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ErbB3 expression predicts sensitivity to elisidepsin treatment:
In vitro synergism with cisplatin, paclitaxel and gemcitabine
in lung, breast and colon cancer cell lines
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Abstract. Irvalec® (elisidepsin trifluoroacetate, PM02734)
is a novel marine-derived cyclic peptide belonging to the
Kahaladide family of compounds, currently in clinical trials
with preliminary evidence of antitumor activity. Previous
studies have shown a correlation between elisidepsin sensitivity
and expression of the ErbB3 receptor in a panel of NSCLC cell
lines. We have studied the effect of elisidepsin on the ErbB3
pathway, characterizing the expression of all members of the
ErbB (HER) family of receptors and their main downstream
signaling effectors, such as Akt and MAPK. Interestingly, we
observed a downregulation of ErbB3 upon elisidepsin treat-
ment that correlates with a reduction in the Akt phosphorylation
levels in the most sensitive cell lines, whereas ErbB3 levels are
not affected in the less sensitive ones. Also, we observed that
the basal levels of ErbB3 protein expression show a significant
correlation with cell viability response against elisidepsin
treatment in 14 different cell lines. Furthermore, we analyzed
the combination of elisidepsin with different chemotherapeu-
tics agents, such as cisplatin, paclitaxel and gemcitabine, in a
panel of different breast (MDA-MB-435, MDA-MB-231 and
MCF7), lung (HOP62, DV90 and A549) and colorectal cancer
cell lines (DLD1 and HT29). IC,, values for the different drugs
were tested. We observed a synergistic effect in all cell lines
tested with any chemotherapeutic agent. More importantly,
the two in vitro elisidepsin-resistant cell lines (MDA-MB-231
and HOP62) presented a synergistic effect in combination with
cisplatin and paclitaxel, respectively. These results provide a
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rationale for further development of these combinations in an
ongoing clinical trial.

Introduction

Nowadays, the prognosis of most advanced carcinomas
remains poorly understood and the search of new drugs is
crucial. Recent clinical data obtained with new EGFR inhibi-
tors in lung tumors harboring EGFR mutations are promising
but the complex genetic background of most of these tumors
and the redundancy of genetic drivers indicates that combin-
ation with other antitumor agents is needed. In this regard, the
search of chemical compounds obtained from marine organ-
isms could be an interesting new approach. Several compounds
were found in some previous screening with a high antitumor
activity such as Yondelis® in sarcomas and more recently in
ovarian cancer (1).

Irvalec® (elisidepsin trifluoroacetate, PM02734), a novel
synthetic marine-derived antitumor agent belonging to the
Kahalalide family of peptides originally isolated from the
Hawaiian marine mollusk Elysia rufescens (2), is currently
undergoing phase II clinical trials.

Elisidepsin has shown a potent in vitro cytotoxic activity
toward several epithelial cell lines (3) and this activity is
markedly higher in tumorigenic vs. normal cell lines (4,5).
In addition, elisidepsin shows statistically significant in vivo
antitumor activity in several human cancer cell lines xeno-
grafted into mice. Based on these observations, and in view
of its acceptable low clinical toxicity profile, elisidepsin has
been selected for clinical development (6). In phase I trials
Irvalec was shown to be safe, well tolerated and with evidence
of activity in patients with solid tumors (7-9).

In vitro treatment of tumor cells with elisidepsin induces
necrotic cell death by inducing rapid and severe membrane
damage, a process that appears to involve 2-hydroxy fatty
acids located at the cell membrane (10).

Interestingly, previous in vitro studies with the natural
parent compound Kahalalide F (KF) have shown that KF
inhibits the tyrosine kinase activity of HER2/neu, blocks
EGFR and inhibits the expression of TGF-a (11). The sensi-
tivity to KF in a panel of tumor cell lines, including non-small
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cell lung cancer (NSCLC), breast, ovarian and hepatic carci-
nomas was found to correlate with ErbB3 protein expression
levels, whereas no correlation was observed with the expres-
sion levels of the other family members (12). KF induces a
downregulation of this receptor, subsequently reducing the
levels of phospho-Akt, resulting in a significant reduction of
the cellular survival rate.

