
Abstract. Background/Aim: Eribulin mesylate (eribulin) is
currently used for the treatment of locally advanced or
metastatic breast cancer (MBC). It is a cytotoxic agent with
unique mechanisms that suppress the epithelial–
mesenchymal transition (EMT) of cancer cells and promote
tumor vascular remodeling. In this study, we investigated the
expression of markers for EMT and hypoxia in sets of
clinical specimens collected before and after eribulin
treatment to verify its unique mechanisms. Patients and
Methods: The expression of markers for EMT and cellular
hypoxia [E-cadherin, N-cadherin, vimentin, and carbonic
anhydrase 9 (CA9)] was examined immunohistochemically
in MBC tissues collected from 20 patients before and after
chemotherapy with either eribulin (n=10) or paclitaxel
(n=10). Results: An increase of E-cadherin and decrease of
CA9 expression were observed in MBC tissues from patients
with objective clinical responses to eribulin treatment.
Patients with E-cadherin-positive conversion and 
CA9-negative conversion had significantly higher response
rates (p=0.004 and p=0.024, respectively) and prolonged
time to treatment failure (p=0.018 and p=0.038,
respectively) than patients without changes in marker
expression. Conclusion: Expression of EMT and hypoxia
markers in clinical samples from patients with MBC was
suppressed by eribulin treatment. The results provide
additional clinical data on improved survival of patients
treated with eribulin and the mechanism of response. 
Several synthetic compounds that interact with microtubules

have demonstrated a clinical utility against malignancies
including breast cancer. Eribulin mesylate (eribulin) is a new
synthetic derivative of halichondrin B, which was originally
isolated from Halichondria okadai (1). Eribulin suppresses
cell division by inhibiting microtubule extension through a
mechanism that differs from that of other antimitotic drugs
such as taxane and vinca alkaloids (2-5). It binds to
microtubule ends and inhibits microtubule polymerization (6,
7). Taxane binds extensively inside microtubules and
suppresses shortening of microtubules by depolymerization.
Vinca alkaloids bind to the external surface of microtubules
and suppress both microtubule polymerization and
depolymerization. Consequently, the anticancer effects differ
among these agents. For example, in a phase III trial of
eribulin (Eisai Metastatic Breast Cancer Study Assessing
Physician’s Choice versus E7389, EMBRACE), significant
prolongation of overall survival was observed in patients with
locally advanced or metastatic breast cancer (MBC) after
eribulin treatment even without improvement of disease-free
survival (6). This result was partially explained by a decrease
in the occurrence of new metastatic lesions after eribulin
therapy, an effect that has not been demonstrated by other
drugs. However, the precise mechanism for this clinical
benefit has not yet been elucidated. 

Some of the unique anticancer effects of eribulin have
been revealed by experimental studies of cancer cells and
tumor tissues. These effects include suppression of
epithelial–mesenchymal transition (EMT) in cancer cells and
promotion of vascular remodeling in tumors (7, 8). EMT is
observed when cancer metastasizes, and promotes cancer
infiltration and metastasis by facilitating the ability of cancer
cells to move and breakdown the extracellular matrix.
Cancer cells with induced EMT are known to acquire
treatment resistance and enhanced properties as cancer stem
cells (9-11). The expression of E-cadherin, an adhesion
molecule expressed by epithelial cells, declines during EMT
as the expression of mesenchymal markers, such as N-
cadherin and vimentin, increases (12-14). The epithelial and
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mesenchymal phenotypes of cancer cells can thus be
distinguished by the relative expression of these markers. 

Vascular remodeling involves the restoration of tumor
vasculature in the vicinity of cancer cells. Most tumors have
hypoxic regions because of aggressive cell proliferation that
exceeds the ability to develop a network of blood vessels to
nourish the cancer cells. Thus, adequate vascularization is
important for tumor survival. Cancer cells are also known to
acquire a high metastatic potential upon exposure to hypoxic
environments (15, 16). Therefore, vascular remodeling might
inhibit aggressive metastasis by enhancement of the hypoxic
state. Eribulin was reported to improve blood circulation in
the central region of subcutaneous tumor tissue implants in
a mouse model (7). Hypoxia induces expression of carbonic
anhydrase 9 (CA9), which is mediated by hypoxia-inducible
factor-1 (HIF-1) (17, 18). The expression of CA9 in cancer
cells indicates a hypoxic region within solid cancer tissue,
and may serve as a marker of hypoxia (17).

