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SUMMARY

Lung cancer, a leading cause of cancer-related mortality, is often driven by mutations in the key oncogenes
epidermal growth factor receptor (EGFR) and Kirsten rat sarcoma virus (KRAS). Despite advancements of tar-
geted therapies such as tyrosine kinase inhibitors, resistance remains a significant hurdle. Overexpression of
HERS, associated with poor prognosis in non-small cell lung cancer (NSCLC), presents an alternative thera-
peutic target. In this study, we investigate the efficacy of the HER3-targeting antibody-drug conjugate HER3-
DXd and its synergistic potential when combined with cell cycle and DNA damage response modulators. A
significant synergy is observed with PARP inhibitors, effective in both EGFR- and KRAS-mutated NSCLC
models. This combination markedly enhances DNA damage, induces apoptosis, and slows down in vivo tu-
mor progression. Notably, this regimen also triggers antibody-dependent immunomodulatory effects
through cGAS-STING pathway activation, potentiating innate immune cells for tumor killing. Our findings
suggest that combining HER3-DXd with PARP inhibitors offers a promising therapeutic approach, effectively

targeting diverse NSCLC subtypes.

INTRODUCTION

Non-small cell lung cancers (NSCLC) frequently harbor muta-
tions in key oncogenes such as epidermal growth factor re-
ceptor (EGFR) and Kirsten rat sarcoma virus (KRAS)." Tyro-
sine kinase inhibitors (TKls), such as the third-generation
mutant-specific EGFR inhibitor osimertinib, have led to im-
provements in overall survival (OS) of NSCLC patients. Cur-
rent evidence underscores the efficacy of osimertinib as the
frontline therapy for EGFR-mutated advanced NSCLC,”
although drug resistance remains an inevitable challenge.
Recently, the mutant-specific KRAS inhibitors have received
clinical approval. However, their impact on progression-free
survival (PFS) remains modest as single agents, potentially
attributed to emerging resistance mechanisms.®>* Several of
these inhibitors are currently undergoing further clinical evalu-
ation as single agents or in combinations, but their long-term
curative potential is yet to be determined.
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HERS is expressed in many malignant solid tumor types, and
overexpression of HER3 has been associated with poor prog-
nosis and metastatic progression of the disease.>® HER3 is
not highly expressed in normal lung tissue, but 82.7% of
NSCLC tumors express HER3.”® The broad expression of
HER3 makes it an attractive therapeutic target for NSCLC.® Pat-
ritumab deruxtecan (HER3-DXd, U3-1402) is an antibody-drug
conjugate (ADC) containing a fully human HER3 antibody (patri-
tumab) linked to a topoisomerase | (TOP1) inhibitor, DXd (exate-
can derivative).'® In a recently completed phase 1 study, HER3-
DXd showed promising results in EGFR-mutated NSCLC
previously treated with either chemotherapy or EGFR inhibitors
(overall response rate [ORR]: 29.8%, OS: 11.9 months)."’

We recently reported that osimertinib treatment potentiates
HER3-DXd efficacy in vitro and in vivo mouse models.'? Mecha-
nistically, osimertinib pre-treatment increased the membrane
expression of HERS, leading to elevated internalization and
DNA damaging efficacy of HER3-DXd. Another study showed
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that HER3-DXd, in combination with the EGFR TKI erlotinib, also
has potent anticancer efficacy.'® Phase 1 clinical trial evaluating
the safety and efficacy of the combination of osimertinib with
HERS3-DXd is currently underway (NCT04676477).

In general, ADCs feature a complex structure that integrates
the specificity of monoclonal antibodies with the cytotoxicity of
chemotherapeutics.' Their structural organization facilitates
multi-level synergistic effects with other drugs to target different
signaling pathways or cellular processes. In addition to their
primary cytotoxic function, ADCs can exhibit a range of other
activities, including antibody-dependent cellular cytotoxicity
(ADCC), complement-dependent cytotoxicity (CDC), and anti-
body-dependent cellular phagocytosis (ADCP), as well as the
bystander effect.’>'® These diverse mechanisms of action open
possibilities for innovative combination therapies.

The efficacy of the previously described combination of HER3-
DXd with osimertinib is dependent on the presence of mutant
EGFR."? To underpin mutation-independent synergistic effects
for HER3-DXd, we screened for its rational combinations with
modulators of cell cycle and DNA damage response (DDR). We
identified a synergy between PARP inhibitors and HER3-DXd
in different NSCLC models. Our study suggests that HERS3-
DXd treatment, together with PARP inhibition, serves as a poten-
tial therapeutic strategy for NSCLC and could enhance immuno-
genic effects of ADCs at large.

RESULTS

Combination screening identifies synergistic therapies
with HER3-DXd

To discover combination therapies utilizing the distinct mecha-
nistic properties of ADCs, such as their ability to enhance DNA
damage in a targeted manner, we examined the impact of
DDR and cell cycle modulators on cell viability across NSCLC
cell lines (inhibitors and the experimental workflow are depicted
in Figures 1A-1C). First, to evaluate the single agent potency of
the drug candidates for further studies, we carried out an ICsq
analysis using 14 inhibitors in five cell lines with various EGFR
mutations (Figure 1D; Table S1). From these assessments, eight
inhibitors were selected based on their IC5q values for a further
synergy investigation with HER3-DXd. To analyze the effect of
the combinatorial treatments, we conducted a live-cell imag-
ing-based confluency screening over a 7-day period, comparing
cell proliferation in the cell lines treated with either HER3-DXd
and each inhibitor alone with the proliferation of those treated
with drug combinations (Figure 1E, a higher synergy ratio indi-
cates that the efficacy of the combination therapy is superior
to that of monotherapy). Our analysis unveiled several synergies
between HER3-DXd and the selected inhibitors across all tested
cell lines. Notably, the combinations of HER3-DXd with olaparib
(PARPI), ceralasertib (ATRi), and MK1775 (WEE1i) were most
synergistic. Some synergies, such as with MK5108 (AURKAI)
and CFI-402257 (MPSH1i), appear to be specific to cell lines.
The combination with olaparib consistently demonstrated a pro-
found and uniform synergistic effect, with the ratio of single
agent to combination therapy efficacy surpassing 1.5 across
all cell lines. These findings strongly suggested that while other
combinations might potentiate the effects of HER3-DXd in spe-

2 Cell Reports Medicine 7, 103002, September 15, 2026

Cell Reports Medicine

cific contexts, olaparib could substantially potentiate the HER3-
DXd efficacy across a range of cellular backgrounds.

Lung cancer cells demonstrate sustained response to
HER3-DXd and olaparib combination treatment despite
their genetic background

To explore the long-term efficacy of HER3-DXd combined with
olaparib, we evaluated their impact on three EGFR-mutant cell
lines (HCC4006, H1975, and DFCI-284), using live-cell imaging.
Over an extended observation period, our findings consistently
showed a strong combination response across all three cell lines
(Figures 2A-2C). Apoptosis, measured using a cleaved-cas-
pase-3/7 assay, revealed enhanced apoptotic induction with
the combination treatment compared with single-agent olaparib
or HER3-DXd (Figure 2D). Protein analysis confirmed HER3
expression in all three cell lines (Figures 2E and 2F). To assess
differences in potential sensitivity to various PARP inhibitors,
we tested the synergy of HER3-DXd with seven different PARP
inhibitors, measuring both cell confluency and apoptosis
(Figures S1A-S1D). All were synergistic with HER3-DXd, with ta-
lazoparib and niraparib leading to the strongest synergy. Howev-
er, because olaparib is the furthest along in clinical utilization and
also resulted in good synergy, we decided to proceed with ola-
parib for the remainder of our study.

