
ORIGINAL RESEARCH

Eribulin mesylate exerts antitumor effects via CD103
Kazumasa Oyaa, Yoshiyuki Nakamuraa, Rei Watanabeb, Ryota Tanakaa, Yuki Ichimuraa, Noriko Kubotaa, 
Yutaka Matsumurab, Hideaki Taharac,d, Naoko Okiyamae, Manabu Fujimotob, Toshifumi Nomuraa, 
and Yasuhiro Fujisawaa

aThe Department of Dermatology, Faculty of Medicine, University of Tsukuba, Tsukuba, Japan; bThe Department of Dermatology, Graduate School of 
Medicine, Osaka University, Osaka, Japan; cProject Division of Cancer Biomolecular Therapy, Institute of Medical Science, The University of Tokyo, 
Tokyo, Japan; dDepartment of Cancer Drug Discovery and Development, Osaka International Cancer Center, Osaka, Japan; eDepartment of 
Dermatology, Graduate School of Medical and Dental Sciences, Tokyo Medical and Dental University, Tokyo, Japan

ABSTRACT
Eribulin mesylate (ERB) is a synthetic analog of halichondrin B, inhibiting tumor cell growth by disrupting 
microtubule function. Recently, anticancer drugs have been shown to not only act directly on tumor cells 
but also to exert antitumor effects by modifying the tumor environment. Although ERB has also been 
speculated to modify the tumor microenvironment including the immune response to tumors, the precise 
mechanism remains unclear. In our study, ERB suppressed the tumor growth of MC38 colon cancer in 
wildtype mice, whereas ERB failed to inhibit the tumor growth in Rag1-deficient mice which lack both 
B and T cells. Moreover, depletion of either CD4+ or CD8+ T cells abrogated the antitumor effect of ERB, 
indicating that both CD4+ and CD8+ T cells play an important role in ERB-induced antitumor effects. 
Furthermore, ERB treatment increased the number of tumor infiltrating lymphocytes (TILs) as well as the 
expression of activation markers (CD38 and CD69), immune checkpoint molecules (LAG3, TIGIT and Tim3) 
and cytotoxic molecules (granzyme B and perforin) in TILs. ERB upregulated E-cadherin expression in 
MC38. CD103 is a ligand of E-cadherin and induces T-cell activation. ERB increased the proportion of 
CD103+ cells in both CD4+ and CD8+ TILs. The ERB-induced antitumor effect with the increased TIL 
number and the increased expression of activation markers, inhibitory checkpoint molecules and cyto-
toxic molecules in TILs was abrogated in CD103-deficient mice. Collectively, these results suggest that ERB 
exerts antitumor effects by upregulation of E-cadherin expression in tumor cells and subsequent activa-
tion of CD103+ TILs.
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1. Introduction

Eribulin mesylate (ERB) is a synthetic analog of halichondrin 
B, a natural product extracted from the marine sponge 
Halichondria okadai 1,2. ERB exerts potent antitumor effects 
against various tumor cells both in vitro and in vivo 3–5. ERB 
improved overall survival (OS) not only in advanced breast 
cancer patients previously treated with an anthracycline and 
taxanes6, but also in advanced liposarcoma patients previously 
treated with anthracycline7. ERB was also effective in patients 
with advanced cutaneous angiosarcoma, who were previously 
treated with taxanes8. ERB prevents the elongation of micro-
tubules and inhibits mitosis by binding to the plus ends of 
microtubules2. In addition, previous studies have shown that 
ERB increased the expression of epithelial markers such as 
E-cadherin and reduced the expression of mesenchymal mar-
kers such as N-cadherin and vimentin, leading to a reversal of 
epithelial-mesenchymal transition (EMT)5. This reversal of 
EMT is also considered to have important roles in ERB- 
induced antitumor effects2,9. Moreover, recent studies suggest 
that ERB may also influence the immune response to tumors. 
In a study using human cancer xenograft models, ERB 

increased the number of CD11b+ cells in the tumor and deple-
tion of NK cells attenuated the ERB-induced antitumor effect9. 
Goto et al revealed that advanced breast cancer patients with an 
increased number of CD8+ T cells and a decreased number of 
regulatory T cells responded well to ERB therapy10. Another 
clinical study showed that breast cancer patients with high 
tumor-infiltrating lymphocytes (TILs) had longer disease-free 
survival than those with low TILs when treated with ERB11. 
Although these findings suggest that ERB might exert immu-
nomodulatory antitumor effects, the precise mechanism 
remains unclear.

