
Abstract. Background/Aim: We investigated drugs that
could sensitize KBV20C cancer cells resistant to eribulin or
vincristine (VIC) treatment and assessed their associated
mechanisms of action. Materials and Methods: Such cancer
cells were known to overexpress P-glycoprotein (P-gp).
Considering that reserpine (P-gp inhibitor) plays a regulatory
role in patients with high blood pressure, we investigated the
effect of low doses of 27 blood pressure-regulating drugs on
VIC-resistant KBV20C cells. This was done to identify drugs
that could be repurposed for sensitizing antimitotic drug-
resistant KBV20C cells at relatively low doses. Fluorescence-
activated cell sorting (FACS), annexin V analyses, rhodamine
uptake tests and western-blot analysis were performed to
further investigate the mechanism of action of such drugs.
Results: We found that co-treatment with amiodarone,
nicardipine, carvedilol, or vardenafil at low doses could
highly sensitize KBV20C cells treated with eribulin or VIC.
These drugs reduced cellular viability, increased G2 arrest
and up-regulated apoptosis when co-administered with
eribulin or VIC. Considering that they sensitize with either
co-treatment of eribulin or VIC, we assumed that they can be
combined with other antimitotic drugs to sensitize the
resistant cancer cells. Through detailed quantitative analysis,
we found that eribulin with amiodarone had a higher
sensitization effect than eribulin with nicardipine or eribulin
with carvedilol. We found that reserpine had the highest P-
gp-inhibitory activity, indicating that eribulin- or VIC-

reserpine sensitization involves the P-gp inhibitory effects of
reserpine. However, we found that amiodarone, nicardipine,
carvedilol and vardenafil had very low P-gp inhibitory
activity. Moreover, we found that cells co-treated with VIC-
carvedilol down-regulated expression of pERK. Conclusion:
Highly antimitotic drug-resistant KBV20C cells can be
sensitized by co-treatment with the repurposed blood
pressure-regulating drugs amiodarone, nicardipine,
carvedilol or vardenafil. These findings indicate that the
repurposed blood pressure-regulating drugs may potentially
be used in drug-resistant cancer patients without any toxic
effects due to P-gp inhibition.

Antimitotic drugs, such as paclitaxel, docetaxel, vincristine
(VIC), vinorelbine, vinblastine and eribulin inhibit mitosis
by targeting microtubules and preventing their
polymerization or depolymerization (1-3). Although
antimitotic drugs are widely used to treat cancer, cancer cells
can develop resistance to these drugs in various ways. P-
glycoprotein (P-gp) overexpression is a well-known
mechanism of resistance to these drugs. P-gp is a membrane
channel that can expel antimitotic drugs, thereby avoiding
drug-induced toxicity (4, 5). Identifying mechanisms for
sensitizing cancer cells that overexpress P-gp can lead to
better treatment of patients who develop resistance to these
drugs. Although P-gp inhibitors have been developed, their
toxicity in normal cells leads to treatment failure. Therefore,
it is important to investigate novel therapeutic options
without P-gp inhibition for drug-resistant cancer cells
overexpressing P-gp.

In this study, we evaluated novel repurposed drugs for
their sensitizing efficacy in drug-resistant cancer cells
overexpressing P-gp when used in combination with
antimitotic drugs. In addition, we investigated the
mechanisms involved in this process. The urgent need for
pharmacological treatments for drug-resistant cancer cells
can be effectively addressed with novel mechanisms of
action for repurposed drugs that can be used without further
toxicity evaluation (6-8). 
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Previous studies have shown that reserpine, a drug that
regulates high blood pressure, acts as an inhibitor of P-gp in
cancer cells and exhibits drug-sensitization effects in drug-
resistant cancer cells overexpressing P-gp (9, 10). In
addition, drugs that regulate blood pressure have been shown
to be correlated with P-gp-inhibitory activities (11-17). These
drugs have also been found to sensitize drug-resistant cancer
cells (11-17). However, the mechanisms of action of
individual blood pressure-regulating drugs have not yet been
investigated.

In this study, we investigated different drugs that regulate
blood pressure for their sensitizing effects in drug-resistant
cancer cells. Based on the existing literature, we identified
the 27 drugs that regulate blood pressure. We then identified
individual drugs with relatively low half-maximal inhibitory
concentrations to sensitize drug-resistant KBV20C cancer
cells overexpressing P-gp. We also investigated the
mechanisms involved in the sensitization of drug-resistant
cancer cells. We found that low doses of amiodarone,
nicardipine, carvedilol, and vardenafil can sensitize
antimitotic drug-resistant KBV20C cells. As these drugs are
used in clinical settings as drugs for blood pressure
disorders, these results can contribute to the development of
therapies based on drugs regulating blood pressure in the co-
treatment of highly drug-resistant tumors.

