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1  | INTRODUC TION

Marked advances have been achieved in the development of 
molecular-targeting drugs for breast cancer; however, the estab-
lished systemic therapy for recurrent TNBC is still cytotoxic che-
motherapy.1 Personalized therapies, such as poly (ADP-ribose) 
polymerase (PARP) inhibitors and immunotherapies, have recently 

been used to treat TNBC patients,2-4 and could improve the poor 
outcome of TNBC in the future. Due to the variety and heterogene-
ity of TNBC, novel effective therapies are expected.5,6

In our research on molecular-targeting therapy for TNBC, we 
previously proposed combination therapy with the novel histone 
deacetylase inhibitor OBP-801 and eribulin.7 Eribulin is a well-
tolerated chemotherapeutic drug for TNBC.8 The findings indicated 
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Abstract
Various molecular-targeting drugs have markedly improved the treatment of patients 
with breast cancer. As yet, therapies for triple-negative breast cancer are mainly cy-
totoxic agents. To investigate the novel therapy for triple-negative breast cancer, we 
herein examined the effects of a new combination therapy comprising a RAF/MEK 
inhibitor CH5126766, also known as VS-6766, which we originally discovered, and 
eribulin. The combination of CH5126766 and eribulin potently inhibited cell growth 
in the triple-negative breast cancer cell lines tested. The underlying mechanism in the 
efficacy of this combination treatment in vitro and in vivo was due to enhanced apop-
tosis through the suppression of survivin and Bcl-2 family proteins. We also showed 
the suppressed expression of programmed cell death ligand 1 (PD-L1) in combination 
therapy in vivo. We found that combination therapy with eribulin and CH5126766 for 
triple-negative breast cancer inhibited cell growth by apoptosis and raised a possibil-
ity that immune responses through suppression of PD-L1 might partially contribute 
to inhibition of tumor growth, indicating the potential of this combination as a novel 
strategy for triple-negative breast cancer.
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the potential of eribulin to suppress the MAPK pathway.7 Therefore, 
we examined the effects of a new combination therapy comprising 
eribulin and a novel RAF/MEK inhibitor for TNBC that directly sup-
presses the MAPK pathway.

To develop a new strategy for the treatment of TNBC, we inves-
tigated whether the RAF/MEK inhibitor CH5126766, which was de-
rived from our established cell-based assay9 and now also known as 
VS-6766, enhanced the antiproliferative effects of eribulin in TNBC 
cells. The efficacy of CH5126766 against solid tumors with acti-
vated MAPK pathways has already been assessed in a phase I study 
(ClinicalTrials.gov NCT02407509).10 We expected combination ther-
apy with eribulin and CH5126766 to be an effective treatment for 
TNBC, particularly that with activated MAPK pathways. The PI3K-
Akt signaling pathway is one of the most fundamental oncogenic 
pathways, in addition to the MAPK pathway, and also contributes to 
the regulation of cell growth and survival.11 The suppression of the 
MAPK pathway has been shown to activate the Akt pathway.12-15 
Therefore, we investigated the effects of our recommended combi-
nation therapy on the Akt pathway.

Cancer immunotherapy has been a revolution and clinically 
meaningful for TNBC patients.4 The PD-1/PD-L1 axis is one of the 
most important immune checkpoint signals, and the overexpression 
of PD-L1 has been reported in TNBC.16 We assessed the contribu-
tion of immune responses focused on PD-L1 expression to the effi-
cacy of our recommended combination therapy for TNBC. Several 
chemotherapeutic drugs have been reported to enhance PD-L1 
expression stimulated by IFNs in TNBC.17,18 Moreover, suppression 
of the MAPK pathway by the first-in-class MEK inhibitor trametinib 
was previously reported to be immunosuppressive with the up-
regulated expression of PD-L1.19 The PD-1/PD-L1 interaction has 
been reported to upregulate the MAPK and PI3K/Akt pathways in 
TNBC.20 Therefore, the immunoreactive efficacy of eribulin in com-
bination with CH5126766, which is expected to suppress the MAPK 
pathway, is of interest.