As HERS is widely expressed in tumors with various genetic
backgrounds, the effect of HER3-DXd combined with olaparib
should extend beyond EGFR-mutant cells. Therefore, we aimed
to further investigate the potency of the HER3-DXd and olaparib
combination in a KRAS-mutant setting, another dominant onco-
genic driver in NSCLC. Because the tested lung cancer cell lines
did not reach ICso values for olaparib (Table S1, related to
Figure 1D), higher olaparib concentrations with a fixed HERS3-
DXd dose were used to ensure sufficient target inhibition. While
analyzing HER3 expression levels in KRAS-mutant cell lines, we
found that most cell lines expressed HER3 (Figures 2E and 2F).
Next, the cells with different KRAS mutations were treated with
HER3-DXd, olaparib, and the combination of both agents. We
observed clear synergistic effects with the combination in two
cell lines (H1373 and H1573), while other cell lines (H358 and
LCLC-97TM1) were already highly responsive to HER3-DXd
alone (Figures 2G-2J). In H358 cells, where HER3-DXd was high-
ly effective as a single agent, HER3 expression was notably
higher than those in the other cell lines.

The relationship between target expression and ADC activity
does not always follow a linear pattern and is highly dependent
on the ADC and its target. In our experiments, the HER3-nega-
tive/low cell lines A549 and H23 did not respond to either the sin-
gle-agent HER3-DXd or its combination with olaparib (Figures
2K and 2L), indicating that HER3 expression is important for
the baseline efficacy of HER3-DXd and its combinations. How-
ever, H2228, which is negative for both KRAS and EGFR muta-
tions and had low level of HERS, did not respond to single-agent
HER3-DXd, but it responded to the HER3-DXd and olaparib
combination that induced a synergetic effect (Figure S1F), sug-
gesting that the observed combination benefit is independent
of the mutational status.

Overall, our data support the conclusion that HER3 expression
can influence the efficacy of the HER3-DXd and olaparib
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Figure 1. Overview of the combination screening approach to identify synergistic therapies with HER3-DXd in NSCLC cell lines

(A) List of the 14 initially included DDR and cell cycle modulators, along with their respective molecular targets.

(B) Overview of the molecular mechanisms of the DDR and cell cycle modulators targeted in the study.

(C) Detailed experimental workflow assessing the impact of the included inhibitors on cell proliferation.

(D) Dose-response analysis of the 14 inhibitors across five NSCLC cell lines with different EGFR mutations. ICsq values were determined from three independent
experiments. Drug concentration for the next step of the screening was selected based on the ICsq value. See also Table S1.

(E) Synergy heatmap from the 7-day live-cell imaging-based confluency screening, showing the comparison of cell confluency between treatments with inhibitors
alone and those with the inhibitor and HER3-DXd combination.

combination therapy, but it may not be the sole determining fac-
tor in both EGFR- and KRAS-mutant cells.

HER3-DXd synergizes with olaparib in tumor-on-chip
assay

To investigate the synergy between HER3-DXd and olaparib, tu-
mor-on-chip assays were conducted using patient-derived lung
cancer organoids (ORG-29: EGFR L858R; LUNG-31: EGFR
E19del; and ORG-54: KRAS G12S, validated with exome

sequencing) embedded in the middle channel of a microfluidic
chip, with endothelial tubules built on the proximal side channel
to mimic the tumor vasculature. This design allowed for precise
delivery of the single agents or their combination through the
endothelial tubule, simulating in vivo drug distribution through
the vascular system (Figure 3A).

To assess cell viability and the extent of cell death, live/dead-
cell analysis was performed using acridine orange (AO) and propi-
dium iodide (PI) staining (Figures 3B-3D). The results showed that
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Figure 2. Long-term response to HER3-DXd and olaparib in EGFR- and KRAS-mutant cell lines

(A-C) Live imaging-based proliferation assays for efficacy of the HER3-DXd and olaparib combination in the EGFR-mutant cell lines HCC4006, H1975, and DFCI-
284. 10 pg/mL HER3-DXd and 100 nM/1 uM olaparib were used. Data are presented as mean + SEM and are representative of three independent experiments.
Two-way ANOVA.
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while single-agent HER3-DXd and olaparib induced cell death
only in the KRAS-mutant model, HER3-DXd + olaparib signifi-
cantly impacted cell viability in both EGFR- and KRAS-mutant set-
tings (Figures 3E-3G). These results suggest that drug efficacy
may be greater in cell lines with high HER3 membrane expression
than in those expressing medium or low levels (Figure 3H). This
finding provides compelling ex vivo evidence for the combination
therapy’s ability to target tumors more effectively.

HER3-DXd and olaparib combination treatment leads to
DNA damage beyond repair

HER3-DXd is composed of an HERS antibody conjugated to a de-
rivative of a TOP1 inhibitor, which inhibits TOP1 function, leading
to DNA single-strand breaks (SSBs) and potential cell death if not
repaired. Moreover, olaparib inhibits PARP, preventing the repair
of these SSBs. Olaparib also traps PARP on the DNA, further
exacerbating DNA damage by preventing the release of PARP
from the DNA. This results in the accumulation of DNA damage
and drives cells toward DDR-induced cell death, particularly in
cells already vulnerable to impaired DNA repair mechanisms
(Figure 4A). To investigate how the synergistic treatment of cells
with HER3-DXd and olaparib modulates the DDR, we further
analyzed DDR in the drug-treated cells.

In an EGFR-mutant setting (HCC4006), pATM and pH2aX
levels increased after 48 h of HER3-DXd or HER3-DXd + olaparib
treatment (Figure 4B). Additionally, the p21 cell cycle inhibitor
was upregulated by the combination treatment. pATM and
pH2aX were also upregulated by the combination treatment in
KRAS-mutant setting (H358) (Figure 4C). Flow cytometry anal-
ysis of pH2aX and pATM confirmed the previous findings; the
number of highly expressing cells was significantly increased in
HER3-DXd + olaparib-treated cells compared with single-
agent-treated cells (Figure 4D; Figures S2A-S2C).

DNA damage is a well-established regulator of the cell cycle. To
assess the impact of these treatments on cell cycle progression,
the cells were stained with Pl and analyzed by flow cytometry. In
both EGFR- and KRAS-mutant settings, the combination of
HER3-DXd and olaparib induced G2/M phase cell-cycle arrest
(Figures 4E and 4F). Collectively, these results suggest that the
combination treatment causes irreparable DNA damage, halts
cell-cycle progression, and ultimately drives cells toward
apoptosis.

In vivo treatment with HER3-DXd and olaparib
combination slows down tumor growth and prolongs
survival

To evaluate the therapeutic impact of the HER3-DXd and ola-
parib combination on tumor growth in vivo, we performed a se-
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ries of experiments using NSG mice injected subcutaneously
with EGFR-mutant HCC4006 cells and KRAS-mutant H1573
cells. The mice were randomly assigned to four treatment
groups: vehicle control group, olaparib alone group, HER3-
DXd alone group, and a HER3-DXd and olaparib combination
group. Tumor growth was monitored twice a week, with mice
being sacrificed when tumor volumes reached 2,000 mm3,
in accordance with ethical guidelines for animal welfare
(Figure 5A). This approach allowed us to closely monitor both
the efficacy of the individual treatments and the combination
therapy over time. The concentration of the HER3-DXd was cho-
sen based on an earlier study.'?