Materials and Methods 

Reagents and cell culture. Rhodamine123 (Rhodamine) and verapamil
were obtained from Sigma-Aldrich (St. Louis, MO, USA). VIC and
vinblastine were obtained from Enzo Life Sciences (Farmingdale, NY,
USA). Reserpine, amiodarone, nicardipine, propafenone, carvedilol,
amlodipine, diltiazem, nifedipine, nimodipine, doxazosin mesylate,
triamterene, isradipine, midodrine, quinidine, prazosin, ethacrynic acid,
losartan potassium, benazepril, eplerenone, labetalol, methyclothiazide,
metolazone, valsartan, telmisartan, spironolactone, disopyramide,
dipyridamole, and vardenafil were purchased from Selleckchem
(Houston, TX, USA). Aqueous solutions of eribulin (Eisai Korea,
Seoul, Republic of Korea) were obtained from the National Cancer
Center in Republic of Korea. 

The KBV20C (resistant type) and KB (sensitive parent type) are
human oral squamous carcinoma cell lines; they were generously
gifted from Dr. Yong Kee Kim (College of Pharmacy, Sookmyung
Women’s University, Seoul, Republic of Korea) and have been
previously studied (18-20). All cell lines were grown in RPMI 1640
containing 10% fetal bovine serum, 100 U/ml penicillin and 100 μg/ml
streptomycin (WelGENE, Daegu, Republic of Korea).

Microscopic observations. The effect of drugs on cell density (cell
growth) was observed and compared with control group according to
microscopic observations, as previously described (21-23). The cells
were treated with the 5 μM blood-pressure regulating drugs or 0.1%
DMSO (Control), alone and in combination with eribulin or vincristine
for 24 h. The cells were then examined in two independent
experiments using an ECLIPSETs2 inverted routine microscope
(Nikon, Tokyo, Japan) with a 40× or 100× objective lens.  

Cell viability assay. The EZ-CyTox cell viability assay kit (Daeillab,
Republic of Korea) was used for measuring cellular proliferation,
as previously described (21-23). Briefly, the cells were treated with
the 5-10 μM blood-pressure regulating drugs, 10 μM of verapamil
or 0.1% DMSO (Control), alone and in combination with eribulin
or vincristine for 48 hours. The cells were then treated with EZ-
CyTox solution for 1 h at 37˚C. The absorbance at 450 nm was
measured using the VERSA MAX Microplate Reader (Molecular
Devices Corp., Sunnyvale, CA, USA). All experiments were
performed in triplicate and repeated twice.

Fluorescence-activated cell sorting (FACS) analysis. FACS analysis
was performed as previously described (24-26). The cells were
treated with the 5 μM blood-pressure regulating drugs, 10 μM of
verapamil or 0.1% DMSO (Control), alone and in combination with
eribulin or vincristine for 24 h. The stained cells with propidium
iodide (PI) staining solution (100 μg/ml RNase A and 50 μg/ml PI)
were quantified in two independent experiments for relative DNA
content using a Guava EasyCyte Plus Flow Cytometer (Merck
Millipore, Burlington, MA, USA).

Annexin V analysis. Annexin V analysis was conducted using the
annexin V-fluorescein isothiocyanate (FITC) staining kit (BD
Bioscience, Franklin, NJ, USA) as previously described (24-26).
The cells were treated with the 5 μM blood-pressure regulating
drugs or 0.1% DMSO (Control), alone and in combination with
eribulin or vincristine for 24 h. The stained cells in Annexin V-FITC
and PI solution were analyzed in two independent experiments
using a Guava EasyCyte Plus Flow Cytometer (Merck Millipore,
Burlington, MA, USA).

Rhodamine uptake tests. The tests used to assess the ability of a drug
to inhibit P-gp were based on a previously described method (26-28).
Briefly, cells were treated with 5 μM amiodarone, 5 μM nicardipine,
5 μM carvedilol, 5 μM vardenafil, or 5 μM reserpine and incubated
for 24 hours at 37˚C. The cells were subsequently incubated with 2
μg/ml rhodamine for 60 min at 37˚C. The stained cells were analyzed
in two independent experiments using a Guava EasyCyte Plus Flow
Cytometer (Merck Millipore, Burlington, MA, USA).

Western blot analysis. Briefly, cells were treated with 5 nM vincristine,
5 μM carvedilol, 5 nM VIC with 5 μM carvedilol or 0.1% DMSO
(control). After 24 h, PRO-PREP™ protein extract solution (iNtRON,
Seongnam, Republic of Korea) was used for isolating total cellular
proteins as previously described (26-28). A protein assay kit (Bio-Rad,
Hercules, CA, USA) was used for measuring total protein
concentration. The proteins were then subjected to western blot
analysis as previously described (24, 28, 29).

