreatment suggestan activation of the
Immunesystem

The complete remission of heterogenous patient-derived
xenografttumors which were treated with ATAC&®asedADCs
further underline the involvement of the immune response
because previous in-house studies already showed that
ATAC@dased ADCsdo not have any bystander effect upon
extracellulardrugrelease

Thisobservationwasaccompaniedy the finding of enhanced
ICD marker expressionin vitro and in vivo. Especiallythe

colocalization of higG tumor cells and HMGH staining
highlightsthe correlationbetweenthe treatment with ATAC®
basedADCsandthe inductionof ICD

Finally,the synergisticeffect in vivo of ATAC@®asedADCsand
|Clssupportthe previousstatedlink betweenthe activationof
the immmunesystemdueto ATACdreatment.

Togetherthe presenteddata highlightsthe generalconceptof
the synergisticeffect of ATAGbased ADCS8 and ICIswhich
applies to several types of ICIs thus strengthening the
scientificrationalefor combinationtreatmentsin clinicaltrials.
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