To date, few studies have reported the effects of eribulin
on cancer cell characteristics or tumor vasculature in clinical
specimens. In this study, differences in the expression of
EMT and hypoxia markers were determined by
immunohistochemical staining of MBC tissues obtained
from patients before and after drug administration. The
objective of this study was to confirm EMT suppression and
vascular remodeling induced by eribulin in a clinical setting.

Patients and Methods

Patient background. Eribulin chemotherapy was administered to 52
patients with locally advanced breast cancer or MBC at Osaka City
University Hospital from August 2011 to June 2013. Cancer tissue
samples were collected from 10 patients before and after treatment.
The median observation period was 431 days (range=50-650 days)
for eribulin treatment, and 420 days (range=37-650 days) for
paclitaxel treatment. The objective response rate (ORR) [complete
response (CR) + partial response (PR)], clinical benefit rate (CBR)
(CR + PR + stable disease (SD) >24 weeks], disease control rate
(DCR) (CR + PR + SD), overall survival (OS), time to treatment
failure (TTF) and progression-free survival (PFS) were calculated
regarding the efficacy of this regimen. The chemotherapy regimen
included 1.4 mg/m2 eribulin administered intravenously to
outpatients on days 1 and 8 of a 21-day course of treatment (6), and
administration was repeated until confirmation of progressive
disease (PD). Cancer tissue samples collected from 10 age-matched
paclitaxel-treated patients (80 mg/m2 weekly) with maximal clinical
responses were used as controls for immunohistochemistry.

Pathological diagnoses were performed by experienced
pathologists using hematoxylin and eosin-stained tissue samples
obtained either during surgery or by core needle biopsy. This study
conformed to the provisions of the Declaration of Helsinki 1995.
All patients were informed of the investigational nature of this study
and provided their written informed consent. The study protocol was
approved by the Ethics Committee of Osaka City University (#926).
Immunohistochemistry. Immunohistochemical staining was
performed as previously described (19, 20). Tissue specimens were

fixed in 10% formaldehyde and embedded in paraffin. Sections
were cut at 4-μm thicknesses, mounted on glass slides,
deparaffinized in xylene, placed in Target Retrieval Solution (Dako,
Carpinteria, CA, USA), and heated for 20 min in an autoclave at
105˚C and 0.4 kg/m2. The specimens were then immersed in
methanol containing 3% hydrogen peroxide for 15 min to block
endogenous peroxidase activity, followed by incubation in 10%
normal goat or rabbit serum to block nonspecific binding.

Primary monoclonal antibodies against E-cadherin (clone NCH-
38, 1:200 dilution; Dako), N-cadherin (clone 6G11, 1:50 dilution;
Dako), Vimentin (clone Vim 3B4, 1:500 dilution; Dako), and CA9
(clone M75, 1:1000 dilution; Novus Biologicals, CO, USA) were
used. The tissue sections were incubated with each antibody for 70
min at room temperature or overnight at 4˚C, followed by
incubation with horseradish peroxidase-conjugated anti-rabbit or
anti-mouse Ig polymer (Histofine PO™ kit; Nichirei, Tokyo, Japan)
as the secondary antibody. The sections were subsequently treated
with streptavidin-peroxidase reagent and incubated in phosphate-
buffered saline containing diaminobenzidine and 1% hydrogen
peroxide (v/v), followed by counterstaining with Mayer’s
hematoxylin. Positive and negative controls for each marker were
used according to the supplier’s data sheet.

Immunohistochemical staining was evaluated by two pathologists
specialized in mammary gland pathology (STa and MOhs) and were
blinded to the patient treatments. The cut-offs for positive staining
were >30% of cells with E-cadherin membrane staining (positive
conversion) (20), >10% of cells with N-cadherin or vimentin
cytoplasmic staining (21), and >10% of cells with CA9 membrane
staining (negative conversion) (22). For quantitative analysis,
specimens were evaluated before and after eribulin treatment. Cases
with an increase in biomarker expression were defined as positive
conversion, and those with decreases were defined as negative
conversion. 