Antibodies against P-gp (517312, 1:1,000, dilution) were  obtained
from Calbiochem (Merck Millipore, USA). Antibodies against pAkt
(#9271, 1:1,000, dilution), PI3K (#4292, 1:1,000, dilution), pPI3K
(#4228, 1:2,000, dilution), mTOR (#2983, 1:1,000, dilution), pmTOR
(#2971, 1:1,000, dilution), Erk (#4695, 1:1,000, dilution), pErk
(#4370, 1:500, dilution), p38 (#9212, 1:1,000, dilution), pp38 (#9211,
1:1,000, dilution), Jnk (#9252, 1:1,000, dilution), pJnk (#9251,
1:1,000, dilution), NFĸB (#3045, 1:1,000, dilution), pNFĸB (#3033,
1:1,000, dilution), and GAPDH (#5174, 1:1,000, dilution) were
obtained from Cell Signaling Technology (Danvers, MA, USA).
Antibodies against Akt-1 (sc-5298, 1:1,000, dilution) were obtained
from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
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RT-PCR. Total RNA was extracted and quantified as previously
described (30, 31). Briefly, total RNA from cells grown in 60 mm
dishes was extracted using Qiazol Lysis Reagent (Qiazen,
Germantown, MD, USA) according to the manufacturer’s
instructions and stored at –80˚C until use. The purity and quantity
of the extracted total RNA were determined using a
spectrophotometer (NanoDrop Technologies Inc., Wilmington, DE,
USA) at 260 and 280 nm. Two micrograms of total RNA from each
sample was synthesized as cDNA via reverse transcription using the
Reverse Transcription Master Premix (Elpis Biotech, Daejeon,
Republic of Korea). 

Quantitative real-time polymerase chain reaction (qRT-PCR) was
performed using the FastStart Essential DNA Green Master (Roche,
Penzberg, Germany) in a LightCycler 96 Real-Time PCR system
(Roche, Penzberg, Germany). The PCR primers used were 5’-
CCCATCATTGCAATAGCAGG-3’ (forward) and 5’-GTTCAAACTT
CTGCTCCTGA-3’ (reverse) for the P-gp/ABCB1 gene and 5’-
CGGAGTCAACGGATTTGGTCGTAT-3’ (forward) and 5’-AGCCTT
CTCCATGGTGGTGAAGAC-3’ (reverse) for GAPDH. The relative
fold change in gene expression was calculated using the 2–ΔΔCt method
(30, 31). 

Statistical analysis. All data are presented as the mean±S.D. from
at least three independent experiments. Statistical analysis was
performed using one-way analysis of variance, ANOVA followed
by Bonferroni’s test. For RT-PCR, statistical analysis was performed
by using Student’s t-test. Analysis was performed using GraphPad
Prism software (version 5.0; GraphPad Software, CA, USA).
Statistical significance was set at p<0.05.

Results
Five drugs sensitize eribulin-treated drug-resistant KBV20C
cancer cells at low doses. We aimed to identify repurposed
drugs that sensitize drug-resistant cancer cells overexpressing
P-gp to treatments with chemotherapeutic drugs. Previously,
the high blood-pressure drug reserpine inhibits P-gp in cancer
cells and sensitizes P-gp overexpressing drug-resistant cancer
cells (9, 10). In addition, it has been known that blood
pressure regulating drugs correlate with P-gp-inhibitory
activity (11-17). However, comparisons of the individual
blood-pressure regulating drugs and their exact mechanisms
of action have not been investigated in detail. In this study, we
focused on blood-pressure regulating drugs that sensitize P-
gp-overexpressing resistant cancer cells at low doses and
investigated their mechanism of sensitization. The KBV20C
cell line is a very useful model of highly eribulin-resistant
cancer cells. We previously showed that the concentration of
eribulin required for the induction of a similar rate of
apoptosis was approximately 500-fold higher than that
required by the parental drug-sensitive KB cell line (20, 32).
We assume that additional findings for repurposed drugs
regulating blood pressure can increase potential applications
in personalized medicine. Therefore, we performed detailed
analysis with 27 known drugs regulating blood pressure,
including amiodarone, nicardipine, propafenone, carvedilol,
amlodipine, diltiazem, nifedipine, nimodipine, doxazosin

mesylate, triamterene, isradipine, midodrine, quinidine,
prazosin, ethacrynic acid, losartan potassium, benazepril,
eplerenone, labetalol, methyclothiazide, metolazone, valsartan,
telmisartan, spironolactone, disopyramide, dipyridamole and
vardenafil. 

We compared the sensitizing effects of these blood-
pressure regulating drugs to reserpine (positive control),
which is a high P-gp inhibitor. As seen in Figure 1A,
reserpine was also shown to sensitize eribulin-treated
KBV20C cells. We did not detect sensitization effects for co-
treatment of reserpine in drug-sensitive parental KB cells
(data not shown), suggesting that P-gp inhibitory activity of
reserpine is specifically increasing sensitization for drug-
resistant KBV20C cells overexpressing P-gp.

First, we performed a quantitative analysis with a cell
viability test. As seen in Figure 1B-E, five drugs
(amiodarone, nicardipine, carvedilol, quinidine, and
vardenafil) showed highly reduced viability in eribulin-
treated KBV20C cells, with eribulin co-treatments leading to
cultures with >40% viability compared to the control. A
lower dose of the five drugs is sufficient and as effective as
reserpine in sensitizing drug-resistant cancer cells
overexpressing P-gp, although treatment with an equivalent
dose of reserpine (as a positive control) produced the highest
sensitization effects on cells co-treated with eribulin (Figure
1B-E). There was no difference in viability between the
control cells and those receiving individual treatment with
the drugs regulating blood pressure (Figure 2A), suggesting
that sensitization by eribulin co-treatments of the five drugs
regulating blood pressure resulted in synergistic effects in the
eribulin-resistant cancer cells.

