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1  |  INTRODUC TION

Microtubule- targeting agents are used widely as chemotherapeutic 
drugs to treat numerous types of cancer. Eribulin, a derivative of 
halichondon B isolated from the marine sponge Halichondria okadai, 
is approved in many countries (including the United States, the EU, 
and Asia) for use as a therapeutic agent for patients with advanced 
breast cancer and soft tissue sarcoma. Eribulin interacts selectively 

with the plus ends of microtubules, meaning that it inhibits microtu-
bule polymerization. Its mode of action is distinct from that of other 
microtubule- targeting agents such as vinca alkaloids (e.g., vincristine 
and vinblastine).1 Eribulin interferes with microtubule growth at 
much lower concentrations than other microtubule inhibitors.2 and 
reversal of epithelial– mesenchymal transition in tumor tissues.3

Stathmin, also called oncoprotein 18 (Op 18), is a microtubule- 
destabilizing protein that promotes microtubule depolymerization 
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Abstract
Stathmin, a phosphoprotein that modulates microtubule dynamics, is highly ex-
pressed in breast cancer cells. Eribulin, a microtubule- depolymerizing agent, is used 
to treat patients with advanced breast cancer. However, the detailed mechanisms 
underlying the action of eribulin during microtubule catastrophe, and the interac-
tion between eribulin and stathmin dynamics, remain unclear. Here, we investigated 
the role of stathmin in the antiproliferative activity of eribulin in breast cancer cells. 
Eribulin induced phosphorylation of stathmin in MCF7 and MDA- MB- 231 cells; this 
was attenuated by an inhibitor of protein kinase A (H89) and an inhibitor of Ca2+/
calmodulin- dependent kinase II (KN62). In addition, expression of phosphorylated 
stathmin was reduced by the protein phosphatase PP2A activator FTY720 but in-
creased by the PP2A inhibitor okadaic acid. Of note, expression of PP2A subunits 
in eribulin- treated cells decreased, although eribulin did not affect the phosphatase 
activity of recombinant PP2A directly. Furthermore, the antiproliferative effect of 
eribulin was stronger in stathmin- overexpressing cells. These results suggest that 
stathmin dynamics are closely associated with the antiproliferative effects of eribulin 
and stathmin is a possible biomarker for predicting the therapeutic effects of eribulin 
in breast cancer patients.
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by sequestering tubulin heterodimers and increasing microtubule 
catastrophe. Stathmin has four serine (Ser) phosphorylation sites 
(Ser- 16, 25, 38, and 63) at its N- terminus.4 The de- polymerization 
activity of stathmin is turned off by phosphorylation at these ser-
ine residues. Various kinases, including protein kinase A (PKA), 
play roles in regulating stathmin phosphorylation.5 In addition to 
kinase- mediated phosphorylation, phosphorylation status is also 
modulated by protein phosphatases such as PP2A, which dephos-
phorylates stathmin.6

Stathmin is overexpressed in a variety of human malignan-
cies, including breast, ovarian, prostate, and lung cancers.7- 11 High 
stathmin expression by breast cancer cells may be associated with 
aggressive characteristics and increased mortality.12- 14 Breast can-
cer cell lines overexpressing stathmin show reduced sensitivity to 
the microtubule- targeting drugs paclitaxel and vinca alkaloids,how-
ever, the combination of stathmin knockdown and treatment with 
these drugs exerts stronger antiproliferative effects. Furthermore, 
Meng et al15 suggested that low expression of stathmin predicts 
high sensitivity to docetaxel- containing chemotherapy regimens. 
Thus, stathmin may be a key factor and/or potential target for an-
ticancer therapy.11

Eribulin inhibits binding of stathmin to tubulin in vitro,4 but 
no intracellular interaction between eribulin and stathmin has 
been reported. Therefore, the aim of this study was to examine 
the association between the antiproliferative activity of eribulin 
and stathmin dynamics in both hormone receptor- positive and 
triple- negative breast cancer cells.