In vitro and in vivo synergism has been described when
combining elisidepsin with a specific small tyrosine kinase
inhibitor of EGFR (erlotinib) in NSCLC (13). Because human
carcinomas harbor multiple genetic alterations, the combin-
ation of different antitumor agents is essential in most cases.
Classical antitumor agents such cisplatin (CDDP), gemcitabine
and paclitaxel (TAX) are frequently used in carcinomas with
unpredictable results. The combination with synergistic drugs
could be a relevant approach to increase the rate of tumor
responses.

CDDRP is a typical DNA-damaging agent with the ability
to induce crosslinking between inter and intra DNA strands
(14). CDDRP is also known for its ability to induce apoptosis,
although other mechanisms have been reported to induce cell
death (15). CDDP therapy is used in several types of tumors
such as NSCLC, testicular and ovarian cancer. TAX belongs
to a family of drugs that, through the blocking of microtubule
formation, interfere with the normal progression of the cell
cycle. The drug has therefore been successfully used in the
treatment of breast, lung, melanoma and ovary tumors (16,17).
Gemcitabine is an anticancer nucleoside that is an analog
of deoxycytidine. This compound has been widely used in
pancreatic and metastatic breast cancer. These chemothera-
peutic agents have shown a limited effect, and in recent years,
a huge number of combined studies with other compounds
have been proposed (18-20).

In this study we sought to characterize the cytotoxic effect
of elisidepsin in a panel of human lung, breast and colon
carcinoma cell lines, and subsequently a combination of
elisidepsin with CDDP, TAX and gemcitabine. Here we show
that elisidepsin exposure induced downregulation of ErbB3
protein expression, thus inhibiting the PI3K-Akt signaling
pathway in most cell lines, but only partially affecting the
MAPK pathway, indicating that the drug severely affects the
ErbB3 signaling pathway. We provide further evidence that
in vitro sensitivity to elisidepsin correlates with ErbB3 protein
expression. Cell lines with high levels of ErbB3 receptor were
found to be the most sensitive to elisidepsin.

Finally, the combination of elisidepsin with CDDP, TAX
and gemcitabine showed a synergistic effect in almost all cell
lines tested, regardless of their genetic background or their
sensitivity to each drug alone. Our observations suggest a
clinical use of elisidepsin, and its combination with CDDP,
TAX or gemcitabine, may improve the efficiency in the
chemotherapy currently used in different types of cancer.

Materials and methods

Chemicals. Elisidepsin was obtained from PharmaMar
(Madrid, Spain) as a dry powder to be reconstituted with
dimethyl sulfoxide (DMSO, Sigma Chemical Corp.)/ethanol
(1:1) as a 1 mM stock solution, and kept in aliquots at -20°C.
CDDP, TAX or gemcitabine were obtained from the Vall
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d'Hebron University Hospital (Barcelona, Spain). Drug dilu-
tions were freshly prepared before each experiment.

Cells and cell culture. Cell lines were obtained from the
American Type Culture Collection, except from DV90
cell line, purchased from the Deutsche Sammlung von
Mikroorganismen und Zellkulturen GmbH. The HCT116
p537 was kindly provided by Dr Francisco Real (Centro
Nacional de Investigaciones Oncoldgicas, CNIO, Madrid). The
following cell lines were maintained in RPMI-1640 with 4 mM
L-glutamine: DV90, HOP62 (lung carcinoma), MDA-MB-231,
MCF-7, SKBR3, MDA-MB-435 (breast carcinoma) and
AsPC-1, BxPC-3 (pancreas carcinoma). The following were
maintained in Dulbecco's modified Eagle's medium (DMEM)
with 4 mM L-glutamine and 4.5 g/1 of glucose: DLDI1, HT29,
HCT116 p53**, HCT116 p53” (colon carcinoma), MDA-MB-
468 (breast carcinoma), PANC-1, MIAPaCa-2 (pancreas
carcinoma) and the human embryonic kidney 293T (HEK
293T) cancer cell line. A549 (lung carcinoma) was maintained
in Ham's F-12 medium supplemented with 1 mM L-glutamine.
Finally, DMEM:Ham's F12 (1:1 mixture) supplemented with
1 mM L-glutamine was used to maintain BT-474 (breast
carcinoma). All cell lines were supplemented with 10% fetal
bovine serum, 100 U/ml penicillin, 100 yg/ml streptomycin
and 10 mM HEPES and were cultured in a 37°C humidified
atmosphere containing 95% air and 5% CO,.