Amiodarone, nicardipine, carvedilol and vardenafil result in
higher sensitization of eribulin-treated drug-resistant cancer
cells. It is important to identify which drugs among those
regulating blood pressure produce better sensitization effects
at low doses. Further, both cellular viability and cell density
with lower concentrations showed these four drugs
(amiodarone, nicardipine, carvedilol, and vardenafil) have
higher sensitization effects compared to others (data not
shown). Further detailed viability analysis with lower
concentrations of the four identified drugs were performed
to identify the most effective in the eribulin-treated drug-
resistant KBV20C cells. As seen in Figure 2B and C,
amiodarone at a low dose has much higher sensitization than
other drugs for eribulin-treated KBV20C cells.

In summary, we observed that 4 of the 27 known blood-
pressure drugs regulating blood pressure produced
sensitization effects (reduced cell viability with eribulin co-
treatment) at low doses. Based on this observation, we
concluded that the four drugs (amiodarone, nicardipine,
carvedilol and vardenafil) can be used to reduce drug toxicity
and sensitize eribulin-resistant cancer cells. 
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Co-treatment with selected blood-pressure regulating drugs
increased G2 arrest in eribulin-treated KBV20C cells similar
to verapamil treatment. Next, the sensitizing effects of
verapamil were compared to the selected blood-pressure
regulating drugs on eribulin-treated KBV20C cells. As
shown in Figure 2B, 5 μM of the selected blood-pressure
regulating drugs (amiodarone, nicardipine, or carvedilol) and

10 μM of verapamil produced similar sensitization effects on
cells treated with eribulin, suggesting that a low dose of
amiodarone, nicardipine or carvedilol is sufficient and as
effective as the P-gp inhibitor verapamil, in sensitizing drug-
resistant cancer cells overexpressing P-gp.

To further clarify the mechanism of action for co-treatment
combining eribulin and the identified blood-pressure
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Figure 1. Five drugs result in higher sensitization of drug-resistant KBV20C cancer cells treated with eribulin. (A) KBV20C cells were grown on
60 mm-diameter dishes and treated with 10 nM eribulin, 5 nM vinblastine, 5 μM reserpine, 10 nM eribulin with 5 μM reserpine (ERI+RES), 5 nM
vinblastine with 5 μM reserpine (VIB+RES), or 0.1% DMSO (control). After 1 day, all cells were observed using an inverted microscope at ×100
magnification. (B-E) Cell viability assay was performed as described in Materials and Methods. The data are presented as the mean±SD of at least
two experiments repeated in triplicate. Significantly different at *p<0.05 compared to the corresponding control. (B) KBV20C cells were plated on
96-well plates and grown to 30%-40% confluence. The cells were then stimulated for 48 h with 10 μM of amiodarone (AMI), nicardipine (NIC),
propafenone (PRO), carvedilol (CAR), amlodipine (AML), diltiazem (DIL), nifedipine (NIF), nimodipine (NIM), doxazosin mesylate (DOXA), and
reserpine (RES) and in combination with 10 nM eribulin or alone, or 0.1% DMSO (control). (C) KBV20C cells were plated on 96-well plates and
grown to 30%-40% confluence. The cells were then stimulated for 48 h with 10 μM of triamterene (TRI), isradipine (ISR), midodrine (MID),
quinidine (QUI), prazosin (PRA), ethacrynic acid  (ETH), losartan potassium (LOS), benazepril (BEN), eplerenone (EPL), and reserpine (RES) and
in combination with 10 nM eribulin or alone, or 0.1% DMSO (control). (D) KBV20C cells were plated on 96-well plates and grown to 30%-40%
confluence. The cells were then stimulated for 48 h with 10 μM of labetalol (LAB), methyclothiazide (METH), metolazone (METO), valsartan (VAL),
and reserpine (RES) and in combination with 10 nM eribulin or alone, or 0.1% DMSO (control). (E) KBV20C cells were plated on 96-well plates
and grown to 30%-40% confluence. The cells were then stimulated for 48 h with 10 μM of telmisartan (TEL), spironolactone (SPI) disopyramide
(DIS), dipyridamole (DIP), vardenafil (VAR), and reserpine (RES) and in combination with 10 nM eribulin or alone, or 0.1% DMSO (control). 



