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Summary

- Simona Martinotti'2

Pleural mesothelioma (PM) is a rare cancer affecting the pleural layer on the body’s serosal surfaces. Exposure to asbestos
fibers, a naturally occurring fibrous material with insulating characteristics, contributes to PM’s prevalence. PM has a long
latency period, making major surgery ineffective and necessitating systemic treatment. Despite the progress of mesothelioma
treatment, the median survival is very poor; so, there is a strong need to explore new therapeutic approaches. This study
explores the use of BOLD-100, a novel therapeutic drug that targets GRP78, a protein overexpressed in PM cells. BOLD-
100, a ruthenium-based small molecule therapeutic drug, is being investigated for the treatment of advanced gastrointestinal
malignancies in conjunction with chemotherapy. Our aim is to investigate cellular responses of several PM cell lines to a
regimen that includes BOLD-100 in addition to other commonly used treatments. BOLD-100 is a ruthenium-based anti-

cancer therapeutic.
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Introduction

Pleural mesothelioma (PM) is an uncommon type of cancer
that mostly affects the pleural layer on the body’s serosal
surfaces. A group of naturally occurring fibrous materials
with outstanding physical and electrochemical insulating
characteristics and a long history of industrial usage, asbes-
tos fibers, are the major cause of PM when exposed to them
in the workplace or in the environment [1]. The long incuba-
tion period (20 to 50 years) between asbestos exposure and
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the development of the tumor contributes to the prevalence
of PM, even though the material has been gradually banned
from manufacturing and use in over 50 nations worldwide
since the 1980 s [2].

PM is usually discovered at a locally advanced stage
because of its lengthy latency period (20 to 50 years), which
renders major surgery useless and calls for systemic treat-
ment. For around 20 years, chemotherapy (such as gemcit-
abine) in combination with either carboplatin or cisplatin
plus pemetrexed has been the only approved first-line treat-
ment, despite its poor response outcomes and median overall
survival that is just slightly more than 12 months [3]. No
meaningful treatment advance had happened until the emer-
gence of immunotherapy, specifically immune checkpoint
inhibitors (ICIs). The recent phase III trial Checkmate-743
found that the combination of two ICIs, ipilimumab and
nivolumab, improved overall survival statistically signifi-
cantly when compared to pemetrexed and platinum treatment
(median overall survival (OS) of 18.1 versus 14.1 months,
p=0.002), especially for non-epithelioid subtypes [4]. So,
chemotherapy with platinum compounds and pemetrexed
remains the backbone of PM treatment. Immunotherapy with
double immune checkpoint blockade is a major advance in
PM treatment but it is not available in every country for
every patient.
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And there is no standard option in PM patients in further
line. Gemcitabine, vinorelbine and immunotherapy could be
used with underwhelming results. More prospective stud-
ies based on biomarkers are needed to identify appropriate
treatment strategy [4].

Previously, our laboratory reported [5, 6] that the expres-
sion of endoplasmic reticulum (ER)-stress-related protein
GRP78 (Glucose Regulated Protein 78) displayed high lev-
els in PM cells than in mesothelial ones. In particular, we
reported a differential expression among histotypes.

These findings, which show elevated basal levels of
GRP78 expression in PM cells, are consistent with earlier
immunohistochemical studies on biopsy tissues [5, 7, 8]. In
light of this, we investigated the possible effects of BOLD-
100, a ruthenium-based small drug that not only induces cell
cycle arrest and DNA damage but also modifies the unfolded
protein response (UPR) by selectively inhibiting GRP78, a
mechanism that seems challenging to circumvent [9, 10].
After receiving BOLD-100 treatment, cells die by apopto-
sis due to the activation of caspases 3/7 and 8. In addition
to caspases, the instability of the mitochondrial membrane
triggers the BOLD-100-induced apoptotic pathway [6]. In a
phase 1b/2 clinical trial, BOLD-100 is presently being inves-
tigated for the treatment of advanced gastrointestinal malig-
nancies in conjunction with the chemotherapy FOLFOX
(fluorouracil, oxaliplatin, and leucovorin) (NCT04421820;
EudraCT Number: 2022-003079-41). In advanced stomach,
colon and hepatobiliary cancers, preliminary data has dem-
onstrated significant increases in Progression-Free Survival
(PFES) and Overall Survival (OS) [11-14].

