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Abstract. Inflammatory breast cancer (IBC) and triple‑nega‑
tive breast cancer (TNBC) are subtypes of breast cancer with 
the lowest 5‑year survival rates. One potential approach to 
increase survival rates for these cancers may be to identify 
tolerable and inexpensive daily maintenance therapies that 
could be administered in between standard of care treatments. 
The present study aimed to identify non‑oncology drugs 
(NODs) that show activity against IBC/TNBC that could be 
repurposed for this use. Thus, a collection of NODs were 
screened and curated from a published database using cell line 
SUM‑149, which is both an IBC and TNBC cell line (TN‑IBC). 
In a parallel screening approach, a subset of these NODs were 
tested for activity against two other TNBC cell lines. Together, 
15 drugs with activity against this IBC cell line were identified 
and grown as spheroids. A number of these drugs have not 
been previously identified as having activity in an IBC cell 
line. In addition, eight of these were understudied for TNBC 
and, therefore, they were tested against three TNBC cell lines 
grown as spheroids, resulting in variable breadth of activities. 
Drug potency (GI50) was also assessed relative to their Cmax 
reported in human studies. Eltrombopag, a thrombocytopenia 
drug, was active against SUM‑149 and two other TNBC cell 

lines with a GI50:Cmax ratio of ~1. Papaverine, a vasodilator, 
was also active against SUM‑149 and one other TNBC cell 
line with a GI50:Cmax ratio of ~2. Mozavaptan, a hypona‑
tremia drug, inhibited proliferation in 4 out of 5 cell lines 
(all except SUM‑149) with GI50=2.7‑7.6 µM (Cmax unknown). 
Spironolactone (GI50:Cmax=10) had anti‑proliferative activity 
only against SUM‑149, suggesting a unique vulnerability. 
Overall, our data indicated that eltrombopag, papaverine and 
other identified NODs may have potential for being repurposed 
for TN‑IBC and TNBC in general.

Introduction

In the clinic, breast cancer (BC) has been commonly char‑
acterized by the absence or presence of three key proteins: 
estrogen receptor (ER), progesterone receptor) and the growth 
factor receptor HER2 (1). This information allows clinicians 
to choose specific treatment options that target these recep‑
tors. BC that lacks the expression of all three of these proteins 
is termed triple‑negative breast cancer (TNBC). In the case 
of TNBC, the drugs developed to target these proteins are 
ineffective and standard chemotherapy is employed to treat 
most patients. TNBC represents 15‑20% of BC cases and it is 
the most aggressive subtype of breast cancer with the lowest 
5‑year survival rate (2). Gene expression profiling provides 
an additional method to subtype BC into five sub‑groups 
according to their gene transcription patterns: Luminal 
A, Luminal B, HER2, basal and normal‑like (3). The basal 
subtype has significant overlap with the TNBC subtype and 
its characteristics. TNBC will frequently respond to chemo‑
therapy initially but subsequently grow back more aggressive 
and resistant to therapy. It is also more likely to metastasize 
than other subtypes. Due to this re‑growth and metastasis after 
initial positive response to chemotherapy, there is a need for 
safe and tolerable daily maintenance therapy that can slow or 
prevent this re‑growth.

Inflammatory breast cancer (IBC) is a rare type of BC 
accounting for 2‑6% of all breast cancer cases, however, it 
accounts for 10% of all BC deaths (4,5). IBC is primarily 
characterized by its clinical presentation that includes diffuse 
skin thickening known as peasu d'orange phenomenon, edema, 
erythema, nipple abnormalities and swelling of the breast (6,7). 
These characteristics typically have a rapid onset within a 
six‑month period, may or may not include a palpable lump and 
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can be readily mistaken for infection or other breast condi‑
tions. These distinctive visible hallmarks of IBC are caused by 
tumor emboli blocking lymphatic ducts. IBC is an extremely 
aggressive type of BC that has frequently metastasized by the 
time of diagnosis. Although IBC clinically presents differently 
than other BC subtypes, it is still evaluated and categorized 
into the above subtypes (e.g., TNBC) and these biomarkers 
used to guide treatment options. Thus, a case of IBC may also 
be subtyped as triple‑negative, referred to here as TN‑IBC. 
TN‑IBC has the lowest survival rate within the IBC classifica‑
tion, compared to ER+ and HER2+ subtypes (8). The standard 
of care for IBC is neoadjuvant chemotherapy (traditional or 
targeted, depending on subtype), radical mastectomy and then 
radiation post‑mastectomy (4,9).

While progress has been made in identifying drugs for 
TNBC, e.g., PARP and immune checkpoint inhibitors, there 
is still a lack of therapies specifically targeting triple‑negative 
forms of breast cancer. Drug repurposing is the identifica‑
tion of new clinical applications for existing, Food and Drug 
Administration (FDA)‑approved drugs, thereby reducing the 
time and financial cost associated with the traditional drug 
discovery process  (10). In addition, due to already known 
clinical and safety data reducing the need for extensive 
preclinical testing, the repurposed drug may be less expen‑
sive for the patient and healthcare system. In the cancer 
field, drug repurposing can entail either the repurposing of 
cancer drugs approved for a different type of cancer or the 
use of non‑oncology drugs (NODs). NODs are FDA‑approved 
(or other agencies) drugs that were originally approved for 
indications other than cancer. Many NODs have been discov‑
ered to have activity against specific cancers in vitro and 
in vivo (10). These NODs hold the potential to be less toxic 
than standard chemotherapy. These unique NODs may be 
administered simultaneously with chemotherapy to enhance 
efficacy or reduce the dose of the more toxic chemotherapies.

We propose additional use of NODs with anti‑cancer activity. 
New therapies are needed to reduce the risk of relapses and 
slow cancer re‑growth/metastasis in the interval after standard 
treatments have completed‑thus providing constant therapy 
to the patient. We propose that tolerable, low toxicity NODs 
with anticancer activity may serve as maintenance therapy 
that could be taken on a regular basis for the interval between 
standard of care treatments or after they are completed. This 
maintenance therapy is envisioned to reduce the risk of recur‑
rence or slow cancer re‑growth and metastasis, attenuating 
disease progression in the interval between standard of care 
treatments. NODs are especially well suited for this purpose 
due to their much better safety and tolerability profiles that may 
allow daily dosing, unlike toxic chemotherapy agents.

In this report, we sought to identify NODs with activity 
against TN‑IBC and TNBC. We employed the SUM‑149 cell 
line grown in spheroid culture as a model assay for TN‑IBC. 
We used this assay to screen a collection of NODs identified 
and curated from a published database based on the screen of 
drugs against standard TNBC cell lines (among others), but 
not IBC cell lines. In parallel, we also tested a subset of these 
NODs against other TNBC cell lines grown in two‑dimension 
(2‑D) culture. We identified 15 NODs with activity against 
SUM‑149. Eight of these were also tested against a panel of 
TNBC cell lines grown in spheroid culture to assess breadth 

of activity. Several drugs, including eltrombopag and papav‑
erine, may have potential for repurposing for these aggressive 
cancers.

Materials and methods

Materials. Plasticware and general reagents, including 
dimethyl sulfoxide (DMSO), were obtained from Fisher 
Scientific. Cell culture media and supplements were obtained 
from ThermoFisher and Hyclone (GE Healthcare). CellTox 
Green stock solution and the CellTiter Glo (CTG) 2.0 cell 
viability reagent were purchased from Promega. Paclitaxel and 
cycloheximide were purchased from Sigma‑Aldrich; Merck 
KGaA. The drugs were purchased from SelleckChem with a 
stated purity of ≥97%. D300 Digital Dispenser and T4 and T8 
cassettes were purchased from Tecan.