regulating drugs, we performed fluorescence-activated cell
sorting (FACS) analyses. As shown in Figure 2D and E,
eribulin-amiodarone, eribulin-nicardipine and eribulin-
carvedilol co-treatments considerably increased the number
of cells in G2 arrest compared to control cells. Treatment with
5 μM reserpine or 10 μM verapamil (as positive controls)
also produced the higher sensitization effects on cells co-

treated with eribulin (Figure 2D). This indicates that the
reduction in cellular viability resulted from cell cycle arrest.
The results confirmed that amiodarone, nicardipine or
carvedilol is as effective as verapamil or reserpine in
sensitizing eribulin-resistant cancer cells. It also suggests that
amiodarone, nicardipine or carvedilol can be used at a low
dose with reduced drug toxicity to sensitize eribulin-resistant
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Figure 2. Co-treatment with the selected four blood-pressure regulating drugs (amiodarone, nicardipine, carvedilol, and vardenafil) increased G2
arrest in KBV20C cells treated with eribulin, similar to treatment with verapamil. (A) KBV20C cells were grown on 60 mm-diameter dishes and
treated with 10 μM of verapamil (VER), amiodarone (AMI), nicardipine (NIC), carvedilol (CAR), dipyridamole (DIP), vardenafil (VAR), and
reserpine (RES), or 0.1% DMSO (CON). After 1 day, all cells were observed using an inverted microscope at ×100 magnification. (B) KBV20C
cells were plated on 96-well plates and grown to 30%-40% confluence. The cells were then stimulated for 48 h with 10 μM of verapamil (VER), 5
μM of amiodarone (AMI), 5 μM of nicardipine (NIC), 5 μM of carvedilol (CAR), 5 μM of reserpine (RES) and in combination with 10 nM eribulin
or alone, or 0.1% DMSO (Con). Cell viability assay was performed as described in Materials and Methods. The data are presented as the mean±SD
of at least two experiments repeated in triplicate. Significantly different at *p<0.05 compared to the corresponding control. (C) KBV20C cells were
plated on 96-well plates and grown to 30%-40% confluence. The cells were then stimulated for 48 h with 5 μM of verapamil (VER), 2.5 μM of
amiodarone (AMI), 2.5 μM of nicardipine (NIC), 2.5 μM of carvedilol (CAR), 2.5 μM of reserpine (RES) and in combination with 10 nM eribulin
or alone, or 0.1% DMSO (Con). Cell viability assay was performed as described in Materials and Methods. The data are presented as the mean±SD
of at least two experiments repeated in triplicate. Significantly different at *p<0.05 compared to the corresponding control. (D, E) KBV20C cells
were grown on 60 mm-diameter dishes and treated with 10 nM eribulin (ERI), 10 nM eribulin with 10 μM verapamil (VER), 10 nM eribulin with 5
μM amiodarone (AMI), 10 nM eribulin with 5 μM nicardipine (NIC), 10 nM eribulin with 5 μM reserpine (RES), 10 nM eribulin with 5 μM
carvedilol (CAR), or 0.1% DMSO (Con). After 24 h, FACS analyses were performed as described in Materials and Methods. 



cancer cells. Altogether, these data indicate that co-treatment
with the selected blood-pressure regulating drugs sensitized
KBV20C cells to eribulin treatment, with similar efficacy to
that of verapamil in both viability and G2 arrest.

Low doses of amiodarone, nicardipine, carvedilol and
vardenafil also increase the sensitization of KBV20C cells
treated with other anti-mitotic drugs. We also investigated
whether the selected blood-pressure regulating drugs were
effective in combination with other anti-mitotic drugs. We
tested sensitization with VIC, an anti-mitotic drug that is
routinely used as a chemotherapeutic agent in cancer (33-
35). Previously, we showed that KBV20C-resistant cancer
cells present with a VIC-resistant phenotype through P-gp
overexpression (18, 36). 

As seen in microscopic observations shown in Figure 3B, 5
μM of amiodarone, nicardipine, carvedilol, or vardenafil
produce similar sensitizing effects when combined with VIC.
As we observed in eribulin with reserpine (positive control) in
sensitizing P-gp-overexpressing resistant cancer cells (Figure
1B-E), reserpine also produced the highest sensitization effects
on cells co-treated with VIC (Figure 3A and B).

In a detailed quantitative viability analysis, we confirmed that
low dose of the four drugs (amiodarone, nicardipine, carvedilol,
or vardenafil) is sufficient and as effective as reserpine in
sensitizing drug-resistant cancer cells overexpressing P-gp
(Figure 3A). But as observed in eribulin co-treatments (Figure
1C and E), VIC-quinidine and VIC-telmisartan did not increase
sensitization-effects (Figure 3A and B).

This finding suggests that low doses of amiodarone,
nicardipine, carvedilol or vardenafil could be combined with
other anti-mitotic drugs to sensitize cancer cells
overexpressing P-gp. In this regard, amiodarone, nicardipine,
carvedilol or vardenafil could be applied to various drug-
resistant cancer patients.

Amiodarone, nicardipine, carvedilol and vardenafil strongly
induce early apoptosis in VIC-treated drug-resistant
KBV20C cells. To further clarify the mechanism of action of
the selected blood-pressure regulating drugs-VIC co-
treatments, apoptotic analysis using annexin V staining was
performed.

As seen in Figure 3C, a lower dose of amiodarone,
nicardipine, carvedilol or vardenafil is sufficient and as
effective as reserpine in sensitizing drug-resistant cancer cells
overexpressing P-gp, although treatment with an equivalent
dose of reserpine (as a positive control) produced the highest
apoptosis on cells co-treated with VIC. The results also
demonstrated that amiodarone, nicardipine, carvedilol or
vardenafil has a similar sensitization effect for apoptosis. But,
as we observed in both microscopic observation and viability
assays (Figure 3A and B), VIC-quinidine has the lowest
increase in apoptosis (Figure 3C). When the proportion of

apoptotic cells (in both early and late phases) was
quantitatively estimated, we found that the proportions of the
early apoptotic cells were approximately 2-fold higher than
late apoptotic cells (Figure 3C). These results suggest that
early apoptotic induction results in the sensitization effects of
the blood-pressure regulating drugs-VIC co-treatments.