CD103 (integrin αE) is primarily expressed on tissue- 
resident memory T cells, which play vital roles in tumor 
immunity12. CD103 forms the complete heterodimeric integrin 
molecule αEβ7 with integrin β7 and binds to E-cadherin, which 
is commonly expressed on the surface of epithelial cells13. 
CD103 on the surface of T cells binds to cancer cells expressing 
E-cadherin14, resulting in activation of the T cells15. A recent 
meta-analysis demonstrated that solid tumors positive for 
CD103+ immune cells were associated with longer OS12. 
Consistently, a large number of CD103+ TILs has also been 
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reported to be correlated with improved prognosis for patients 
suffering from non – small cell lung carcinoma16 or ovarian 
cancer17. Thus, CD103+ T cells have been recognized to repre-
sent crucial components in tumor immune surveillance. Since 
ERB is known to enhance E-cadherin expression in tumor 
cells5, we hypothesized that an increased expression of 
E-cadherin by ERB could exert antitumor effects by activation 
of CD103+ T cells. In this study, we aim to elucidate novel 
mechanisms of ERB-induced antitumor effects through regu-
lation of the immune response to tumors.

2. Material and methods

2.1. Mice

C57BL/6J and Balb/c mice raised under specific pathogen-free 
conditions were purchased from CLEA Japan. Rag1-deficient 
mice, μMT mice, and CD103-deficient mice were purchased 
from the Jackson Laboratory (Bar Harbor, ME, USA). Mice 
between 8 and 12 weeks of age were used for the experiments. 
All the experiments were performed in accordance with the 
guidelines of the animal ethics committee of the University of 
Tsukuba Animal Research Center (permission number: 
#22–237).

2.2. Cell lines

B16F10 (mouse melanoma; from the Cell Resource Center for 
Biomedical Research Institute of Development, Japan), MC38 
(mouse colon carcinoma; kindly provided by Dr. H. Tahara, 
The Institute of Medical Science, University of Tokyo), LLC 
(mouse lung carcinoma; kindly provided by Dr. M. Sakata- 
Yanagimoto, Department of Hematology, University of 
Tsukuba) and MB49 (mouse bladder carcinoma; kindly pro-
vided by Dr. W.T. Godbey, Department of Chemical & 
Biomolecular Engineering, Tulane University) were cultivated 
in DMEM (Thermo Fisher) with 100 mM sodium pyruvate 
(Wako), 1% MEM nonessential amino acids solution (Wako), 
and 100 mM L-alanyl-L-glutamine (Wako), 4T1 (American 
Type Culture Collection) was cultivated in RPMI 1640 
(Wako) at 37°C under 5% CO2. These media were supplemen-
ted with 10% FBS and 1% penicillin-streptomycin (Wako),

2.3. Murine tumor model

Tumor cells were subcutaneously injected into mice and tumor 
growth was analyzed as described previously18. Briefly, we 
intradermally injected 3 × 105 cells of B16F10, 1 × 106 of LLC, 
MB49, and 4T1, or 2 × 106 cells of MC38 cells into the back of 
the mice. After inoculation of the mice, the diameters of the 
tumors were measured with a caliper and the tumor volume 
was determined according to the following formula: tumor 
volume (mm3) = (length) × (width)2 × 0.5. Regarding survival 
analysis, the mice were euthanized when the tumor volume 
reached 4000 mm3, and the time for tumor volume to reach 
this endpoint was evaluated. ERB was kindly gifted by Eisai 
Co., Ltd and 10 µg of this reagent was intravenously adminis-
tered to mice on day 2 after tumor inoculation. Anti-PD-1 

antibody (RMP1–14) was purchased from Bio X Cell 
(Lebanon). The mice were given intraperitoneal injections of 
anti-PD-1 antibody (200 μg/mouse) every 4 days from day 4 
to day 16. All the experiments were performed in accordance 
with the guidelines of the animal ethics committee of the 
University of Tsukuba Animal Research Center (permission 
number: #22–237).