Cell culture. The cell lines MDA‑MB‑231, HCC‑1806 and 
Hs578T were obtained from American Type Tissue Collection 
(ATCC). MDA‑MB‑231 and Hs578T were grown in DMEM 
supplemented with 10% fetal bovine serum (FBS) and 
Hs578T media was further supplemented with 0.01 mg/ml 
insulin. HCC‑1806 were cultured in RPMI‑1640 with 10% 
FBS. SUM‑149 and SUM‑159 were obtained from BioIVT. 
These cell lines were grown in DMEM/F12 supplemented 
with 10 mM HEPES, 5% FBS, 5 µg/ml insulin, 20 ng/ml 
EGF and 1 µg/ml hydrocortisone. The media for all the cell 
lines were further supplemented with 2.5 mM L‑glutamine, 
100 U/ml penicillin and 100 U/ml streptomycin. The cells 
were grown in tissue‑culture treated flasks in a humidified 
incubator at 37˚C and 5% CO2 and cells were harvested for 
assays with trypsin‑EDTA (Versene). Cell lines were tested 
periodically for mycoplasma using the MycoAlert kit (Lonza, 
Basel, Switzerland) and they tested negative for mycoplasma. 
The cell lines were obtained directly from the vendors which 
authenticated the cell lines. ATCC uses STR profiling to 
authenticate their cell lines. All cell lines were amplified and 
stored frozen within 2‑3 passages from original cells provided 
by the vendor. Experiments were performed with cells that 
were less than twenty passages from the vendor supplied cells.

Spheroid growth and cytotoxicity assays. For the initial single 
concentration screening of the 48 drugs with SUM‑149, we used 
a combination of real time imaging using a real‑time micro‑
scopic imaging instrument (Incucyte S3, Sartorius) to monitor 
spheroid area and fluorescence from the CellTox Green cytotox‑
icity dye and subsequently, CTG was employed to detect viable 
cells by ATP detection. The cell lines were harvested, counted 
with a Vi‑Cell XR Cell Viability Analyzer (Beckman Coulter) 
and then plated in 96‑well plates (Sbio, Catalog # MS‑9096UZ) 
at 5,000 cells/well in 100 µl/well complete growth media. The 
plate was centrifuged at 200 x g for 10 min and then put in 
the incubator for 72 h for spheroid formation. Subsequently, 
the drugs and dye were added the same day. CellTox Green 
dye was added to all wells at 1:1,000 final dilution (100 nl) of 
the stock solution using the D300 Digital Dispenser with T8 
cassettes. Immediately after dye addition, the D300 was used to 
directly deliver compounds dissolved in DMSO or DMSO only 
(for solvent control wells) to create single point tests or 8‑point 
half‑log serial dilutions (for follow up concentration response 
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assays). The D300 was employed to adjust DMSO in all wells 
to the same final DMSO concentration of 0.1% with T8 or T4 
cassettes following the manufacturer's protocol for the instru‑
ment. Subsequently, the assay plates were put into the imaging 
instrument and monitored every 4 or 6 h. After 96 h, 50 or 
100 µl of CTG was added to the wells, plate shaken 5 min and 
then incubated at room temp for 30 min covered by aluminum 
foil to protect from light before luminescence detected by 
Pherastar (BMG) or GloMax Explorer (Promega) plate readers. 
The Incucyte Spheroid (Sartorius) software module was used to 
determine spheroid area by phase contrast and total green fluo‑
rescence of the well. The initial measurement for spheroid area 
(0 h) was subtracted from the final measurement for each well 
(96 h) to determine change in area of the spheroid for each well. 
This change in area reflects spheroid growth during the assay, 
while the total fluorescence reflected a change in accessible 
DNA which reflects cytotoxicity. Time 0 fluorescence values 
were used to check for autofluorescence of the compound that 
may be the source of higher fluorescence. Change in area of 
each well (spheroid) was normalized to the mean of the change 
in area of the DMSO only wells (used as 100% growth) to 
obtain percent of control which reflected growth of spheroid. 
Total fluorescence was normalized to ‘no cells’ (media only) 
wells and DMSO wells. Thus, values >100% represented 
cytotoxicity. Similarly, luminescence from the CTG part of the 
assay was normalized using the mean of ‘no cells’ wells (0% 
viability) and DMSO control wells (100% viability). Known 
cytotoxic drug paclitaxel (0.1 µM) and cycloheximide (10 µM; 
primarily an inhibitor of cell proliferation) were used as 
controls to confirm detection of cell death and inhibition of cell 
proliferation, respectively. The CTG single concentration data 
was assessed for statistical significance using unpaired t‑test to 
identify active hits, defined as significantly (P<0.05) less than 
100% of control.

For subsequent assays to calculate the concentration of drug 
that produced 50% growth inhibition (GI50), only the CTG assay 
was performed as above. To establish the signal representing no 
cell proliferation, a zero‑day control plate was used where it was 
plated along with other plates and at the time of drug treatment, 
this plate was developed with CTG. The mean of this zero‑day 
control plate was subtracted from each well and then this value 
normalized to the mean of no cells and DMSO control wells to 
calculate cell proliferation as a percentage of control. The GI50 
values were calculated from the normalized cell proliferation 
data (as a percentage of control) vs. drug concentration graphs 
using a four‑parameter non‑linear regression curve fit with the 
bottom of the curve fixed to 0% (representing no proliferation) 
using Prism (Graphpad) graphing software. Values below zero 
represented cytotoxicity.

2‑D cell proliferation screening and GI50 assays. For the 
initial screening of the drugs in 2‑D, we employed the 
Incucyte imager to monitor cell confluency in a 96‑well 
format. The harvested cells were seeded at 5,000 cells/well 
(90 µl) in a 96‑well plate (Corning plate #3603) and incu‑
bated in the biosafety cabinet for 45 min at room temperature 
before transferring to an incubator at 37˚C and 5% CO2 
atmosphere. After 24 h, cells were treated manually with 
compounds diluted into growth media (10 µl) in duplicate 
wells and incubated in the Incucyte imager for 72 h. The 

final DMSO in compound treated wells was 0.1% and 
DMSO was used at 0.1% final concentration for maximum 
signal control wells. Paclitaxel (0.1 µM) and cycloheximide 
(10 µM) were used as positive controls. The relative cell 
growth (increase in confluency) for every well was calcu‑
lated by first subtracting the confluency data obtained from 
the first Incucyte read (0 h, representing initial cell area) 
from the final 72 h read (72 h read‑0 h read) to get a net 
confluency change for every well. This net confluency of 
every well was then divided by the mean net confluency 
of the DMSO control well then multiplied by 100 to get 
relative cell proliferation. This data was plotted using 
GraphPad Prism and assessed for statistical significance 
using unpaired t‑test to identify active hits, defined as 
significantly (P<0.05) less than 100% of control and having 
a mean of at least 20% inhibition. For subsequent GI50 and 
cytotoxicity assays, we employed the CellTox Green dye 
to also measure cytotoxicity along with proliferation in a 
384‑well format. Hs578T, MDA‑MB‑231 and SUM‑159 cells 
were seeded at 2,000, 1,500 and 600 cells/well (50 µl/well), 
respectively, in 384‑well plates (Corning, plate # 3764). 
The cells were incubated for 24 h at 37˚C and 5% CO2 and 
then treated with compound using a D300 digital dispenser 
as triplicates for each compound concentration using an 
8‑point half‑log or two‑fold serial dilution scheme starting 
with 10 µM as the highest concentration. DMSO‑only wells 
were used as a solvent control representing maximal cell 
proliferation. All wells were adjusted to a final concentra‑
tion of 0.1% DMSO using the D300. To measure cytotoxic 
activity, 50 nl of the DNA‑binding fluorescent dye CellTox 
Green stock solution was added to each well immediately 
after compound addition, resulting in a 1:1,000 dilution 
from the stock solution provided by the manufacturer. Cells 
were incubated and monitored for 96 h in the Incucyte as 
above. To obtain relative cell growth, the confluency data 
was analyzed by subtracting the initial confluency from the 
72 h confluency (72‑0 h reads) to get net confluency for each 
well and then normalizing to the mean net confluency of the 
DMSO control wells using the same method as above. The 
GI50 values were calculated as above where the bottom was 
fixed to zero (representing no change in confluency/growth). 
Relative cytotoxicity values were separately calculated 
using a published method  (11) where the percent green 
fluorescence confluency values (area of green fluorescence) 
were divided by the total brightfield confluency (area of 
cell monolayer), multiplied by 100, where these values were 
generated by the Incucyte software.

Statistical analysis. In all cases where statistical analysis was 
performed, an unpaired t‑test was employed with n=4 or 6 
data points aggregated from replicate experiments where the 
comparison is between drug treated wells and control wells. 
An alpha level of 0.05 was used. Error bars on all graphs 
and variability (±) provided with values represent standard 
deviation (SD).