Overall, we demonstrated that among the 27 blood-
pressure regulating drugs tested, amiodarone, nicardipine,
carvedilol or vardenafil co-treatment led to high sensitization
of drug-resistant KBV20C cells treated with eribulin or VIC,
via both G2 cell-cycle arrest and early apoptosis. Considering
that these drugs sensitize KBV20C cells treated with eribulin
or VIC at low doses, they may be useful in clinical settings,
given these minimal toxic concentrations in normal cells. 

Four blood-pressure regulating drugs have low P-gp inhibitory
activity in contrast to reserpine. In the next phase of our
investigation, we tested whether amiodarone, nicardipine,
carvedilol, vardenafil and reserpine (as a positive control)
increased the inhibition of the P gp substrate efflux in P-gp
overexpressing KBV20C cells since these drugs have drug-
sensitization effects (26, 28). Rhodamine 123, a well-known P-
gp substrate, was used to measure P-gp inhibition (24, 26, 28).
In this experiment, yellow fluorescence in the cell was
indicative of intracellular accumulation of rhodamine 123. 

As shown in Figure 4A, reserpine showed the highest P-
gp inhibitory activity, whereas the other blood-pressure
regulating drugs had much lower activities. This suggests
that P-gp inhibition by reserpine plays a key role in the
highest sensitization by eribulin- or VIC-reserpine co-
treatment. However, P-gp inhibition by amiodarone,
nicardipine, carvedilol, vardenafil was much lower than that
by reserpine, being slightly higher than (or similar to) control
levels (Figure 4A). Considering that even with low P-gp
inhibitory activity, amiodarone, nicardipine, carvedilol,
vardenafil still sensitized KBV20C cells treated with eribulin
or VIC, they might be useful in clinical settings due to
minimal toxic P-gp inhibitory effects in normal cells.

We also observed whether amiodarone, nicardipine or
carvedilol reduces P-gp mRNA levels in drug-resistant
KBV20C cells overexpressing P-gp. As seen in Figure 4B,
carvedilol reduced about 30% P-gp mRNA levels, whereas
nicardipine did not change P-gp mRNA levels. Furthermore, we
investigated whether carvedilol or VIC-carvedilol reduces P-gp
protein levels. As seen in Figure 4C, we did not observe
detectable reductions of P-gp in either carvedilol single
treatment or VIC-carvedilol co-treatment. These results also
suggest that P-gp mRNA or protein levels by amiodarone,
nicardipine or carvedilol do not contribute much to sensitization
effects in KBV20C cells treated with eribulin or VIC.

Carvedilol reduces ERK pathway in drug-resistant KBV20C
cells treated with VIC. To further investigate the expression
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of proteins involved in cellular signaling pathways in VIC-
carvedilol co-treatment (24, 27, 29, 37), western blot analysis
was performed. As shown in Figure 4C and D, there were no
significant differences in the expression of major signaling
related proteins such as phosphate forms of Akt, PI3K,
mTOR, p38, Jnk and NFĸB between VIC-carvedilol and
single treatments. Importantly, phosphorylated ERK levels
were largely reduced following co-treatments, suggesting
that it may increase sensitization-effect in VIC-carvedilol co-
treatment. Considering that ERK activation is involved in

positive signals for cancer growth, reduced ERK pathway by
VIC-carvedilol contributes to increased apoptosis of drug-
resistant KBV20C cells via G2 cell cycle arrest in drug-
resistant KBV20C cells overexpressing P-gp. 

Altogether, when we analyzed 27 known blood-pressure
regulating drugs to identify sensitization drug-resistant cancer
cells overexpressing P-gp, we could observe that amiodarone,
nicardipine, carvedilol and vardenafil at low doses have higher
sensitization effects than the other drugs. Therefore, they can
be used to reduce drug toxicity and effectively sensitize drug-
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Figure 3. Amiodarone, nicardipine, carvedilol, and vardenafil strongly induce early apoptosis in drug-resistant KBV20C cells treated with VIC. (A)
KBV20C cells were plated on 96-well plates and grown to 30%-40% confluence. The cells were then stimulated for 48 h with 5 μM of amiodarone
(AMI), 5 μM of nicardipine (NIC), 5 μM of carvedilol (CAR), 5 μM of quinidine (QUI), 5 μM of telmisartan (TEL), 5 μM of vardenafil (VAR), 5 μM
of reserpine (RES) and in combination with 5 nM vincristine (VIC) or alone, or 0.1% DMSO (Con). Cell viability assay was performed as described
in Materials and Methods. The data are presented as the mean±SD of at least two experiments repeated in triplicate. Significantly different at *p<0.05
compared to the corresponding control. (B) KBV20C cells were grown on 60 mm-diameter dishes and treated with 24 h with 5 μM of reserpine (RES),
amiodarone (AMI), nicardipine (NIC), carvedilol (CAR), quinidine (QUI), telmisartan (TEL), and vardenafil (VAR) and in combination with 5 nM
vincristine (VIC) or alone, or 0.1% DMSO (Con). After 1 day, all cells were observed using an inverted microscope at ×40 magnification. (C) KBV20C
cells were grown on 60 mm-diameter dishes and treated with 5 nM vincristine (VIC), 5 nM vincristine with 5 μM amiodarone (AMI), 5 nM vincristine
with 5 μM nicardipine (NIC), 5 nM vincristine with 5 μM quinidine (QUI), 5 nM vincristine with 5 μM of vardenafil (VAR), 5 nM vincristine with 5
μM reserpine (RES), or 0.1% DMSO (Con). After 24 h, annexin V analyses were performed as described in Materials and Methods.