Therefore, the goal of this study is to examine how vari-
ous PM cell lines respond to a regimen that incorporates
BOLD-100 along with other frequently used PM therapy
agents.

Materials and methods
Drugs

The inhibitor of GRP78 (sodium trans-[tetrachlorobis(1H-
indazole) ruthenate(IIl)]) was obtained from Bold
Therapeutics Inc. (Vancouver, Canada), cisplatin (cis-
diamineplatinum(II) dichloride) was from Cayman Chemi-
cals (Cabru s.a.s., Italy), gemcitabine (Gemzar) and vinorel-
bine (Navelbine) were from Ely Lilly Italia S.p.A. (Sesto
Fiorentino, Italy).

Cell culture and reagents
With the exception of otherwise specified, reagents were

all purchased from Merck. For the experiments, the follow-
ing human PM cell lines were utilized: MSTO-211H and
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MPP89 were obtained from ATCC (Manassas, VA, USA)
[15], while four primary PM cell lines (570, 718, 729 and
748) were obtained from the Biobank of the SS. Antonio and
Biagio and Cesare Arrigo University Hospital, Alessandria,
Italy [16]. Of these cell lines, 718, 729, and MPP89 were
epithelioid-derived; MSTO-211H is biphasic-derived, and
570 is sarcomatoid-derived. 748 histotype derivation was
not available.

The complete medium (DMEM (high glucose, 4.5 g/L),
10% fetal bovine serum (FBS, Euroclone, Pero, Italy), L-glu-
tamine (200 mM), 100 U/mL penicillin, and 100 mg/mL
streptomycin was used to cultivate the cells in a humidified
environment with 5% CO, at 37 °C [17].

Western blotting analysis

The Western blot procedure was followed as previously per-
formed [18]. After being lysed in RIPA solution contain-
ing a mixture of protease and phosphatase inhibitors, the
cells were solubilized in Laemmli buffer. 20 pg of proteins
from cell lysates, measured by BCA Protein Assay Kit (Cay-
man Chemicals), were then separated using SDS-PAGE,
blotted onto nitrocellulose membrane, and probed with
anti-GRP78/BiP mouse monoclonal antibody (cat# 66574,
RRID: AB_2881934, Proteintech, Rosemont, IL, USA). The
appropriate secondary antibody (Bethyl Laboratories, Mont-
gomery, TX, USA; dilution 1: 1000) coupled to horseradish
peroxidase was subsequently incubated on the membranes
using a Thermo Scientific Pierce ECL Western Blotting Sub-
strate kit, and developed using an iBright™ CL 1500 Imag-
ing System (Thermo-Fisher, Milano, Italy). Total protein
normalization was obtained with No-Stain Protein Labeling
Reagent (Thermo-Fisher) in conjunction with the iBright
Imaging System.

Cytotoxicity assay

The evaluation of single drug and drug combination cytotox-
icity was carried out by using calcein-AM (calcein acetoxy-
methylester). Growing cells in 96-well plates were exposed
to a range of doses for 48 h, then they were rinsed with PBS
and incubated for 30 min at 37 °C with 2.5 uM calcein-AM
in PBS. The resultant fluorescence was measured using the
Infinite 200 Pro plate-reader (Tecan, Wien, Austria) at 485
nm for excitation and 535 nm for emission [6].

Evaluation of the combined effect of drugs
under fixed molar ratio

For the determination of each single drug cytotoxicity, eight
doses, assessed in eightfold, between 5 and 95% cell death
fractions were utilized to obtain regression estimates. The
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dose response sigmoidal curve fit to a two parameter logistic
function of the type:

fa=1/[1+1/(D/Dm)™]

where D is the dose, Dm is the dose required to achieve the
median cytotoxic effect, fa is the fraction of dead cells, and
m is a measurement of the sigmoidicity of the curve.