Results

NOD screening approach. We sought to identify NODs with 
the potential to be repurposed for TN‑IBC, and TNBC in 
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general as maintenance therapy. As a first step towards this 
goal, we utilized the high throughput screening data from 
Corsello et al (12) that is publicly available in the PRISM data‑
base (https://depmap.org/repurposing). This group screened a 
large collection of compounds and drugs using 578 different 
cancer cell lines by testing drugs against multiple pools 
of 25 DNA‑encoded cell lines mixed in a well in a highly 
multiplexed cell viability/proliferation assay. We queried this 
database to obtain all the activity data for non‑cancer drugs 
and approved drugs (Fig. 1). Further selection was applied to 
those NODs with measurable IC50 values (≤10 µM) and with 
activity in at least three TNBC cell lines, as there were no IBC 
cell lines in the original screen. These criteria resulted in 100 
candidate compounds. From this list, we eliminated actives 
that were not applicable for direct drug repurposing since they 
would require steps similar to de novo drug discovery, were 
redundant or otherwise not of practical use (Fig. 1). Thus, 
drugs were eliminated that were approved for topical use only, 
not genuinely approved drugs, highly similar to cancer drugs, 
prodrugs of other drugs on the list, controlled access drugs 
and those approved only for animal use. We also chose just 
one member of highly selective drug classes such as HMG 
CoA reductase inhibitors (statins). After this further selec‑
tion process, 48 drugs (Fig. 2) remained on our list and were 
sourced from vendors for testing in our assays.

We screened these 48 NODs for cytotoxic and anti‑prolif‑
erative activity against the TN‑IBC cell line SUM‑149 grown 
as spheroids. In parallel, we also queried PubMed with the 48 
NODs to identify those that have been understudied for TNBC, 
i.e., ≤1 publication using the terms TNBC and the drug name. 
The resulting 33 drugs were then screened for activity using 
two TNBC cell lines, MDA‑MB‑231 and SUM‑159, grown 
in standard 2‑D culture. The 2‑D assay was a more rapid 
screening method enabling the initial screening using two 
different TNBC cell lines. Since the resultant 2‑D data cannot 
necessarily be directly compared to spheroid data, the hits of 
highest interest in the 2‑D assays were re‑tested in spheroid 
assays as well. Confirmed actives from the SUM‑149 and 
TNBC screens that were also identified as understudied in IBC 
or TNBC were tested against a panel of TNBC cells grown as 
spheroids to determine the breadth of activity. Representative 
images of spheroids for each cell line at treatment time support 
spheroid integrity (Fig. S1). Prior to treatment, control wells 
were assessed for viability using CTG and this value was also 
used to calculate cell proliferation as a percentage of controls.

Initial screens for activity in NOD collection. We screened 
the collection of 48 NODs at 10  µM drug concentration 
using the SUM‑149 spheroid growth assay in which we 
measured three parameters as indicators of drug activity 
(Fig. 2). During the 96 h of drug exposure, we monitored 
the spheroids with the Incucyte imaging system. After the 
final reading in the Incucyte imager, we measured total cell 
viability via ATP detection (CellTiter Glo) (Fig. 2A). We 
also determined the change in area of the spheroid (Fig. 2B) 
and cytotoxicity using CellTox Green dye (Fig. 2C) using 
the Incucyte software. This dye is non‑permeant to cells 
unless the membrane is compromised, upon which the dye 
binds DNA and its fluorescence increases. Therefore, higher 
fluorescence indicates cell death. The area of the spheroid 

was decreased by some drugs and increased by other drugs. 
An increase in size can be due to cytotoxicity resulting in 
decreased cell‑cell cohesion, reversing a tightly compacted 
spheroid, resulting in increased total area of the spheroid (13). 
This phenomenon was observed with the known cytotoxic 
agent paclitaxel, used as a control in this assay. Paclitaxel 
generated a mean of 155% change in area compared to 
control, increased fluorescence and reduced signal in the 
ATP assay, all consistent with a cytotoxic compound. A 
decrease in size can be due to decreased cell prolifera‑
tion during the 96 h assay. For example, this was observed 
with cycloheximide, a predominately anti‑proliferative 
agent, which decreased mean area, only slightly increased 
fluorescence and decreased ATP signal. Based on the data, 
both types of spheroid area changes were observed in this 
set of compounds. Of the 12 drugs that increased the change 
in area by ≥125% of control, 9 also displayed an increase 
in f luorescence in the CellTox Green assay, excluding 
menadione which displayed autofluorescence and therefore 
unknown cytotoxicity by this method. Baicalin and mena‑
dione, two of the drugs that increased change in area but not 
fluorescence (baicalin) or were autofluorescent (menadione), 
also increased the ATP content over DMSO (solvent) control. 
Thus, these drugs appear to have enhanced proliferation 
in this cell line. Clofazimine increased the change in area 
relative to control, but showed no increase in fluorescence, 
yet clearly inhibited cell proliferation/viability in the ATP 
content assay. One drug, ivermectin, had no significant effect 
on the spheroid area, but increased fluorescence and dramati‑
cally decreased signal in the ATP assay. If area alone was 
used in the screen, this drug would have been a false nega‑
tive and not detected. Thus, use of area alone may result in 
false positives and false negatives when screening drugs for 
anti‑cancer activity. In another case, niclosamide increased 
the change in area by a mean of 130%, while the signal in 
the ATP assay was inhibited by 87%, the latter representing 
a more robust assay response. In the cytotoxicity assay, 11 
drugs (excluding menadione) produced fluorescence >125% 
of control (DMSO). All these drugs were present as a subset 
of the ATP assay hits. However, some drugs, e.g., papav‑
erine and spironolactone, were also detected with activity 
in the ATP assay that showed no increase in fluorescence 
suggesting they may be only anti‑proliferative. Due to the 
lack of specificity and sensitivity of the area measurement, 
the robustness of the ATP assay and our interest in identifying 
both cytotoxic and purely anti‑proliferative drugs, the ATP 
detection assay was used as the primary indicator of activity. 
Using the ATP assay, we identified drugs that produced a 
signal significantly lower than control (P<0.05) resulting in 
22 drugs from this initial screen (Fig. 2A) being selected for 
confirmatory dose response studies.

In a parallel study, we assessed a subset of 33 drugs (those 
from the set of 48 drugs with few literature references) for 
their activity against non‑IBC TNBC cell lines SUM‑159 and 
MDA‑MB‑231 (Fig. 3). A standard 2‑D cell culture model 
was employed, measuring change in percent confluency as 
a measure of cell growth during the assay using the Incucyte 
imaging system. The initial confluency at the time of drug treat‑
ment (10 µM) was subtracted from the final confluency to get 
an actual measure of cell proliferation inhibition. Since there 
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were too many drugs with p≤0.05 that had minimal % inhibi‑
tion (<10% inhibition) in the 2‑D screen, we added a percent 
inhibition cut‑off to the 2‑D screen hit criteria. In this screen, 10 

actives for SUM‑159 and 4 actives for MDA‑MB‑231 were iden‑
tified using a cut‑off of ≥25% inhibition with P≤0.05 compared 
to DMSO control (Fig. 3). One drug, mozavaptan, that showed 