Cell growth assay. Cells were plated overnight at a density of
50,000 cells/well in 24-well plates in 1 ml of medium. At least
3 wells were used for each condition. Cell lines were treated
with various concentrations of elisidepsin, CDDP, TAX
or gemcitabine for 72 h as single agents. Cell viability was
measured by a crystal violet assay. Briefly, after each treat-
ment, cells were fixed in 1% glutaraldehyde for 20 min, washed
twice in PBS 1X, stained with 0.1% crystal violet for 30 min
and then washed with abundant deionized water. Colorant
was recovered with 5% acetic acid and optical density was
measured at 590 nm using an ELISA plate reader.

Analysis of combined drug effects. Cells were plated in 24-well
plates as described above. After overnight incubation at 37°C,
the attached cells were treated for 72 h at a fixed ratio of doses
that corresponded to 0.125, 0.25, 0.5, 1 and 2 times the indi-
vidual ICy, values of elisidepsin in combination with CDDP,
TAX and gemcitabine. Cell survival fractions were determined
by crystal violet assay and the combination indexes (CI) were
analyzed by the median effect method of Chou and Talalay
by using CalcuSyn software (version 2.1, Biosoft, Cambridge,
UK) (21). CI«1, CI=1, CI>1 indicate synergism, additive effect
and antagonism, respectively. The study was repeated three
independent times and representative data are shown.

Western blot analysis. Just prior to use, cultured cells for
western blotting were scraped in lysis buffer containing
20 mM Tris HCI (pH 8.0), 137 mM NaCl, 2 mM EDTA, 10%
glicerol, 1% NP-40, 0.1 M sodium pyrophosphate, 20 mM
B-glycerophosphate, 1 mM DTT, 20 mM NaF, 2 mM Na,VO,,
1 mM phenylmethylsulfonyl fluoride, 1 pg/ml leupeptin and
1 ug/ml aprotinin. Lysates were centrifuged and supernatants
were collected for protein concentration determination by
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the Bradford protein assay reagent (Bio-Rad) method. Equal
amounts of protein were separated by 8% sodium dodecyl
sulfate (SDS) polyacrylamide gel electrophoresis (PAGE)
gels, electrophoresed at 100 V and electroblotted onto poly-
vinylidene difluoride membranes (Millipore) at 0.4 A at room
temperature. Blots were blocked in 5% dried milk solution for
1 h at room temperature and probed overnight with antibodies.
After blocking, membranes were probed with primary anti-
bodies against ErbB1 (F4, Sigma), ErbB2 (CB11, BioGenex),
ErbB3 (2F12, NeoMarkers), p-ErbB3 (21D3), ErbB4 (111B2),
p-Akt (587F11), Akt (#9272), p-MAPK (#9101), B-actin
(#A5060) (Cell Signaling) and MAPK (C-14, Santa Cruz
Biotechnology), upon treatment with 1 yM elisidepsin for
4 h. After incubation with horseradish peroxidase-conjugated
secondary antibodies, antigen-antibody complexes were
visualized using enhanced chemiluminescence (Amersham
Biosciences). Western blot analyses were repeated in indepen-
dent conditions at least twice; representative blots are shown.

Immunoprecipitation. Cells were treated and collected in lysis
buffer. Extracts were precleared and the soluble fraction was
incubated with anti-ErbB3 (1 mg/sample) overnight at 4°C.
The following day, extracts were incubated for 45 min in the
presence of protein G Sepharose 4 Fast Flow (17-0618-01,
Amersham Pharma-Biotech), centrifuged at 12,000 x g for
20 sec and then washed three times with 1 ml in the same lysis
buffer. The pellet was suspended in 30 ul sample reducing
buffer (1% SDS, 100 mM DTT, 50 mM Tris, pH 7.5). Then
immunocomplexes were resuspended in loading buffer and
loaded onto 8% SDS-PAGE gels. Quantification of autoradio-
grams was performed by using Image J software (version
1.410, National Institutes of Health, Bethesda, MD), normal-
ized to the intensity of [3-actin in each sample, and expressed
in arbitrary densitometric units.