Interestingly, while single-agent HER3-DXd was effective in
HCC4006, the combination of HER3-DXd with olaparib led to
a marked reduction in tumor growth in both EGFR- and KRAS-
mutant models (Figures 5B-5E). The combination treatment
not only slowed tumor progression significantly but also ap-
peared to exert a prolonged effect on the tumor growth rate.
Notably, at the end of the treatment period, tumors in the
combination-treated group were significantly smaller than
those in the single-agent groups (Figures 5B-5E). Further-
more, survival analysis demonstrated a significant extension
in the lifespan of both the EGFR-mutant and KRAS-mutant
mouse models receiving the combination therapy (Figures
5F and 5G).

Systemic toxicity was assessed by monitoring body weight
(Figures S3A-S3C) and evaluating the hematological and serum
chemistry parameters (Figures S4A-S4D). Treatment with
HER3-DXd alone at doses of 3 and 10 mg/kg, as well as the com-
bination of HER3-DXd with olaparib (with HER3-DXd adminis-
tered at 3 mg/kg to evaluate potential synergistic effects), did
not result in significant body weight loss or other overt signs of
toxicity (Figures S3A-S3C). Complete blood count (CBC) anal-
ysis revealed a modest decrease in lymphocyte percentage in
the olaparib-treated group, whereas HER3-DXd monotherapy
and the combination treatment did not induce notable hemato-
logical changes (Figures S4A and S4B). No statistically signifi-
cant differences in CBC parameters were observed between
the control and treatment groups. Similarly, serum chemistry an-
alyses performed on day 10 did not reveal significant treatment-
related alterations (Figures S4C and S4D). However, at a later
assessment (day 24), increased alanine transaminase (ALT)
levels were observed in the combination treatment group, sug-
gesting a potential hepatic effect associated with prolonged
treatment. Despite this finding, no accompanying body-weight
loss or overt clinical signs of toxicity were detected. Collectively,
these results indicated that HER3-DXd monotherapy and the
combination regimen were generally tolerated under the dosing

(D) Apoptosis assays, marked by cleaved-caspase-3/7 activity, comparing apoptotic induction in the control, single-agent treatments, and combination treat-
ments. 10 pg/mL HER3-DXd and 100 nM/1 pM olaparib were used. Data are presented as mean + SD and are representative of three independent experiments.

One-way ANOVA.

(E) Western blot analysis of HER3 in EGFR- and KRAS-mutant cell lines; n = 3 biological experiments.
(F) Flow cytometry quantification of HER3 expression levels in HCC4006, DFCI-284, H1975, H1573, H1373, H358, LCLC-97TM1, A549, and H23. n = 3 biological

experiments.

(G-L) Live imaging-based proliferation assays for efficacy of the HER3-DXd and olaparib combination in the KRAS-mutant cell lines H1373, H1573, H358, LCLC-
97TM1, A549, and H23. 10 pg/mL HER3-DXd and 1 uM/5 uM olaparib were used. Data are presented as mean + SD and are representative of three independent
experiments. One-way ANOVA. *p < 0.05; **p < 0.01; **p < 0.001; and ***p < 0.0001; ns, not significant.

See also Figure S1.
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Figure 3. HER3-DXd and olaparib response in patient-derived tumor-on-chip models
(A) A schematic overview of the tumor-on-chip assay. Patient tumor-derived organoid cells were seeded into the middle channel forming tumor organoids,
whereas an endothelial tubule was formed in the proximal side channel. After the formation of the endothelial tubule, the drugs were administered to the chip

through the artificial vasculature. The models were AO/PI stained after 5-6 days of treatment, then imaged.

(B-D) Representative live/dead images of tumor-on-chip EGFR and KRAS models with AO/PI staining at the end of the drug treatments. ORG-29 and LUNG-31

were analyzed on day 6, and ORG-54 was analyzed on day 5. 20 pg/mL HER3-DXd and 2 pM olaparib were used. Scale bars, 100 pm.

(legend continued on next page)
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Figure 4. Activation of DNA damage response in EGFR- and KRAS-mutant cells following the treatment with HER3-DXd and olaparib

(A) Hypothesized mechanism of DNA damage in HER3-DXd and olaparib combination therapy.

(B and C) Representative western blot of DNA damage marker levels in the EGFR-mutant cell line HCC4006 and the KRAS-mutant cell line H358 treated with or
without HER3-DXd and olaparib combinations; n = 3 biological experiments. 10 pg/mL HER3-DXd and 1 pM olaparib were used.

(D) Flow cytometry-based analysis of pH2aX levels in the EGFR-mutant cell line HCC4006 and the KRAS-mutant cell line H358 treated with or without HER3-DXd
and olaparib combinations; n = 3 biological experiments. 10 pg/mL HER3-DXd and 1 uM olaparib were used. Data are presented as mean + SD. One-way ANOVA.
(E and F) Flow cytometry-based analysis of cell cycle in the EGFR-mutant cell line HCC4006 and the KRAS-mutant cell line H358 treated with HER3-DXd and
olaparib alone or in combination for 48 or 72 h. 10 pg/mL HER3-DXd and 1 uM olaparib were used; n = 3 biological experiments. Data are presented as mean + SD.
One-way ANOVA. *p < 0.05; **p < 0.01; **p < 0.001; and ***p < 0.0001; ns, not significant.

See also Figure S2.

conditions tested, although the observed ALT elevation warrants
further investigation and monitoring in future studies.

Our results underscore the potential of the HER3-DXd and ola-
parib combination to not only reduce tumor growth but also
enhance long-term survival, a crucial endpoint in cancer therapy.

HER3-DXd along with olaparib induces antitumor
immune activation via cGAS-STING

A critical mechanism for activating innate immunity in cancer is
the detection of cytosolic DNA by cyclic GMP-AMP synthase
(cGAS), which activates the stimulator of interferon genes

(STING) pathway, ultimately triggering an immune response.’”
When STING is activated, it initiates a signaling cascade that
leads to the production of type | interferons and other pro-inflam-
matory cytokines, enhancing immune cell recruitment and pro-
moting an antitumor immune response. We hypothesized that
the combination of HER3-DXd with olaparib could enhance im-
mune cell killing across different cancer cell lines, particularly
through dsDNA damage and cytosolic DNA release (Figure 6A).

To investigate this, we first examined the natural killer (NK)
cell-mediated killing effects of HER3-DXd and olaparib on two
cell lines: EGFR-mutated HCC4006 and KRAS-mutated H358.

(E-G) Live/dead analysis from tumor-on-chip EGFR (ORG-29 and LUNG-31) and KRAS (ORG-54) models. n = 5 biological replicates in (E) and (F) and n = 6
biological replicates in (G). 20 pg/mL HER3-DXd and 2 pM olaparib were used. Data are presented as mean + SD and were analyzed using two-way ANOVA, with

Tukey’s multiple-comparisons test. “o < 0.05; **p < 0.01; **p < 0.001; and ***p

< 0.0001; ns, not significant.