After obtaining the dose-response curve for BOLD-100
and other drugs, a third experiment combining BOLD-100
with a single agent is required to evaluate whether the inter-
action is additive, synergic, or antagonistic. BOLD-100
and any other single drugs have different relative poten-
cies (ECsys), in particular one drug is less potent than the
other one in each couple. For this reason, a fixed molar ratio
was used in the combination based on the relative potency
ECsy(drugl)/ECsn(drug2).

The ECj for the combination is then computed empiri-
cally using the equation:

ECgy(a+b) = 10! llog(ECSO(@)+ log(ECS0(b))1/2)

The combination will then be considered as a novel drug,
and higher or lower doses than the empirical EC5, will be
tested [19].

These data were used to calculate the combination index
(CI) for each cytotoxic effect level [20, 21]. The CI for each
effect level indicates what type of interaction takes place
between the two drugs across the entire dose range.

The CI approach estimates the whole range of cyto-
toxic effects using data from both single and combination
dose—effect equations [19]. When the interaction is addi-
tive, CI equals 1. When CI < 1, the combination is synergic,
whereas CI > 1 suggests antagonism. Synergy occurs when
the actions of two drugs combine to provide a higher cyto-
toxic effect, while antagonism results in a reduced cytotoxic
effect compared to the additive effects of single drugs.

JC-1 assay for mitochondrial membrane potential

The Infinite 200 Pro well plate reader (Tecan, Vienna, Aus-
tria) was used to measure the bulk red and green fluores-
cence from cells tagged with JC-1 in 96-well plates. In order
to determine the mitochondrial membrane potential, red (ex
=535, em =590 nm) and green (ex =485, em =535) fluo-
rescence values were measured. Red/green ratios were then
computed [6].

Statistical analysis

Statistical analysis was carried out with GraphPad Prism
8 (Graphpad Software Inc, GraphPad Software, Inc, San
Diego, CA, USA). The figure legends for each experiment

provide statistical information (test used, value of n, repli-
cates, p value, etc.).

Results
GRP78 expression

BOLD-100 [6, 22, 23] acts through a selective GRP78 inhi-
bition displaying a more toxic behavior on PM cells than
on non-cancerous mesothelial cells. Therefore, by using
Western blotting analysis, we evaluated basal expression
of GRP78 in the cell lines we chose to utilize in order to
determine whether treatment with BOLD-100 was feasible.
As illustrated in Fig. 1, the expression of GRP78 is signifi-
cantly greater in all the mesothelioma cell lines analyzed
compared to the mesothelial non-cancerous MetSA. How-
ever, the expression in the MPP89 line is marginally higher
than the baseline level of mesothelial cells.

Cells viability assay

After a 48-h treatment with single drug, PM cells showed
a dose-dependent effect with ECs, values as in Table 1. As
demonstrated before [6], the EC, value for Met5 A cells is
399 uM. As we previously showed [6] in an epithelioid PM
cell line, BOLD-100 reduces the surviving factor by half.
The result has now been confirmed in a biphasic PM cell
line (MSTO-211H). After treatment with a single chemo-
therapeutic, we also assessed the surviving factor percent-
age, and all of them cut it in half as compared to the control.
The possibility of BOLD-100 +single drug combinations
is evaluated, and a further significant decrease is observed.
It is specifically decreased by roughly 90%, 85%, and 95%
following treatment with BOLD-100 + Gem, BOLD-100
+ cisPt, and BOLD-100 + Vin, respectively (Supplementary
material 1).

After combining every drug with BOLD-100 for any
given cell line, the combination index (CI) was computed
pointing to synergistic, additive, or antagonistic behavior
at all the affected fractions (fa) in a range of 0.1 to 0.9. Fig-
ures 2, 3, and 4 show the behavior of the distinct cell lines in
response to the treatments. All of the lines studied, despite
varying trends and levels, demonstrated synergistic behavior
at the effect level of 0.9 following treatment with the BOLD-
100 + cisplatin combo.