2.4. Histopathologic analysis

Tissue blocks were fixed in 10% formalin. After paraffin 
embedding, 3-μm sections were subjected to staining. For the 
cell number counts, 5 randomly selected sites at 400× magni-
fication were evaluated by use of light microscopy. For 
immuno-histochemistry of CD4 or CD8, samples were depar-
affinized in xylene and re-hydrated before antigen retrieval by 
boiling in citrate buffer (0.01 M citrate containing 0.5% Tween 
20, pH 6.0). The sections were incubated in 10% BSA in PBS for 
1 hour and then stained with rat anti-CD4 antibody (4SM95, 
1:500 dilution; Thermo Fisher) and anti-CD8 antibody 
(4SM15, 1:500 dilution; Thermo Fisher) overnight at 4°C, 
followed by biotinylated anti-rat IgG antibody (1:500; Vector 
Laboratories) and Vectastain ABC reagent (Vector 
Laboratories) at room temperature for 60 minutes and 30 min-
utes, respectively. Finally, the sections were stained by the use 
of a DAB Peroxidase Substrate Kit (Vector Laboratories) 
before imaging.

2.5. In vitro assay

Splenocytes or tumor cells were seeded at 1.5 × 106 cells/well 
(splenocytes) or 1.0 × 106 cells/well (tumor cells) in a 6-well 
plate in complete RPMI1640 (splenocytes) or DMEM (tumor 
cells) with various concentrations of ERB as indicated in the 
figure legends or dimethyl sulfoxide as the control. After sti-
mulation for the indicated time, the cells were used for count-
ing living cell numbers, flow cytometric analyses, or analyses of 
the quantitative reverse transcription-polymerase chain reac-
tion (qRT-PCR).

2.6. Cell isolation

For cell isolation, whole tumors were minced with scissors 
and digested in complete medium with 2 mg/mL crude 
collagenase (Wako) and 2 KU/mL DNase 
I deoxyribonuclease I from bovine pancreas (Sigma) with 
a GentleMACS tissue processor (Miltenyi Biotec). The 
digested tissue was cultured at 37°C for 30 minutes to pre-
pare the tumor cell suspension.

2.7. Flow cytometric analysis

Isolated cells were incubated in a FACS staining buffer (PBS 
containing 5% BSA and 0.01% NaN3) with FcR Blocking 
Reagent (Miltenyi Biotec). The cells were then stained with 
antibodies. The following antibodies were purchased from 
BioLegend: anti-CD4 (RM4–5), anti-CD8α (53–6.7), anti- 
CD11b (M1/70), anti-CD11c (N418), anti-CD19 (6D5), anti- 
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CD45.2 (104), anti-CD38 (90), anti-CD69 (H1.2F3), anti-PD-1 
(29F.1A12), anti-LAG3 (C9B7W), anti-TIGIT (1G9), anti- 
Tim3 (RMT3–23), anti-CD103 (2E7), anti-E-cadherin 
(DECMA-1), anti-granzyme B (QA16A02), anti-perforin 
(S16009A), anti-CD25 (PC61) mAbs. Anti-CD4 (GK1.5), anti- 
CD3ε (145-2C11) and anti-FoxP3 (FJK-16s) mAbs were pur-
chased from Thermo Fisher. Dead cells were detected by the 
7-AAD Viability Staining Solution (Thermo Fisher) or 
a Zombie Fixable Viability Kit (BioLegend). Flow cytometry 
was performed on a Beckman Coulter Gallios instrument, and 
the data were analyzed using Kaluza Flow Analysis software 
(Beckman Coulter).

2.8. qRT-PCR

Total RNA was isolated by the use of Trizol Reagent 
(Invitrogen). Analyses of qRT-PCR were performed on the 
QuantStudio™ 5 Real-Time PCR System with PrimeTime® 
Gene Expression Master Mix and Prime Time qPCR pre-
designed primers (Integrated DNA Technologies). The 
mRNA level of each gene was normalized to that of 
GAPDH. The primer used was as follows: E-cadherin: 
Mm.PT.58.41847659.

2.9. In vivo depletion of CD4+ or CD8+ T cells

To deplete T cells from mice, purified anti-CD4 monoclonal 
antibodies (GK1.5) or anti-CD8 monoclonal antibodies 
(53.67.2) were used. The mice were intraperitoneally injected 
with 250 µg of anti-CD4 antibody or anti-CD8 antibody, on 
three consecutive days from day − 3 to − 1 before tumor inocu-
lation and every 3 days after tumor inoculation (CD4), or on 
five consecutive days from day − 5 to − 1 before tumor inocu-
lation and every 4 days after tumor inoculation (CD8), 
respectively.