Figure 1. Summary of selection and screening method for identifying drugs with potential for repurposing. A search of the published PRISM database for 
active drugs in at least three TNBC cell lines resulted in 100 candidates. After drugs were eliminated from this list due to a variety of reasons that reduced 
potential for rapid repurposing (for example, only approved in animals, only approved for topical use), 48 drugs remained for testing. These were tested in a 
primary single concentration screen (10 µM) and subsequent actives were then tested in concentration response using the TN‑IBC SUM‑149 cell line grown 
as spheroids resulting in 15 confirmed active drugs. A subset of 33 drugs that have been understudied for TNBC were tested in a single concentration (10 µM) 
screen using two TNBC cell lines in a 2‑D cell proliferation assay followed by determination of GI50 and cytotoxicity for actives using three TNBC cell lines 
also grown in 2‑D. Five confirmed actives from the 2‑D screening were combined with the actives from the SUM‑149 screen and assessed for literature reports 
related to TNBC and IBC resulting in eight understudied drugs. These were profiled for GI50 against a total of four TNBC cells lines (including SUM‑149) 
grown as spheroids. TNBC, triple‑negative breast cancer; TN‑IBC, triple‑negative inflammatory breast cancer; 2‑D, two‑dimension; IBC, inflammatory breast 
cancer; GI, growth inhibition.
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Figure 2. Multiparametric screen of selected NODs for activity against TN‑IBC cell line SUM‑149 grown in spheroid culture. A total of 48 drugs (as indicated 
on the y‑axis) were tested at 10 µM against SUM‑149 grown as spheroids. DMSO wells were solvent control wells used to normalize the data and paclitaxel 
and cycloheximide were used as control inhibitors. (A) After 96 h of drug exposure, CellTiter Glo was used to determine ATP levels as a reflection of cell 
viability, calculated as percentage of controls. Red bars represent drugs that had significantly reduced cell viability compared to DMSO control using unpaired 
t‑test and therefore were selected for GI50 determinations (*P<0.05 compared to DMSO). (B) The change in spheroid area between 0 and 96 h was calculated 
for each drug as a percentage of DMSO control. (C) Non‑permeable CellTox Green dye was used to detect free DNA by measuring the total green fluorescence 
of the well and normalizing it to controls. Normalized data >100% was indicative of cytotoxicity. The drug marked ‘Autofluor’ showed fluorescence at time 0 
indicating that the fluorescence was high due to autofluorescence of the drug. Screening data shown represents the mean ± standard deviation of the aggregated 
normalized data from n=2 or 3 independent experiments where each experiment employed duplicate technical replicates. NOD, non‑oncology drug; TN‑IBC, 
triple‑negative inflammatory breast cancer; DMSO, dimethyl sulfoxide.
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unusually high variability in activity against SUM‑159, was also 
re‑tested in potency assays. Due to the inclusion of mozavaptan 
and significant overlap in actives, the screen resulted in 12 
unique drugs selected for confirmation assays.

Confirmation concentration response assays. The active 
drugs from the SUM‑149 spheroid screen were tested in 
concentration response assays using the same format, except 

that only the ATP assay was used as a measure of cell viability 
and proliferation. An initial measure of luminescence (‘day 0’ 
signal) allowed for subtraction of the signal derived from plated 
cells and therefore, enabled the plotting of spheroid growth 
relative to controls to derive a GI50. Thus, this method allowed 
detection of both cytostasis and cytotoxicity since the normal‑
ized 0 signal represents no cell growth and negative values 
indicate cytotoxicity. GI50 was determined, rather than simple 

Figure 3. 2‑D screen of selected NODs for activity against two TNBC cell lines. 32 drugs (as indicated on the y‑axis) were tested at 10 µM against (A) SUM‑159 
and (B) MDA‑MB‑231 grown in 2‑D. Change in monolayer confluency between 0 and 72 h was calculated for each drug as a percentage of DMSO control. 
DMSO wells were solvent control wells used to normalize the data and paclitaxel and cycloheximide were used as control inhibitors. Red bars represent drugs 
that had significantly reduced cell viability compared to DMSO control using unpaired t‑test and displayed ≥20% inhibition (*P<0.05 compared to DMSO). 
These active drugs were selected for GI50 determinations. Screening data shown represents the mean ± standard deviation of the aggregated normalized data 
from n=3 independent experiments where each experiment employed duplicate technical replicates. NOD, non‑oncology drug; TNBC, triple‑negative breast 
cancer; DMSO, dimethyl sulfoxide.

https://www.spandidos-publications.com/10.3892/ol.2025.15428
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IC50, since our interest was to identify potential maintenance 
therapy, including drugs that only slowed re‑growth of cancer 
cells after standard of care treatment. Since NODs were not 
originally designed as cytotoxic chemotherapy agents, the 
expectation was that at clinical doses, many of these NODs 
may only inhibit cell growth. Thus, NODs that are purely 
anti‑proliferative would still be of interest and we wanted to 
accurately quantify this anti‑proliferative activity. 15 drugs 
had calculable GI50 values (reached at least 50% inhibition) 
(Fig. 4 and Table I). The GI50 values ranged from 0.17 to 14 µM 
and originated from various drug classes and approved indica‑
tions (Table I). At the higher potency end of this collection 
of drugs (<2 µM GI50), the anti‑cancer activity of niclosamide 
(GI50=0.17 µM), mycophenolic acid (GI50=0.51 µM), arte‑
sunate (GI50=0.69) and albendazole (GI50=1.4  µM) have 
all been extensively described  (14). In addition to TNBC, 
niclosamide has also been shown by others to have activity 
against SUM‑149 (15‑17). While the activity of artesunate and 
albendazole has been described for TNBC cell lines (18‑21), 
their activity against SUM‑149 (or other IBC cell lines) does 
not appear to have been previously reported.

The active drugs from the TNBC 2‑D screen were tested 
in concentration response assays using the same format as 
the initial screen, except that CellTox Green dye was used 
as a measure of cytotoxicity, while confluency was used 
to measure cell proliferation. All the actives were tested 
against three TNBC cell lines: SUM‑159, MDA‑MB‑231 and 
Hs578T. Five drugs had confirmed GI50 potencies of <10 µM 
for at least one cell line: adefovir, eltrombopag, mozavaptan, 
mycophenolic acid and pentamidine (Fig. 5 and Table II). 
Halofantrine was a sixth drug that was also tested in this 2‑D 
panel since it had borderline activity against MDA‑MB‑231 
and activity in the spheroid screen. Mozavaptan was the only 
drug in this set that had activity against all three cell lines with 
mean GI50 values of 2.2 to 4.6 µM. MDA‑MB‑231 appeared 
to be more drug resistant in general within this panel than the 
other two cell lines since only two of these drugs had calcu‑
latable GI50s against this cell line. The most potent drugs 
were adefovir (mean GI50=1.2, 3.3 and >10 µM) and myco‑
phenolic acid (mean GI50=0.5, 3.1 and >10 µM). Adefovir 
showed cytotoxicity only against SUM‑159. Mycophenolic 
acid has been extensively studied for its anti‑cancer activity, 

Table I. GI50 values in the SUM‑149 spheroid assay and pharmacological data for identified drugs.

Drug	 GI50 (µM)a	 SD (µM)	 GI50:Cmax 	 Cmax
b (µM)	 Drug class or MOA	 Approved indication

Adefovir‑dipivoxil	 4.8	 0.2	 18.5	 0.26	 Nucleotide analog reverse	 Hepatitis B
					     transcriptase inhibitor
Albendazole	 1.4	 0.3	 0.3	 5.70	 Tubulin inhibitor	 Parasitic worm 
						      infections
Artesunate 	 0.7	 0.1	 0.1	 8.00	 Generates free radicals	 Malaria
Bisacodyl	 6.6	 2.7	 26.4	 0.25b	 Stimulates adenylate cyclase	 Constipation
Clofazimine	 6.6	 2.4	 8.6	 0.77	 Acts at bacterial membranes	 Leprosy
Dolutegravir	 >40c	 ‑	 NA	 6.30	 Integrase inhibitor	 HIV‑1
Dronedarone	 5.7	 0.6	 19.0	 0.30	 Multichannel blocker	 Atrial fibrillation
Eltrombopag	 14.0d	 6.2	 1.0	 14.00	 Thrombopoietin receptor agonist	 Thrombocytopenia
Halofantrine	 7.1	 3.1	 10.3	 0.69	 Targets ferritoporphyrin IX	 Malaria
Ivermectin	 2.9	 0.5	 36.3	 0.08	 Chloride ion channels	 Multiple parasites
Mozavaptan	 >10e	 ‑	 NA	 Unk	 Vasopressin receptor antagonist	 Hyponatremiaf

Mycophenolic acid	 0.5	 0.1	 0.01	 78.00	 IMPDH inhibitor	 Immunosuppressant
Niclosamide	 0.2	 0.02	 0.6	 0.27	 Uncoupling of electron transport 	 Tapeworm infectionsg

Papaverine	 7.1	 2.2	 2.4	 2.90	 Nonxanthine PDE inhibitor	 Myocardial infarction/
						      angina 
Penfluridol	 2.1	 0.1	 42.0	 0.05	 Dopamine receptor blocker	 Antipsychotich