2  |  MATERIAL S AND METHODS

2.1  |  Reagents and antibodies

Eribulin was kindly provided by Eisai Co., Ltd. (Tokyo, Japan). H89 
was purchased from the D. Western Therapeutics Institute, Inc. 
(Nagoya, Japan). Paclitaxel (PTX), KN- 62, and FTY720 were pur-
chased from Sigma- Aldrich (St. Louis, MO, USA). Okadaic acid was 
obtained from Wako Pure Chemical industries Co., Ltd. (Osaka, 
Japan).

2.2  |  Cell culture

MCF7 and MDA- MB- 231- Luc cells were obtained from the 
American Type Culture Collection (Rockville, MD) and the 
Japanese Collection of Research Bioresources Cell Bank, re-
spectively. MCF7 cells were cultured in DMEM/F- 12 medium 
supplemented with 10% FBS, 50 µg/ml penicillin, 50 µg/ml 
streptomycin, and 100 µg/ml neomycin. MDA- MB- 231 was 
maintained in Leibovitz's L- 15 medium (FUJIFILM Wako Pure 
Chemical Corporation) containing 10% FBS, antibiotics, and 
antimycotics.

2.3  |  Immunoblot analysis

Cell lysates were prepared in RIPA buffer (Cell Signaling Technology). 
Equal amounts of protein (20 µg) were separated in SDS- PAGE gels 
and transferred electrophoretically to polyvinylidene difluoride 
membranes (Millipore). The membranes were probed with primary 
antibodies specific for phosphorylated (p)- stathmin, stathmin, 
PP2Aa, PP2Ab, PP2Ac, and glyceraldehyde- 3- phosphate dehydro-
genase (GAPDH). An antibody specific for p- stathmin (p- stathmin 
Ser16; sc- 12948, 1:2500 dilution) was purchased from Santa Cruz 
Biotechnology, Inc. Antibodies specific for stathmin (D1Y5A, 1:2500 
dilution), PP2Aa (81G5, 1:2500 dilution), PP2Ab (100C1, 1:2500 di-
lution), and PP2Ac (52F8, 1:2500 dilution) were purchased from Cell 
Signaling Technology. An antibody specific for GAPDH (1:5000 dilu-
tion) was obtained from Sigma- Aldrich. Immunoreactive bands were 
detected using an enhanced chemiluminescence system (Western 
Lightning, PerkinElmer, Inc.) after incubation with the respec-
tive horseradish peroxidase- labeled secondary antibodies (Vector 
Laboratories). Relative band intensity was assessed by densitome-
try analysis of digitalized autographic images using ImageJ software 
(NIH) and normalized to that of GAPDH.

2.4  |  Immunofluorescent analysis

Cells grown on poly- L- lysine- coated glass cover slips were fixed 
for 20 min at room temperature in 4% paraformaldehyde and in-
cubated with primary antibodies against p- stathmin or stathmin. 
Samples were then washed with PBS and incubated with AlexaFluor 
594 goat anti- rabbit antibody (Molecular Probes). The nuclei were 
counterstained	with	4′,6-	diamino-	2-	phenylindole	2HCl	(DAPI).

2.5  |  PP2A activity

The direct effect of eribulin on PP2A phosphatase activity was 
measured in a p- nitrophenyl phosphate (pNPP) assay based on the 
ability of PP2A to catalyze hydrolysis of pNPP to p- nitrophenol, 
a chromogenic product with an absorbance wavelength of 
405 nm.18 Briefly, recombinant PP2A (PP2Aα/PPP2R1A Complex, 
SignalChem), dissolved in a buffer comprising 50 mM Tris- HCl (pH 
8.4), 10 mM MgCl2, 0.5 M EDTA, 1 mM DTT, and 0.05 mg/ml BSA, 
was incubated for 5 min with 0.1– 10 nM okadaic acid, eribulin, or 
paclitaxel. Then, pNPP (final concentration, 6.67 mM) was added to 
the mixture for 1 h at 37°C. Absorbance at 405 nm was measured in 
a spectrophotometer.