2.10. Measurement of high mobility group box 1 (HMGB1) 
and extracellular ATP

MC38 cells were seeded at 1.0 × 104 cells/well in a 96-well plate 
in complete DMEM with various concentrations of ERB as 
indicated in the figure legends or dimethyl sulfoxide as the 
control. After 24 (ATP) or 48 (HMGB1) hours of culture, ATP 
and HMGB1 in the culture supernatants were analyzed with 
the RealTime-Glo Extracellular ATP Assay Kit (Promega) or 
Lumit HMGB1 Immunoassay (Promega) according to the 
manufacturer’s instructions.

2.11. Statistical analysis

For analyzing the survival data, the Log-rank test was used. 
Mann – Whitney U test was used for analysis of the other 
experiments. Throughout the analysis, probability values less 
than 0.05 were considered significant. The statistical tests were 
2-sided and carried out using Prism version 9 (GraphPad 
Software).

3. Results

3.1. T cells are indispensable for the ERB-induced 
antitumor effect

We tested the antitumor effect of ERB using 5 different tumor 
cell lines: B16F10, MC38, LLC, MB49 and 4T1. To analyze the 
direct cytotoxic effect of ERB, we evaluated the number of 
living cells 4 days after the addition of ERB in vitro. Although 
ERB at up to 1.0 nM did not affect the number of living cells, 
ERB at 10 nM significantly reduced the number of living cells 
in all the cell lines (Figure 1a, Supplementary Figure S1A). 
Next, to evaluate the antitumor effect of ERB in the tumor 
mouse model, ERB was intravenously administered 2 days after 
tumor cells were inoculated. We found that ERB significantly 
inhibited the growth of MC38, LLC and MB49, whereas ERB 
failed to suppress tumor growth of B16F10 and 4T1 (Figure 1b, 
Supplementary Figure S1B). In addition, ERB treatment pro-
longed survival in MC38-implanted mice (Figure 1c). Given 
that B16F10 and 4T1 are less immunogenic compared with the 
other cell lines18,19, the antitumor effect of ERB in vivo may be 
dependent on tumor immunogenicity. To focus on the under-
lying antitumor effect of ERB via immune systems rather than 
on the direct cytotoxic effects, we selected MC38 for further 
experiments because MC38 was more resistant to a high con-
centration (10 nM) of ERB in vitro when compared with LLC 
or MB49. An in vitro analysis of the immunogenic cell death 
(ICD) activity (which plays an important role in cancer 
therapy20 revealed that ERB treatment increased extracellular 
ATP and HMGB1 levels in MC38, suggesting ERB-induced 
ICD induction (Supplementary Figure S1C, D). Next, to clarify 
the role of adaptive immunity in the antitumor effect of ERB, 
we assessed the tumor growth of MC38 in Rag1-deficient mice 
(lacking both T and B cells) and in μMT mice (lacking B cells). 
Whereas ERB failed to inhibit the tumor growth in Rag1- 
deficient mice (Figure 1d), ERB significantly inhibited the 
growth of tumor in μMT mice similar to wildtype mice 
(Figure 1e). These results suggest that ERB-induced antitumor 
effect is dependent on T cells. Then, we also found that ERB 
failed to inhibit tumor growth in both mice with depletion of 
CD4+ T cells (Figure 1f) and those with depletion of CD8+ 

T cells (Figure 1g). These results indicate that both CD4+ and 
CD8+ T cells play critical roles in the ERB-induced antitumor 
effect.