2  | MATERIAL S AND METHODS

2.1 | Reagents

Eribulin was purchased from Eisai Co., Ltd., and CH5126766/VS-6766 
was kindly provided by Chugai Pharmaceutical Co., Ltd. Paclitaxel 
was purchased from Selleck Biotech Co., Ltd., and trametinib/
GSK1120212 was purchased from AdipoGen Life Science. These 
agents were dissolved in DMSO. Recombinant human IFN-γ was 
purchased from Tonbo Biosciences.

2.2 | Triple-negative breast cancer cell lines and 
cell culture

The human breast cancer cell lines MDA-MB-231, Hs-578-t, 
and BT-549 were obtained as cell lines of NCI-60 from the NCI 

Developmental Therapeutics Program. SUM159PT and SUM229PE 
cells were purchased from Asterand Bioscience, and murine 4T1 cells 
were from ATCC. MDA-MB-231, BT-549, and 4T1 cells were cul-
tured in RPMI-1640 with 10% FBS, 2 mmol/L glutamine, 50 units/mL 
penicillin, and 100 µg/mL streptomycin, and Hs-578-t cells in DMEM 
supplemented with 10% FBS, 4  mmol/L glutamine, 50  units/mL 
penicillin, and 100 µg/mL streptomycin. SUM159PT and SUM229PE 
cells were maintained in Ham’s F-12 medium supplemented with 5% 
FBS, 1 µg/mL hydrocortisone, and 5 µg/mL insulin. All cell cultures 
were incubated at 37°C in 5% CO2.

2.3 | Cell viability assay

Cell growth was evaluated using CCK-8 (Dojindo), as previously 
reported.7,21

2.4 | Analyses of cell cycle and apoptosis

The nuclei of cells treated with agents were stained with propid-
ium iodide. The DNA content in stained nuclei was analyzed by 
FACSCalibur (Becton Dickinson) as previously reported.7,21

2.5 | Colony formation assay

Cells were seeded on 6-well plates. After incubation for 24 hours, 
cells were treated with each agent, and cultured for 7 days. Colonies 
were fixed in 10% formalin and stained in crystal violet. The area of 
stained colonies was quantified using ImageJ (US NIH).

2.6 | Western blot analysis

Cells treated with agents were lysed with RIPA buffer, and western 
blotting was carried out as previously reported.7,21 In the molecu-
lar analysis of tumor samples in vivo, single-cell suspensions were 
prepared using the gentleMACS Octo Dissociator (Miltenyi Biotec). 
After tumors had been transformed to single cells, the cells obtained 
were treated as described above. Primary Abs were rabbit anti-
survivin (R&D Systems), anti-Bcl-2 and PD-L1 (Abcam), anti-Bcl-xL, 
phosphorylated ERK and Akt, and anti-total ERK and Akt (Cell 
Signaling Technology), and mouse anti-β-actin (Sigma-Aldrich) Abs.

2.7 | Quantitative RT-PCR

Total cellular RNA extraction from cells and cDNA synthesis were 
undertaken as previously reported.7 A quantitative RT-PCR analy-
sis was carried out using QuantStudio3 (Applied Biosystems) with 
the cDNA and TaqMan probes (Thermo Fisher Scientific) to PD-L1 
(Hs00204257_m1) and GAPDH (Hs02758991_g1).
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2.8 | Detection of PD-L1 (CD274) expression on 
cell surfaces

Cells treated with agents were harvested with or without the induc-
tion of IFN-γ, washed with ice-cold PBS, and resuspended in PBS 
with 1% BSA. Phycoerythrin-conjugated anti-human CD274 (B7-H1) 
mAb (eBioscience; Thermo Fisher Scientific) and the PE-conjugated 
IgG isotype control (eBioscience; Thermo Fisher Scientific) were 
then added. After incubation on ice for 30  minutes, cells were 
washed in ice-cold PBS and analyzed by FACSCalibur.