(H) Flow cytometry quantification of HER3 expression levels in ORG-29, LUNG-31, and ORG-54 cell lines.
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Both cell lines were pre-treated for 2 days with HER3-DXd and
olaparib, either alone or in combination, followed by the addition
of NK cells, using two different effector-to-target ratios. Cytotox-
icity assays were performed to assess NK cell-driven tumor cell
death where the cell viability was quantified based on fluores-
cence (Figures 6B-6E), imaged with CellCyte (Figures S5A and
S5B). In HCC4006 and H1975 cells, there was a moderate but
significant increase in NK cell-mediated killing, particularly with
the combination of HER3-DXd and olaparib (Figures 6B and
6C). In contrast, H358 cells exhibited a much stronger, NK cell
dose-dependent cytotoxic response under the same treatment
conditions, suggesting that these cells were more susceptible
to NK cell-mediated killing, especially with the combination

8 Cell Reports Medicine 7, 103002, September 15, 2026

synergistic with the HER3-DXd and ola-

parib combination. Similarly, in H358

cells, we observed activation of the

downstream signaling of STING, demon-

strated by the increased pTBK1 levels,

whereas in the other cell lines, it was not
as clear. In the HER3-negative/low lines A549 and H23, the com-
bination was not able to increase cGAS, STING, or pTBK1
(Figure S5C). In H2228 cell line, which is negative for KRAS or
EGFR mutation but has low HERS3 expression, the cGAS effect
seemed synergistic, similar to that observed with the combina-
tion efficacy earlier.

To assess whether the cGAS-STING pathway contributes
causally to the observed synergy, we compared NK cell-medi-
ated cytotoxicity following small interfering RNA (siRNA)-medi-
ated silencing of cGAS and STING. Silencing of either compo-
nent reduced NK cell killing, with STING silencing resulting in a
significant decrease in cytotoxicity (Figures S5D and S5E). These
findings indicated that the pathway contributes to the enhanced
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Figure 6. The effect of HER3-DXd and olaparib combination therapy on NK cell-mediated antitumor immunity

(A) Schematic of the hypothesized mechanism underlying combination treatment-driven STING activation, leading to increased antitumor activity.

(B-E) CellTiter Glo analysis of NK cell-mediated cytotoxicity, showing changes in cell viability in EGFR-mutant (HCC4006 and H1975) and KRAS-mutant (H358
and H1573) cancer cells treated with olaparib, HER3-DXd, or the combination and co-cultured with NK cells at 1:2 and 1:3 ratios. 10 pg/mL HER3-DXd and 1 pM
olaparib were used 48 h prior to NK cell addition, and the NK cell killing was measured for 24 h.

(B and D) Data are representative of three independent biological experiments, with five technical replicates per condition.

(legend continued on next page)
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killing effect, although it is not solely responsible, consistent with
the presence of multiple cytotoxic mechanisms in NK cells.

Next, we compared baseline cGAS-STING activity in the cell
lines by using publicly available Cancer Cell Line Encyclopedia
(CCLE) data'®'® and observed that H1573 had the lowest base-
line cGAS-STING levels, suggesting that there might be a
threshold that needs to be surpassed for the effects of the com-
bination to properly manifest (Figure 6G).

cGAS activation induced by HER3-DXd was also observed
in vivo in mouse models; in HCC4006 tumors, the effect ap-
peared synergistic, whereas in H1573 tumors, HER3-DXd alone
was sufficient to induce cGAS activation, with no further increase
observed at the analyzed time point (Figures 6H and 6l;
Figure S5F).

Activation of STING eventually leads to the activation of inter-
feron-stimulated genes (ISGs) and, subsequently, the secretion
of cytokines, including type | interferon-activated cytokines
such as IP-10 (CXCL10), MCP-1 (CCL2), and MIG (CXCL9), as
well as other pro-inflammatory cytokines like TNF-« and IL-6.%°
These cytokines contribute to the downstream immune
response, further enhancing the antiviral and antitumor activities
associated with STING activation. To assess secretome alter-
ations following the combination treatment with NK cell stimuli,
we performed multiplex cytokine profiling on the cell culture me-
dium (Figures 6J and 6K). Specifically, in H358 cells, the combi-
nation of HER3-DXd and olaparib significantly upregulated the
secretion of key STING-related immune cytokines, including
IL-2, IP-10, and MIP-1a, compared with the single-agent treat-
ments. However, this effect was absent in HCC4006 cells, sug-
gesting impaired STING signaling. This discrepancy further high-
lights the variability in STING pathway activation across different
cell lines, with potential implications for therapeutic strategies
targeting the pathway.

Our findings indicate that HER3-DXd, when combined with
olaparib, can activate the cGAS-STING pathway, promoting a
potent antitumor immune response. This may enhance the anti-
tumor immune activity, potentially improving therapeutic out-
comes in HER3-expressing tumors. '®

DISCUSSION

HERS3, a member of the EGFR family, is widely expressed in
NSCLC tumors, and its overexpression has been linked to resis-
tance to various cancer therapies, particularly those targeting
EGFR mutations. Therefore, HER3-targeted therapies are a
promising strategy to overcome these resistance mechanisms

Cell Reports Medicine

in NSCLC.°Targeting is possible with HER3-DXd, an ADC
containing TOP1 inhibitor, and currently under investigation in
several clinical trials (e.g., NCT06172478 and NCT05338970).
We recently reported that the treatment of lung cancer cells
with HER3-DXd together with osimertinib is an efficient combi-
natorial treatment and leads to DNA damage in cells, and the ef-
ficacy of this combination is currently being investigated in a
further clinical trial.” Single-agent clinical benefits with HER3-
DXd have already been reported, particularly in heavily pre-
treated patients with EGFR-mutant tumors.?"??

To expand our knowledge about additional combinational
prospects for HER3-DXd, we aimed to investigate if the DDR
or cell-cycle modulation could have a synergistic effect with
HER3-DXd. We showed that the treatment with a PARP inhibitor
together with HER3-DXd leads to a HER3-dependent inhibition
of cell proliferation, DNA damage, and prolonged survival in vivo.

The HER3-dependent effects of HER3-DXd plus olaparib may
be influenced by HER3 expression levels, intrinsic resistance to
the DXd payload, and variability in sensitivity to PARP inhibition.
In breast cancer, determinants of differential response to HER3-
DXd have been more extensively investigated, and RNA- and
DNA-based signature analyses have been proposed to support
patient selection.”®

Notably, previous studies have demonstrated the effective-
ness of TOP1 inhibitor and PARP inhibitor combinations in pre-
clinical cancer models, both in homologous recombination-defi-
cient (HRD) and -proficient settings.>* Our study extends this
concept to HER3-targeted ADCs in genetically defined lung can-
cer models, revealing disease- and target-specific determinants
of response that have not been addressed in prior studies. These
studies provide a strong rationale for the observed synergy be-
tween HER3-DXd and olaparib in our models, suggesting that
the combination exploits DNA damage accumulation regardless
of HRD status.

We, thus, propose a clinically relevant combination for HER3-
DXd therapy in combination with olaparib for NSCLC treatment
that could be stratified based on the presence of HER3 expres-
sion. While this combination has not yet been clinically explored
in NSCLC, a similar idea is currently being investigated in breast
cancer patients who have progressed on HER2-targeted T-DXd
therapy (NCT06298084). The results of this trial may provide in-
sights into the broader applicability of HER3-DXd and PARP in-
hibitor combinations across tumor types.