2.6  |  RNA extraction and real- time RT- PCR

Total RNA was extracted using Isogen II (Nippon Gene). RNA (100 ng) 
was amplified by real- time RT- PCR using the SYBR green Luna Universal 
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One- Step RT- qPCR kit (New England Biolabs). The sense (S) and an-
tisense	 (AS)	 primers	 were	 5′-	CATCTGAATGAGAGTGGTGATCC-	3′	
(S)	 and	 5′-	TCTCTGGTTCCTCATGCTGCCT-	3′	 (AS)	 for	 SET;	 5′-	GG 
AAGTTCCAGATGCAGGTCCT-	3′	 (S)	 and	 5′-	AGCAGGTCACTAACA 
GCCAGGA-	3′	(AS)	for	PME1;	5′-	TGTGGCTCTACTGCGCTGGTTA-	3′	
(S)	 and	 5′-		 TCAGCCGAGGAACAGTTAGCAG-	3′	 (AS)	 for	 CIP2A;  
5′-	ACCGCATGACTACGCTCTTCTG-	3′(S)	 and	 5′-	TTGAAGCGGACA 
TTGGCAACCG-	3′(AS)	 for	 PPP2R1A;	 5′-	GGTGGTCTCTCGCCAT 
CTATAG-		 3′(S)	 and	 5′-	CTGGATCTGACCACAGCAAGTC-	3′(AS)	 for	 
PPP2CA;	 and	 5′-	AGCCACATCGCTCAGACA-	3′	 (S)	 and	 5′-	GCCC 
AATACGACCAAATCC-	3′	 (AS)	 for	 GAPDH.	 Expression	 of	 each	
mRNA was normalized to that of GAPDH as a reference transcript 
and analyzed using the comparative Ct method.19

2.7  |  RNA interference

Stathmin- silencing small interfering (si)RNA and non- targeting 
control siRNA were purchased from Sigma- Aldrich and Qiagen, 
respectively. The sequences of stathmin siRNAs were as fol-
lows: 5’- AUUGAGAUUCUUCUGCUCCUUGAGG- 3’ and 
5’- CCUCAAGGAGCAGAAGAAUCUCAAU- 3. MCF7 and MDA- 
MB- 231, grown to 50% confluency in 24- well plates, were trans-
fected with control siRNA (50 pmol/well) or stathmin- targeting 
siRNA (50 pmol/well) using Lipofectamine RNAiMAX transfection 
reagent (Invitrogen. After transfection for 24 h, cells were washed 
with PBS and cultured in fresh medium for 24 h.

2.8  |  Plasmid construction

The open- reading frame of the human stathmin gene (STMN1) 
was amplified by PCR and then subcloned into the pTriEX vector 
(Novagen). MCF7 cells were transfected for 24 h with pTriEX- 
control or pTriEX- stathmin vectors using Lipofectamine 3000 
(Invitrogen). After transfection, cells were given fresh medium and 
cultured for 24 h. Finally, cells were treated (or not) with 10 nM 
eribulin for 24 h to examine the effects of stathmin overexpression 
on cell viability.

2.9  |  Cell viability assay

The effects of eribulin on viability of stathmin- knockdown 
or - overexpressing cells were determined in a WST- 8 assay 
(Cell Counting Kit- 8; Dojindo). Briefly, cells transfected with 
stathmin- targeting siRNA or a stathmin expression vector were 
cultured for 1, 3, or 6 days in the presence/absence of eribu-
lin. Next, the culture medium was replaced with fresh medium 
containing WST- 8. Absorbance at 460 nm was measured in a 
spectrophotometer. Data were expressed relative to the control 
value.

2.10  |  Statistical analysis

Data are expressed as the mean ± SEM for at least three independ-
ent experiments in duplicate. Statistical significance was determined 
using the Tukey– Kramer multiple comparisons test. A p- value <.05 
was considered statistically significant.

