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ABSTRACT
PT-112 is a novel small molecule exhibiting promising clinical activity in patients with solid tumors. PT-112 
kills malignant cells by inhibiting ribosome biogenesis while promoting the emission of immunostimu
latory signals. Accordingly, PT-112 is an authentic immunogenic cell death (ICD) inducer and synergizes 
with immune checkpoint inhibitors in preclinical models of mammary and colorectal carcinoma. 
Moreover, PT-112 monotherapy has led to durable clinical responses, some of which persisting after 
treatment discontinuation. Mitochondrial outer membrane permeabilization (MOMP) regulates the cyto
toxicity and immunogenicity of various anticancer agents. Here, we harnessed mouse mammary carci
noma TS/A cells to test whether genetic alterations affecting MOMP influence PT-112 activity. As 
previously demonstrated, PT-112 elicited robust antiproliferative and cytotoxic effects against TS/A 
cells, which were preceded by the ICD-associated exposure of calreticulin (CALR) on the cell surface, 
and accompanied by the release of HMGB1 in the culture supernatant. TS/A cells responding to PT-112 
also exhibited eIF2α phosphorylation and cytosolic mtDNA accumulation, secreted type I IFN, and 
exposed MHC Class I molecules as well as the co-inhibitory ligand PD-L1 on their surface. Acute 
cytotoxicity and HMGB1 release caused by PT-112 in TS/A cells were influenced by MOMP competence. 
Conversely, PT-112 retained antiproliferative effects and its capacity to drive type I IFN secretion as well as 
CALR, MHC Class I and PD-L1 exposure on the cell surface irrespective of MOMP defects. These data 
indicate a partial involvement of MOMP in the mechanisms of action of PT-112, suggesting that PT-112 is 
active across various tumor types, including malignancies with MOMP defects.
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Introduction

PT-112 is a novel small anticancer agent with immunothera
peutic properties and promising single-agent clinical activity in 
patients affected by advanced solid tumors of different origin,1 

including (but not limited to) metastatic castration-resistant 
prostate cancer2–4 and thymic epithelial tumors.5,6 In line with 
this notion, PT-112 has been shown to efficiently arrest the 
proliferation of and kill a wide panel of human and mouse 
cancer cell lines,7–9 with a mechanism of action that appears to 
involve ribosomal biogenesis inhibition10 coupled to mito
chondrial stress.8,11 Importantly, PT-112 has also been demon
strated to promote a type of cell death that (in 
immunocompetent hosts) can elicit the activation of adaptive 
anticancer immune responses associated with an active effector 
phase,9,12 i.e., immunogenic cell death (ICD).13 Accordingly, 
PT-112 has recently been shown to promote increases in T cell 
and natural killer (NK) cell proliferation in patients with 
recurrent thymic epithelial tumors.5,6 Moreover, PT-112 
appears to positively cooperate with various immune check
point inhibitors (ICIs) in syngeneic mouse tumor models.9 In 

line with this notion, Phase I and Phase IIa clinical trials testing 
PT-112 in combination with an ICI specific for CD274 (best 
known as PD-L1) documented promising activity in patients 
with metastatic castration-resistant prostate cancer and 
advanced non-small cell lung carcinoma.2,14,15

Of note, the ability of cancer cells to release endogenous 
molecules with adjuvant-like activity as they succumb to per
turbations of homeostasis that cannot be resolved by core 
mechanisms of adaptation, such as the integrated stress 
response (ISR) or autophagy,16 is critical for cell death to be 
perceived as immunogenic.13,17 These molecules are com
monly referred to as damage-associated molecular patterns 
(DAMPs) and include calreticulin (CALR), which is exposed 
on the surface of cancer cells undergoing ICD as a consequence 
of eukaryotic translation initiation factor 2 subunit alpha 
(EIF2S1, best known as eIF2α) phosphorylation, as well as 
ATP and high-mobility group box 1 (HMGB1), which are 
released therefrom.18–20 Moreover, the activation of adaptive 
immunity by dying cells generally involves their ability to 
secrete immunostimulatory cytokines like type I interferon 
(IFN), a process that (at least in some settings) results from 
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mitochondrial damage and the consequent release of mito
chondrial DNA (mtDNA) in the cytosol, culminating with 
the activation of cyclic GMP-AMP synthase (CGAS).21,22 