3.2. ERB enhances the activation of both CD4+ and CD8+ 

T cells in the tumor

Since the ERB-induced antitumor effect was dependent on 
both CD4+ and CD8+ T cells, we evaluated the TIL number 
by immunohistochemical studies after ERB treatment. We 
found that the number of both CD4+ and CD8+ TILs was 
significantly increased by ERB treatment (Figure 2a), whereas 
ERB did not affect the proportion of regulatory T cells in the 
tumor (Supplementary Figure S2A). Next, we evaluated CD38 
and CD69 (activation markers of T cells) by flow cytometric 
analysis, and found that the expressions of these molecules in 
both CD4+ and CD8+ TILs were significantly upregulated by 
ERB treatment (Figure 2b). Similarly, the expressions of 
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granzyme B (GZMB) and perforin (cytotoxic molecules) in 
both CD4+ and CD8+ TILs were increased by ERB treatment 
(Figure 2c). Since immune checkpoint molecules are also 
induced after T-cell activation21,22, we also investigated their 
expression. Whereas PD-1 expression in both CD4+ and CD8+ 

T cells was comparable between control and ERB treatment 
groups (Supplementary Figure S2B), LAG3 expression in CD8+ 

TILs was upregulated by ERB treatment (Supplementary 
Figure S2B). Furthermore, the expression of TIGIT and Tim3 
in both CD4+ and CD8+ TILs was significantly increased by 
ERB treatment (Supplementary Figure S2B). These results sug-
gest that ERB activates both CD4+ and CD8+ TILs. Since ERB 
activates T cells, we also assessed the antitumor effect induced 
by the combination treatment of ERB with anti-PD-1 antibody. 
However, we found that the antitumor effect of the combina-
tion treatment was comparable to that of anti-PD-1 antibody 
monotherapy (Supplementary Figure S3).

3.3. ERB enhances E-cadherin expression in MC38, LLC, 
MB49, but not in B16F10 or 4T1

Since previous studies showed that ERB enhances the expression 
of E-cadherin in several tumor cells5,23, we examined the expres-
sion of E-cadherin in MC38. We found that the mRNA expres-
sion of E-cadherin was enhanced in MC38 after ERB treatment 
in vitro (Figure 3a). The cell surface expression of E-cadherin in 
MC38 (Figure 3b), LLC and MB49 (Supplementary Figure S4A) 
cells was also increased after ERB stimulation in a dose- 
dependent manner, while the expression of E-cadherin in 
B16F10 and 4T1 was unchanged (Supplementary Figure S4A). 
Next, we evaluated the E-cadherin expression in tumors after 
ERB treatment in the murine tumor model. Consistent with the 
in vitro findings, ERB upregulated E-cadherin expression in 
MC38 (Figure 3c), LLC and MB49, but not in B16F10 or 4T1 
(Supplementary Figure S4B).

Figure 1. T cells are indispensable for the ERB-induced antitumor effect. Note: (A) The number of living cells stimulated with ERB at various concentrations for 4 days 
in vitro (n = 10 at 0 nM and n = 12 at 0.1–10 nM per group [MC38]). (B) Time course of the tumor volume after MC38 cells were intradermally inoculated into wildtype 
mice. ERB was intravenously administered to mice on day 2 (n = 18 in control group and n = 17 in ERB treatment group [MC38]). (C) Survival curves showing the survival 
percentage during the experiment (n = 14 in control, n = 15 in ERB group). (D, E) Time course of the tumor volume after MC38 cells were intradermally inoculated into 
Rag1-deficient mice (D) or μMT mice (E) with ERB administration ([D] n = 21 in wildtype mice with no treatment, n = 19 in wildtype mice with ERB treatment, and n = 
12 per group of Rag1-deficient mice. [E] n = 11 per group of wildtype mice, n = 17 in μMT mice with no treatment and n = 16 in μMT mice with ERB treatment). (F, G) 
Time course of the tumor volume after MC38 cells were intradermally inoculated into wildtype mice with CD4+ (F) or CD8+ cells (G) depletion ([F] n = 7 per group, and 
[G] n = 11 per group). Ctrl: control, ERB: eribulin mesylate. Error bars indicate ±1 SD; * p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001.
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3.4. The ERB-induced antitumor effect is dependent on 
CD103

Since CD103 is a ligand of E-cadherin13 and E-cadherin 
expression is upregulated by ERB in MC38, we speculated 
that ERB might affect CD103+ T-cell population. We 
found that ERB significantly increased the proportion of 
CD103+ cells in both CD4+ and CD8+ TILs (Figure 4a). 
However, ERB did not directly affect the expression of 
CD103 in CD4+ or CD8+ T cells in vitro (Figure 4b), 
indicating that ERB treatment increases CD103+ TILs 
through upregulating E-cadherin expression of tumor 
in vivo. To clarify the role of CD103 in the ERB-induced 
antitumor effects, we analyzed tumor growth in CD103- 
deficient mice. Tumor growth was enhanced in CD103- 
deficient mice compared to wildtype mice, and the ERB- 
induced antitumor effect was abolished in CD103-deficient 

mice (Figure 4c). The ERB-induced E-cadherin expression 
was comparable between wildtype mice and CD103- 
deficient mice (Supplementary Figure S5). Combined, 
these results indicate that the ERB-induced antitumor 
effect is dependent on CD103.