2.9 | Caspase assay

To investigate caspase activity during apoptosis, the Caspase-Glo 
3/7 assay (Promega) was used according to the guided protocol. 
Luminescence was recorded using SpectraMax iD3 (Molecular 
Devices) 60 minutes after the addition of Caspase-Glo 3/7 reagent 
to the cells treated with agents.

2.10 | In vivo

Murine breast cancer 4T1 cells were subcutaneously inoculated at 
1 × 105 cells per mouse into female 6-week-old BALB/c mice (Shimizu 
Laboratory Supplies). Tumor sizes were measured using a caliper 
twice a week. Tumor volumes were calculated using the following 
formula: 1/2  ×  (length)  ×  (width)2. The drug injection was started 
when the tumor volume reached approximately 40 mm3. Mice were 
randomly assigned to each group (n = 5 per group). The treatments in 
each group were vehicle, 0.8 mg/kg eribulin, 0.4 mg/kg CH5126766, 
and both drugs. Eribulin was dissolved in saline and injected into the 
tail vein. Mice were injected twice a week for 3 weeks with eribulin. 
CH5126766 was dissolved in 20% hydroxypropyl-β-cyclodextrin/
saline. Mice were treated with CH5126766 p.o. five times a week 
for 3 weeks. We observed mice for more 3 weeks after termination 
of treatments to study their survival. When tumors were resected 
6 days after the initiation of the treatment for molecular analysis, 
mice were killed. All animal procedures were carried out under 
the approval of the institutional guidelines of Kyoto Prefectural 
University of Medicine. Data are represented as the mean  ±  SD. 
Statistical analyses of body weight and tumor volume were carried 
out using a two-way ANOVA by GraphPad Prism version 8.4., and 
samples were considered to be significantly different at P < .0001.

2.11 | Combination index

Combination index values were analyzed using CalcuSyn software 
(Biosoft) as previously reported.7 Synergism is defined as more than 
the expected additive effect with combination index less than 1.0.

2.12 | Statistical analysis

Data in vitro are represented as the mean ± SD in triplicate. Samples 
were considered to be significantly different at P <  .05. Statistical 
analyses were undertaken using multiple Bonferroni comparisons.

3  | RESULTS

3.1 | CH5126766 inhibits growth of TNBC cells with 
cell cycle arrest and induction of apoptosis

We evaluated the effects of the novel RAF/MEK inhibitor 
CH5126766 in several TNBC cell lines. We used human MDA-
MB-231, SUM159PT, SUM229PE, Hs-578-t, and BT-549 cells, in 
which we investigated the activated MAPK pathway (Figure  S1). 
CH5126766 inhibited TNBC cell growth as shown in Figure 1A; how-
ever, its effects at high concentrations were not strong. We then 
examined these inhibitory effects on the cell cycle and apoptosis 
in several TNBC cells. The results showed that CH5126766 induced 
apparent G1-phase arrest with a decrease in the S-phase population 
in MDA-MB-231 and SUM159PT cells, and also caused slight G2/M-
phase arrest (Figures 1B and S2). Moreover, CH5126766 increased 
the percentage of sub-G1 cells (Figure 1C). As shown in Figure 1C, the 
dependence of the inhibition of growth on apoptosis differed among 
the cell lines examined, and apoptosis was partially dependent on 
the caspase pathway in MDA-MB-231 cells (Figure S3). Therefore, 
additional agents appear to be necessary for the development of 
more effective treatments for TNBC.

3.2 | Combination treatment with eribulin and 
CH5126766 inhibits growth of TNBC cells