While the role of HERS in antitumor immunity remains unclear,
combining HER3-DXd with immune checkpoint inhibitors,
such as anti-PD-1, has been shown to enhance tumor growth

(C) Data are pooled from three independent biological experiments, with four technical replicates per experiment (n = 12 technical replicates).
(E) Data are pooled from five independent biological experiments, with five technical replicates per experiment (n = 25 technical replicates). Data are presented as

mean + SD. One-way ANOVA.

(F) Western blot analysis of cGAS-STING-TBK1 pathway activation in HCC4006, H1975, H358, and H1573 cells treated with olaparib, HER3-DXd, or their
combination. 10 pg/mL HER3-DXd and 1 uM olaparib were used. Hsp90 was used as a loading control.

(G) cGAS/STING RNA-seq gene expression in HCC4006, H1975, H358, and H1573 cell lines, using publicly available RNA-seq data from the Cancer Cell Line
Encyclopedia (CCLE) dataset. Expression values are shown as transcripts per million (TPM).

(H and I) Immunohistochemistry analysis of cGAS in paraffin-embedded HCC4006 and H1573 xenograft tissue; n = 2 from each condition. 3 mg/kg HER3-DXd,

100 mg/kg olaparib, or their combination was used.

(J and K) Heatmap comparing changes of cytokine expression in HCC4006/H358 cells co-cultured with NK cells between four conditions: control, olaparib
treatment, HER3-DXd treatment, and their combination. “p < 0.05; **p < 0.01; **p < 0.001; and ***p < 0.0001; ns, not significant.

See also Figure S5.
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inhibition in preclinical models.?® This suggests that HER3-DXd
not only helps overcome resistance mechanisms to targeted
therapies but could also modulate the tumor immune microenvi-
ronment to enhance the efficacy of immunotherapies. In our
study, lung cancer cell lines treated with a combination of ola-
parib and HER3-DXd demonstrated enhanced activation of
innate immune responses, in addition to a significant impact
on tumor cell viability. These findings support the hypothesis
that this combination therapy may amplify immune-mediated
antitumor responses.

Other studies have similarly demonstrated the potential of
HERBS-targeting strategies in conjunction with immune-modu-
latory treatments. For example, treatment with a HER3 mono-
clonal antibody combined with osimertinib increased NK
cell infiltration in vivo and activated the STING pathway
in vitro.?® Interestingly, we observed variability in the activa-
tion capacity of the STING response between cell lines. This
variation may stem from differences in the expression or mu-
tations in key components of the STING pathway or epige-
netic silencing, which could impact the full signaling cascade.
It is well documented that STING activity is hindered by epige-
netic silencing such as promoter hypermethylation, and this
can be reversed by demethylating agents or other epigenetic
modulators.”’?° Successful activation by STING agonists is
also dependent on the promoter state. We also observed
that the baseline cGAS expression, as well as the intactness
of the STING downstream signaling, is critical for the innate
immune effects induced by HER3-DXd and its combination
with olaparib.

Regardless of their direct on-target effects, it is increasingly
being recognized that ADCs, in general, can impact antitumor
immunity and immune microenvironment. Besides innate immu-
nity investigated in this study, a number of studies have shown
that ADCs can indirectly enhance immune cell infiltration, secre-
tion of immunomodulatory cytokines, and memory formation.
Combinations of ADCs with immune checkpoint inhibitors
(ICls), beyond HER3-DXd, have been actively investigated in
studies, some of which have reached clinical trials®"

In conclusion, our study underscores the potential of HER3-
DXd in combination with olaparib as an effective therapeutic
strategy for NSCLC. This combination not only inhibits tumor
growth and enhances survival in preclinical models but also ac-
tivates the STING pathway and potentiates immune responses.
These results highlight the potential of HER3-DXd, when used
with olaparib, to overcome resistance mechanisms and modu-
late the tumor immune microenvironment. The observed varia-
tions in STING activation across different cell lines emphasize
the complexity of tumor immune evasion mechanisms and war-
rant further investigation to uncover the regulatory factors
involved. Ultimately, these findings support the clinical explora-
tion of this combination therapy, particularly for tumors with
HERS3 expression, and stress the importance of targeting both
tumor cell proliferation and immune modulation for better thera-
peutic outcomes in NSCLC.

Limitations of the study
The use of a restricted number of organoid lines and the
immunocompromised mice in the in vivo study limits the
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generalizability of the results, and the immunogenic effects
should be studied more broadly in a larger number of immu-
nocompetent models. The NK cell experiments were conduct-
ed with cells from buffy coats derived from healthy donors,
and they might behave differently from patients’ own NK cells
within the tumor microenvironment, which have been co-
evolving with the tumor and might be suppressed by the tu-
mor microenvironment. The potential toxicities of the identi-
fied drug combination has to be addressed in more detail
before moving to human trials.

Although the combination treatment demonstrated promising
antitumor activity and was generally tolerated under the condi-
tions tested, the safety profile requires further characterization
before clinical translation. While no significant hematological
toxicities were observed, a late increase in serum ALT levels
was detected in mice receiving the combination treatment, sug-
gesting a potential hepatic effect associated with prolonged
exposure. Dedicated toxicology studies are, therefore, war-
ranted to define the therapeutic window, characterize potential
organ-specific toxicities, and establish appropriate monitoring
and dose-management strategies. If future clinical studies
confirm a hepatic toxicity signal, liver function monitoring and
treatment modifications, such as dose interruptions or drug hol-
idays, may be required to optimize the balance between efficacy
and tolerability.
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KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER

Antibodies

HERS3/ErbB3 Cell Signaling Cat#12708; RRID: AB_2721919

APC anti-human erbB3/HER-3 antibody BioLegend Cat#342708

ATM Cell Signaling Cat#2873; RRID: AB_2061659

pATM (Ser1981) Cell Signaling Cat#13050; RRID: AB_2789100
pATM-PE BioLegend Cat#651203; RRID: AB_2562654

p21 Cell Signaling Cat#2947; RRID: AB_823586

pH2AX (Ser139) Cell Signaling Cat#80312; RRID: AB_2799949
pH2AX (Ser139), FITC Sigma Aldrich Cat#16-202A; RRID: AB_568825
Propidium lodide Fisher Scientific Cat#11599296

cGAS Invitrogen Cat#PA5-141097; RRID: AB_2932549
STING (D2P2F) Cell Signaling Cat#13647; RRID: AB_2732796
TBK1/NAK Cell Signaling Cat#3013; RRID: AB_2199749
pTBK1 (Ser172) Invitrogen Cat#PA5-105919; RRID: AB_2817318
Hsp90 (C45G5) Cell Signaling Cat#4877; RRID: AB_2233307

Goat anti-Mouse I1gG (H + L) Invitrogen Cat#31430; RRID: AB_228307

Secondary Antibody, HRP

Goat anti-Rabbit IgG (H + L)
Secondary Antibody [HRP]

