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Direct targeting of amplified HER2 gene activates immune signaling through DNA damage response
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Background

Human epidermal growth factor receptor 2 (HER2), which gene is often amplifid in breast cancer (BC), promotes
and confers ive tumor behavior. Progress made in recent years by therapeutic strategies
using monoclonal antibodies has increased survival rates of HER2-positive BC patients. However, current clinical trials
in BC combining immunotherapy (inhibition of PD-1/PD-L1) with anti-HER2 antibodies, resulted only in a relatively
modest overall response rate. Intriguingly, recent studies provide strong evidence that genomic DNA damage leads to
activation of the cyclic GMP-AMP synthase (cGAS)-stimulator of interferon genes (STING) pathway and facilitates
antitumor immune responses. Therefore, the crosstalk between stimulation of the innate immune signaling and
DNA damage response opens an of therapy strategies focusing on both
DNA-damaging and immune system-activating therapies in BC. In this work we discover how a novel; technology able to
directly target amplified gene loci in HER2-positive BC using triplex-forming oligonucleotides (TFOs) activates innate
immune signaling through DNA damage response. Our work will aid in the design of novel combination therapeutic
to increase of BCs to targeted through activation of DNA damage

response and ultimately combating therapy resistance mechanisms.

Direct targeting of amplified HER2 gene using TFOs
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Direct targeting of amplified cancer genes to invoke apoptosis through the activation of DNA damage response offers
an to induce t pecific cell death. (A) The technology recently developed in our laboratory
utilizes triplex-forming oligonucleotides (TFOs) to form triplex structures at amplified oncogenic loci. (B) Excessive
distortion to the helical DNA structure caused by the TFOs (205 and 5922, targeting coding and intronic sequences
respectively) leads to overwhelming DNA damage and apoptosis, but only in response to the formation of multiple triplex
structures. As a result, normal cells having only two copies of the gene can efficiently handle a low level
of triplex-induced DNA damage by employing nucleotide excision repair (NER). (C) This phenomenon provides
an opportunityto specifially target and induce apoptosis in BC tumors with amplifications of the HERZ gene with effcacy

to standard. in a precinical orthotopic mouse model [1].
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(A, B) Landscape of HER2 gene amplification status and expression of cGAS and STING in various breast cancer cell
line models. SKBR3 cells were chosen as an experimental model based on a high HER2 copy number and expression
of both cGAS and STING as an experimental model. Copy number variation data from depmap.org [2].

TFOs treatment leads to transcriptional induction of NF-kB signaling
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(A) RNA-seq analysis of 17,233 differentially expressed genes in SKBR3 HER2-positive breast cancer cells reveled that
treatment with TFOs leads to significant changes in transcription patterns. (B) Principal Component Analysis (PCA)
analysis showed that the HER2-205-driven gene expression also highly differs from treatment with ionizing radiation (IR)
and non-targeted oligo (MIX). (C) Gene Set Enrichment Analysis (GSEA) identified expression of transcription factor NF-
«B targets as significantly enriched upon TFO treatment, suggesting a potential activation of NF-B signaling pathway.

Triplex-induced DNA damage triggers NF-kB nuclear translocation
and creation of micronuclei in SKBR3 breast cancer cells
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(A, B) Confocal immunofiuorescence microscopy reveled that TFO-induced DNA damage (yH2A.X) and DNA damage

‘;g—g@w S

response (p-ATM Ser1981) lead to translocation of NF-kB p65 to cell nucleus and formation of extra-nuclear DNA
structures (micronuclei). (C, D, E, F) NF-xB p65 nuclear localization as well DNA damage and response are comparable
with other anticancer agents, however micronuclei formation was highly elevated in cells treated with TFOs.

Scale bars: A = 20um; B = 10

HER2-targeted TFOs and anticancer agents induce similar levels of
NEF-kB activation and expression of NF-kB target genes
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(A) DNA damage (p-H2AX $139) induced by HER2-targeted TFOs primarily triggers NF-kB activation
(p-NF-«B Ser536), reflecting the non-canonical STING signaling response induced by nuclear DNA damage as analyzed
by Western blot compared to canonical STING signaling (p-IRF3 Ser396). HER2-targeted TFOs also induced apoptosis
as determined by cleaved PARP and cleaved caspase 3. (B, C) Levels of NF-xB activation induced by TFOs (205 and
5922 in low (LD) and high (HD) dose) are comparable to NF-xB activation induced by classical anticancer agents:
cisplatin (CIS), etoposide (ETO), and ionizing radiation (IR). (D, E) TFOs treatment leads to increased expression of
NF-«B target gene /16 (interleukin-6) but has no effect on expression of interferon B (IFNB1) as analyzed by GPCR.

Summary and future directions
We have validated that HER2-targeted TFOs can induce activation of the innate immune system signaling in BC cells

through activation of NF-xB, however the exact mechanism of this activation remains to be explored. Our work
contributes to understanding of the crosstalk between DNA repair, apoptosis, and innate immune signaling. This will aid

in the design of novel o increase of BCs (o i targeted
treatments through activation of DNA damage response and ultimately ing therapy
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