Results

Elisidepsin downregulates ErbB3 protein level. Previous
studies have reported a selective downregulation of ErbB3
after cell exposure to the natural compound KF in a cell line
expressing high levels of this receptor SKBR3. We sought to
determine if elisidepsin treatment could similarly affect the
expression of other ErbB receptors. To this end, we did a time
course of 2, 4 and 6 h treatment with 1 uM of elisidepsin,
and western blot analysis to seek if the treatment induces the
downregulation of the ErbB family proteins in MCF-7 breast
cancer cell line, which expresses moderate ErbB3 protein
levels.

Protein expression levels of all members of the ErbB
family were analyzed and all were found to be downregulated
after 6 h of treatment with elisidepsin (Fig. 1). Unlike other
ErbB receptors, the downregulation of the expression of ErbB3
protein level was seen as early as 2 h. Interestingly, in the case
of the ErbB4 protein levels, we observed an initial upregula-
tion at 2 and 4 h post-treatment. This result clearly indicates
that ErbB3 is the ErbB receptor most sensitive to treatment
with elisidepsin in MCF-7 cells.

ErbB3, p-Akt and p-MAPK are downregulated upon
elisidepsin treatment. Since downregulation of ErbB protein
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Figure 1. Downregulation of the expression of ErbB family proteins upon
elisidepsin treatment. MCF-7 cells were seeded at 70% confluence, and after
24 h cells were treated at 2,4 and 6 h with 1 uM elisidepsin. After treatment,
cells were lysed and proteins were extracted and quantified by Bradford
assay. Protein (50 yg) was loaded in SDS-PAGE gels. The four ErbB recep-
tors were detected by western blot assays using corresponding antibodies.
The membranes were stripped and reprobed with anti-f-actin to verify equal
protein loading.

expression was observed in MCF-7 cells upon elisidepsin treat-
ment, we sought to determine if this compound also affected
ErbB3 expression in a panel of human tumor cell lines with
variable expression levels of this receptor, namely lung (A549,
DV90 and HOP62), breast (MDA-MB-435, MDA-MB-231 and
MCF-7) and colon (DLD1 and HT29) cancer cell lines.

Cells were treated with 1 gM elisidepsin for 4 h and
then lysed. ErbB3 receptor levels were downregulated in the
majority of cell lines analyzed after treatment with 1 yM
elisidepsin. Only two (MDA-MB-231 and HOP-62) out of
eight cell lines tested maintained their ErbB3 expression levels
after elisidepsin treatment.

Those differences in ErbB3 receptor levels in the analyzed
cell lines prompted us to study the downstream signaling
routes that link this receptor to proliferative responses, Akt
and MAPK. Western blot analysis with antibodies that recog-
nized activated forms of Akt indicated that the resting levels of
p-Akt were lower or had disappeared more notably in the cells
that had a downregulation of ErbB3 after elisidepsin treatment
than in the cells that had not (Fig. 2A).

We also investigated the phosphorylation of MAPK. In
contrast to p-Akt results, p-MAPK levels were not down-
regulated in most of the cell lines. MAPK phosphorylation
was upregulated in HOP62 and MDA-MB-435 cell lines,
and downregulated in A549 and DV90 lung cancer cell lines,
MCEF-7 breast cancer cell line and DLDI colon cancer cell
line. MDA-MB-231 and HT29 cell lines maintained the same
amount of p-MAPK protein after treatment with the drug.

In contrast, total amounts of Akt and MAPK are not
affected by elisidepsin, except for the DLDI1 colon cancer cell
line that exhibited a decrease in Akt protein expression levels.
We also analyzed [-actin state to verify an equal amount of
protein in each well.