Novus Biologicals

Cat#NB7160; RRID: AB_10124655

Biological samples

Buffy coat from whole blood Finnish Red Blood Bank N/A

Chemicals, peptides, and recombinant proteins

HER3-DXd Provided by Daiichi Sankyo N/A

Olaparib FIMM, HiLIFE, University of Helsinki N/A

DXd MedChemExpress Cat#HY-13631D
Advanced DMEM/F-12 Gibco Cat#12634028
GlutaMAX™ Supplement Gibco Cat#35050061
Penicillin-Streptomycin (10,000 U/mL) Gibco Cat#15140122
B-27™ Supplement (50x), serum free Gibco Cat#17504044
HEPES (1M) Gibco Cat#15630056
Human R-Spondin 1 Recombinant Protein PeproTech Cat#120-38
Nicotinamide SigmaAldrich Cat#N0636-100G
N-acetyl-L-cysteine SigmaAldrich Cat#A9165-5G
Primocin Invivogen Cat#ant-pm-05
Human Noggin Recombinant Protein PeproTech Cat#120-10C
Human FGF-10 Recombinant Protein PeproTech Cat#100-26
Human FGF-7 Recombinant Protein PeproTech Cat#100-19
Y-27632 dihydrochloride Selleckchem Cat#S1049
A83-01 SigmaAldrich Cat#SML0788-5MG
SB202190 MedChemExpress Cat#HY-10295
NK MACS® Medium, human Miltenyi Biotec Cat#130-114-429
Human IL-2, Animal-Free Recombinant Protein PeproTech Cat#AF-200-02
Human IL-15 Recombinant Protein PeproTech Cat#200-15
Matrigel® Growth Factor Reduced Corning 356231

(GFR) Basement Membrane Matrix
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Continued

REAGENT or RESOURCE SOURCE IDENTIFIER
TrypLE™ Express Enzyme (1x), Gibco Cat#12604-054
no phenol red

Sodium bicarbonate SigmaAldrich Cat#S5761
Cultrex 3-D Culture Matrix Rat Collagen | BioTechne Cat#3447-020-01
Fibronectin Roche Cat#1083803900
Endothelial Cell Growth Medium 2 PromoCell Cat#C-22011
Trypsin-EDTA 0.05% Gibco Cat#25300062
ViaStain AOPI Staining Solution Revvity Cat#CS2-0106
RIPA Lysis and Extraction Buffer ThermoScientific Cat#89900
Halt™ Protease Inhibitor Single-Use Cocktail ThermoScientific Cat#78430
Halt™ Phosphatase Inhibitor Single-Use Cocktail ThermoScientific Cat#78428
PageRuler™ Prestained Protein Ladder, 10 to 180 kDa ThermoScientific Cat#26617
PageRuIerT’\’I Plus Prestained Protein Ladder, 10 to 250 kDa ThermoScientific Cat#26620

5x siRNA Buffer Horizon Discovery B-002000-UB-100
DharmaFECT 1 Transfection Reagent Horizon Discovery T-2001-01
Critical commercial assays

CellTiter-Glo® Luminescent Cell Viability Assay Promega Cat#G7571
MycoAlert® PLUS Mycoplasma Detection Kit Lonza Cat#LT07-710
CellEvent™ Caspase-3/7 Green ReadyProbes™ Reagent R37111 Cat#R37111

NK Cell Isolation Kit, human Miltenyi Biotec Cat#130-092-657
CellTox™ Green Cytotoxicity Assay Promega Cat#G8731
Bio-Plex Pro Human Immunotherapy Panel, 20-Plex BioRad Cat#12007975

Deposited data

CCLE_RNAseq_rsem_genes_tpm_20180929.txt.gz

Broad Institute Cancer
Cell Line Encyclopedia (CCLE)

https://data.broadinstitute.org/
ccle/CCLE_RNAseq_rsem_
genes_tpm_20180929.txt.gz

Experimental models: Cell lines

HCC4006; human EGFR-mutant NSCLC, male

H1975; human EGFR-mutant NSCLC, female

DFCI243; human EGFR-mutant NSCLC, female
DFCI284; human EGFR-mutant NSCLC
PC-9; human EGFR-mutant NSCLC, male

H1373; human KRAS-mutant NSCLC, male
H1573; human KRAS-mutant NSCLC, female
H358; human KRAS-mutant NSCLC, male
LCLC-97TM1; human KRAS-mutant LCLC, male
A549; human KRAS-mutant NSCLC, male

H23; human KRAS-mutant NSCLC, male

H2228; human ALK + HGNC- gene
fusion NSCLC, Female

ATCC

ATCC

Established in the Janne laboratory
Established in the Janne laboratory

Dr. Kazuto Nishio
(Kindai University, Osaka, Japan)

ATCC

ATCC

ATCC

CLS/Cytion

ATCC

FIMM, HiLIFE, University of Helsinki

Dr. Anna-Liisa Levonen-Harju
(University of Eastern
Finland, Kuopio, Finland)

(CRL-2871);

RRID: CVCL_1269

(CRL-5908);

RRID: CVCL_1511

N/A

N/A

Fingerprinted; RRID: CVCL_B260

CRL-5866; RRID:CVCL_1465
CRL-5877; RRID:CVCL_1478
CRL-5807; RRID:CVCL_1559
RRID:CVCL_1376

CCL-185; RRID:CVCL_0023
RRID:CVCL_1547
RRID:CVCL_1543

ORG29; human EGFR-mutant NSCLC, female Established in HaikalLab N/A

LUNG31; human EGFR-mutant NSCLC, female Established in HaikaLab N/A

ORG54: human KRAS-mutant NSCLC, female Established in HaikaLab N/A
Experimental models: Organisms/strains

Mouse: NOD.Cg-Prkdcs° 112rg™Wi"s2) (NSG) The Jackson Laboratory Strain#:005557

(Continued on next page)
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REAGENT or RESOURCE SOURCE IDENTIFIER

Oligonucleotides

ON-TARGETDplus Non-targeting Control siRNA #1 Horizon Discovery D-001810-01-05

ON-TARGETplus siRNA TMEM173 human, SMARTPOOL Horizon Discovery L-024333-00-0005

ON-TARGETplus siRNA MB21D1 human, SMARTPOOL Horizon Discovery L-015607-02-0005

Software and algorithms

FlowJo version 10.9 (TreeStar) FlowdJo https://flowjo.com/flowjo/overview

Imaged, version 1.54g ImageJ https://imagej.net/ij/download.html

Python 3.13.2. Python https://www.python.org/
downloads/release/python-3132/

Graphpad Prism, version 10.2.2 Graphpad https://graphpad.com

QuPath (0.6.0-arm64) Bankhead et al.* https://qupath.github.io/

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Animal models

Cell-line derived xenograft studies: Female NSG (NOD.Cg-Prkdc®® 112rg™"™'/SzJ) mice, 6-weeks old were purchased from the
Jackson laboratories. Five million HCC4006 or 3.5 million H1573 cells in 50% matrigel-PBS were injected subcutaneously in the right
flank of the NSG mice, and tumor volumes and mice weights were recorded bi-weekly. When the tumors reached an average size of
150-175 mm?®, mice were randomized into various treatment groups as follows: vehicle control (10% DMSO, 50% of 60% of 2-hy-
droxypropyl-p-cyclodextrin (HPbCD) and 40% water, once daily by oral gavage), HER3-DXd (in 10 mM acetate buffer with 5% sor-
bitol, pH 5.5) at 3 mg/kg once weekly for 4 doses, olaparib (in 10% DMSO, 50% of 60% of HPbCD and 40% water) at 100 mg/kg once
daily for 28 days by oral gavage or the combination of HER3-DXd and olaparib. Following completion of treatment, mice were fol-
lowed for tumor re-growth and mice with tumor volumes exceeding 2000 mm? or if the tumor became ulcerated or necrotic, mice
were euthanized. All breeding, animal husbandry, and in vivo experiments were approved by the Dana-Farber Cancer Institute Animal
Care and Use Committee (IACUC; Protocol No. 04-111) and performed in accordance with institutional guidelines. Only female mice
were used; therefore, sex-dependent differences were not assessed.