3  |  RESULTS

3.1  |  Eribulin induces phosphorylation of stathmin 
in breast cancer cell lines

The effect of eribulin on the phosphorylation status of stathmin was ex-
amined in breast cancer cell lines MCF7 and MDA- MB- 231 (Figure 1). 
Cells were treated with different concentrations of eribulin (1, 3, and 
10 nM) or PTX (10 nM) for 24 h, and phosphorylation of stathmin 
was assessed by immunoblotting and immunofluorescence analysis 
(Figure 1). Treatment with eribulin increased phosphorylation of stath-
min in both MCF7 and MDA- MB- 231 cells in a dose- dependent manner 
(Figure 1A, B). The total amount of stathmin, including the phosphoryl-
ated form, was not changed by eribulin treatment. PTX had no effect 
on stathmin phosphorylation in either cell line. Immunofluorescence 
analysis also revealed an intense signal corresponding to phosphoryl-
ated stathmin in eribulin- treated cells (Figure 1C, D).

3.2  |  Eribulin induces phosphorylation of stathmin 
through the PKA and CaMKII signaling pathways

To determine the mechanism underlying eribulin- induced phospho-
rylation of stathmin, we examined the effects of protein kinase in-
hibitors. Protein kinase A (PKA) and calcium/calmodulin- dependent 
protein kinase II (CaMKII) phosphorylate stathmin.5,20 As shown 
in Figure 2, pretreatment of MCF7 cells with a PKA inhibitor (H89, 
10 µM) or a CaMKII inhibitor (KN62, 10 µM) partially suppressed 
eribulin- stimulated phosphorylation of stathmin, whereas both 
inhibitors markedly reduced stathmin phosphorylation in MDA- 
MB- 231 cells. These results indicate that eribulin induces phospho-
rylation of stathmin in breast cancer cells via the PKA and CaMKII 
signaling pathways.

3.3  |  Eribulin induces phosphorylation of 
stathmin by downregulating expression of protein 
phosphatase PP2A

Phosphorylation of stathmin may be regulated by protein phos-
phatase 2A (PP2A)21 in addition to PKA and CaMKII. Therefore, 
we used PP2A modulators to examine the role of PP2A in eribulin- 
mediated stathmin phosphorylation (Figure 3). The PP2A inhibitor 
okadaic acid induced phosphorylation of stathmin in both MCF7 
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and MDA- MB- 231 cells, even in the absence of eribulin. By con-
trast, the PP2A activator FTY720 is capable of binding the intrinsic 
PP2A inhibitor SET,22 and reduced the basal level of phosphoryl-
ated stathmin. The level of eribulin- stimulated stathmin phospho-
rylation was further increased by okadaic acid but decreased by 
FTY720. Based upon the above result showing possible involve-
ment of PP2A in eribulin- induced stathmin phosphorylation, we 
next investigated the direct effect of eribulin on PP2A activity in a 
pNPP assay using a recombinant PP2A protein (Figure 4A). Okadaic 
acid attenuated PP2A activity in a dose- dependent manner, but 

neither eribulin nor PTX had a direct effect. We examined whether 
eribulin affects endogenous inhibitory factors SET nuclear proto- 
oncogene (SET),23 protein phosphatase methylesterase 1 (PME- 1),24 
and cancerous inhibitor of protein phosphatase 2A (CIP2A),25 all 
of which modulate PP2A activity in MCF7 and MDA- MB- 231 cells 
(Figure 4B). Although eribulin treatment had no effect on expres-
sion of SET and PME- 1 in MCF7 cells, it downregulated expression 
of CIP2A. In MDA- MB- 231 cell, the expression of the PP2A modu-
lators was not affected by eribulin treatment. Next, we examined 
the effect of eribulin on PP2A protein levels (Figure 4C). PP2A is a 

F I G U R E  1 Effects	of	eribulin	on	
phosphorylation of stathmin in breast 
cancer cell lines. MCF7 and MDA- MB- 231 
cells were treated for 24 h with various 
concentrations of eribulin (1, 3, or 10 nM) 
or paclitaxel (PTX, 10 nM). (A, B) Cell 
lysates were subjected to immunoblot 
analysis to detect phosphorylated 
(p)- stathmin and stathmin. GAPDH 
served as a loading control. (C, D) 
Immunofluorescence analysis of p- 
stathmin and stathmin in eribulin- treated 
MCF7 (C) and MDA- MB- 231 cells 
(D). Representative data from three 
independent experiments in duplicate are 
shown