Statistical analysis. Statistical analysis was performed using the
SPSS® version 19.0 statistical software (IBM, Armonk, NY, USA).
Categorical data are represented as numbers and percentages, and
continuous data are represented as medians and range. The
association between treatment efficacy and clinicopathological
variables was analyzed using Fisher’s exact test. The association of
treatment with survival was analyzed using Kaplan–Meier plots and
log-rank tests. In all analyses, p<0.05 was considered significant.
Cutoff values for the biomarkers included in this study were chosen
before conducting the statistical analysis.

Results

Eribulin- and paclitaxel-treated patients with investigated
samples. Demographical data of patients who underwent
chemotherapy for MBC, and 10 eribulin- and paclitaxel-
treated patients with investigated samples are summarized in
Table I. There were no significance differences in patient
backgrounds for both chemotherapies. In 11 eribulin-treated
patients, it was possible to excise the lesion after treatment.
One patient achieved CR. PR was achieved by five patients
(50.0%). SD for 24 months (long SD) occurred in one patient
(10.0%), SD in one patient (10.0%), and PD in three patients
(30.0%). On the other hand, in 10 paclitaxel-treated patients,
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it was possible to excise the lesion after treatment. PR was
achieved by five patients (50.0%). Long SD occurred in one
patient (10.0%), SD in one patient (10.0%), and PD in three
patients (30.0%). The efficacy of eribulin and paclitaxel
chemotherapy is summarized in Table II.

Expression of EMT and hypoxia markers. Representative
results of immunohistochemical staining are shown in Figure
1. Figure 2 shows the expression of the markers before and
after treatment with the chemotherapeutic agents (Table III).
E-Cadherin expression was found in 12-38% and 6-82% of
cancer cells before and after eribulin treatment, respectively.
After eribulin treatment, the E-cadherin expression status
changed from negative to positive (positive conversion) in
five patients, remained unchanged in four patients, and
changed from positive to negative (negative conversion) in
one patient (non-positive conversion). Prior to therapy, 
N-cadherin and vimentin expression was positive in 7-70%
and 7-72% of cancer cells, respectively. After therapy,
positive expression was seen in 0-80% and 0-76% of cancer
cells, respectively. Positive conversion of N-cadherin was
observed in one patient, and vimentin expression was seen
in one patient. Negative conversion was seen in three
patients, and biomarker expression was unchanged in six
patients. CA9 expression was found in 3-82% of cancer cells
prior to eribulin therapy and in 0-68% after therapy. Positive
conversion of CA9 expression occurred in one patient,
negative conversion was seen in four patients, and
expression was unchanged in five patients. In contrast to the
changes in protein expression after paclitaxel treatment, E-
cadherin expression was unchanged in six patients. N-
cadherin was unchanged in eight patients, vimentin in six
patients, and CA9 in seven patients.

Anticancer responses (i.e. PR) to eribulin treatment were
achieved by five patients (responders). All five responders
demonstrated positive conversion to E-cadherin staining, E-
cadherin expression was either unchanged or demonstrated
negative conversion in the other five patients
(nonresponders). Expression of all markers (N-cadherin,
vimentin, and CA9) in tumors decreased significantly in the
five responders. After treatment, E-cadherin expression was
increased in the five control patients who responded to
paclitaxel. However, the increase was smaller than that
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Table I. Demographical data of patients who underwent chemotherapy for locally advanced or metastatic breast cancer and eribulin-, and paclitaxel-
treated patients with investigated samples.

Parameters                                                                                                       Eribulin-treated patients              Paclitaxel-treated patients         p-Value
                                                                                                                                       (n=10)                                             (n=10)