We previously examined the inhibition of cell growth by eribulin in 
several human TNBC cell lines. The findings showed that eribulin 
inhibited cell growth in TNBC cell lines in a dose-dependent man-
ner, and downregulated the MAPK pathway.7 We herein investi-
gated whether CH5126766, which directly suppresses the MAPK 
pathway, enhanced the efficacy of eribulin against TNBC cells. As 
shown in Figure 2A, the growth of MDA-MB-231 and SUM159PT 
cells was synergistically and more strongly inhibited by the combina-
tion of these agents than by either agent alone (Figure S4). As the 
combined effects in SUM159PT cells were not as strong as those in 
MDA-MB-231 cells, we also undertook the colony formation assay 
using SUM159PT cells. In a long incubation, combined effects more 
potently inhibited the growth of SUM159PT cells (Figure  2B,C). 
We also compared our recommended treatment with the combi-
nation of other microtubule inhibitor paclitaxel and MEK inhibitor 
trametinib. As shown in Figure  S5, cotreatment of paclitaxel plus 
CH5126766 and eribulin plus trametinib showed synergistic effects 
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in MDA-MB-231 cells, but not in SUM159PT cells. However, cotreat-
ment of paclitaxel plus trametinib did not show synergistic effects in 
MDA-MB-231 or SUM159PT cells.

3.3 | Combination treatment with eribulin and 
CH5126766 induces apoptosis with suppression of 
survivin and Bcl-2 family proteins

We examined the effects of combination treatment on the cell 
cycle and apoptosis because eribulin inhibits the growth of TNBC 
cells through G2/M-phase arrest and induction of apoptosis.7,22,23 
As a result, apoptosis was more potent with the combination of 
eribulin and CH5126766 than with either agent alone (Figure 3A), 
but the enhancement of cell cycle arrest was not observed to be 
more potent (Figure  S6). To clarify the mechanisms underlying 
the enhancement of apoptosis by the combined treatment, we 
investigated the expression of various apoptotic-related proteins. 
We initially assessed the expression of survivin, which is known 
to be upregulated by eribulin at the protein and mRNA levels.7 
CH5126766 markedly suppressed eribulin-induced increases in 
the expression of survivin (Figure  3B). We also investigated the 

expression of Bcl-2 family proteins, which are major caspase-
dependent antiapoptotic proteins. The combination treatment 
suppressed Bcl-2 and Bcl-xL in MDA-MB-231 cells, but not in 
SUM159PT cells (Figure 3C).

3.4 | Eribulin suppresses activation of the Akt 
pathway induced by CH5126766 and combination 
treatment decreases PD-L1 expression

Activation of the Akt pathway represents a serious obstacle to the 
expanded use of MEK inhibitors for clinical cases. Therefore, we in-
vestigated the effects of the combination of eribulin and CH5126766 
on the Akt and MAPK pathways in TNBC cells. The MAPK pathway 
was more strongly suppressed in MDA-MB-231 cells by the com-
bination of eribulin and CH5126766 than by either agent alone, 
whereas its effects were similar to those by CH5126766 alone in 
SUM159PT cells (Figure 4A). However, eribulin suppressed the Akt 
pathway activated by CH5126766 in both cell types (Figure  4A). 
These results suggest that eribulin makes a significant contribution 
to the inhibitory effects on Akt pathway activation due to resistance 
to CH5126766.

F I G U R E  1   CH5126766 inhibits the 
growth of triple-negative breast cancer 
(TNBC) cells with cell cycle arrest and 
induction of apoptosis. A, Several TNBC 
cells were treated with the indicated 
concentrations of CH5126766 for 
72 h. The inhibition of cell growth was 
evaluated using CCK-8. The cell growth 
rate of each treatment was calculated by 
comparisons with DMSO (DM) samples. 
B, Cell cycle populations treated with 
CH5126766 were analyzed by flow 
cytometry. Cell cycle populations at the 
indicated concentrations of CH5126766 
were compared with DMSO samples. 
MDA-MB-231 and SUM159PT cells were 
treated for 24 h. C, Apoptotic cells were 
analyzed as the sub-G1 population by flow 
cytometry. Sub-G1 populations with the 
CH5126766 treatment were compared 
with DMSO samples. MDA-MB-231 cells 
were treated with DMSO (DM) or the 
indicated concentrations of CH5126766 
(C300-C1000) for 72 h, as well as 
SUM159PT cells (C500-C2000) for 24 h. 
Columns, mean values of triplicate data; 
bars, SD. *P < .05
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We then investigated the local immunoreaction because of pre-
vious reports concerning immunosuppression in TNBC induced by 
chemotherapy17 as well as trametinib.19 We examined the expres-
sion of PD-L1, a crucial immune-related biomarker. The expression 
of PD-L1 at the mRNA level was slightly upregulated by eribulin 
in MDA-MB-231 cells (Figure  4B), but was not upregulated at the 
protein level in the cell surface analysis of TNBC cells (Figures 4C,D 
and S7). We continued the analysis using stimulation with IFN-γ. 
Gamma-interferon is a cytokine that is secreted from activated T 
cells and is involved in oncoimmune responses with the upregulation 
of PD-L1.24 Eribulin in combination with CH5126766 decreased PD-
L1 expression levels in TNBC cells regardless of the stimulation with 
IFN-γ (Figures 4D and S7). We further evaluated the enhancement 
of apoptosis and immune responses by this combination therapy 
using an immunocompetent model.