Finally, the effector phase of antigen-specific anticancer 
immune responses as elicited by ICD requires that target cells 
present antigenic determinants on their surface in complex 
with MHC Class I molecules to enable recognition and elim
ination by CD8+ cytotoxic T lymphocytes (CTLs).23,24 

Importantly, malignant cells under attack by CTLs often 
expose increased levels of the co-inhibitory ligand CD274 
(best known as PD-L1) on their surface.25 While a priori PD- 
L1 exposure by cancer cells limits CTL activation upon binding 
to programmed cell death 1 (PDCD1, best known as PD-1), it 
also provides a therapeutically actionable target for ICIs.25

Mitochondrial outer membrane permeabilization (MOMP), 
which is elicited by BCL2 associated X, apoptosis regulator 
(BAX) and BCL2 antagonist/killer 1 (BAK1) and antagonized 
by BCL2, apoptosis regulator (BCL2) and BCL2-like 1 
(BCL2L1, best known as BCL-XL), has been involved not only 
in the ability of multiple anticancer agents to kill malignant 
cells,26,27 but also in their capacity to elicit the secretion of type 
I IFN via the mtDNA-dependent activation of CGAS.21,28–30 

Here, we harnessed mouse hormone receptor (HR)-positive 
TS/A cells31 to test the implication of MOMP in the mechan
ism of action of PT-112. Besides recapitulating the ability of 
PT-112 to mediate antiproliferative and cytotoxic effects that 
are accompanied by bona fide ICD markers including CALR 
exposure and HMGB1 release, we found that TS/A cells 
responding to PT-112 exhibit eIF2α phosphorylation and cyto
solic mtDNA accumulation, secrete type I IFN, and present 
increased levels of MHC Class I molecules and PD-L1 on their 
surface. Importantly, most of these effects were not abrogated 
by genetic alterations affecting the molecular machinery of 
MOMP, suggesting that PT-112 may be effective against 
a wide variety of malignancies, including various neoplasms 
that – as part of natural evolution or in response to (immuno) 
therapy – have lost, at least in part, MOMP competence. This is 
particularly relevant given that numerous (epi)genetic defects 
consistently associated with oncogenesis and tumor progres
sion, such as inactivating alterations of tumor protein 53 
(TP53, best known as p53) signaling (which affect >50% of 
solid malignancies) or genetic events resulting in BCL2 over
expression (which drive specific forms of lymphoma) directly 
or indirectly afford transformed cells with increased MOMP 
resistance.32,33

Materials and methods

Cell culture

Mouse mammary adenocarcinoma TS/A cells (SCC177) 
were purchased from Millipore Sigma. Wild-type (WT) 
TS/A and TS/A-derived clones were maintained in culture 
at 37°C and 5% of CO2 in DMEM containing 1 mm sodium 
pyruvate, and 1 mm HEPES buffer, 4.5 g/L glucose 
(CorningⓇ), and supplemented with 10% fetal calf serum 
(GeminiBio), 100 µg/mL streptomycin sulfate, 100 U/mL 
penicillin sodium and 290 µg/mL L-glutamine (Gibco™). 
To generate mitochondrial DNA (mtDNA)-depleted 

(rho0) cells, WT TS/A cells were treated with 500 ng/mL 
ethidium bromide (Sigma) for 10 days in complete culture 
medium (as above) further supplemented with 50 µg/mL 
uridine (Sigma) and 1 mm sodium pyruvate (Life 
Technologies).

CRISPR/Cas9

WT TS/A cells were transfected with a commercial control 
CRISPR-cas9 plasmid (CRISPR06-1EA, Sigma Aldrich) or cus
tomized CRISPR-cas9 plasmids based on CRISPR06-1EA tar
geting Bak1, Bax, Bcl2, Bcl2l1 (Sigma Aldrich), harnessing the 
TransIT-CRISPR as per the manufacturer recommendation. 
Thereafter, individual GFP-expressing cells were sorted into 
96-well plates by means of a FACS Symphony S6 Sorter (BD 
Biosciences), followed by clonal expansion and gene knockout 
validation by immunoblotting.