F I G U R E  2 Effects	of	PKA	and	CaMKII	inhibitors	on	eribulin-	induced	phosphorylation	of	stathmin.	MCF7	and	MDA-	MB-	231	cells	were	
treated for 1 h with inhibitors of PKA (H89, 10 µM) and CaMKII (KN62, 10 µM), and then stimulated for 24 h with 10 nM eribulin. Cell 
lysates were subjected to immunoblot analysis to detect p- stathmin and stathmin. GAPDH served as a loading control. Representative data 
from three independent experiments in duplicate are shown
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heterotrimeric holoenzyme comprising a core dimer composed of 
scaffolding A subunit (PP2Aa) and a catalytic C subunit (PP2Ac) as-
sociated with a regulatory B subunit (PP2Ab).26 Eribulin decreased 
protein levels of the PP2Aa and PP2Ac subunits in both MCF7 and 
MDA- MB- 231 cells.

In contrast, the expression of PP2Aa (PPP2R1A) and PP2Ac 
(PPP2CA) mRNA was not changed by eribulin treatment (Figure 4D). 
These results suggest that eribulin also induces phosphorylation of 
stathmin by downregulating PP2A level, but not its activity, in breast 
cancer cells.

F I G U R E  3 Effects	of	a	PP2A	inhibitor	and	activator	on	eribulin-	induced	phosphorylation	of	stathmin.	MCF7	and	MDA-	MB-	231	cells	were	
treated for 1 h with a PP2A inhibitor (okadaic acid: OA) or activator (FTY- 720: FTY), and then stimulated for 24 h with 10 nM eribulin. Cell 
lysates were subjected to immunoblot analysis to detect p- stathmin and stathmin. GAPDH served as a loading control. Representative data 
from three independent experiments in duplicate are shown

F I G U R E  4 Effects	of	eribulin	on	PP2A	
activity and expression. (A) Recombinant 
PP2A was incubated for 5 min with 
various concentrations of okadaic 
acid (OA), eribulin, or paclitaxel (PTX), 
followed by p- nitrophenyl phosphate 
(pNPP) for 1 h. Absorbance at 405 nm 
was measured in a microplate reader. 
(B) MCF7 and MDA- MB- 231 cells were 
treated with eribulin for 24 h. Total RNA 
was analyzed by real- time RT- PCR to 
determine expression of SET, PME- 1, and 
CIP2A. (C) Cells were stimulated with 
eribulin (3 or 10 nM) for 24 h. Cell lysates 
were subjected to immunoblot analysis 
to detect PP2A subunits PP2Aa, PP2Ab, 
and PP2Ac. GAPDH served as a loading 
control. (D) Expression of PPP2R1A and 
PPP2CA was analyzed by real- time RT- PCR
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3.4  |  Eribulin downregulates 
expression of stathmin

As shown in Figure 1, treatment of breast cancer cells with eribulin 
for 24 h did not affect stathmin expression. However, the effects of 
long- term treatment with eribulin on stathmin expression have not 
been studied. To clarify the effect of long- term exposure to eribulin 
on stathmin expression, MCF7 and MD- MB- 231 cells were treated 
for 3 or 6 days with eribulin, and stathmin expression was exam-
ined by immunoblotting (Figure 5A). Treatment with eribulin for 3 or 
6 days reduced stathmin expression by both cell lines (Figure 5A). In 
addition, cell viability was decreased (Figure 5B). Thus, eribulin not 
only induces phosphorylation of stathmin but also reduces stathmin 
protein expression upon long- term exposure.