Age, years                               Mean±SEM                                                                61.0±13.6                                        62.0±12.3                         0.949
Degree of progress                  Locally advanced/visceral metastases             10 (100.0%)/0 (0.0%)                    10 (100.0%)/0 (0.0%)               1.000
Previous treatment                  None/endocrine/chemo/                                     7 (70.0%)/0 (0.0%)/                       8 (80.0%)/0 (0.0%)/                 0.606
                                                 anti-HER2 therapy                                             3 (30.0%)/0 (0.0%)                        2 (20.0%)/0 (0.0%)
Life threatening condition      Yes/no                                                               0 (0.0%)/10 (100.0%)                    0 (0.0%)/10 (100.0%)               1.000
Nuclear grade                          1/2/3                                                          5 (50.0%)/1 (10.0%)/4 (40.0%)    4 (40.0%)/3 (30.0%)/3 (30.0%)       1.000
Estrogen receptor                    Negative/positive                                               5 (50.0%)/5 (50.0%)                      5 (50.0%)/5 (50.0%)                1.000
Progesterone receptor             Negative/positive                                               6 (60.0%)/4 (40.0%)                      7 (60.0%)/3 (30.0%)                0.639
HER2                                       Negative/positive                                              10 (100.0%)/0 (0.0%)                    10 (100.0%)/0 (0.0%)               1.000
Ki67 (≥14%)                           Negative/positive                                              3 (30.0%)/70 (70.0%)                    4 (30.0%)/60 (60.0%)               0.570
Intrinsic subtype                      Luminal A/luminal B/luminal                 3 (30.0%)/2 (20.0%)/0 (0.0%)/     4 (40.0%)/1 (10.0%)/0 (0.0%)/        1.000
                                                 HER2/HER2-enriched/TNBC                            0 (0.0%)/5 (50.0%)                        0 (0.0%)/5 (50.0%)

HER2, Human epidermal growth factor receptor 2; TNBC, triple-negative breast cancer. 

Table II. Clinical effects of eribulin and paclitaxel chemotherapies on
locally advanced or metastatic breast cancer.

Measure                                          Eribulin-                       Paclitaxel-
                                                  treated patients             treated patients 
                                                   (n=10), n (%)                 (n=10), n (%)
                                                                                                      
ORR                                               5 (50.0%)                       5 (50.0%)
CBR                                               6 (60.0%)                       6 (60.0%)
DCR                                               7 (70.0%)                       7 (70.0%)
PR                                                  5 (50.0%)                       5 (50.0%)
LSD                                               1 (10.0%)                       1 (10.0%)
SD                                                  1 (10.0%)                       1 (10.0%)
PD                                                  3 (30.0%)                       3 (30.0%)
NE                                                   0 (0.0%)                         0 (0.0%)
50% TTF (days)                                 151                                 201
50% PFS (days)                                 275                                 268
50% OS (days)                                   422                                 386

ORR: Objective response rate; CBR: clinical benefit rate; DCR: disease
control rate: PR: partial response; LSD: stable disease >24 weeks; SD:
stable disease; PD: progressive disease; NE; not evaluable; TTF: time
to treatment failure; PFS: progression-free survival; OS: overall
survival.
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Table III. Comparison of immunohistochemical quantification of all markers before and after treatment with eribulin or paclitaxel.

                                                                       Eribulin (%)                                                                                     Pactitaxel (%)

                                    Before treatment                             After treatment                             Before treatment                              After treatment

No. Clinical       E-             N-      Vimentin  CA9       E-             N-      Vimentin  CA9      E-             N-      Vimentin  CA9       E-             N-      Vimentin CA9
        effects   Cadherin  Cadherin                           Cadherin Cadherin                           Cadherin  Cadherin                           Cadherin  Cadherin

1         PR           24           70            62          82       82             7              7           8        18            18            8           17        54           22            26         7
2         PR           26             9              9            8        76             0              7           7          7            58          46           73        28           67            66       78
3         PR           28           24              9          18       80             3              0           8          8            18            5             4        42             9              0       32
4         PR           12           70            63          66       67             7              6           9        16            54          54           16        25             5              6       35
5         PR           16             8            13          18       42             2              0           3        37            22          72           22        40           19            19       20
6        LSD         37           22            72          23       40           16            23        15        25              8            8             6        76             0              6         7
7         SD           20             7              8            8        18             0              6           0        46            56          52           52        52           16              7       58
8         PD           38             9              7            3        16           32            16        62          6              7          12             6        42             8              0       11
9         PD           20           65            36          23          6           80            76        68        42              4            7             7        18             7              6         8
10       PD           16           42            23          33          7           76            42        50        38            39          33           48        37           63            42       38

PR: Partial response; SD: stable disease; PD: progressive disease; LSD: long stable disease (SD >24 weeks); CA9: carbonic anhydrase 9. 