In contrast, when treated with the BOLD-100 + gem-
citabine combination, only three out of six lines, specifi-
cally MSTO-211H, 570, and 729, demonstrated synergistic
behavior at fa 0.9, with the MSTO-211H line exhibiting
synergistic behavior at practically all effect levels. For this
combination, the MPP89, 718, and 748 lines, while nearing
additivity, have never showed synergistic behavior, and the
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Fig.1 GRP78 protein expres-
sion in mesothelial Met5 A cells
compared to pleural mesothe-
lioma cells. Blots in the upper
part of the figure are repre-
sentative of three; each lane was

GRP78

loaded with 20 pg of proteins,
probed with anti-GRP78
mouse mouse-clonal antibody
and managed as described in
the “Materials and methods” -
section. Bars in the lower part g 300-
of the figure are means +SD ": Rhkk .
derived from three independ- )
ent samples. Statistics indicate 2
differences between Met5A and 2" 200
PM cell lines (* p< 0.05, s =
p < 0.0001; one-way ANOVA &
followed by Dunnet post-test) ®
£ 100+ ——
=
&
R
g 0 u
o Met5A MSTO211H MPP89 570 718 729 748
Table 1 Cell viability Cell line BOLD-100 Cisplatin Gemcitabine (Gem) Vinorelbine (Vin)
after single drug treatment (cisPt)
expressed as ECs, values. Drug
concentrations are indicated MSTO211H 129.01 31.75 10.05 2.79
as tM. In brackets the 95% (76.37-217.95) (24.63-40.91) (6.80-14.69) (1.65-4.70)
f:gggig;ef;‘f; ii;iig:}l‘:e MPP89 78.89 14.31 22.04 8.33
. (64.56-96.38) (9.29-22.03) (14.73-32.96) (3.20-21.65)
experiments
570 46.80 22.28 7.21 2.03
(39.91-54.76) (14.43-34.49) (3.80-13.46) (1.03-3.99)
718 54.30 78.24 10.42 1.94
(46.34-63.63) (65.70-93.18) (4.31-25.05) (0.69-5.45)
729 142.24 54.82 44.26 0.34
(93.55-216.23) (35.78-83.90) (23.70-82.65) (0.07-1.69)
748 113.35 70.53 37.49 3.38
(59.83-214.75) (40.31-123.38) (27.36-51.35) (0.83-13.63)

MPPS89 line exhibits notable antagonistic behavior as the
effects grow.

Four of the six lines exhibit synergistic action when
BOLD-100 and vinorelbine are combined. Line 570, in
instance, never approaches the threshold line, indicating
additivity, whereas line 718 achieves additivity at the fa0.9
effect level before descending below the threshold line.

To highlight the shifts in the behavior of the three com-
binations toward the cell lines, we concentrated on three
different impact levels, fa 0.5—0.9—0.97, which represent
the most intriguing effect levels in oncology therapy [24].

Figure 5 shows that at level fa 0.5, only two CI values are
less than 1. Considering effects levels fa 0.9 and fa 0.97, the
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bulk of the observed CI values are less than one, and they
decrease when the effect level is increased. Only in four
cases that the results do not decrease; as the effect rises, they
approach values indicating significant antagonism. The com-
bination with the most promising outcomes is BOLD-100
+ cisPt, whereas the least promising is BOLD-100 + Gem.

Mitochondrial membrane potential assay

An important part of the energy storage process during oxida-
tive phosphorylation is the mitochondrial membrane potential
(AW¥m), which is produced by proton pumps (Complexes I,
III, and IV). The transmembrane potential of hydrogen ions,
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Fig.2 Combination index plots 5
(fa—ClI plots) for BOLD-100/

cisplatin combination. CI values

are plotted against the fractional
inhibition (fa) of MSTO-211H,

MPP89, 570, 718, 729 and 748 cl
cell viability, as obtained by

the Calcein-AM endpoint. CI

<1 indicates synergy, CI =1

indicates additive effect, and CI

MSTO-211H

MPP89

e [

> 1 indicates antagonism. Six
replicates in three independent 0

experiments were used 0 08

Cl

Fa

Cl

Fa

cl

Fa

729 748

cr [

0 \ﬂ\

Fa

which is used to create ATP, is formed by A¥Ym and the proton
gradient (ApH). Although there are occasional variations in
both ATP and AWm, which are indicative of normal physi-
ological activity, the amounts of these substances in the cell are
maintained at a generally constant level. Long-term alterations
in these variables, however, could be harmful. A persistent
decrease or increase in AWm relative to normal levels can lead
to a number of diseases and unintended cell viability loss [25].
Previous work from our laboratory [6] shows, by staining cells