Biological samples

For patient-derived tumor organoids: A statement of approval for the study protocol was given by the Ethics Committee of the Hos-
pital District of Helsinki and Uusimaa (HUS/970/2021) and research permit was granted by Helsinki University Hospital (HUS/334/
2026). The organoid models were derived from tumor samples from three female patients: ORG-29 (65 years), LUNG-31 (57 years),
and ORG-54 (78 years). For buffy coats: Whole blood from one healthy donor was obtained from the Finnish Red Cross Blood Service
(permit number: 24/2025). For donor blood, information regarding sex/gender was not available and therefore was not considered in
the analyses.

Cell lines and cell culture

The NSCLC cell lines HCC4006, H1975, PC-9, H1373, H1573, H358, A549, H23, H2228, the patient-derived DFCI cell lines and the
large cell lung carcinoma LCLC-97TM1 and were cultured in RPMI1640 (Euroclone) with 10% FBS (SigmaAldrich), and 1%
L-glutamine (Gibco) and penicillin/streptomycin (Euroclone). The patient-derived NSCLC ORG cell lines were grown in special orga-
noid medium. Special organoid medium consists of advanced DMEM/F-12 (Gibco), GlutaMAX supplement (Gibco), penicillin/strep-
tomycin (Gibco), B-27 supplement (Gibco), HEPES 1M (Gibco), R-Spondin 1 (PeproTech), nicotinamide (Merck), N-acetylcysteine
(Merck), primocin (Invivogen), noggin (PeproTech), human recombinant FGF-10 (PeproTech), rho kinase inhibitor Y-27632 (Selleck-
chem), human recombinant FGF-7 (PeproTech), A83-01 (Merck), and SB202190 (p38 inhibitor) (MedChemExpress).

Human umbilical vein endothelial cells (HUVECs) were a kind gift from Prof. Saharinen’s laboratory (University of Helsinki) and
grown in endothelial cell growth medium 2 (PromoCell). PC-9 cells were a kind gift from Dr. Kazuto Nishio (Kindai University, Osaka,
Japan). HCC4006, H1975, H1373, and H1573 cells were purchased from ATCC. H358, A549, and LCLC-97TM1 cells were purchased
from CSL/Cytion. H23 cells were a kind gift from FIMM, HiLIFE, University of Helsinki, and H2228 cells were a kind gift from Dr. Anna-
Liisa Levonen-Harju (University of Eastern Finland, Kuopio, Finland). DFCI cell lines were established as previously described.** ORG
cell lines were established from patient-derived tumors as previously described.*' The following cell lines have been fingerprinted:
HCC4006, H1975, and PC-9. Mycoplasma was routinely tested with MycoAlert PLUS Mycoplasma Detection Kit (Lonza) and if
necessary, treated with plasmocin (Invivogen). All cells were cultured in +37°C, 5% CO,.

HER3-DXd was provided by Daiichi Sankyo, DDR inhibitors were a kind gift from Prof. David Barbie’s laboratory (DFCI & Harvard).
Olaparib was purchased from Biomedicine unit at FIMM, University of Helsinki.
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METHOD DETAILS

Cell viability and combination efficacy assays

For IC50 assays, 500 cells per well were seeded per well on 384-well plates, and on the following day drugs were added by using
HP300e digital dispenser (HP). After 72 h of drug treatment, cell viability was assayed by using CellTiter Glo (Promega) according
to the manufacturer’s instructions. For cell growth and combination efficacy assays, 1000 cells per well were seeded on a 96-well
plate, and drugs were added the following day by using HP300e digital dispenser. Cell confluency was followed up by using
IncuCyte S3 live cell analysis system (Sartorius). CellEvent Caspase-3/7 Green Ready Probes (Fisher Scientific) were used for
apoptosis assays. DDR inhibitors were a kind gift from Prof. David Barbie’s laboratory (DFCI & Harvard).

Western blot

Cells were plated at a density of 0.3 x 10° per well in a 6-well plate, and if pertinent, treated the next day. At specific timepoints, the
cells were lysed in RIPA buffer (ThermoScientific) supplemented with Halt Protease and/or Phosphatase inhibitor cocktail
(ThermoScientific). Protein concentration of the samples was determined using the Pierce BCA Protein Assay Kit
(ThermoScientific), following the manufacturer’s protocol. 30 pg of total protein was separated with SDS-PAGE, followed by transfer
using the Trans-Blot Turbo RTA Transfer Kit (BioRad) and Trans-Blot Turbo Transfer System (Bio-Rad). Primary antibodies were
diluted to 1:1000 and secondary antibodies were diluted to 1:10 000 for immunoblotting. HER3 was immunoblotted with HER3/
ErbB3 (Cell Signaling, Cat# 12708), DNA damage response biomarkers with pATM (Ser1981) (Cell Signaling, Cat# 13050), p21
(Cell Signaling, Cat# 2947) and pH2aX (Ser139) (Cell Signaling, Cat# 80312), and cGAS-STING pathway with the following antibodies:
cGAS (Invitrogen, Cat# PA5-141097), STING (D2P2F) (Cell Signaling, Cat# 13647), TBK1/NAK (Cell Signaling, Cat# 3010) and pTBK1
(Ser172) (Invitrogen, Cat# PA5-105919). Hsp90 (C45G5) (Cell Signaling, Cat# 4877) was used as a loading control for all the blots,
either goat anti-mouse or goat anti-rabbit IgG secondary antibody (Invitrogen, Cat# 31430; Novus Biologicals, Cat# NB7160) was
used as secondary antibody. Prestained protein ladder PageRuler (ThermoScientific) was used as a molecular weight marker. Detec-
tion was performed using Clarity Western ECL Substrate (Bio-Rad), and membranes were visualized with NIR fluorescent imager
(Azure Biosystems).

Drug experiment with tumor-on-a-chip

Patient-derived tumor organoids were dissociated from Matrigel (Corning) with pre-warmed TrypLE Express Enzyme (Gibco) and
incubated at +37°C for 5-10 min, until they were single cells or smaller aggregates. The enzymatic process was stopped by washing
the cells twice with cold DMEM (EuroClone) for 5 min, 300g at +4°C. The cells were resuspended in 1 mL special organoid medium,
counted, and to have at least 7000 cells per idenTx microfluidic device (IDTX40, Aim Biotech), 250 000 cells were transferred to
another tube. A collagen mixture was prepared on ice with 37g/L sodium bicarbonate (NaHNO3) (reconstituted in water, pH 9.5)
(SigmaAldrich), HEPES (Gibco) and Rat Collagen | (BioTechne) in 1:1:8 ratiorespectively. NaHNO3; and HEPES were mixed thoroughly
first before adding Collagen I. The 250 000 cells were centrifuged for 5 min, 300g at +4°C, resuspended with 400 pL of the collagen
mixture, then 5 pL of cell resuspension was carefully loaded into each middle channel of the 3-lane idenTx chip, incubated for
30 min, +37°C, 5% CO,,

After the solidification of the collagen had been assessed with a Nikon Eclipse TS100 microscope, the upper channel was coated
with 10 pL of 50 pg/mL Fibronectin (Roche) in PBS, and 100 pL of previously special organoid media was added to the lower media
channel. The media flow was checked before incubating for 1 h, +37°C, 5% CO..