3.5  |  Stathmin modulates the antiproliferative 
effects of eribulin

To investigate the role of stathmin in the antiproliferative activity 
of eribulin, we examined the effects of stathmin knockdown on 
eribulin- induced antiproliferative activity (Figure 6). Transfection 
of MCF7 or MDA- MB- 231 cells with stathmin- targeting siRNA sup-
pressed endogenous expression of stathmin protein (Figure 6A). 
Next, cells transfected with control or stathmin siRNA were cul-
tured in the presence or absence of eribulin (10 nM), and cell vi-
ability was evaluated after 24 h. Cell viability tended to decrease 
only in stathmin- knockdown cells. Eribulin treatment decreased cell 
viability only in MDA- MB- 231 cells. Stathmin knockdown had no ef-
fect on the efficacy of eribulin in either cell line (Figure 6A). Next, 

we examined the effects of stathmin overexpression on the activity 
of eribulin in MCF7 cells (Figure 6B, C). Overexpression of stath-
min induced by a stathmin vector was confirmed by immunoblot-
ting (Figure 6B). The viability of stathmin- overexpressing cells was 
similar to that of control cells. However, the viability of stathmin- 
overexpressing cells exposed to eribulin was markedly lower than 
that of eribulin- treated control cells (Figure 6C). These results in-
dicate that eribulin has antitumor activity in breast cancer cells ex-
pressing high levels of stathmin.

4  |  DISCUSSION

Here, we showed that eribulin induces phosphorylation of stath-
min in hormone receptor- positive and triple- negative breast can-
cer cell lines (Figure 7). Several protein kinases, including PKA and 
CaMKII, phosphorylate stathmin on Ser- 16, which is the major site 
that regulates microtubule- destabilizing activity.5,20 The reduction 
in eribulin- induced stathmin phosphorylation by PKA and CaMKII 
inhibitors implies the involvement of these kinases in phosphoryla-
tion. The phosphorylation status of stathmin is also modulated by 
phosphatases, including PP2A.6 The stimulatory action of the PP2A 
inhibitor okadaic acid on eribulin- induced phosphorylation of stath-
min, along with the inhibitory effect of the PP2A activator FTY720, 
suggests the inhibitory action of eribulin on PP2A- mediated stath-
min dephosphorylation. Of note, eribulin did not abrogate PP2A 
activity directly,rather, it downregulated the level of its subunits in 
breast cancer cells. Our results that eribulin did not affect mRNA 
expression of PP2A subunits suggest the post- transcriptional down-
regulation of PP2A by eribulin. There were no significant changes in 

F I G U R E  5 Effects	of	eribulin	on	
stathmin expression in breast cancer 
cell lines. MCF7 and MDA- MB- 231 
cells were treated for 3 or 6 days with 
various concentrations of eribulin (1, 3, or 
10 nM). A: Cell lysates were subjected to 
immunoblot analysis to detect stathmin. 
GAPDH served as a loading control. B: 
Cell viability was evaluated in a WST- 8 
assay
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expression of endogenous PP2A inhibitors SET, PME- 1, and CIP2A 
in eribulin- treated MCF7 and MDA- MB- 231 cells (except CIP2A in 
MCF7 cells), supporting the notion that decreased levels of PP2A, 
but not its activity, is associated with increased phosphorylation of 
stathmin by eribulin. Thus, eribulin may phosphorylate stathmin by 
activating the PKA and CaMKII pathways, and by downregulating 

PP2A level in breast cancer cells (Figure 7). Since phosphorylation 
of stathmin turns off the microtubule depolymerization activity, 
eribulin- induced phosphorylation of stathmin may cause dysfunc-
tion of microtubule dynamics and cell cycle arrest. Some studies 
show that chemotherapeutic agents that target microtubules affect 
the phosphorylation status of stathmin. Vinblastine, a microtubule 
destabilizer, increases stathmin phosphorylation in a non- small cell 
lung cancer (NSCLC) cell line,27 and Machado- Neto et al28 showed 
that PTX, a microtubule stabilizer, induces stathmin phosphoryla-
tion in acute lymphoblastic leukemia cells. Vinblastine reduces PP2A 
expression, whereas PTX increases it markedly, in NSCLC cells.27 
Because we found no significant effect of PTX on stathmin phos-
phorylation in breast cancer cell lines, the action of microtubule- 
targeting drugs on phosphorylation may vary according to cancer 
cell type.

The molecular mechanisms by which eribulin activates PKA and 
CaMKII, and downregulates PP2A level, remain unknown; further 
studies should clarify the mechanism by which eribulin exerts post- 
transcriptional regulation of stathmin.