Figure 1. Immunohistochemical staining of breast cancer cells (×400). A: E-Cadherin was primarily expressed at the cell membrane, with some
staining visible the cytoplasm. N-Cadherin (B) and vimentin (C) were expressed in the cell cytoplasm, while carbonic anhydrase 9 (CA9) is primarily
expressed at the cell membrane, with some staining visible in the cytoplasm (D). E: Example of negative E-cadherin staining.



observed after eribulin therapy. No significant changes in 
N-cadherin, vimentin, or CA9 expression were observed
after effective paclitaxel treatment (Figure 3 and Table IV).

Patients with positive conversion of E-cadherin expression
and negative conversion of CA9 expression after eribulin
treatment achieved significantly higher response rates (RRs,
p=0.004 and p=0.024, respectively) than patients without the
corresponding conversions. Patients with decreased 
N-cadherin and vimentin expression had a tendency for high
RRs (p=0.083 and p=0.083, respectively). In contrast, no
significant correlations were found between marker
expression and paclitaxel responses. 

PFS was significantly prolonged in patients with tumors
that showed positive conversion to E-cadherin (p=0.041, log-
rank test) (Figure 4). A significantly longer TTF was achieved

in patients with tumors that showed positive conversion to E-
cadherin (p=0.018, log-rank test) or negative conversion to
CA9 (p=0.038, log-rank test) (Figure 5). There was no
difference in OS of patients when stratified by expression and
changes of EMT markers (Figure 6). In PFS, TTF, or OS of
patients with expression of N-cadherin and vimentin or
changes in their expression, in many cases, it seems there was
a difference, with a trend that was consistent with the model.
However, the difference was not statistically significant.

Discussion

EMT of cells occurs during cancer progression (9-11), and
expression of EMT markers in cancer cells has been
associated with poor prognosis and acquisition of resistance
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Figure 2. Comparison of marker expression before and after treatment with eribulin or paclitaxel. A: After eribulin treatment, the E-cadherin
expression status changed from negative to positive (positive conversion) in five patients, remained unchanged in four patients, and changed from
positive to negative (negative conversion) in one patient. B, C: Positive conversion of N-cadherin was observed in one patient (B), and vimentin
expression in one patient (C), negative conversion was seen in three patients, and their expression remained unchanged in six patients. D: Positive
conversion of carbonic anhydrase 9 (CA9) expression occurred in one patient, negative conversion in four patients, and CA9 expression was
unchanged in five patients. In contrast to the changes in protein expression after paclitaxel treatment, E-cadherin expression was unchanged in six
patients. N-cadherin was unchanged in eight patients, vimentin in six patients, and CA9 in seven patients.
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Figure 3. Comparison of marker expression before and after treatment with eribulin or paclitaxel in five patients with response patients (responders).
All five responders to eribulin treatment demonstrated an E-cadherin-positive conversion (A). All five responders also demonstrated significant
decreases in N-cadherin (B), vimentin (C), and carbonic anhydrase 9 (CA9) (D) expression of their tumors. In the five responders to paclitaxel
treatment, E-cadherin expression was also increased after treatment. However, the extent was less than that seen after eribulin therapy. No significant
changes in the expression of N-cadherin, vimentin, or CA9 were observed after effective paclitaxel treatment.

Table IV. Correlation between responses to chemotherapy and marker expression in breast cancer tissues.

Parameters                                                                                Eribulin                                                                                    Pactlitaxel

                                                     Responders (n=5)     Non-responders (n=5)        p-Value      Responders (n=5)       Non-responders (n=5)       p-Value