Fa

with JC-1 probe, that BOLD-100 destabilizes mitochondrial
membrane potential, and literature suggests that the drugs used
in the combination also cause mitochondrial damage [26-28].

To assess the synergistic activity of combinations, the
AW¥m was examined using a functional test. Cell lines and
combinations that did not demonstrate additivity or syn-
ergy at any effect level were disregarded. It was chosen, in
particular, to assess the effect of treatment with the drugs
alone or in combination at a concentration equivalent to
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Fig. 3 Combination index plots 51
(fa—ClI plots) for BOLD-100/
gemcitabine combination. CI

values are plotted against the

fractional inhibition (fa) of
MSTO-211H, MPP89, 570,

718,729 and 748 cell viability, ¢
as obtained by the Calcein-

AM endpoint. CI <1 indicates

synergy, CI =1 indicates addi-

tive effect, and CI > 1 indicates o

MSTO-211H

35

MPP89

Cl

antagonism. Six replicates in
three independent experiments

were used

Cl

aor

570 718

Cl

Fa

Cl

729 748

o]

Fa

the ECy,. The experimental data were then compared to
the expected results calculated using the Bliss independ-
ence model (Fig. 6).

To better define the behavior of combination of BOLD-
100 and drugs, the ratio of expected effect to observed effect
was evaluated to get the CI value. When comparing the data
on cell viability at the fa0.5 effect level shown in the ear-
lier heat maps (Fig. 5) with the data on the stability of the
mitochondrial membrane potential shown in Fig. 7, we find
that, when taking a more functional approach and using the
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Bliss independence model, there is seldom any significant
antagonistic behavior and, instead, a synergistic behavior.

Discussion

When compared to monotherapy regimens, combination
chemotherapy can prolong the management of many incur-
able cancers and is commonly utilized to cure specific cancer
types. Because the likelihood of developing resistance to
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Fig.4 Combination index plots 5
(fa—ClI plots) for BOLD-100/
vinorelbine combination. CI

values are plotted against the

fractional inhibition (fa) of
MSTO-211H, MPP89, 570,

718, 729 and 748 cell viability, cl
as obtained by the Calcein-

AM endpoint. CI <1 indicates

synergy, CI =1 indicates addi-

tive effect, and CI > 1 indicates

MSTO-211H MPP89

Cl

antagonism. Six replicates in
three independent experiments

were used
Fa

0r

Cl

Fa

570 718

Cl

Fa

Cl

729 748

Cl

Fa

multiple drugs with distinct mechanisms is lower than that of
developing resistance to a single drug, combining multiple,
independently effective chemotherapeutic mechanisms could
overcome tumor heterogeneity and lead to more patients
experiencing longer-lasting remissions, if not cures [29, 30].

In addition to inducing the expression and activation
of pro-survival molecules like GADD34 and GRP78, ER
stress can also activate pro-apoptotic molecules such as
CHOP (C/EBP homologous protein) and caspase-12. The
equilibrium between these processes dictates the fate of the
cell, which can either be adaptation or apoptosis. Therefore,

the development of a resistant phenotype is determined by
the tumor cells'tolerance to endoplasmic reticulum stress,
which they achieve by preventing cell death by apoptosis
[31]. There are many examples in the literature of anticancer
drug combinations with chemicals that can exacerbate ER
stress and upset the balance in favor of apoptosis [31-33].
As we previously demonstrated, BOLD-100 induces
damage to cancer cells through a variety of methods,
including apoptosis. BOLD-100 suppresses GRP78 and
modifies the unfolded protein response (UPR), while also
increasing reactive oxygen species (ROS), which causes

