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Exploratory research for immunogenic cell death induced by anti-cancer drugs in
lung cancer
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The synergistic effects of immune checkpoint inhibitors and cytotoxic
anticancer drugs in the treatment for solid cancers have been implicated in immunogenic cell death
(ICD), a process characterized by the release of DAMPs (damage-associated molecular patterns) during

cancer cell death. In this study, we found that antimetabolites and microtubule inhibitors induced
phosphorylation of Ecto-CRT and elF2a more strongly than platinum-based anticancer drugs in six
human NSCLC cell lines, and a strong positive correlation between Ecto-CRT expression level and
apoptosis induction ability. The third generation EGFR-TKI osimertinib also increased Ecto-CRT
expression in NSCLC cell lines. In addition, we demonstrated that soluble CRT levels in serum were
ingreaged in pgtients with advanced stage lung cancer treated with pemetrexed/docetaxel monotherapy
and osimertinib.
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Table 1
ICso values (M) of cytotoxic chemotherapeutic agents for non-small cell lung cancer cell lines.
Drug classification Drug A549 H1299 EBC1 PC9 H1650 11-18 (L858R)
(WT) (WT) (WT) (Ex19del) (Ex19del)
R —— Cisplatin 25.2 10.3 9.79 14.9 17.2 20.2
Carboplatin 22.8 9.65 18.5 14.6 16.8 20.3
Antimetabolite Pemetrexed 17.3 3.78 1.03 0.456 5.86 2.92
Gemcitabine 0.634 1.16 0.233 1.27 0.807 0.224
Docetaxel 4.27 0.026 0.023 0.003 0.007 0.006
Microtubule inhibitor Paclitaxel 0.075 0.063 0.009 0.008 0.030 0.006
Vinorelbine 0.055 0.061 0.008 0.007 0.036 0.011

The EGFR status of each cell line is indicated in parentheses: WT, wild type; Ex19del, exon-19 deletion.
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Fig. 1. Effects of cytotoxic chemotherapeutic agents on the expression level of ecto-CRT in human NSCLC cell lines. (A) A549, H1299, EBC1, PC9, H1650, and 11-18
cells were incubated with or without the indicated chemotherapeutic agents at their ICso values for 72 h, after which the expression level of ecto-CRT was determined
by flow cytometry. (B) Quantitation of the fold change in mean fluorescence intensity for ecto-CRT induced by each drug in the six cell lines for experiments similar
to that shown in (A). (C) Effect of the chemotherapeutic agents on protein levels of eIF2ain NSCLC cells. EBC1 cells were incubated for 48 h in the absence or presence
of the indicated cytotoxic drugs at their ICso, The cells were then lysed and subjected to immunoblot analysis with antibodies to phosphorylated eIF2a (P-eIF2a) and
to total eIF2a (loading control). Data are means = SEM from 2 independent experiments with similar results. **p < 0.01, “**p < 0.001 versus untreated cells
(Dunn’s multiple comparisons test).
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Fig. 2. Relation between ecto-CRT expression and apoptosis induced by cytotoxic chemotherapeutic agents in NSCLC cell lines. (A) Positive correlation between the
proportion of cells positive for ecto-CRT or for surface annexin V as detected by flow cytometry in NSCLC cell lines treated with the indicated cytotoxic agents at their
ICsp values for 72 h. Each dot represents representative data for each cell line (A549, H1299, EBC1, PC9, H1650, or 11-18). Spearman’s correlation coefficient (r) and
p values are indicated (Spearman test). (B) EBC1 cells were incubated for 72 h in the absence or presence of the indicated cytotoxic drugs at their ICsq values as well
as in the presence of Z-VAD-FMK (50 pM) or dimethyl sulfoxide vehicle, after which the fold change in the expression level of ecto-CRT relative to control cells was
measured by flow cytometry. Data are means+ SEM from 2 independent experiments with similar results. *p < 0.05, ***p < 0.001 (Sidak’s multiple-
comparison test).
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Fig. 3. Effects of osimertinib on ecto-CRT expression and apoptosis in human NSCLC cell lines positive for activating EGFR mutations. (A) Flow cytometric analysis of
ecto-CRT expression in the indicated cell lines incubated in the absence or presence of osimertinib at its respective ICsq values for 72 h. (B) Fold change in mean
fluorescence intensity for ecto-CRT induced by osimertinib in the five EGFR-mutated NSCLC cell lines for experiments similar to that shown in (A). Data are
means + SEM from 2 independent experiments with similar results. **p < 0.01 (Wilcoxon matched-pairs signed-rank test). (C) Positive correlation between the
proportion of cells positive for ecto-CRT or for surface annexin V as determined by flow cytometry in EGFR-mutated NSCLC cell lines treated with osimertinib at its
respective ICso values for 72 h. Each dot represents representative data for each cell line (PC9, H1650, 11-18, HCC827, or HCC4006). Spearman’s correlation co-
efficient (r) and p values are indicated. (D, E) PC9 cells were incubated for 72 h in the absence or presence of osimertinib at its ICso as well as in the presence of Z-
VAD-FMK (50 pM) or dimethyl sulfoxide vehicle, after which the fold change in the expression level of ecto-CRT (D) or Annexin V (E) relative to control cells was
measured by flow cytometry. Data are means + SEM from 3 independent experiments with similar results. ***p < 0.001 (Sidak’s multiple-comparison test).

Table 2
1Csq values (nM) of osimertinib for EGFR-mutated non—small cell lung cancer cell lines.
Drug classification Drug PCO H1650 11-18 (L858R) HCC827 HCC4006
(Ex19del) (Ex19del) (Ex19del) (Ex19del)
Tyrosine kinase inhibitor Osimertinib 48.6 1790 781 10.2 43.1

The EGFR status of each cell line is indicated in parentheses:

Ex19del, exon-19 deletion.
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Fig. 4. Concentrations of soluble CRT in plasma
of NSCLC patients before and after the onset of
treatment with cytotoxic agents or osimertinib.
(A) The plasma concentration of soluble CRT
was determined before (pre), on days 3 and 8 of,
and after the end of the first cycle of chemo-
therapy with DTX (n=12) or PEM (n=4) in
patients with advanced NSCLC. The maximum
(max) value for soluble CRT observed after the
onset of treatment was then compared with the
corresponding baseline value. **P < 0.01
(Wilcoxon matched-pairs signed-rank test). (B)
The plasma concentration of soluble CRT was
determined before (pre), on days 3 and 8 of, and
about 1 month after the onset of osimertinib
therapy in patients with EGFR-mutated
advanced NSCLC (n = 9). The maximum (max)
value for soluble CRT observed after the onset
of treatment was then compared with the cor-
responding baseline value. ***P < 0.001 (Wil-
coxon matched-pairs signed-rank test).
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