TEIXIDO et al: ErbB3 EXPRESSION PREDICTS CELL SENSITIVITY TO ELISIDEPSIN

Elisidepsin 1M
ErbB3

p-AKT

AKT

p-MAPK

MAPK

B-actin

320
A LUNG BREAST COLON
B

IC S50 elisidepsin

el
| !
. : L

MDA-MB-435
MDA-MB-231

HOP62
MCF-7
DLD1
HT29

Figure 2. Effect of elisidepsin treatment on ErbB signaling pathways. (A) All cell lines were seeded at 70% of confluence in 100-mm cell culture dishes,
and 18 h later, were treated with 1 yM of elisidepsin for 4 h. After treatment, cells were lysed, proteins were extracted and western blot analysis performed
with 50 ug of protein, for each sample. In the control samples, the same amount of the dissolved product (DMSO/ethanol) without elisidepsin was added.
Membranes were stripped and reprobed with anti-f-actin and these were used as an internal control. (B) Representation of cell viability upon 72-h treatment
with different concentrations of elisidepsin in a panel of 8 different cell lines. Bars indicate ICs, values (+SD) for 3 independent experiments per cell line. (C) A
total amount of 50 ug of protein extracts from 8 different cell lines were loaded in SDS-PAGE gels and western blot analyses were performed against different
antibodies regarding HER family, also p-Akt and p-MPAK activation. B-actin was used as an internal control to verify equal protein loading.

These results indicate that elisidepsin affected ErbB3
protein levels, the downstream pathway PI3K-Akt, and in
some cases also the MAPK route in cell lines derived from
different human tumor types.

ErbB3 expression levels correlate with elisidepsin cell
sensitivity. We performed cell viability assays in a panel of cell
lines to analyze if there was a correlation between the down-
regulation of ErbB3 protein expression and cell sensitivity
to elisidepsin. Cells were treated with increasing concentra-
tions of the compound for 72 h. ICy, values for elisidepsin, as
measured by crystal violet assays using a spectrophotometer,
ranged from 0.2 to 6.5 yM within the panel of cell lines
(Fig. 2B).

The cells that have an IC,, value <1 uM were considered
sensitive, while the rest were considered less sensitive to the
drug. HOP62 and MDA-MB-231 cell lines were the only cell
lines that had an ICy, value >1 uM (4 and 6.5 uM, respectively).
The other cell lines were catalogued as sensitive to the drug
(IC, value from 0.2 to 0.6 uM) and, as we described above, all

of them presented downregulation of the ErbB3 receptor. We
did not observe any relationship between HER1 and HER2
expression levels and elisidepsin sensitivity (Fig. 2C).

To analyze if there is a correlation between ErbB3 expres-
sion levels and elisidepsin sensitivity we performed cell
viability assays in a larger panel of cell lines. We chose 14
human cell lines from different types of cancer (comprising
pancreas, breast, lung, colon and kidney cell lines). IC;, values
for elisidepsin ranged from 0.075 to 14 yM within the panel of
cell lines (Fig. 3A).

In order to evaluate the ErbB3 protein expression levels
and correlate them with the sensitivity of the cell lines to
elisidepsin, we performed different analysis based on western
blot analysis (data not shown) and immunoprecipitation in
14 cell lines (Fig. 3B). Cell lines that were less sensitive to
elisidepsin had lower or no ErbB3 in comparison with the sensi-
tive cell lines which expressed higher levels, the results being
statistically significant, p=0.015 in a Wilcoxon test (Fig. 3C).
In summary, we observed a marked correlation between ErbB3
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Figure 3. ErbB3 expression correlates with elisidepsin cell sensitivity. (A)
Cell viability assay upon 72-h treatment with different concentrations of
elisidepsin in 14 human cell lines. Bars indicate IC;, values (+SD) for 3
independent experiments per cell line. (B) Total ErbB3 protein expression
in different cell extracts was detected by western blot analysis after immu-
noprecipitation with 1 ug of ErbB3 antibody. (C) Levels of ErbB3 protein
were quantified from western blot analysis (data not shown) by densito-
metry. The graph represents the ErbB3 relative expression in cell lines,
classified as more sensitive (IC;, <1 yM) and less sensitive (IC5,>1 uM) to
elisidepsin. We obtained a statistical significance p=0.015 with the Wilcoxon
analysis test.

Table 1. In vitro combination of elisidepsin and cisplatin.
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protein expression and cell sensitivity to elisidepsin in a panel
of 14 cell lines.