resistant cancer cells. This sensitization results from increased
G2 arrest and apoptosis, with little P-gp inhibitory activity.
Interestingly, VIC-carvedilol co-treatment can sensitize them
with reduced ERK activation.

Discussion

Drug repositioning or drug repurposing is the application of
known drugs for new indications. It has been used for the
treatment of various diseases and has several advantages,
including low cost and minimal requirements for toxicity

testing, which is a time-consuming process (7, 8). The urgent
need for pharmacological treatments for drug-resistant cancers
can be efficiently addressed with drug repurposing, where
these drugs can be administered to patients at a relatively
faster pace. Previously, we investigated many repurposed
drugs in a novel application for sensitizing drug-resistant
cancer cells overexpressing P-gp to chemotherapeutic drugs.
Therefore, we have also reported the potential applications of
these repurposed drugs in drug-resistant cancer patients. For
example, we have suggested the application of anti-malarial,
anti-HIV, anti-allergic, or anti-psychotic drugs and tyrosine
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Figure 4. Four blood-pressure regulating drugs have low P-gp-inhibitory activity, and carvedilol reduces ERK pathway in drug-resistant KBV20C
cells treated with VIC. (A) KBV20C cells were grown on 60 mm-diameter dishes and treated 10 μM of amiodarone (AMI), nicardipine (NIC),
carvedilol (CAR), vardenafil (VAR), and reserpine (RES), or 0.1% DMSO (Con). After 24 h, all cells were stained with rhodamine and examined
by using FACS analysis, as described in Materials and Methods. (B) KBV20C cells were grown on 60 mm-diameter dishes and treated 10 μM of
amiodarone (AMI), nicardipine (NIC), and carvedilol (CAR), or 0.1% DMSO (CON). After 24 h, P-gp mRNA levels were performed as described
in Materials and Methods. We performed Student’s t-test to compare control and drugs-treated groups. Significantly different at *p<0.05 compared
to the corresponding control. (C) KBV20C cells were plated on 60 mm-diameter dishes and treated with 5 nM vincristine (VIC), 5 μM carvedilol
(CAR), 5 nM VIC with 5 μM carvedilol (VIC+CAR), or 0.1% DMSO (Con). After 24 h, western blot analysis was performed using antibodies against
P-gp, Akt, pAkt, PI3K, pPI3K, mTOR, pmTOR, and GAPDH. (D) KBV20C cells were plated on 60 mm-diameter dishes and treated with 5 nM
vincristine (VIC), 5 μM carvedilol (CAR), 5 nM VIC with 5 μM carvedilol (VIC+CAR), or 0.1% DMSO (Con). After 24 h, western blot analysis
was performed using antibodies against Erk, pErk, p38, pp38, Jnk, pJnk, NFĸB, pNFĸB, and GAPDH.



kinase inhibitors for the treatment of drug-resistant cancer
cells overexpressing P-gp (18-26, 32, 36, 38).

Several blood pressure-regulating drugs used for the
treatment of high or low blood pressure disorders have been
found to have anticancer effects and have been tested as
repurposed drugs in patients with cancer (11-17). They
include reserpine, amiodarone, nicardipine, carvedilol,
vardenafil, quinidine and telmisartan (11-16, 39).
Considering that these drugs target ion-exchange tunnels or
receptors on the cell membrane and block extracellular
signals, they have been suggested to target P-gp on the
membranes. In particular, reserpine is a well-known P-gp
inhibitor that can sensitize drug-resistant cancer cells
overexpressing P-gp (9, 10).

A literature search identified 27 blood pressure regulating
drugs already in use for the clinical treatment of high or low
blood pressure disorders. As some of these drugs have
anticancer effects, clinical trials have been conducted to test
their efficacy in solid tumors (40, 41). However, comparisons
of the individual blood-pressure-regulating drugs and their
exact mechanisms of action have not been investigated in
detail in drug-resistant cancer cells overexpressing P-gp.