Immunoblotting

Immunoblotting was performed according to established 
protocols21 with primary antibodies specific for BAK1 
(#12105, Cell Signaling Technology, 1:500), BAX (#2772, Cell 
Signaling Technology, 1:1,000), BCL2 (#3498, Cell Signaling 
Technology, 1:500), BCL-XL (#2764, Cell Signaling 
Technology, 1:500), phospho-eIF2α (Ser51) (#9721, Cell 
Signaling Technology, 1:500) eIF2α (#9722, Cell Signaling 
Technology, 1:500), and ACTB1 (#3700, Cell Signaling 
Technology, 1:2,000), the latter of which employed as 
a control of equal lane loading. PageRuler™ Plus Prestained 
Protein Ladder, 10–250 kDa (#26619, Thermo Fisher) was 
employed as molecular weight (MW) marker. After washing 
and incubating with horseradish peroxidase-conjugated anti- 
rabbit (#NA934, GE Healthcare Life Sciences, 1:5,000) or anti- 
mouse secondary antibodies (#NA931, GE Healthcare Life 
Sciences, 1:5,000), protein expression levels were visualized 
on an Azure 600 Imaging System operated by Azure capture 
v. 1.9.0.0406 (Azure Biosystems) upon membrane incubation 
with the SuperSignal West Femto Maximum Sensitivity 
Substrate (#34094, Thermo Fisher).

Cell number and cell death

Cell number and cell death were evaluated by flow cytometry 
using an Attune NxT flow cytometer (Thermo Fisher 
Scientific) upon staining with 0.5 µg/mL 4’,6-diamidino-2-phe
nylindole (DAPI, Sigma-Aldrich).

Clonogenic assays

When untreated colonies attained maximal plate occupancy 
while remaining separated from each other (generally 7–10  
days), colonies were fixed with 70% ethanol and stained with 
0.1% crystal violet (Electron Microscopy Sciences), as pre
viously reported.34 Colonies were enumerated manually by 
means of an eCountTM Colony counter (Heathrow Scientific).
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Mitochondrial parameters

Mitochondrial transmembrane potential (Δψm) and mitochon
drial mass were analyzed by flow cytometry using an Attune 
NxT flow cytometer (Thermo Fisher Scientific) upon staining 
with 100 nM MitoTracker™ Deep Red FM (Invitrogen™), 150  
nM of MitoTracker™ Green FM (Invitrogen™), and 0.5 µg/mL 
DAPI (Sigma-Aldrich), which was used as a vital dye.

DAMP emission

HMGB1, and type I IFN releases were quantified with the 
HMGB1 express ELISA Kit (Tecan) and the IFN-β ELISA 
kit, high sensitivity (PBL Assay Science), respectively, as per 
the manufacturer’s instructions. A FlexStation 3 Multi-Mode 
Microplate Reader operated by SoftMaxPro v.5.4.6 
(Molecular Devices LLC) was employed to measure sample 
absorbance at 450 nm. Absolute quantification of protein 
levels was calculated based on standard curves with 
R2 ≥0.99.

MHC-I, CRT, and PD-L1 surface expression

Cells were washed with PBS and stained with Zombie Aqua™ 
Fixable Viability Kit (BioLegend) for 15 min. Subsequently, 
cells were washed and incubated with the Calreticulin (D3E6) 
XPⓇ rabbit monoclonal antibody PE Conjugate (#19780S, cell 
signaling, 0.5 µL/sample) and PE anti-mouse H-2 Antibody 
anti-H-2 - M1/42 (#125505, BioLegend, 1 µL/sample) or APC 
anti-mouse CD274 (B7-H1, PD-L1) (#124312, BioLegend, 
0.75 µL/sample) in 0.5% BSA in PBS (FACS buffer) for 
25 min at 4°C in the dark. Cells were next washed and fixed 
with eBioscience™ Intracellular Fixation & Permeabilization 
Buffer Set (Invitrogen) for 30 min at 4°C in the dark, incubated 
with the permeabilization buffer eBioscience™ Intracellular 
Fixation & Permeabilization Buffer Set (Invitrogen) for 
5 min, washed, and resuspended in FACS buffer for analysis 
by flow cytometry (Attune NxT flow cytometer, Thermo Fisher 
Scientific). Zombie Aqua™ positive cells (i.e., dead cells) were 
excluded from the analysis.