Pentamidine	 6.7	 2.1	 10.6	 0.63	 Unknown	 Pneumocystis
						      pneumonia
Spironolactone	 3.5	 0.1	 10.0	 0.35	 MR antagonist	 Hypertension, heart 
						      failure

aHighest concentration tested was 10 µM, except for dolutegravir and eltrombobag which were tested at 40 µM high concentration, as indi‑
cated; GI50 values are the mean of n≥3 independent experiments. bCmax values were obtained from literature (24‑37). Plasma concentration of 
bisacodyl and free metabolite bis‑(p‑hydroxyphenyl)‑pyridyl‑2‑methane (BHPM) are below detection (<1 ng/ml), therefore the concentration 
provided is that of BHPM glucuronides. cVariable responses, tested at high concentration of 40 µM, 0.4% DMSO. dMean of dose response 
curves starting at high concentration of 10 (n=3) and 40 µM (n=4), 0.1 and 0.4% DMSO, respectively. eVariable responses: 4 to >10 µM. fNot 
approved by FDA; approved in Japan. gNot currently on the market in USA. hNot approved by FDA; marketed in other countries. IMPDH, 
inosine‑5'‑monophosphate dehydrogenase; PDE, phosphodiesterase; MR, mineralocorticoid receptor; MOA, mechanism of action; NA, not 
applicable; Unk, unknown.
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including against TNBC cell line MDA‑MB‑231  (22,23). 
However, no studies to date have reported its activity against 
SUM‑149 or other IBC cell lines. A measure of cytotoxicity 

was calculated by dividing the area of green fluorescence 
(from the CellTox Green dye) by the area of confluency (from 
the brightfield image) (Fig. 5). Mozavaptan was the only drug 

Figure 4. GI50 determinations for active drugs against SUM‑149 and a panel of other TNBC cell lines grown as spheroids. Relative cell proliferation (as a 
percentage of controls) was determined in response to the indicated concentrations of drugs tested against SUM‑149. Selected compounds were also profiled 
with an additional three TNBC cell lines, SUM‑159, HCC1806 and MDA‑MB‑231, as indicated. The concentration response data was plotted for (A) adefovir, 
(B) albendazole, (C) artesunate, (D) bisacodyl, (E) clofazimine, (F) dolutegravir, (G) dronedarone, (H) eltrombopag, (I) halofantrine, (J) ivermectin, (K) moza‑
vaptan, (L) mycophenolic acid, (M) niclosamide, (N) papaverine, (O) pentamidine, (P) spironolactone and (Q) tolvaptan. All cell lines were grown in spheroid 
form for this assay with 96 h drug treatment followed by viable cell number assessed by CellTiter Glo. Relative cell proliferation (as opposed to total cells) 
was calculated by subtracting mean 0‑day plate values from all wells and normalizing to controls such that a 0 value indicated no cell proliferation during 
the course of the assay (same number of viable cells as on day of treatment), while negative values indicated cytotoxicity (fewer viable cells than on day of 
drug treatment). Data shown are representative of n≥3 independent experiments and the data points and error bars represent the mean ± standard deviation of 
triplicate technical replicates. GI, growth inhibition; TNBC, triple‑negative breast cancer.

https://www.spandidos-publications.com/10.3892/ol.2025.15428
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that was cytotoxic against all three cell lines where it gener‑
ated cytotoxicity at concentrations above 1 µM. In contrast 
to mozavaptan, the other drugs in this set that showed some 
cytotoxicity only had cytotoxic activity against one cell line 
(e.g. mycophenolic acid and adefovir) or weak cytotoxic 
activity (only at 10 µM) against one or two cell lines (e.g. 
pentamidine and halofantrine). Eltrombopag did not show 

cytotoxicity against any of the cell lines and thus appeared 
to be purely anti‑proliferative under these 2‑D conditions. 
Adefovir and mycophenolic acid were only cytotoxic for 
SUM‑159 at 3 µM and above.

Activity of understudied NODs in a panel of TNBC cell lines. 
Since SUM‑149 is the only commercially available TN‑IBC 

Figure 5. GI50 determination of active drugs from 2‑D screen against a panel of three TNBC cell lines. Relative cell proliferation (as a percentage of controls) 
and cytotoxicity was determined in response to the indicated concentrations of drugs tested against SUM‑159, HCC1806 and MDA‑MB‑231, as indicated. All 
cell lines were grown in 2‑D. Immediately after drug treatment, confluency and CellTox Green dye fluorescence (cytotoxicity) was monitored for 72 h with the 
Incucyte. Relative cell proliferation was calculated by subtracting the initial confluency (based the first read) from the final confluency measurement for each 
well and normalized to controls. Therefore, a 0% value indicates no change in confluency compared to the start of the assay. Relative cell death after 72 h was 
calculated by dividing the area of green dye fluorescence by the total confluency area (based on brightfield imaging) and multiplying by 100. Separate plots are 
provided for cell proliferation and cytotoxicity for (A and B, respectively) adefovir, (C and D, respectively) eltrombopag, (E and F, respectively) mozavaptan, 
(G and H, respectively) mycophenolic acid, (I and J, respectively) pentamidine and (K and L, respectively) halofantrine. Data shown are representative of n≥3 
independent experiments and the data points and error bars represent the mean ± standard deviation of triplicate technical replicates. GI, growth inhibition; 
TNBC, triple‑negative breast cancer; 2‑D, two‑dimension.
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cell line, we were unable to test the active hits against other 
TN‑IBC cell lines. Therefore, we sought to test understudied 
NODs from the SUM‑149 screen against standard TNBC cell 
lines to assess the breadth of activity. Of the 15 drugs that were 
confirmed in the SUM‑149 screen, 7 of them were assessed 
to be understudied in TN‑IBC/TNBC based on PubMed 
literature searches. Similarly, 5 of the hits in the 2‑D screen 
with TNBC cell lines had few studies related to their activity 
in TNBC. We combined these sets of drugs, resulting in 8 
unique understudied drugs, due to high overlap in the lists. 
Only mozavaptan was a novel hit in the 2‑D screen compared 
to the SUM‑149 screen hits. Dolutegravir was understudied in 
the literature but was highly variable in the SUM‑149 potency 
assays for unknown reasons, so we included it for testing 
against this panel. We tested these eight drugs in concentration 
response against TNBC cell lines SUM‑159, HCC1806 and 
MDA‑MB‑231 grown in the spheroid assay format with ATP 
detection as the measure of cell viability and proliferation 
(Fig. 4, Table III and Fig. 6A). Since we performed a ‘Day 0’ 
plate to obtain the signal for the initial cell number at the time 

of drug treatment, a negative cell proliferation value at the end 
of drug treatment indicated fewer viable cells, i.e., cytotoxicity. 
Hs578T failed to proliferate in the spheroid growth conditions 
employed, so we used HCC1806 in its place. Eltrombopag and 
dolutegravir were tested at higher max concentration (40 µM) 
due to their higher Cmax values. Adefovir, an anti‑hepatitis B 
antiviral drug, and dronedarone, a multi‑channel blocker for 
atrial fibrillation, were the only drugs in this selected drug 
panel to inhibit all four cell lines with a calculatable GI50 
value. Adefovir produced mean GI50 values ranging from 1.3 
to 4.8 µM and it appeared to be cytotoxic for MDA‑MB‑231 at 
20 µM, but not for the other cell lines. Dronedarone produced 
GI50 values in the range of 5.3 to 8.1 µM and was cytotoxic at 
higher concentrations across the cell lines. Three of the drugs 
had measurable GI50 values in three of the four cell lines. These 
drugs and their GI50s for SUM‑149, HCC1806, SUM‑159 and 
MDA‑MB‑231, respectively, included eltrombopag (GI50=14, 
16.8, >40 and 16.8  µM), halofantrine (GI50=7.1, >20, 5.1, 
10.2 µM) and mozavaptan (GI50=>10, 6.7, 7.6, 3.3 µM). Since 
mozavaptan is a vasopressin receptor antagonist, we sought 

Table II. GI50 for drugs identified in 2‑D cell culture screen.

Cell line	 SUM‑159	 MDA‑MB‑231	 Hs578T
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-‑‑‑‑‑‑
Drug	 GI50 (µM)a	 SD 	 GI50 (µM)a	 SD 	 GI50 (µM)a	 SD 

Adefovir dipivoxil	 1.2	 0.3	 >10	 ‑	 3.3b	 1.5
Eltrombopag	 8.1	 1.0	 >10	 ‑	 5.3b	 1.3
Halofantrine	 7.6	 1.1	 >10	 ‑	 >10	 ‑
Mozavaptan	 4.6	 0.5	 2.2	 0.7	 2.7	 0.7
Mycophenolic acid	 0.5	 0.1	 3.1	 0.3	 >10	 ‑
Pentamidine	 7.4	 1.8	 >10c	 ‑	 2.0b	 0.9

aHighest concentration tested was 10 µM; GI50 values are the mean of n≥3 independent experiments except where indicated. bMean of n=2 
independent experiments. cOne value 7.2 µM.