In addition to eribulin- induced stathmin phosphorylation, we 
also found that continuous exposure to eribulin reduced stathmin 
expression by breast cancer cell lines. Regarding the relationship 
between stathmin expression and microtubule- targeting agents, 

F I G U R E  6 Effects	of	stathmin	
knockdown and overexpression on cell 
viability. (A) MCF7 and MDA- MB- 231 
cells were transfected with stathmin- 
targeting or control siRNA for 2 days and 
then stimulated with eribulin for 24 h. Cell 
lysates were subjected to immunoblot 
analysis to detect stathmin and GAPDH. 
Cell viability was evaluated in a WST- 8 
assay. (B, C) MCF7 cells were transfected 
with a control or stathmin vector and 
then treated with various concentrations 
of eribulin (3 and 10 nM) for 24 h. Cell 
lysates were subjected to immunoblot 
analysis to detect stathmin and p- stathmin 
(B). Cell viability was evaluated in a WST- 8 
assay (C)

F I G U R E  7 Proposed	mechanism	by	which	eribulin	exerts	
antiproliferative effects through modulating stathmin dynamics in 
breast cancer cell. Eribulin phosphorylates stathmin by activating 
the PKA and CaMKII pathways, and by downregulating PP2A level 
in breast cancer cells. Overexpression of stathmin potentiates the 
antiproliferative effects of eribulin
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previous reports suggest that paclitaxel decreases stathmin 
expression in NSCLC and nasopharyngeal carcinoma cells.27,29 
Because overexpression of stathmin is associated with a poor 
prognosis and with chemoresistance in a variety of cancer cell 
types,30 the inhibitory effects of eribulin on stathmin expression 
may increase sensitivity to other anticancer drugs. Notably, we 
showed that overexpression of stathmin, but not its knockdown, 
augments the antiproliferative effect of eribulin in breast cancer 
cells. These results suggest that stathmin plays a major role in 
the antiproliferative action of eribulin (Figure 7), and that it is 
a potential predictive biomarker for breast cancer responses to 
eribulin treatment. But the main limitation of the present study 
is the lack of in vivo studies using animal model and the patients. 
There is no evidence that similar changes in stathmin dynamics 
observed in this study are reflected in cancer tissues of the pa-
tients. Further studies would be required to evaluate the signifi-
cance of stathmin as a biomarker for efficacy of eribulin against 
cancer therapy.

Because stathmin expression is associated with cell prolifer-
ation, downregulation of stathmin expression after continuous 
eribulin treatment is probably caused by eribulin- induced sup-
pression of proliferation. Based upon the results of stathmin over-
expression, it is also conceivable that cells expressing substantial 
level of stathmin are sensitive to eribulin and preferentially re-
moved, and cells with relatively low levels of stathmin may sur-
vive because of their low sensitivity. Our results presented herein 
highlight the importance of determination of the molecular mech-
anisms by which eribulin downregulates stathmin expression in 
breast cancer cells.

Some studies show that the affinity of stathmin for tubulin is 
increased in the presence of microtubule destabilizers, vinblastine 
or vinflunine, suggesting that stathmin modulates the activity of 
microtubule- targeting agents.31,32 Since abnormally high levels of 
stathmin are associated with human malignancies and correlate with 
poor prognosis of breast cancer,12- 14 eribulin may effectively inhibit 
proliferation of stathmin- overexpressing cancer cells. Also, a com-
bination of PTX and stathmin knockdown inhibits growth and pro-
motes apoptosis of nasopharyngeal,33 gastric,34 and endometrial35 
carcinoma cells. Therefore, combined treatment with eribulin, which 
downregulates stathmin, may increase the antiproliferative effects 
of PTX against drug- resistant cancer cells.

In conclusion, we demonstrated a novel mechanism by which 
eribulin exerts antiproliferative effects in breast cancer cells; these 
effects are mediated by modulation of stathmin dynamics (Figure 7). 
Taken together, the results suggest that stathmin is a possible bio-
marker for predicting the therapeutic effects of eribulin in breast 
cancer patients.
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