Immunofluorescence microscopy

For cytosolic dsDNA analysis, cells growing on glass coverslips 
were fixed with 4% paraformaldehyde (#sc -281,692, Santa 
Cruz Biotechnology), and plasma membranes were permeabi
lized with 0.1% Tween 20 and 0.01% Triton X-100 in PBS, 
followed by incubation with specific Anti-ds DNA antibody 
(#ab27156, Abcam, 1:1,000). Cells were next washed with 0.1% 
Tween 20 in PBS and incubated with Goat Anti-Mouse IgG 
H&L (Alexa Fluor® 488) pre-adsorbed (#ab150117, Abcam). 
Samples were eventually washed and mounted on slides with 
Hoechst 33,342-containing ProLong Glass Antifade Mountant 
(Thermo Fisher Scientific).

Images were acquired with an EVOS FL Imaging System 
operated by embedded software v.1.4 (Rev 26,059) (Thermo 
Fisher Scientific). Quantitative dsDNA analyses were per
formed on ≥10 randomly selected images per condition. 
Briefly, blue (nuclear) and green (dsDNA) levels were 

normalized with a LUT file optimized for each sample set 
on Photoshop v. 25.7.0 (Adobe), followed by the identifica
tion of nuclear and cytoplasmic regions of interest, which 
were quantified for the presence and relative localization of 
dsDNA spots above a predefined threshold size (to account 
for background noise) with Cell Profiler v. 4.2.1 (Broad 
Institute). All steps were performed with software input 
commands that are publicly available at https://cellprofiler. 
org/.35,36

Data processing and statistical analysis

Data processing, plotting, and statistical analysis were imple
mented on Prism v. 10 (GraphPad) and Excel 2021 (Microsoft). 
Figures were prepared on Illustrator 2020 (Adobe). Unless 
otherwise noted, for statistical analysis, two-way ANOVA 
and uncorrected Fisher’s LSD were applied in comparisons 
involving two or more groups. For samples not following 
a Gaussian distribution, statistical significance was assessed 
by Wilcoxon test. Unless otherwise noted, all experiments 
were performed at least in three independent replicates.

Results

Antiproliferative and cytotoxic effects

To investigate the involvement of the molecular machinery 
for MOMP in the anticancer activity of PT-112, we har
nessed the CRISPR/Cas9 technology to establish multiple 
mouse HR+ mammary carcinoma TS/A cell clones lacking 
Bax and Bak1, or Bcl2 and Bcl2l1 (Supplementary Figure S1) 
and tested their sensitivity to the antiproliferative and cyto
toxic effects of PT-112. In line with previous findings,7–9 

exposing control TS/A cells to 20 μM or 40 μM PT-112 
resulted in a pronounced proliferative arrest (Figure 1(a)) 
coupled with a dose-dependent accumulation of dead cells 
(Figure 1b), as assessed by cell number enumeration via flow 
cytometry in the presence of a DAPI, which selectively stains 
dead cells.37 Of note, while the ability of PT-112 to mediate 
acute cytotoxicity against TS/A cells was exacerbated in 
Bcl2-/-Bcl2l1-/- TS/A cell clones and compromised in 
Bax-/-Bak1-/- TS/A cell clones (Figure 1b), its antiprolifera
tive potential was not altered by genetic perturbations affect
ing MOMP (Figure 1a). These findings were corroborated by 
conventional clonogenic assays34 (Figure 1c).

Cell death driven by PT-112 in control TS/A cells was 
accompanied by a substantial dose-dependent increase in 
total mitochondrial mass (Figure 1d) and a less pronounced 
increase in mitochondrial transmembrane potential (Δψm) 
(Figure 1e), as assessed by flow cytometry upon staining with 
the mass- and Δψm-sensitive probes MitoTracker™ Green FM 
and MitoTracker™ Deep Red FM, respectively. Taken together, 
these two changes elicited by PT-112 resulted in relative (mass- 
normalized) mitochondrial depolarization (Figure 1f). Of note, 
the increase in mitochondrial mass driven by PT-112 was 
exacerbated in Bcl2-/-Bcl2l1-/- TS/A cell clones and reduced in 
Bax-/-Bak1-/- TS/A cell clones (Figure 1d), the latter of which 
also exhibited increased mitochondrial polarization as com
pared to control TS/A cells (Figure 1e). In this setting, 
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Bcl2-/-Bcl2l1-/- TS/A cell clones exhibited greater relative mito
chondrial depolarization in response to PT-112 compared to 
their control counterparts, while Bax-/-Bak1-/- TS/A cell clones 
responded to PT-112 with mass-normalized mitochondrial 
hyperpolarization (Figure 1f). This is in line with (1) the role 
of MOMP and consequent mitochondrial depolarization in 
apoptotic cell death,38 and (2) the differential sensitivity of 
Bcl2-/-Bcl2l1-/- and Bax-/-Bak1-/- TS/A cell clones to PT-112- 
induced cell death (Figure 1b).