Table III. Anti‑proliferative activity of selected drugs in a panel of cell lines grown as spheroids.

Cell line	 SUM‑149	 HCC‑1806	 SUM‑159	 MDA‑MB‑231
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-‑‑‑‑‑‑‑‑‑‑
Drug	 GI50 (µM)a	 SD	 GI50 (µM)	 SD 	 GI50 (µM)	 SD 	 GI50 (µM)	 SD 

Adefovir	 4.8	 0.2	 2.0	 0.6	 4.2	 1.5	 1.3	 1.0
Dolutegravir	 >40b	 ‑	 16.0	 11.0	 27	 7.5	 >40	 ‑
Dronedarone	 5.7	 0.6	 8.1	 2.6	 5.3	 0.3	 5.8	 3.9
Eltrombopag	 14.0	 6.2	 16.8	 5.2	 >40	 ‑	 16.8	 6.1
Halofantrine	 7.1	 3.1	 >20c	 ‑	 5.1	 0.03	 10.2	 7.2
Mozavaptan	 >10d	 ‑	 6.7	 0.7	 7.6	 2.0	 3.3	 0.7
Papaverine	 7.1	 2.2	 >20c	 ‑	 4.2	 0.3	 >20c	 ‑
Spironolactone	 3.5	 0.05	 >20	 ‑	 >20c	 ‑	 >20c	 ‑
Tolvaptan	 NT	 ‑	 >20	 ‑	 12.2	 6.2	 >20	 ‑

aHighest concentration tested was 10 µM (SUM‑149) or 20 µM (all other cell lines), except dolutegravir and eltrombopag tested at a high of 
40 µM; GI50 values are the mean of n≥3 independent experiments. bVariable responses. cOne value was >12 µM. dVariable responses: 4 to 
>10 µM. NT, not tested.
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to test another member of this class, tolvaptan, for its activity 
(Table III, Fig. 4Q). Tolvaptan only had weak activity against 
SUM‑159 (GI50=12 µM) out of the three TNBC cell lines 

tested. Eltrombopag was clearly cytotoxic only at 40 µM 
for two (SUM149 and HCC1806) of the three sensitive cell 
lines. Papaverine had activity against SUM‑149 (GI50=7.1 µM) 

Figure 6. Graphical representations of mean GI50 values and GI50:Cmax ratios for active drugs. The GI50 data from Tables I and III were represented as bar 
graphs. (A) Mean GI50 values of compounds tested only against SUM‑149 (as indicated) or against all four cell lines were plotted. No error bars indicate that 
the GI50 is greater than the highest concentration tested and thus shown as equal to that high concentration (i.e., GI50 of >20 µM is indicated by a bar at 20 µM 
without error bars). (B) The mean GI50 values were divided by the Cmax values from Table I and plotted for each indicated drug. The ratio of one is indicated 
with a horizontal black line. GI, growth inhibition; Cmax, maximal concentration.
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and SUM‑159 (4.2 µM), but minimal activity (GI50 >20 µM) 
against the other two cell lines. Dolutegravir exhibited activity 
only against SUM‑149 and HCC1806 and showed notable 
cytotoxicity for HCC1806 at concentrations of 20 µM and 
above. Spironolactone was the only drug in this subset of 
drugs that was selective for SUM‑149 (GI50=3.5 µM), with no 
activity against the other three cell lines.

GI50 values are more informative when viewed relative to 
the maximal concentration (Cmax) achievable at clinical doses 
in humans. We obtained Cmax values for the identified drugs 
using published Cmax values from human clinical studies 
(Table  I)  (24‑37). By comparing the GI50 values from the 
SUM‑149 data to the Cmax values (Table I and Fig. 6B), 9 drugs 
had GI50 values that were 10‑fold or more higher than the Cmax 
(GI50:Cmax ratio of ≥10). One drug, mozavaptan, had no published 
Cmax data. However, there were 6 drugs that had GI50 values that 
ranged from approximately twice their Cmax to 153‑fold lower 
than their Cmax. These drugs and their approximate GI50:Cmax 
ratio included the following: albendazole (GI50:Cmax=0.3), arte‑
sunate (GI50:Cmax=0.09), mycophenolic acid (GI50:Cmax=0.007), 
Niclosamide (GI50:Cmax=0.6), eltrombopag (GI50:Cmax=1) 
and papaverine (GI50:Cmax=2). Eltrombopag and papaverine 
had similar relative potencies (GI50:Cmax ratios) for the other 
cell lines that were sensitive to them. Adefovir had a Cmax 
of 0.2 µM and a GI50:Cmax of 18 for SUM‑149. However, in 
MDA‑MB‑231 cells, adefovir produced a GI50 of 1.3 µM which 
is only 5‑fold above Cmax. Interestingly, this drug was inactive 
(>10 µM GI50) in the 2‑D potency assay with MDA‑MB‑231. 
This contrasts with the results obtained with the same drug in 
SUM‑159, where the potency shifted almost 4‑fold, indicating 
a less sensitive response in the spheroid assay, suggesting 
a shift in potency due to the spheroid culture conditions. It 
has been well established that compound potency shifts can 
frequently happen when comparing 2‑D and 3‑D cell culture, 
including many instances when lower potency is observed in 
the 3‑D culture (38,39).

In sum, we screened a collection of 48 NODs identified 
through a published database for anti‑proliferative activity 
against the IBC cell line SUM‑149 grown in spheroid format. 
We identified 15 NODs with activity against SUM‑149. A 
subset of 33 NODs was also screened using two TNBC cell 
lines grown in 2‑D culture resulting in the identification of six 
drugs. There was complete overlap in these sets of drugs, except 
for mozavaptan which was only identified in the TNBC screen. 
In the SUM‑149 assay, the most potent drugs (<1 µM GI50) 
were artesunate, mycophenolic acid, and niclosamide. Six of 
these drugs active against SUM‑149 (albendazole, artesunate, 
mycophenolic acid, niclosamide, eltrombopag and papaverine) 
have potentially clinically relevant GI50:Cmax ratios of ≤2. Eight 
drugs were further tested against a panel of three non‑IBC 
TNBC cell lines grown in spheroid format. Selectivity varied 
from two drugs (adefovir and dronedarone), which had activity 
against all four cell lines, to one (spironolactone), which had 
activity only against SUM‑149. Eltrombopag and papaverine 
were identified as having newly discovered activity against 
SUM‑149, and we expanded their activity profiling to multiple 
TNBC cell lines. In addition, the eltrombopag and papaverine 
had GI50:Cmax ratios of 1 and 2, respectively, indicating that 
they could reach therapeutically relevant drug levels in vivo for 
anti‑cancer treatment.

Discussion

In this report, we screened a collection of NODs based on 
a published database to identify NODs with activity against 
TN‑IBC and/or TNBC. Using the TN‑IBC cell line SUM‑149, 
we identified 15 drugs with calculable GI50 values against 
this cell line grown in spheroid form. In a parallel screening 
approach, we tested a subset of these NODs for activity 
against two other TNBC cell lines grown in 2‑D. This second 
approach resulted in a list of active drugs that overlapped with 
the SUM‑149 hits, except for mozavaptan which was uniquely 
active against SUM‑149. Rather than just using the absolute 
GI50 for assessing their potential against TN‑IBC, we also 
assessed these drugs in terms of their potency (GI50) relative 
to their Cmax reported in human studies. Many of these drugs 
turned out to be well‑known NODs that have many reports 
of their anti‑cancer activity. For example, the well‑studied 
NODs, albendazole (anti‑parasitic), artesunate (anti‑malarial), 
niclosamide (for tapeworm infections) and mycophenolic acid 
(immunosuppressant) have been extensively reported to have 
anti‑cancer activity against multiple types of cancers (10,14). 
These drugs also have Cmax values in humans that are above 
the GI50 reported here for SUM149 and hence may have 
activity against IBC in patients. From the two screening 
approaches, eight of these NODs were identified as being less 
studied in TNBC, and so we tested these drugs against a panel 
of other TNBC cell lines grown in spheroid format. Only two 
drugs generated calculable GI50 values in all four cell lines: 
adefovir (antiviral) and dronedarone (multichannel blocker 
for atrial fibrillation). However, these drugs also had GI50:Cmax 
ratios that were high, at approximately 5‑ to 30‑fold, and 
raises the question of how effective they would be at clinical 
doses. The sensitivity to adefovir varied between cell lines 
with MDA‑MB‑231 being the most sensitive with a GI50 of 
5‑fold above Cmax. Halofantrine (antimalarial) had activity in 
3 of 4 cell lines, but the GI50:Cmax values were all over 7‑fold. 
Dolutegravir (HIV drug) had activity against two cell lines 
(but not SUM‑149) with a GI50:Cmax of ~3‑4‑fold. While this 
drug was reported to inhibit proliferation of BT‑20, a TNBC 
cell line, it was also found to increase metastasis in the 4T1 
(mouse TNBC cell line) xenograft model  (40). Two drugs, 
eltrombopag and papaverine had GI50: Cmax ratios of 1 to 2 
in sensitive cell lines. These drugs have not been previously 
reported to have activity in an IBC cell line.