Combinational studies of elisidepsin with CDDP, TAX or
gemcitabine. After seeing a correlation between the sensitivity
and downregulation of ErbB3 protein after the treatment of
elisidepsin we defined the sensitivity to the first panel of 8 cell
lines studied performing cell viability assays with different
compounds used routinely in conventional chemotherapeutic
treatments, namely CDDP, TAX and gemcitabine. The condi-
tions of these experiments were the same as the cell viability
assays for elisidepsin. The values of the different compounds
ranged from 2.64 to 24.75 uM of CDDP, from 7 to 40 mM
of TAX and from 0.004 to 2 uM of gemcitabine, data not
shown.

DLDI1 cells were the most resistant to CDDP and the
MDA-MB-435 cell line the most sensitive one. Regarding the
TAX treatment also the DLDI cell line together with HOP62
cell line were the more resistant to it and the A549 cells the
most sensitive. For the gemcitabine treatment, DLDI1 cell
line was again the most resistant and the A549 cells the most
sensitive. For all three compounds the DLDI cell line was the
most resistant, in contrast to the elisidepsin treatment, which
was one of the most sensitive (0.3 yM). Next we wanted to
determine the potential synergism of the combination of
elisidepsin with other antitumor agents such as CDDP, TAX
and gemcitabine, performing different combinational drugs
assays.

The combination of elisidepsin and CDDP was synergistic
in all cell lines except in the HT29 colon adenocarcinoma cell
line (Table I). Several cell lines present synergistic effect with
high doses such as DV90, HOP62, MCF-7, whereas others cell
lines have the same effect a low doses of each drug such as
MDA-MB-231 (Fig. 4). However, in the breast cancer cell line
MDA-MB-435 we observed synergism at x0.25 and x2 times
the individual ICs, values for the compounds. DLDI1 cell line
presented synergism with elisidepsin and CDDP at a broad
range of doses of both drugs.

In contrast, the combination of elisidepsin and TAX showed
synergism in all cell lines (Table II). Several cell lines, exhibit
the same tendency of synergism with TAX and CDDP such as
MDA-MB-435 and DLD1. Whereas other cell lines such as

Cell line Origin  CI (at 0.125xICs) CI (at 0.25xICs,) CI (at 0.5xIC5;)  CI (at 1xICs) CI (at 2xICs,)
A549 Lung 4.89 1.14 1.06 0.75 1.21
DV-90 Lung 1.32 1.03 14 048 0.88
HOP-62 Lung 38.88 2.12 3.64 0.85 0.75
MDA-MB-435  Breast 142 0.72 1.28 2.28 0.66
MDA-MB-231 Breast 0.72 0.6 0.66 091 1.6
MCF-7 Breast 1.82 1.39 1.32 345 0.72
DLD-1 Colon 0.63 0.79 1.1 0.6 0.82
HT-29 Colon 1.76 1.22 1.28 1.97 1.1

CI, combination indexes. CI <1, CI=1, CI >1 indicate synergism, additive effect and antagonism, respectively. Bold text indicates a synergistic
effect when the two different drugs were combined (CI <1).
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Table II. In vitro combination of elisidepsin and paclitaxel.
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Cell line Origin  CI (at 0.125xICs) CI (at 0.25xICs,) CI (at 0.5xICs;)  CI (at 1xICs) CI (at 2xICs,)
A549 Lung 0.78 0.81 0.93 1.35 1.65
DV-90 Lung 0.73 0.85 0.92 1.13 1.73
HOP-62 Lung 041 0.39 0.63 0.86 1.03
MDA-MB-435  Breast 0.73 0.72 1.35 2.36 0.78
MDA-MB-231 Breast 15.14 0.92 1.17 2.27 2.81
MCF-7 Breast 0.81 1.28 1.39 1.05 1.14
DLD-1 Colon 0.55 0.75 142 2.54 0.89
HT-29 Colon 0.94 1.11 1.33 0.93 1.18