3.5 | Effects of combination therapy with 
eribulin and CH5126766 in a 4T1 syngeneic 
mouse model

We assessed the effects of combination therapy in vivo using mu-
rine 4T1 cells, which are highly metastatic TNBC cells. We initially 
confirmed the combined effects of eribulin and CH5126766 on 4T1 
cells in vitro. We assessed the inhibitory effects of eribulin alone, 

CH5126766 alone (Figure  S8), and also their combination on 4T1 
cell growth (Figure  5A). As shown in Figure  5B, this combination 
was effective in 4T1 cells due to the enhancement of apoptosis, 
which was suggested to be induced by the suppression of Bcl-2 and 
survivin (Figure  5C,D). Moreover, the combination of eribulin and 
CH5126766 more potently suppressed the MAPK pathway than ei-
ther agent alone, and also overcame the resistance of the Akt path-
way in 4T1 cells (Figure 5D), similar to human TNBC cells (Figure 4A). 
After the effects of the combined treatment had been confirmed 
in 4T1 cells in vitro, we undertook in vivo experiments. Cells were 
subcutaneously inoculated into female 6-week-old BALB/c mice. 
Mice assigned to each group were treated with vehicle, intravenous 
eribulin, oral CH5126766, or a combination of intravenous eribulin 
and oral CH5126766. The weights of mice did not significantly de-
crease during these therapies (Figure 6A). Tumor growth curves per 
treatment showed that combination therapy exerted stronger inhibi-
tory effects on tumor growth than either agent alone (Figure 6B). 
Overall survival also improved in the group that received combina-
tion therapy (Figure 6C). We then undertook molecular and oncoim-
munologic analyses of tumors in this model. Six days after the start 
of treatment, tumors were excised. Based on in vitro results, we in-
vestigated the expression levels of survivin, Bcl-2 family proteins, 
and PD-L1 in tumors. As shown in Figure 6D, the expression levels of 
survivin, Bcl-2, Bcl-xL, and PD-L1 were reduced more by the combi-
nation of eribulin and CH5126766 than by either agent alone.

F I G U R E  2   Combination of eribulin 
and CH5126766 inhibits the growth 
of triple-negative breast cancer cells. 
MDA-MB-231 cells were treated with 
0.5 nmol/L eribulin and 300 nmol/L 
CH5126766, while SUM159PT cells were 
treated with 3.5 nmol/L eribulin and 
500 nmol/L CH5126766. A, Cells were 
treated with DMSO (DM) or eribulin 
(E) and/or CH5126766 (C) for 72 h. The 
inhibition of cell growth was evaluated 
using CCK-8. The cell growth rate of each 
treatment was calculated by comparisons 
with DMSO samples. B, Efficacy of the 
combined treatment in SUM159PT cells 
was investigated using a colony formation 
assay. Cells were treated with DMSO or 
eribulin and/or CH5126766. Duration of 
drug exposure was 144 h. The colony area 
was assessed by ImageJ. A, B, Columns, 
mean values of triplicate data; bars, 
SD. *P < .05. C, Representative images 
of colonies in the assessment of B, are 
shown
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4  | DISCUSSION