@ Springer
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Fig.5 Heat maps for combi-
nation of BOLD-100/drug at
different fa. Heat map show-

ing cell lines and fractional
inhibition (fa) at value 0.5, 0.9,
0.97. The entries are CI values.
The CIs are mapped as 0-0.29
strong synergism, 0.3-0.69
synergism, 0.7-0.89 moderate
synergism, 0.9—1.1 additive,
1.11-1.3 moderate antago-
nism, 1.31-3.3 antagonism,
3.31-10 strong antagonism,
10.1- oo very strong antagonism
(Modified from Chou, 2006
[40]). Panel A is referred to
BOLD-100+cisPlatin com-
bination, Panel B to BOLD- A
100+Gemcitabine, Panel C to
BOLD-100+Vinorelbine

fa 0.5 fa 0.9

BOLD-100 + cisPlatin

fa 0.97

BOLD-100 + Gemcitabine

MSTO-
211H

MPP89
570
718
729

748

B fa 0.5

fa 0.9

fa 0.97

BOLD-10 + Vinorelbine

MSTO-

MPP89

0.7000

C

fa 0.5

DNA damage [22, 34]. This ROS production, comparable
to that determined by standard chemotherapy drugs, is
significantly magnified when BOLD-100 is used in com-
bination with the individual drugs (Supplementary mate-
rial 2). BOLD-100 can then increase cancer cell death by
synergizing with cytotoxic chemotherapies and targeted
medicines.

This study investigated three drugs that are currently used
in the treatment of pleural mesothelioma: cisplatin, pres-
ently used as first-line systemic therapy in combination with
pemetrexed [35, 36], gemcitabine and vinorelbine, used in
second-line treatment [36], in combination with BOLD-100,
that is currently tested in clinical trial in combination with
oxaliplatin and fluorouracil [11, 12].

By binding to DNA and creating intra-strand DNA
adducts, which stop DNA synthesis and cell division, cispl-
atin interacts with cellular macromolecules and causes cyto-
toxicity through a number of biochemical processes [37].
The antimetabolite gemcitabine, as nucleoside analog, inhib-
its tumor growth by converting into active triphosphorylated
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VERY STRONG ANTAGONISM
STRONG ANTAGONISM
ANTAGONISM

MODERATE ANTAGONISM
1.1000 0.7000 ADDITIVE

MODERATE SYNERGISM
0.8000

SYNERGISM
STRONG SYNERGISM

fa09 fa0.97

nucleotides that interfere with DNA synthesis and target
ribonucleotide reductase [38]. Vinorelbine is an antimitotic
anticancer drug whose primary mode of action is the sup-
pression of microtubule dynamics, resulting in mitotic arrest
and cell death [39].

The four mechanisms of action eventually lead to cell
death by apoptosis, generating several signal cascades that,
in three out of four situations, share DNA as a common
target. Nevertheless, given that the main effect of BOLD-
100 is on the activity of GRP78 and the UPR, we decided to
analyze the synergy between the drugs and BOLD-100 using
the combination index based on the Chou-Talalay model,

Fig.6 Mitochondrial membrane potential. Mitochondrial mem- »
brane potential (A¥m) variation after 1-h exposure to single agents
(BOLD-100 and single drugs) or combinations BOLD-100 +drug.
Data resulting from 5 independent treatments have been obtained
as JC-1 red/green fluorescence ratio and converted as % of effect on
mitochondrial membrane potential stability (so, the control condi-
tion, not indicated, is posed at zero). In the graphs, the % of effect is
referred to the expected effect indicated as a dotted line
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Fig.7 Heat maps for com-
MSTO-

bination of BOLD-100/drug 0.70 0.99

at fa 0.5. Heat map showing 211H

cell lines and combinations
BOLD-100/drug. The entries
are CI values obtained from
AW¥m data. The CIs are mapped