Taken together, these findings indicate that PT-112 exerts 
antiproliferative effects independent of mitochondrial apopto
sis but mediates overt cytotoxicity largely through BAX- and 
BAK1-dependent MOMP.

Immunogenicity

We next focused on the impact of the MOMP machinery on 
the ability of PT-112 to promote the release of ICD-relevant 
DAMPs and modulate the visibility of cancer cells to CD8+ 

CTLs.39 The relative mitochondrial depolarization promoted 
by PT-112 in TS/A cells (Figure 1f) was accompanied by the 
accumulation of cytosolic double-stranded DNA (dsDNA) 
(Figure 2a,b) which is known to drive type I IFN secretion.22 

Such an increase was significantly inhibited in TS/A cells 
depleted of mtDNA upon long-term culture in the presence 
of ethidium bromide (rho0 cells)40 (Figure 2c), mechanistically 

demonstrating that PT-112 induces cytosolic mtDNA 
accumulation.

In line with this notion, TS/A cells exposed to PT- 
112 secreted approximately two-fold more interferon beta 1 
(IFNB1) in their supernatant than their control counterparts 
(Figure 2d). However, while the absence of BAX and BAK1 
limited cytosolic dsDNA accumulation in TS/A cells 
responding to PT-112 (Figure 2a,b), it did not compromise 
PT-112-driven type I IFN secretion (Figure 2d), potentially 
suggesting that PT-112 promotes type I IFN synthesis via 
mtDNA-independent mechanisms. Lending further support 
to this possibility, the Bcl2-/-Bcl2l1-/- phenotype paradoxically 
limited the ability of 20 (but not 40) μM PT-112 to promote 
cytosolic dsDNA accumulation (Figure 2a,b), but had mar
ginal effects on PT-112 driven type I IFN production 
(Figure 2d). Whether such a paradoxical impact on PT-112- 
driven cytosolic dsDNA accumulation reflects the MOMP- 
dependent hyperactivation of mitophagy, a specific variant 
of autophagy that disposes of permeabilized (and hence 
mtDNA-releasing) mitochondria, in Bcl2-/-Bcl2l1-/- cellular 
systems41 remains to be determined.

As previously demonstrated with higher PT-112 doses,9 WT 
TS/A cells exposed to 20 μM or 40 μM PT-112 for 48 hours 
exposed CALR on the outer leaflet of the plasma membrane, 
with no sizable differences across doses (Figure 3a), an immu
nogenic effect that was not influenced by the Bax-/-Bak1-/- or 

Figure 1. PT-112 mediates MOMP-dependent overt cytotoxicity but MOMP-independent antiproliferative effects. Wild-type (WT) TS/A cells or TS/A clones of the 
indicated genotype were optionally exposed to 20 µM or 40 µM PT-112 for 72 hrs and then processed for the flow cytometry-assisted quantification of residual viable 
cells (a), cell death (b), mitochondrial mass (d), mitochondrial membrane potential (MMP; e), and relative MMP (f). Alternatively, TS/A cells or TS/A clones of the indicated 
genotype were optionally exposed to 0.5 µM, 1 µM or 3 µM PT-112 for 72 hrs and allowed to generative colonies for 7 days (c). In A, B, D, E, and F results are means ±  
SEM of 2 biological duplicates from 3 independent experiments. In C, results are means ± SEM of 6 biological duplicates from at least 3 independent experiments. In A, 
D, E, and F, data are normalized to untreated cells of the same genotype. ****p < 0.0001, **p < 0.01, *p < 0.05, compared to untreated cells of the same genotype; 
####p < 0.0001, ###p < 0.001, ##p < 0.01, compared to WT TS/A cells treated with the same dose of PT-112 (two-way ANOVA). Each symbol represents different cell 
clones with the same genotype. See also Supplementary Figure A1.
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the Bcl2-/-Bcl2l1-/- genotype (Figure 3a). These findings are in 
line with the notion that CALR exposure in malignant cells 
undergoing ICD involves the ISR, and notably its pathogno
monic inactivating phosphorylation of eukaryotic translation 
initiation factor 2 subunit alpha (EIF2S1, best known as eIF2α), 
but not MOMP.39 Indeed, exposing WT TS/A cells to a high- 
dose PT-112 challenge resulted in rapid eIF2α phosphorylation 
non-linearly increasing over time up to 24 hours (Figure 3b). 
PT-112 also elicited the exposure of the co-inhibitory ligand 
PD-L1 on the surface of TS/A cells in a dose dependent but 
MOMP-independent manner (Figure 3c), which is in line with 
the fact that PD-L1 exposure on cancer cells normally does not 
involve MOMP.25