In the present study, we recommended combination therapy with 
eribulin and CH5126766 as a treatment strategy for TNBC. The 
growth of TNBC cells was inhibited by this combination therapy 
(Figures 2, 5A, and 6B) through the enhancement of apoptosis with 
the suppression of survivin and Bcl-2 family proteins (Figures 3, 5B-
D, and 6D). We also showed that our recommended therapy with 
eribulin overcame the activation of the Akt pathway as feedback 
from the suppression of the MAPK pathway (Figures 4A and 5D). This 
is the first study to report a treatment with eribulin and a RAF/MEK 
inhibitor in TNBC. According to other combination effects, shown in 
Figure S5, the results in MDA-MB-231 cells showed that the syner-
gistic effects of the combination were not specific on CH5126766 
or eribulin. However, no other combinations showed synergistic ef-
fects in SUM159PT cells (Figure S5). These results suggest that the 
combination of eribulin and CH5126766 appears to be an efficient 
treatment for TNBC. CH5126766 has been believed to be effective 
against malignancies with activated MAPK pathway.10 However, in-
terestingly in the current study, the activity of the MAPK pathway 
in TNBC cells was not associated with the efficacy of CH5126766 
(Figure  S1). Therefore, the activity of the MAPK pathway is not a 
useful biomarker in our combination therapy.

Eribulin, developed in Japan, has recently been used world-
wide, not only in Japan, the US, and Europe, but also in other Asian 

countries. The major frequent adverse effect is neutropenia, which 
is able to be managed mostly by changing to a biweekly regimen for 
breast cancer.25,26 As eribulin is acceptable for the majority of breast 
cancer patients, it is used in monotherapy and combination ther-
apy.27 In the present study, we showed the efficacy of the combi-
nation of eribulin and CH5126766 for TNBC, which might be due to 
the induction of apoptosis and the suppression of PD-L1 expression 
in tumor (Figure 6). Immunotherapy has recently become an essen-
tial treatment for various types of carcinomas. Immune checkpoint 
blockade toward the PD-1/PD-L1 axis is an important strategy for 
the evasion of immunosuppressive responses.28 Immune checkpoint 
antagonists have significant efficacy when used as single agents as 
well as in combination therapy with chemotherapeutic drugs. The 
effectiveness of the combination of chemotherapy and immuno-
therapy for NSCLC and TNBC was reported in the CheckMate-816 
trial (ClinicalTrials.gov NCT02998528) and Impassion 130 trial.4 
Based on the mechanisms underlying chemotherapy-induced immu-
nomodulation,29 eribulin is a candidate chemotherapeutic agent in 
combination therapy for TNBC with antagonists of immune check-
point signaling because it does not always require steroids and is a 
well-tolerated drug, which is particularly suitable for TNBC.8,30

Epithelial-mesenchymal transition is a key process in cancer me-
tastasis. It has been shown to contribute to immunosuppression in 
breast cancer.31 Eribulin is a microtubule dynamic inhibitor that has 
been shown to reverse EMT.32,33 Various effects of eribulin on the 