MPP89 110

as 0-0.29 strong synergism, 570 0.41

0.3-0.69 synergism, 0.7-0.89
moderate synergism, 0.9-1.1
additive, 1.11-1.3 moderate
antagonism, 1.31-3.3 antago-
nism, 3.31-10 strong antago-
nism, 10.1- co very strong
antagonism (Modified from
Chou, 2006 [40])

7184 0.73

748 0.82

729+ 0.99 1.02

095 VERY STRONG ANTAGONISM
STRONG ANTAGONISM
- ANTAGONISM
— MODERATE ANTAGONISM
0 ADDITIVE
MODERATE SYNERGISM
- SYNERGISM
083 STRONG SYNERGISM

BOLD-100 BOLD-100 BOLD-100

+ cisPt

which predicts an interaction between the two components
of the mixture, and the Bliss independence model, in which
the two components do not interact and act on two different
targets [40]. After acquiring the dose-response curve for
BOLD-100 and other drugs, a third experiment was specifi-
cally designed to assess if the interactions between BOLD-
100 and the individual drugs were antagonistic, synergis-
tic, or additive. A fixed molar ratio based on the respective
potencies of drugs 1 and 2 was employed to determine the
mixture’s therapeutic concentrations since in each pair, one
of them is less potent than the other. As a result, a range of
concentrations above and below the empirically determined
ECs, will be evaluated, and the combination will be regarded
as a novel drug [19].

Viability assessment following cytotoxic drug exposure
fails to evaluate the cell death phenotype, hence drug treatment
can induce any form of cell death phenotype, including pas-
sive necrosis [41]. Beginning with the idea that BOLD-100’s
mode of action is able to disrupt the mitochondrial membrane
potential (AWm) [6], we also assessed whether the combination
worked in concert to cause this event and the ensuing cell death.

To have a descriptive pool of cell lines representing the
histological variability that characterizes PM, we used a line
with a biphasic histotype (MSTO211H), one with a sarco-
matoid histotype (570), three with an epithelioid histotype
(MPP89, 718, 729) and one with an unavailable histotype
(748). With particular reference to GRP78 expression, the
variation in the protein's baseline between cell lines is visible.

When examining the combination indexes (CI) obtained
from data gained with cell viability assay after treatment
with the three combinations studied, it becomes clear
that the combination with cisplatin is the most promis-
ing because a synergistic impact was produced for all of
the cell lines that were considered, at least for the highest
effect values.
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+ Gem

+ Vin

On the other hand, gemcitabine is the least effective
combination; in fact, only three out of the six lines showed
a synergistic effect. Additionally, it is clear from compar-
ing the cell lines that, when taking into account both the
mitochondrial membrane potential assay and cell viability,
MSTO211H were the most responsive to the treatments
given utilizing the combinations. However, MPP89 cells
showed the worst outcomes, which was in line with their
reduced GRP78 expression. The sarcomatoid histotype,
represented by line 570, offers more pertinent details.

Typically, cancers with this histotype have a more
advanced start of resistance. A synergistic behavior was
demonstrated by the two combinations, BOLD-100 + cisPt
and BOLD-100 + Gem.

At the present, these data are not enough for a transla-
tional evidence regarding GRP78 as a biomarker in PM,
but a greater knowledge on the role of this protein could
be very useful in the evaluation of PM. However, multi-
drug approach, with BOLD-100 as combination drug, can
significantly increase the efficacy of methods currently
employed for PM therapy.

This work establishes the groundwork for a more
comprehensive exploration of GRP78 expression and
tissue location in PM, its association with the emer-
gence of resistance phenotype, and its potential util-
ity as an extra therapeutic target. For the treatment of
advanced gastrointestinal malignancies, BOLD-100 is
presently undergoing phase 2 clinical development. We
now showed that BOLD-100, when combined with anti-
cancer drugs, showed synergistic behavior in some PM
cell lines, especially in treatment-resistant cell lines.
Our data clearly emphasizes the necessity for a clinical
trial to assess the effectiveness of BOLD-100 in the PM
population, given these findings and the dearth of viable
therapies for PM.
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