HR & HER2 status
   TNBC                                              4 (80%)                        3 (60%)                                              3 (60%)                          2 (40%)
   Non-TNBC                                      1 (20%)                        2 (40%)                     0.500                2 (40%)                          3 (60%)                    0.500
E-cadherin
   Positive-conversion                        5 (100%)                        0 (0%)                                               2 (40%)                          2 (40%)
   Non-positive-conversion                  0 (0%)                        5 (100%)                    0.004                3 (60%)                          3 (60%)                    0.738
N-cadherin
   Negative-conversion                        3 (60%)                         0 (0%)                    2 (40%)                                                      0 (0%)
   Non-negative-conversion                2 (40%)                       5 (100%)                    0.083                3 (60%)                         5 (100%)                   0.222
Vimentin
   Negative-conversion                        3 (60%)                         0 (0%)                                               1 (20%)                          2 (40%)
   Non-negative-conversion                2 (40%)                       5 (100%)                    0.083                4 (80%)                          3 (60%)                    0.500
CA9
   Negative-conversion                        4 (80%)                         0 (0%)                                               1 (20%)                           0 (0%)
   Non-negative-conversion                1 (20%)                       5 (100%)                    0.024                4 (80%)                         5 (100%)                   0.500

HR: Hormone receptor; HER2: human epidermal growth factor receptor 2; TNBC: triple-negative breast cancer; CA9: carbonic anhydrase 9. 



to treatment (23-25). Thus, suppression of EMT is expected
to become a novel anticancer strategy. The expression of
EMT markers was evaluated before and after eribulin
treatment in clinical samples from patients with breast
cancer. Increased E-cadherin expression, and decreased N-
cadherin and vimentin expression, which indicate
mesenchymal–epithelial transition (MET), were clearly
observed in cancer tissues after successful eribulin treatment.
In contrast, these observations were not found in tumor
tissue of eribulin nonresponders or paclitaxel-treated control
patients. Moreover, N-cadherin and vimentin expression
decreased in patients with increased E-cadherin expression.
Therefore, the ‘cadherin switch’ was confirmed in the MET.
These changes suggest that MET may be a common and
unique feature of successful eribulin treatment.

EMT marker expression was compared in tissue samples
collected after different treatment protocols in order to
distinguish the effects of eribulin treatment and control for

the influence of cancer cell heterogeneity within tumors.
Another concern was that the cancer cells observed after
treatment might be a population that did not reflect the
cytotoxic effects of the anticancer drugs. Nevertheless, our
observations suggest that cancer cells with a mesenchymal
phenotype might have been successfully eradicated by
eribulin. Therefore, our results suggest that inhibition of EMT
in breast cancer tissues is a major effect of eribulin, which is
similar to observations reported in a preclinical study (7).

In experimental animal models of human breast cancer,
eribulin was shown to induce microvessel formation in the
center of tumor tissues, thereby increasing perfusion within
the tumor (26, 27). In this study, a significant decrease in
CA9 expression was observed in tissues from eribulin
responders, indicating a decrease in hypoxia. Hypoxia is
considered a key trigger of EMT in cancer cells. Decreased
hypoxic stress in cancer tissue may contribute to inhibiting
the development of EMT. Remodeling of the vasculature
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Figure 4. Progression-free survival of eribulin-treated patients with investigated samples. Better progression-free survival (PFS) was observed in
patients with tumors that showed E-cadherin-positive conversion (p=0.041, log-rank) (A). No difference in PFS related to carbonic anhydrase 9
(CA9), N-cadherin or vimentin expression was observed (B-D).



also ensures sufficient drug delivery, thus supporting
treatment utility. Furthermore, disappearance of hypoxia
contributes to the suppression of angiogenesis-stimulating
signals involved in cancer cell proliferation (28). 

This study is clinical verification of eriburin chemotherapy
using the sample before and after the treatment. Previous
studies have not accomplished very much to date. However,
the fact that this study was a small-scale retrospective study is
a limitation. The expression of EMT and hypoxia markers was
evaluated in clinical specimens of breast cancer tissue before
and after eribulin therapy. We observed an increase in the
expression of E-cadherin, which was concurrent with reduced
expression of N-cadherin, vimentin, and CA9 in tissues from
patients who responded to eribulin therapy. These results are
consistent with observations reported by in vitro studies and in
animal models.

Our results suggest that eribulin may act, at least in part,
by inhibition of EMT and induction of vascular remodeling.
This was a small retrospective study with a non-standardized
patient series, but the findings support further investigation
of the unique functions of eribulin in prospective studies
with larger numbers of participants.
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log-rank test) (B). No difference was observed in TTF of patients in terms of N-cadherin (C) or vimentin (D) expression.
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