CI, combination indexes. CI <1, CI=1, CI >1 indicate synergism, additive effect and antagonism, respectively.
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Figure 4. Combination of elisidepsin with CDDP, TAX and gemcitabine. (A)
MDA-MB-231 cells were plated overnight at a density of 50,000 cells/well
in 24-well plates in 1 ml of medium, and then treated for 72 h at a fixed ratio
of doses that corresponded to 0.125, 0.25, 0.5, 1 and 2 times the individual
IC,, values for each drug alone. Cell viability was measured by a crystal
violet assay for optical density using a spectrophotometer. (B) Isobologram
representation of CI (combination index) vs. fractional effect analyzed by
software CalcuSyn in MDA-MB-231 cancer cell line. CI <1 and CI >1 indi-
cate synergism and antagonism, respectively.

A549 and DV90 had synergism at low doses and also in the
HOPG62 cell line at a broad range of doses of the combinatorial
drugs.

The combination results of elisidepsin and gemcitabine in the
panel of different cell lines are presented in Table III. In contrast
to the previous combinational assays this is the only one with
a synergistic effect in all cell lines in at least one of the fixed

ratio of doses. All lung carcinoma cell lines have a synergism
with gemcitabine at low doses. Moreover, all breast carcinoma
cell lines and colon cancer cell line DLDI have a synergism
in a broad range of concentrations, whereas for the other colon
carcinoma cell lines, synergism was observed in HT29 only to
have synergism in the highest doses tested.

Drug combination using each of these three drugs with
elisidepsin has shown more efficacy than the monotherapy
alone. Interestingly, the above combination was found to be
synergistic even in cell lines less sensitive to elisidepsin, such
as HOP62 and MDA-MB-231 cell lines.

Discussion

Elisidepsin is a novel marine compound with a potent cyto-
toxic activity in various tumor cell lines. In addition, identical
results were obtained in several xenograft studies, supporting
the use of this compound in different I and II clinical trials.

The mechanism of action of this compound remain poorly
understood, although several targets have been proposed to
be involved in the cellular response to elisidepsin treatment,
such as fatty acid containing ceramides, FA2H, lysosomes,
lipid rafts and epithelial growth factor receptors (10,12,22,23).
Although elisidepsin could interact with the lipid bilayer,
it is unlikely that it will form pores because the molecule
is too small to span the whole length of the lipid bilayer. A
minimum of 20 amino acids is required for this action (24) and
elisidepsin contains only 14. Recently, ErbB receptors have
been proposed as predictive markers of in vitro sensitivity to
elisidepsin (12,13)

Regarding HER family receptors, in the present study we
also observed an association between ErbB3 protein expres-
sion and sensitivity to elisidepsin treatment in a variety of
cell lines. We observed a relatively rapid (2 and 4 h) specific
downregulation of ErbB3 upon elisidepsin treatment in the
breast cancer cell line MCF-7, whereas the other ErbB family
members were not affected. These data, obtained in a breast
cell line model, agree with previous results obtained in a lung
cancer model (13), supporting the hypothesis of a selective role
of ErbB3 in the cellular response to this drug, although other
authors proposed this ErbB role as a secondary process upon
cell membrane alterations by elisidepsin treatment (35).
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Table II1. In vitro combination of elisidepsin and gemcitabine.

Cell line Origin CI (at 0.125xICs,) CI (at 0.25xICy,) CI (at 0.5xIC5))  CI (at 1xICs) CI (at 2xICs)
A549 Lung 042 0.63 0.85 1.20 1.15
DV-90 Lung 246 2.81 0.62 0.81 0.92
HOP-62 Lung 1.17 0.80 0.68 1.29 1.58
MDA-MB-435  Breast 0.17 0.24 043 0.78 1.17
MDA-MB-231 Breast 1.69 0.60 0.64 0.94 1.19
MCF-7 Breast 9.27 1.71 1.46 0.89 0.76
DLD-1 Colon 1.59 0.57 0.62 0.90 1.17
HT-29 Colon 5.06 1.60 1.32 1.12 091

CI, combination indexes. CI <1, CI=1, CI >1 indicate synergism, additive effect and antagonism, respectively.