A limitation of this study was the reliance on SUM‑149 
as the sole TN‑IBC model, since the observed drug activity 
could be due to cell line‑specific effects and not generaliz‑
able to most TN‑IBC. Hence, these drugs should be tested 
against other TN‑IBC cell lines. Suggestive evidence against 
unique SUM‑149 effects is that most of the drugs active 
against SUM‑149 were also active against other TNBC cell 
lines. Another limitation of this study was that the simple 
spheroid model does not fully recapitulate IBC‑specific in vivo 
mechanisms such as tumor emboli formation and lymphan‑
giogenesis. The use of Cmax in our data analysis also has its 
limitations. Protein binding of drugs in serum may alter the 
concentration of free drug in vivo compared to 10% serum 
used in our in vitro studies. In addition, the Cmax only reflects 
the concentration achieved in blood, while the degree of tissue 
penetration may alter the concentration of drug experienced 
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by the tumor. In addition, chronic dosing may increase the 
concentration of drug in the serum and tumor. Thus, our use 
of Cmax in assessing the drugs is only a rough guideline, 
but an improvement over ignoring the realities of clinically 
achievable in vivo drug concentrations and how it dramatically 
varies between drugs. The spheroids were not characterized 
for properties described in the literature for spheroid culture, 
including hypoxia, proliferation gradients and necrotic centers. 
Therefore, validation of these properties in our assays needs to 
be confirmed in future work.

Eltrombopag is a thrombopoietin receptor (TPOR) agonist 
that is approved for treatment of thrombocytopenia. Despite 
this originally designated target, eltrombopag has been experi‑
mentally demonstrated to bind to multiple targets including 
proteins such as BAK (41), TFEB (42) and Syndecan‑4 (43). 
Eltrombopag has also been reported to directly inhibit BAX 
and prevent cell death  (44). It has been reported to bind 
double‑stranded DNA  (45), chelate iron  (46‑48) and have 
anticancer activity in multiple cell lines from many different 
tissue origins  (49‑52). Despite low or undetectable TPOR 
in most tissues, eltrombopag has been reported to inhibit 
cell growth in multiple different cancer cell lines including 
breast cancer cell lines MCF‑7, BT‑474 and TNBC cell line 
HCC1937 (50). Eltrombopag has been reported as an inhibitor 
of the mRNA‑binding protein, HuR (human antigen R), 
which has been associated with poor prognosis in multiple 
cancers (51,53,54). In Zhu et al (53), eltrombopag also inhib‑
ited cell proliferation in multiple cancer cell lines, but no 
human TNBC cell lines were tested. In their work, using the 
murine TNBC cell line 4T1, eltrombopag had an in vitro IC50 
of 13.5 µM, similar to our data with human TN‑IBC/TNBC 
cell lines. In a mouse allograft model using 4T1, eltrombopag 
also had in vivo activity where it inhibited tumor growth and 
metastasis and displayed anti‑angiogenesis activity (53,54). 
Our data adds to this body of research since we demonstrated 
that eltrombopag had activity in 3 of 4 human TNBC cell 
lines grown in spheroid form, including a TN‑IBC cell line, 
with potencies similar to its Cmax. At the highest concentration 
tested, 40 µM, eltrombopag was cytotoxic in two of the four 
cell lines. The weak potency of eltrombopag against SUM‑159 
(GI50 >40 µM) also suggests some TNBC cancers may be 
resistant to this drug. According to RNAseq data accessed 
through the Depmap portal (https://depmap.org), the expres‑
sion level of the gene for TPOR (MPL) is very low (close to 
undetectable) in all four cell lines used in this study, which 
is consistent with undetectable expression of MPL mRNA 
in 118 advanced or metastatic breast cancer samples from 
patients (50). However, TPOR expression in the cell lines used 
in this study needs to be confirmed in future studies. Due 
to the many off‑target activities that have been ascribed to 
eltrombopag, it is not clear which mechanism was producing 
the observed activity in our assays. The Cmax of 14 µM cited 
herein was the result of a single dose of 50 mg of eltrombopag 
in healthy adults (35). Another study dosed healthy adults with 
up to 75 mg of eltrombopag per day for 10 days and concluded 
that there were no significant adverse effects compared to 
placebo (55). In this study, the 30‑, 50‑, and 75‑mg dose levels 
resulted in mean increases in platelet counts of 24.1, 42.9, and 
50.4%, respectively. The normal platelet count in adults ranges 
from 150,000 to 450,000 platelets per microliter, with counts 

exceeding 450,000 platelets per microliter defined as throm‑
bocytosis (56). Thus, depending on an individual's baseline 
platelet count, even a 50% increase in platelet count caused 
by eltrombopag treatment may still be within normal range. 
A long‑term study in patients with chronic immune throm‑
bocytopenia taking eltrombopag for up to 3 years (median 
daily dosing of 51.5 mg) found that the most common adverse 
events were headache, nasopharyngitis, upper respiratory tract 
infection, and fatigue, but these were mostly mild (57). Of 
note, 13% of patients experienced ≥1 adverse event, leading to 
study withdrawal. Importantly, no new or increased incidence 
of safety issues were identified in this study and the authors 
concluded that long‑term treatment with eltrombopag was 
generally safe and well tolerated. Overall, our data indicated 
that eltrombopag may have potential for repurposing for 
TN‑IBC and TNBC in general.

Papaverine, a vasodilator traditionally used to treat 
vascular spasms, has been reported to primarily target the 
phosphodiesterase PDE10A and, less potently, other phospho‑
diesterases, leading to increased intracellular concentrations 
of cAMP  (58). In MDA‑MB‑231, cell growth has been 
reported to be inhibited by agents that elevate intracellular 
cAMP levels, i.e., 8‑bromo‑cAMP, cholera toxin, forskolin, 
and papaverine (59,60). Papaverine has also been reported 
to inhibit mitochondrial complex 1, reducing oxidative phos‑
phorylation and oxygen consumption in cells (61). This latter 
mechanism has been proposed to explain papaverine's ability 
to enhance radiation sensitivity of cancer cells, since higher 
oxygen levels lead to more radiation damage. Papaverine has 
also been reported to inhibit cell proliferation and migration 
of non‑small cell lung cancer cell lines through allosteric 
binding directly to CDK5 and inhibiting its activity  (62). 
This drug has also been reported to inhibit a panel of 
human liver cell lines with IC50 values ranging from 1.7 to 
52 µM (63). In a different report, papaverine was reported to 
selectively inhibit the growth of human prostate cancer cell 
line PC‑3 and induce apoptosis (64). Papaverine was identi‑
fied in a screen for small molecules that sensitize tumor cells 
to glucose starvation and this effect was confirmed with four 
different cell lines (65). In a xenograft mouse model using the 
DLD1 colon cell line, modest in vivo anti‑tumor activity of 
papaverine was observed, but a strong combination effect was 
observed when combined with bevacizumab, an inhibitor of 
vascular endothelial growth factor (VEGF) (65). In another 
study, papaverine demonstrated anti‑proliferative activity 
for MCF‑7 and MDA‑MB‑231 breast cancer cell lines (66). 
Notably, we are the first to report papaverine activity against 
an IBC cell line and human TNBC cell lines other than 
MDA‑MB‑231. In contrast, our data for papaverine showed 
weak to no activity against MDA‑MB‑231 (>12 to >20 µM 
GI50) which may be due to differing culture conditions‑we 
employed spheroid growth instead of traditional 2‑D culture. 
It is well known that spheroid growth can shift the potency 
of compounds compared to 2‑D growth. In follow‑up mecha‑
nism studies, it will be important to determine if there is a 
correlation between cAMP elevation or mitochondrial inhi‑
bition in papaverine treated cells and cell line sensitivity to 
this drug. There is an oral form of papaverine available and 
one study using chronic dosing of oral papaverine reported 
no adverse events associated with the drug (67). However, 
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hepatotoxicity in some patients taking oral papaverine has 
been reported (68).