HUVECs were detached with pre-warmed Trypsin-EDTA 0.05% (Gibco), washed with warm DMEM for 5 min 300g, resuspended in
pre-warmed endothelial cell growth medium 2, then counted. To have 15 000 HUVECs/chip, the cells were diluted to 3000 cells/pL.
After the fibronectin was washed out of all the upper channels with RT PBS 3x, 5 pL of the HUVEC cell suspension was loaded onto
each upper channel, then incubated for 1-2 h, +37°C, 5% CO,. After confirming the formation of the barrier and the condition of the
collagen, unattached HUVECs were flushed with endothelial cell growth medium 2, then added 70-80 pL of said medium to each
upper channel. Special organoid medium was added to lower media channels.

After confirming the media flow in all the channels, 50 pL PBS was added to the middle chamber, so the plate does not dry out. The
plate was put on a rocker inside the incubator the next day at a speed of 1 rpm to create media flow. The formation of the tumor
organoids was monitored every day, and every other day all the media was changed. After adequate organoid formation, the media
from upper channels were removed, and drug treatments prepared in endothelial cell growth medium 2 were added 100 pL per upper
channel.

Live/dead assay

The viability of tumor organoids in identX microfluidic devices was visualized with AO/PI staining (Revvity). All media channels were
flushed and washed with PBS twice, 50 pL of diluted AO/PI (1:6 in PBS) was added into each media channel, then the plate was on a
rocker for 15 min in +37°C, 5% CO,_ The stain was washed off with PBS twice, then added to the media channels to prevent the
collagen from drying out. The viability was imaged using Nikon Eclipse Ti-E microscope (Biomedicum Imaging Unit, BIU), then quan-
tified using Imaged (1.549).
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Flow cytometry

Cells were detached with TrypLE Express (Gibco), both medium and cells were collected for flow cytometry analysis. Cells were
stained with Trypan Blue (Invitrogen) and counted with Countess 3 FL Automated Cell Counter (Invitrogen), 200 000 cells were fixed
with 4% PFA (Fisher Scientific) and permeabilized with 0.1% Triton X-100 in PBS (Sigma-Aldrich; Corning) was performed on cells in
flow buffer (10% FBS in PBS) for 15-30 min in dark, whereafter cells were washed three times with cold PBS. BD FACSVerse cell
analyzer (BD) was used for acquisition, and data was analyzed using FlowJo version 10.9 (TreeStar).

Isolating and expanding NK cells from PBMCs

Human peripheral blood mononuclear cells (PBMCs) were isolated from buffy coat (Finnish Red Blood Bank) using Ficoll-Paque. Nat-
ural killer (NK) cells were isolated with NK Cell Isolation kit (Miltenyi Biotec) as suggested by manufacturers protocol, as well as the
phenotype and purity analysis with flow cytometry. Following Miltenyi Biotec’s protocol, the isolated NK cells were expanded for
14 days with NK MACS Medium (Miltenyi Biotec), supplemented with IL-2 (2300 U/mL) and IL-15 (100 U/mL) (Peprotech; Miltenyi
Biotec), then frozen down.

Co-culture experiment with NK cells

NK cells were thawed and cultured for three days in NK MACS Medium supplemented with IL-2 (2300 U/mL) and IL-15 (100 U/mL).
Tumor cells were treated 48 h with drugs before co-culturing NKcells with them in 1:1 tumor and NK cell media with 0.3x CellTox
(Promega). NK cells were cultured for 24 h with tumor cells whereafter the viability was analyzed by using CellTiter Glo (Promega).
Live imaging and analysis were performed using CellCyte X (Cytena). Imaging was done every 30 min for 4 h after NK cell addition,
whereafter the imaging was continued every 6 h for 20 h.

siRNA-mediated silencing of the cGAS/STING pathway

H358 cells were seeded at a density of 3,000 cells per well in 384-well plates. Gene silencing of cGAS (MB21D1) or STING (TMEM173)
was performed using ON-TARGETplus siRNAs (ON-TARGETplus siRNA MB21D1 human and ON-TARGETplus siRNA TMEM173 hu-
man, Horizon Discovery). A non-targeting siRNA (ON-TARGETplus Non-targeting Control siRNA, Horizon Discovery) was used as a
control. Transfections were carried out using DharmaFECT 1 Transfection Reagent (Horizon Discovery) according to the manufac-
turer’s instructions. After 24 h of incubation, cells were treated with either 10 pg/mL HER3-DXd, 1 uM olaparib, or their combination,
and incubated for an additional 48 h. The culture medium was then refreshed, and NK cells were added at a 1:2 tumor-to-NK cell ratio.
Following a further 24-h incubation, cell viability was assessed using the CellTiter-Glo assay (Promega). All incubations were con-
ducted at 37°C in 5% CO,.

Cytokine profiling
A multiplex immunoassay was performed to profile cytokines from media samples collected from the NK co-culture experiment. Hu-
man Immunotherapy 20-plex panel (BioRad) was used with Luminex 200 instrument.

Immunohistochemistry

Paraffin embedded lung cancer xenograft tissue was sectioned, stained, and scanned at the FIMM Digital Microscopy and Molecular
Pathology Unit as a service. The sections were pre-treated using heat mediated antigen retrieval with Tris-EDTA, pH 9.0 for 1 h. The
tissues were blocked in 5% BSA for 30 min at room temperature, washed with ddH20 and PBS, and then probed with a dilution of
1:200 cGAS antibody (Invitrogen, Cat# PA5-141097) for 30 min at RT. DAB was used as the chromogen. Tissues were counterstained
with hematoxylin and mounted with DPX.

QUANTIFICATION AND STATISTICAL ANALYSIS

Image quantification

Microscopy images were quantified by Imaged (1.549) software. Images were opened and color channels were split to allow separate
quantification, with the green channel representing live cells and the red channel representing dead cells. Each channel was auto-
adjusted for brightness and contrast, then converted to 8-bit, resulting in monochrome images. A measuring mask was generated,
and the upper threshold was set to 255 while the lower threshold was adjusted to approximately 50-60. The masked area of each
channel was analyzed to quantify the live and dead regions. Live and dead values from the same chip were combined to obtain
the total. The live/dead ratio was calculated as follows: (live value/total) x 100 to determine the percentage of live organoids, and
(dead value/total) x 100 to determine the percentage of dead organoids. IHC stainings were quantified using the QuPath (0.6.0-
armé4) software.*”

Gene expression analysis of STING pathway in cell lines
Gene expression of the cGAS/STING pathway in cell lines was assessed using CCLE RNA-seq TPM data obtained from the Broad
Institute (CCLE_RNAseq_rsem_genes_tpm_20180929;https://data.broadinstitute.org/ccle).
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Data were extracted for 11 NSCLC cell lines. Expression levels were calculated as the median log>(TPM +1) for genes of interest
within a previously defined cGAS-STING signature, including key components cGAS, STING1, TBK1, IRF3, CCL5, and CXCL10. All
analyses were performed using Python 3.13.2.

Statistical analysis

Data were analyzed with GraphPad Prism, version 10.2.2. Statistical tests used for each experiment are indicated in the correspond-
ing figure legends. Unless otherwise stated, statistical significance was defined as p < 0.05. Asterisks indicate the following signif-
icance levels: *p < 0.05; *p < 0.01; ***p < 0.001; ***p < 0.0001; ns, not significant.
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