F I G U R E  3   Combination treatment 
with eribulin and CH5126766 enhances 
apoptosis in triple-negative breast cancer 
(TNBC). Cells were treated with DMSO 
(DM) or eribulin (E) and/or CH5126766 
(C) for 48 h. MDA-MB-231 cells were 
treated with 0.5 nmol/L eribulin and 
300 nmol/L CH5126766; SUM159PT cells 
were treated with 3.5 nmol/L eribulin and 
500 nmol/L CH5126766. A, TNBC cells 
were treated with each drug for 72 h. 
The sub-G1 population was analyzed by 
flow cytometry. The sub-G1 population 
with combination treatment was 
compared with that of single treatment. 
Columns, mean values of triplicate data; 
bars, SD. *P < .05. B, Western blot for 
the evaluation of survivin expression. 
Cells were harvested after 48 h of the 
drug treatment. C, Western blot for the 
investigation of Bcl-2 family protein 
expression. The time course was the same 
as that in (B)
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tumor microenvironment, including the reversal of EMT, have been 
reported.34-36 However, limited information is currently available on 
oncoimmune responses by eribulin.37,38 In studies from the same re-
search group, the expression of PD-L1 was downregulated in breast 
carcinoma samples obtained from patients treated with eribulin. 
As shown in Figure  6D, the expression of PD-L1 in murine TNBC 
4T1 tumors was not suppressed by eribulin. 4T1 cells easily become 
metastatic and appear to have an immunosuppressive mesenchymal 
phenotype31; therefore, the expression of PD-L1 in 4T1 cells might 
only be weakly regulated by eribulin. Considering previous findings 
on the upregulation of PD-L1 by other chemotherapeutic drugs in 
the various types of carcinomas,17,39,40 further studies are needed to 
clarify the oncoimmune response induced by eribulin and the combi-
nation with CH5126766.

The suppression of the MAPK pathway is important for the 
treatment of cancer. We originally discovered two potent molecular-
targeting agents, the RAF/MEK inhibitor CH5126766 and MEK 
inhibitor trametinib, from cell-based screening assays in collabora-
tions with pharmaceutical companies. Trametinib is already in wide-
spread use today, while CH5126766 is under clinical development.10 

CH5126766 is superior to trametinib for the suppression of CRAF 
activation as a result of feedback.41-43 In addition, we investigated 
oncoimmune responses induced by this therapy with a focus on the 
expression of PD-L1. CH5126766 significantly downregulated the 
expression of PD-L1 in TNBC cells (Figures 4B-D and S7). The sup-
pression of PD-L1 expression by the combination shown in murine 
TNBC 4T1 tumors suggests the possibility of enhanced invasion of 
activated T lymphocytes in the tumor microenvironment (Figure 6D). 
The results raise a possibility that immune responses might partially 
contribute to the efficacy of this combination therapy. Trametinib 
has been reported to induce expression of PD-L1 in TNBC cells in 
vitro and in vivo,19 whereas another MEK inhibitor, selumetinib, has 
been reported to downregulate the expression of PD-L1 in NSCLC 
cells,44 which is consistent with our results on CH5126766. These 
differences appear to be dependent on the phenotype, such as ep-
ithelial or mesenchymal carcinomas.31 Moreover, selumetinib was 
previously shown to prevent lung metastasis through the reversal 
of EMT in TNBC.45 If suppression of the MAPK pathway induces 
the reversal of EMT, our recommended combination therapy with 
eribulin, which potentiates EMT reversal,32,33 and CH5126766 could 

F I G U R E  4   Eribulin suppresses 
the activated Akt pathway and the 
combination decreases programmed 
cell death-ligand 1 (PD-L1) expression 
in triple-negative breast cancer cells. 
A, Regulation of the MAPK and Akt 
pathways was evaluated by western 
blotting. The samples in these figures 
were the same as those in Figure 3C. 
B, PD-L1 expression at the mRNA level 
in MDA-MB-231 cells analyzed by 
quantitative RT-PCR. C, PD-L1 expression 
on the surface of MDA-MB-231 cells 
was analyzed by FACSCalibur. D, PD-L1 
expression on the surface of MDA-
MB-231 cells treated with IFN-γ (20 ng/
mL) was analyzed by FACSCalibur. B-D, 
Columns, mean values of triplicate data; 
bars, SD. *P < .05. MDA-MB-231 cells 
were treated with 0.5 nmol/L eribulin and 
300 nmol/L CH5126766; SUM159PT cells 
were treated with 3.5 nmol/L eribulin 
and 500 nmol/L CH5126766. Cells 
were harvested after 48 h of the drug 
treatment. C, CH5126766; DM, DMSO; E, 
eribulin
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have significant efficacy against metastasis in TNBC. Based on EMT 
and immunosuppression in the tumor microenvironment of TNBC,31 
the efficacy of our recommended combination therapy might be par-
tially caused by immune responses related to the reversal of EMT.
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