Mozavaptan is a vasopressin V2 receptor (V2R) antago‑
nist that is primarily used for hyponatremia. In our study, 
mozavaptan inhibited proliferation of 3 out of 4 TNBC cell 
lines grown in spheroid form and Hs578T grown in 2‑D 
with a range of GI50s of 2.7‑7.6 µM. Mozavaptan has been 
approved in Japan, but not by the FDA, so we also tested 
another member of vasopressin receptor antagonist family 
that is FDA‑approved‑tolvaptan. Tolvaptan did not show 
the same activity/potency as mozavaptan. For example, 
mozavaptan inhibited MDA‑MB‑231 cells with a GI50 of 
3.3 µM, but tolvaptan was >20 µM. Tolvaptan has a reported 
IC50 of 0.2 nM for its target in one cell‑based assay (69) and 
mozavaptan has a reported IC50 of 19 nM in a CHO V2R 
expression system (70). Thus, given (1) the high potency of 
mozavaptan and tolvaptan for V2R in contrast to our rela‑
tively high GI50 values and (2) inconsistent activity between 
the two drugs in our study, our data is highly suggestive that 
the antiproliferative activity of both drugs in our study were 
due to off‑target activity. According to The Human Protein 
Atlas database (https://www.proteinatlas.org), the RNA level 
of the V2R gene (AVPR2) was 0.0 normalized transcript per 
million (nTPM) for MDA‑MB‑231, SUM‑159 and HCC1806, 
while RNA level for SUM‑149 was 1.3 nTPM. Thus, this data 
indicated a lack of correlation between V2R RNA expression 
and sensitivity to mozavaptan since we observed mozavaptan 
activity in the cell lines not expressing V2R RNA, but no 
activity in SUM‑149 that may express some level of V2R 
RNA (but very low). This database also reports undetectable 
V2R protein levels in MDA‑MB‑231 and HCC1806, with no 
data on the other cell lines. In contrast, one study showed 
V2R expression in MDA‑MB‑231 (and MCF‑7 and mouse 
F3II mammary cell line) by immunohistochemistry  (71). 
This same study demonstrated that a synthetic peptide 
agonist for V2R, desmopressin, was cytostatic in prolifera‑
tion assays using MDA‑MB‑231 and reduced tumor growth 
and angiogenesis in mouse models using MDA‑MB‑231 
and F3II. However, tolvaptan and mozavaptan are both 
potent antagonists of V2R and thus V2R antagonism as a 
mechanism would be inconsistent with this prior study. One 
hypothesis to explain all this data is that V2R does not play a 
role in the mechanisms for these drugs in our assays and the 
broad activity observed for mozavaptan is off‑target activity 
for a target not shared by tolvaptan (or same off‑target, but 
differential potency) due to structural differences between 
the drugs. It was not possible to determine the potency of 
mozavaptan relative to the Cmax since this data was not readily 
available in the literature. Thus, it is difficult to assess the 
potential for in vivo activity of mozavaptan at physiological 
doses. In terms of adverse events, mozavaptan has been 
reported to have no serious adverse events, with the most 
common being dry mouth (72).

Spironolactone is a mineralocorticoid receptor antagonist 
along with being a nonselective antagonist of androgen and 
progesterone receptors (73). It functions as a potassium‑sparing 
diuretic that is used to treat high blood pressure, heart failure 
and other conditions. Spironolactone only had activity against 
the TN‑IBC cell line suggesting some unique target or pathway 
dependency in this cell line compared to the other TNBC 

cell lines. Since spironolactone is a weak antagonist of the 
androgen receptor (AR), it is possible that this was the target 
in SUM‑149. However, it has been reported that SUM‑149 does 
not express AR, but SUM‑159 does (74), which does not fit our 
activity results. Spironolactone has also been reported to be a 
nucleotide excision repair (NER) inhibitor (75). This mecha‑
nism involves spironolactone inducing degradation of the XPB 
helicase that is part of the TFIIH transcription/repair complex 
involved in NER. This group also reported no inhibition with 
10 µM spironolactone in four‑ or five‑day cell viability assays 
using HeLa, A2780 and HCT‑116 cell lines. These cell lines 
along with MDA‑MB‑231, HCC1806 and SUM‑159 have wild 
type BRCA1 (76‑80). Unique in our panel, SUM‑149 has a 
BRCA1 frameshift mutation and allele loss that may make 
it more dependent on remaining DNA repair functions (76). 
Notably, only 3 out of 41 human breast cancer cell lines had 
BRCA1 mutations (with allele loss), with SUM‑149 being one 
of them. This DNA repair defect may make SUM‑149 more 
sensitive to inhibition of NER by spironolactone. Thus, the 
SUM‑149‑specific sensitivity to spironolactone may be due to 
a synthetic lethal type response in this cell line and this would 
explain the unusual sensitivity of SUM‑149 to spironolactone. 
The spironolactone GI50 of 3.5 µM against SUM‑149 is 10‑fold 
higher than the Cmax of 0.35 µM. Therefore, it is unclear if it 
would have any significant activity in humans. Spironolactone 
has been reported to have no significant impact on the risk 
of breast cancer in a meta‑analysis (81). However, one recent 
study of younger women taking spironolactone indicated a 
slight beneficial effect in terms of BC risk (82). If there is a 
positive impact for the relatively rare IBC, then it would prob‑
ably not be detectable within a population of mostly non‑IBC 
patients. The common adverse event associated with long‑term 
spironolactone use is menstrual irregularities, which are 
dose‑dependent and can be countered with oral contraceptives 
or intrauterine devices (83). Other infrequent adverse events 
include increased urination, lightheadedness, headaches, 
nausea, vomiting, breast discomfort, and breast enlargement. 
Since it is a potassium‑retaining diuretic, elevated potassium 
level (hyperkalemia) is another possible side effect, especially 
in patients with renal dysfunction or heart failure.

The adverse effects of the other identified drugs also 
provide insight into their potential for re‑purposing. For 
adefovir, the most common adverse events were similar to 
placebo, except that headache and abdominal pain occurred 
more frequently with adefovir but did not lead to discon‑
tinuation (84). Adefovir is associated with dose‑dependent 
increased risk of renal toxicity and thus, monitoring would be 
important. For dolutegravir, the most common adverse events 
reported were diarrhea, fatigue, and headache (85). However, 
the majority of these adverse events were mild or moderate in 
severity. Based on a recent analysis of the FDA Adverse Event 
Reporting System database, dolutegravir treatment decision 
should also include restrictions on contraindicated populations 
(e.g. pregnant, hepatobiliary disorders) (86). In a study with 
healthy volunteers, no serious adverse events occurred during 
a 7‑day study of dronedarone  (87). However, dronedarone 
can induce prolonged RR and QT intervals as a function of 
dose, without effect on circadian patterns, which suggests 
potential proarrhythmic risk (88). For the anti‑malarial drug 
halofantrine, clinical studies are short term in nature. The 
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main serious adverse effect associated with halofantrine use is 
QT interval prolongation which prevents its use for long term 
treatment at normal doses (89).

In summary, we identified eltrombopag and papaverine as 
having anti‑proliferative activity against SUM‑149 and other 
TNBC cell lines. Furthermore, these drugs had GI50:Cmax ratios 
of 1‑2 for sensitive cell lines, suggesting that they are potent 
enough to potentially have activity in vivo. Therefore, these 
drugs should be further tested against patient‑derived organ‑
oids (PDO) and xenograft models of TN‑IBC and TNBC to 
assess their activity alone and in combination with other drugs.
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