Among the 27 blood-pressure-regulating drugs tested, co-
treatment with four drugs (amiodarone, nicardipine,
carvedilol, and vardenafil) was found to sensitize antimitotic
drug-resistant KBV20C cells at relatively low doses. As ion-
exchange tunnels or receptors are located in the cellular
membrane and transport external signals (15, 16, 39), we
assume that blood pressure-regulating drugs play a role in
decreasing or modifying overexpressed P-gp activity in the
membrane of drug-resistant cancer cells. Although the
resistant cancer-sensitizing abilities of blood-pressure
regulating drugs have been previously demonstrated (14-16),
our findings represent a pioneering application of selective
blood pressure-regulating drugs as repurposed drugs.
Considering that patients with blood-pressure-related
disorders show a much higher incidence of cancer (42), our
findings might also contribute to the use of select blood
pressure-regulating drugs to prevent or decrease cancer
occurrence in patients with bipolar disorder. Additionally, we
identified carvedilol, which can sensitize KBV20C cells
treated with eribulin at relatively lower doses than
amiodarone and nicardipine.

Notably, we found that amiodarone, nicardipine,
carvedilol and vardenafil can sensitize KBV20C cells treated
with both eribulin and VIC with similar sensitization effects.
We hypothesize that they can be used in combination with
other drugs targeting cancer to sensitize drug-resistant cancer
cells. Moreover, eribulin was recently developed and is a
promising drug for the treatment of patients in whom other
anticancer drugs have failed (43-45); therefore, our results
may be useful in treating eribulin-resistant cancer in the
future. 

A detailed analysis was performed to determine the
molecular mechanisms underlying the sensitization effects of
amiodarone, nicardipine, carvedilol and vardenafil. We
demonstrated that co-treatment with these drugs reduced
cellular proliferation and increased G2 arrest in resistant
KBV20C cells. Using more detailed quantitative annexin V
analysis, we also demonstrated that co-treatment increased
early apoptosis in the resistant KBV20C cells. Based on
microscopic, FACS and annexin V analyses, we concluded
that apoptosis was increased by amiodarone, nicardipine,
carvedilol or vardenafil via increased G2 arrest and reduced
proliferation in drug-resistant KBV20C cells overexpressing
P-gp. Furthermore, when we investigated the expression of
proteins involved in cellular signaling pathways in VIC-
carvedilol co-treatment, we found that ERK activation was
highly reduced. This is indicative of a mechanism involving
G2 phase arrest via the ERK pathway and an increase in the
number of cells undergoing apoptosis. Future detailed
studies, including in vivo animal models, may reveal the
molecular mechanisms underlying these sensitization effects.
This will facilitate the quick application of amiodarone,
nicardipine, carvedilol or vardenafil in patients, especially
those resistant to combination therapy with antimitotic drugs.
As the efflux of VIC by P-gp is the primary mechanism for
the resistance of KBV20C cells, we tested whether
sensitization by amiodarone, nicardipine, carvedilol or
vardenafil co-treatments resulted from their P-gp inhibitory
effects. We compared them with reserpine, a well-known P-
gp inhibitor, as a positive control. We also demonstrated that
reserpine had the highest P-gp-inhibitory activity, which was
much higher than that of the well-known P-gp inhibitor
verapamil. This suggests that the high sensitization effects of
reserpine for co-treatment among blood pressure-regulating
drugs results from the inhibitory effects of reserpine, which
prevents the removal of eribulin or VIC from the cell.
Interestingly, we detected little or no P-gp-inhibitory activity
of amiodarone, nicardipine, carvedilol and vardenafil,
suggesting that they remove or inhibit factors that block
antimitotic drugs in drug-resistant cancer cells and then exert
a synergistic effect in co-treated cells. Further investigations
with amiodarone, nicardipine, carvedilol and vardenafil are
needed to determine the molecular targets that allow
sensitization without P-gp inhibition. As little or no increase
in P-gp inhibition was detected for these drugs, an improved
combination of chemotherapeutic agents may be developed
for cancer patients who develop resistance to antimitotic
drugs. As P-gp inhibitors have shown toxicity to normal cells
(4, 5, 46, 47), we believe that amiodarone, nicardipine,
carvedilol or vardenafil should be considered for co-
treatment to sensitize drug-resistant cancer cells
overexpressing P-gp. As personalized medicine is gaining
popularity, our results from the study of these blood-pressure
regulating drugs may contribute to making prescriptions in
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drug-resistant cancer patients more effective. Such patients
are generally allergic or sensitive to the P-gp-inhibitory
effects in normal tissues. 

Conclusion

Our results highlight the novel selective sensitization of
blood pressure-regulating drugs. Furthermore, drug-resistant
KBV20C cells that overexpress P-gp can be sensitized to the
antimitotic drugs eribulin or VIC by co-treatment with low
doses of the repurposed drugs amiodarone, nicardipine,
carvedilol or vardenafil. Notably, reserpine (a positive
control), which has a very high P-gp inhibitory activity,
provides the best sensitization of drug-resistant cancer cells
when compared to the other 27 blood-pressure-regulating
drugs studied. As the toxicities of these drugs are already
documented, they are readily available for clinical use. Our
results could contribute to the improved efficacy of various
chemotherapeutic agents, when used in combination with
these sensitizing drugs, for the treatment of cancer patients
who develop resistance to chemotherapeutic drugs via P-gp
overexpression. 
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