At odds with previous findings obtained with ~100 μM PT- 
112,9 WT TS/A cells treated in vitro with 20 μM or 40 μM PT- 
112 for 48 hours did not release significant amounts of 
HMGB1 in the culture supernatant (Figure 3d). Conversely, 
the concomitant absence of BCL2 and BCL-XL enabled abun
dant HMGB1 secretion by TS/A cell clones responding to PT- 
112, which is in line with the accrued cytotoxic response of 
these cells (Figure 1b). Bax-/-Bak1-/- TS/A cell clones exposed to 
40 μM PT-112 for 48 hours exhibited significantly reduced 
HMGB1 release as compared to their similarly treated WT 

counterparts, although the magnitude of this effect was mini
mal (Figure 3d). Most likely, such a marginal effect was due to 
the lack of substantial HGMB1 release in WT TS/A cells. 
Finally, TS/A cells exposed to 20 μM or 40 μM PT-112 for 
48 hours also exhibited a nearly 2-fold upregulation in surface- 
exposed MHC Class I molecules as compared to their 
untreated counterparts, an immunogenic shift that was not 
consistently affected by the co-deletion of Bcl2 and Bcl2l1 or 
Bax and Bak1 (Figure 3e).

Altogether, our findings point to a minor involvement of 
the molecular machinery for MOMP in the ability of PT-112 to 
elicit the emission of ICD-relevant DAMPs by TS/A cells and 
increase their visibility to immune effector cells.

Discussion

In summary, the molecular machinery for MOMP is involved 
in the overt cytotoxic effects that PT-112 exerts on mouse HR+ 

mammary carcinoma TS/A cells (Figure 1b) and the conse
quent release of the immunostimulatory DAMP HMGB1 
(Figure 3d), but it appears to be dispensable for PT-112 anti
proliferative effects (Figure 1a,c). Moreover, while defects in 
the molecular machinery for MOMP may promote the 

Figure 2. PT-112 elicits MOMP-dependent cytosolic dsDNA accumulation, but MOMP-independent type I IFN secretion. Wild-type (WT) TS/A cells, rho0 TS/A cells, or TS/A 
clones of the indicated genotype/phenotype were optionally exposed to the indicated concentration of PT-112 for 72 (a,b) or 24 (c,d) hrs and then processed for the 
immunofluorescence microscopy-assisted quantification of cytosolic double-stranded DNA (dsDNA; A,B,C) or the ELISA-based quantification of IFNB1 secretion in the 
culture supernatant (d). In A, representative images are reported, scale bar: 20 µm. In B,C, results are means ± SEM of 3 biological duplicates from 2 independent 
experiments. In D, results are means ± SEM of 2 biological duplicates from 3 independent experiments. ****p < 0.0001, **p < 0.01, *p < 0.05, compared to untreated 
cells of the same genotype; ####p < 0.0001, ##p < 0.01, #p < 0.05, compared to WT TS/A cells treated with the same dose of PT-112 (paired two-tailed Student’s t-test). 
Each symbol represents different cell clones with the same genotype.
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resistance of malignant cells to ICD-driven anticancer immu
nity as executed by CD8+ T cells,17 they do not suppress the 
ability of PT-112 to elicit the ICD-related exposure of CALR, 
MHC Class I molecules and PD-L1 on the surface of TS/A cells 
(Figure 3a,c,e). Finally, while the concomitant absence of BAX 
and BAK1 limited the cytosolic accumulation of mtDNA in 
TS/A cells as elicited by PT-112, the co-deletion of Bcl2 and 
Bcl2l1 had a paradoxical inhibitory effect on this process, at 
least when PT-112 was employed at 20 μM (Figure 2b). Along 
similar lines, the Bcl2-/-Bcl2l1-/- genotype conferred 
a (marginal, but statistically significant) paradoxical advantage 
to TS/A cells responding to low-dose PT-112 and assessed for 
residual clonogenic potential (Figure 1c). These findings may 
indicate that TS/A cells lacking Bcl2 and Bcl2l1 are particularly 
prone to undergo mitophagy,41 a specific variant of autophagy 
that efficiently degrades permeabilized (and hence apoptosis- 
initiating and mtDNA-releasing) mitochondria.42,43 Thus, it 
will be interesting to test the ability of PT-112 to elicit 
mtDNA accumulation and to limit clonogenic potential in 
Bcl2-/-Bcl2l1-/- TS/A cells co-exposed to autophagy inhibitors 
such as the lysosome-targeting agents chloroquine and 
hydroxychloroquine.44