The lower tyrosine kinase activity of ErbB3 receptor prompts
heterodimerization with other HER receptors and ErbB2/ErbB3
heterodimers have been shown to be the most transforming
and mitogenic receptor complex of the ErbB family (25-27).
These observations suggest that cancer cell lines driven by a
member of the ErbB receptor system often couple with ErbB3
to activate the PI3K/Akt pathway, consequently promoting the
cancer phenotype (28,29). Akt is a major downstream target of
receptor tyrosine kinases that signals via PI3K. Using a broad
panel of cell lines including lung, breast, and colon carcinoma,
we analyzed the most important pathways downstream of
this heterodimer and evaluated the phosphorylation levels of
Akt and MAPK in response to elisidepsin treatment. In these
cell lines, we observed downregulation of ErbB3 in 6 out of 8
tested cell lines, confirming the previous data in MCF-7, this
downregulation being associated with a decrease in the levels
of serine 473 phosphorylation in Akt in the same set of cell
lines. These results are in agreement with previous results
obtained in different cell lines with KF (12), and due to this
lower survival signaling, cell lines exhibit a cytotoxic response.
Interestingly, the HOP62 cell line shows up-regulation of p-Akt
upon elisidepsin treatment, and correlates with a less sensitive
phenotype. Taking into account these data, the downregulation
of ErbB3 and p-Akt levels could be a good predictive model to
detect the in vitro response to elisidepsin.

In contrast, the levels of p-MAPK do not appear to predict
cell viability response, because we did not observe significant
differences after elisidepsin treatment in resistant (HOP62 and
MDA-MB-231) and sensitive (MDA-MB-435 and HT29) cell
lines. It is probable that other molecular alterations or crosstalk
signaling pathways could activate p-MAPK indirectly, but this
phosphorylation does not reflect in vitro elisidepsin sensitivity.

A variety of alterations could be involved in the less sensi-
tive cell line MDA-MB-231, such as the low presence of other
possible potential predictive markers of elisidepsin treatment
like fatty acid synthase (FAS) (30) or the presence of signaling
pathways independent of this drug such as EGFR or Src (31,32).

The mechanisms involved in the downregulation of ErbB3
have been explored previously with KF by other authors with
inconclusiveresults (5,12,13) and therefore still remain unknown.
Nevertheless we explored whether basal levels of ErbB3 protein
could be a predictor maker to elisidepsin. Importantly we

have observed that cell lines with low basal levels of ErbB3
receptor are less sensitive to elisidepsin, whereas in cells with
high ErbB3 basal levels there is a correlation with elisidepsin
sensitivity, supporting previous indications that ErbB3 could
be a good predictive marker of elisidepsin sensitivity; further
studies are necessary to confirm this observation in different
in vitro and in vivo models.

In order to enhance the cytotoxic effect of elisidepsin and
other anticancer drugs, we studied whether the combination of
elisidepsin with other current chemotherapeutic agents could
be effective in elisidepsin less sensitive cell lines. In this regard,
we have tested the cellular effect of elisidepsin combined with
CDDP, TAX and gemcitabine. The combination of elisidepsin
with CDDP showed synergism in all tested cell lines except
for the colorectal cell line HT29. In contrast, the combination
of elisidepsin with TAX and gemcitabine showed synergism in
all cell lines studied. In our panel of cell lines, the MDA-MB-
231, MCF-7 and HT29 were the least synergistic with TAX
and the HT29 the least synergistic with gemcitabine. HOP62
and MDA-MB-435 were the most synergistic in combination
of elisidepsin with TAX and gemcitabine, respectively.

Based on these data, we conclude that the combination
of elisidepsin with CDDP, TAX or gemcitabine could be an
effective and viable therapeutic option to be evaluated in
several in vivo studies and provide a rationale for further
development of these combinational treatments in future
clinical trials. The combination of elisidepsin with any
of the chemotherapeutic agents shows a synergistic effect
in different cell lines. The most probably rationale is that
elisidepsin treatment could affect cells on the lipidic bilayer
membrane, preferentially containing high levels of ErbB3
receptor, and this could enhance the activity of the different
tested drugs (CDDP, TAX or gemcitabine). In this regard,
tumors that harbor overexpression of ErbB3 could be good
candidates to perform this type of combinational studies,
such as metastatic breast or lung tumors (33,34).
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