3.5. CD103 is required for ERB-induced TIL activation

To clarify the mechanism of the antitumor effect of ERB via 
CD103, we evaluated the TIL number of CD103-deficient mice. 
The number of both CD4+ and CD8+ TILs was significantly 
lower in CD103-deficient mice than in the wildtype mice in the 
absence of ERB treatment (Figure 5a). Although ERB treat-
ment increased the number of both CD4+ and CD8+ TILs in 
wildtype mice, this increase of the TIL number was not 
observed in CD103-deficient mice (Figure 5a). We also found 

Figure 2. ERB enhances the activation of both CD4+ or CD8+ T cells in the tumor. Note: (A) The number of CD4+ and CD8+ T cells in the tumor 10 days after the 
inoculation of MC38 cells into wildtype mice (n = 9 per group). (B, C) Flow cytometric analysis of expression of CD38, CD69 (B), GZMB and perforin (C) in CD4+ and CD8+ 

T cells in tumors 7 days after tumor inoculation with ERB treatment on day 2 (n = 6 [B], and n = 12 [C] per group). Ctrl: control, ERB: eribulin mesylate, PD-1: programmed 
cell death-1, LAG3: lymphocyte activation gene 3, TIGIT: T-cell immunoreceptor with Ig and ITIM domains, Tim3: T-cell immunoglobulin and mucin domain 3, granzyme 
B: GZMB. Error bars indicate ±1 SD; * p < 0.05, ** p < 0.01, *** p < 0.001.
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that expression of GZMB, LAG3 and Tim3 in CD8+ TILs and 
perforin expression in both CD4+ and CD8+ TILs were sig-
nificantly lower in CD103-deficient mice than in wildtype mice 
in the absence of ERB treatment, although expression of CD38, 
CD69 and TIGIT in both CD4+ and CD8+ TILs was compar-
able (Figure 5b-d). Although ERB treatment increased the 
expression of the activation markers (CD38 and CD69), cyto-
toxic molecules (GZMB and perforin) and immune check 
point molecules (LAG3, Tim3 and TIGIT) in both CD4+ and 
CD8+ TILs in wildtype mice, such increased expression by ERB 
treatment was not observed in CD103-deficient mice 
(Figure 5b-d). These results suggest that CD103 is required 
for ERB-induced TIL activation.

4. Discussion

In our study, ERB increased the TIL number, as well as 
the expression of activation markers, inhibitory check-
point molecules and cytotoxic molecules on TILs in the 
MC38 tumor mouse model. In addition, the ERB-induced 
antitumor effect was dependent on both CD4+ and CD8+ 

T cells. We also confirmed that ERB increased E-cadherin 
expression in MC38, LLC and MB49, but not in B16F10 or 
4T1, and this was consistent with the ERB-induced anti-
tumor effect in each tumor cell line, although poor immu-
nogenicity in B16F10 and 4T1 may also be involved in the 

resistance to ERB treatment. E-cadherin binds to CD103, 
and binding of E-cadherin to CD103 on T cells leads to an 
increased retention and subsequent induction of immuno-
logical synapse between T cells and tumor cells, which 
would result in T-cell activation characterized by secretion 
of cytokines and lytic granules24,25. Indeed, ERB increased 
CD103+ TIL number in our study. Moreover, the ERB- 
induced antitumor effect with increased TIL number and 
expression of activation markers, cytotoxic molecules and 
inhibitory checkpoint molecules on TILs was abrogated in 
CD103-deficient mice. Collectively, these results suggest 
that ERB induces retention, proliferation and activation 
of CD103+ TILs through upregulation of E-cadherin 
expression of tumor cells, and thereby exerts antitumor 
effects. Given that ERB induces ICD as shown above 
through increased extracellular ATP and HMGB1, ERB- 
induced ICD may also be involved in the enhancement of 
the immune response to tumors.