Activation of apoptotic caspases as elicited by widespread 
MOMP has been associated with multipronged immunosup
pressive effects including suppressed type I IFN signaling in 
a variety of settings.45–47 At least hypothetically, this may also 
explain why Bcl2-/-Bcl2l1-/- TS/A cells (which are more prone to 

activate caspases as compared to their WT counterparts) failed 
to exhibit superior type I IFN secretion in response to PT-112 
(Figure 2d). Whether increased caspase activation might also 
explain why the overt cytotoxic effects of PT-112 in WT TS/A 
cells exhibited a clear dose-dependency (Figure 1b), but 20 μM 
PT-112 was superior to 40 μM PT-112 at eliciting cytosolic 
dsDNA accumulation in the same cellular system (Figure 2b) 
remains to be formally investigated.

Of note, while Bax-/-Bak1-/- TS/A cells exhibited limited PT- 
112-driven cytosolic dsDNA accumulation as compared to 
their WT counterparts (Figure 2b), the concomitant absence 
of BAX and BAK1 failed to affect PT-112-drive type I IFN 
secretion, possibly pointing to extramitochondrial nucleic 
acids (notably nuclear DNA or RNA species) as potential 
drivers of the latter process. Additional work is required to 
clarify this possibility. Finally, it will be interesting to assess the 
implication of other molecules that interact with the core 
MOMP machinery in the cytotoxic and immunogenic effects 
of PT-112, for instance, by co-exposing Bcl2-/-Bcl2l1-/- TS/A 
cells to PT-112 plus an inhibitor of MCL1 apoptosis regulator, 
BCL2 family member (MCL1) such as ABBV-467,48 or 
Bax-/-Bak1-/- TS/A cells to PT-112 plus a mitochondrial perme
ability transition (MPT) inhibitor such as cyclosporin 
A (CsA).49

In summary, besides confirming the ability of PT-112 to 
induce the emission of multiple ICD-relevant DAMPs, the 
present findings demonstrate the ability of PT-112 to drive 

Figure 3. PT-112 drives MOMP-independent CALR, MHC class I and PD-L1 exposure on the plasma membrane, but MOMP-dependent HGMB1 secretion. Wild-type (WT) 
TS/A cells or TS/A cell clones of the indicated genotype were optionally exposed to the indicated concentrations of PT-112 (~600 μM, when not specified) for (up to) 
48 hrs and processed for the flow cytometry-assisted quantification of CALR (a), PD-L1 (c) or MHC Class I (e) exposure on the plasma membrane, the immunoblotting- 
assisted assessment of eIf2α phosphorylation (b), or the ELISA-based quantification of HGMB1 release in the culture supernatant (d). In A,C-E, results are means ± SEM of 
2 biological duplicates from 3 independent experiments. In A,C,E, data are normalized to untreated WT cells (a,c) or untreated cells of the same genotype (e) upon 
exclusion of dead (DAPI−) cells from the analysis. In B, representative immunoblotting images are reported, numbers indicate relative densitometric abundance upon 
normalization to total ACTB levels in control conditions. ****p < 0.0001, ***p < 0.001, **p < 0.01, compared to untreated cells of the same genotype; ####p < 0.0001, 
##p < 0.01, #p < 0.05, compared to WT TS/A cells treated with the same dose of PT-112 (two-way ANOVA). Each symbol represents different cell clones with the same 
genotype.
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the secretion of type I IFN, MHC Class I presentation and 
compensatory PD-L1 exposure in TS/A cells independent of 
MOMP functionality. Thus, the molecular machinery for 
MOMP appears to be only partially involved in the cytotoxicity 
and immunogenicity of PT-112, suggesting that this agent may 
be active in a variety of tumors exhibiting MOMP defects.
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