E-cadherin is regarded as a tumor suppressor molecule 
and a decrease in E-cadherin expression is associated with 
EMT. Since EMT leads to acquisition of invasive and meta-
static abilities, the ERB-induced E-cadherin expression is 
suggested to inhibit cancer progression. Indeed, Kashiwagi 
et al analyzed E-cadherin expression before and after ERB 
treatment in advanced breast cancer patients and reported 
that all ERB responders showed increased E-cadherin 

Figure 3. ERB enhanced the E-cadherin expression in MC38. Note: (A) Quantitative RT-PCR analysis of E-cadherin expression in MC38 stimulated with various 
concentrations of ERB for 24 hours (n = 6 per group). (B) Representative flow cytometric analysis and MFI of E-cadherin expression in MC38 with various concentrations 
of ERB for 3 days in vitro (n = 6 per group). (C) Representative flow cytometric analysis and MFI of E-cadherin expression in MC38 5 days after tumor inoculation with ERB 
administration on day 2 (n = 6 per group). Ctrl: control, ERB: eribulin mesylate, MFI: Mean fluorescence intensity. Error bars indicate ±1 SED in (A), and ±1 SD in (B and C); 
* p < 0.05, ** p < 0.01.
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expression26. However, our study suggests a novel mechan-
ism of ERB-induced antitumor effect via interaction of 
increased E-cadherin expression with CD103 on TILs. 
Therefore, not only increased E-cadherin expression but 
also an increased number of CD103+ TILs, and the conse-
quent increased expression of activation markers and cyto-
toxic molecules on TILs, might predict the outcome of 
patients treated with ERB.

Inhibitory immune checkpoint molecules are key regu-
lators of the immune response to tumors. Recent clinical 
studies demonstrated that checkpoint inhibitors targeting 
inhibitory immune checkpoint molecules such as anti-PD 
-1 and anti-CTLA-4 antibodies improved prognosis of 
patients with various advanced tumors. However, the anti-
tumor effect of immune checkpoint inhibitors remains 
unsatisfactory, and most patients do not obtain 
a complete response. Therefore, therapies involving 

various combinations with immune checkpoint inhibitors 
have been tried. Given the immune modulatory effects of 
ERB treatment seen in our study, ERB may enhance the 
antitumor effect of immune checkpoint inhibitors. In 
addition, ERB treatment increased the expression of 
LAG3, TIGIT and Tim3, suggesting that ERB may induce 
not only activation but also exhaustion of TILs through 
increased expression of LAG3, TIGIT and Tim3. 
Therefore, although the combination of ERB with anti- 
PD-1 antibody did not show a stronger tumor response 
compared to anti-PD-1 antibody monotherapy in this 
study and a randomized clinical trial for patients with 
HER2-positive, ERBB-2 negative metastatic breast cancer 
demonstrated that the addition of pembrolizumab to ERB 
did not improve PFS or OS compared to ERB 
monotherapy27, treatment targeting other molecules 
including LAG3, TIGIT and Tim3 combined with ERB   

Figure 4. The ERB-induced antitumor effect is dependent on CD103. Note: (A) Representative flow cytometric analysis and proportion of CD103+ cells in CD4+ and CD8+ 

T cells in tumors 7 days after tumor inoculation with ERB administration on day 2 (n = 11 per group). (B) Proportion of CD103+ cells in CD4+ and CD8+ T cells of the 
murine spleen stimulated with ERB for 3 days (n = 6 per group). (C) Time course of the tumor volume after MC38 cells were intradermally inoculated into wildtype mice 
or CD103-deficient mice with ERB administration (n = 19 per group of wildtype mice, n = 16 in CD103-deficient mice with no treatment and n = 17 in CD103-deficient 
mice with ERB treatment). Ctrl: control, ERB: eribulin mesylate, ns: not significant. Error bars indicate ±1 SD; * p < 0.05.
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might exert potent antitumor effects. Further basic and 
clinical studies are required for elucidating the efficacy 
of these combination treatments.

5. Conclusion

Our study indicates the antitumor effect of ERB due to the 
immune response induced by E-cadherin expression and the 
subsequent increased activation of CD103+ TILs. We believe 
that our study may provide the basis for future studies using 

ERB in combination with other therapies including immune 
checkpoint inhibitors.
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