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Abstract

Background: Periostin (POSTN,PN) is a matricellular protein that contributes to breast-cancer
progression, epithelial-mesenchymal transition (EMT), and therapy resistance. Among its isoforms,
those containing exon 21 are preferentially expressed in the tumor microenvironment and promote
malignant phenotypes. Our previous work demonstrated that POSTN blockade overcame paclitaxel
resistance by restricting mesenchymal-like tumor subpopulations in breast cancer, highlighting
POSTN'’s role in chemoresistance. Building on this finding, we developed a novel monoclonal
antibody targeting POSTN exon 21 (PN-21Ab) and investigated its combination with radiation and
multiple chemotherapeutic agents. In murine xenograft models, PN-21Ab was administered with
radiation (9 Gy) or with doxorubicin, eribulin, vinorelbine, or 5-fluorouracil (5-FU). Tumor growth
and EMT-marker expression were analyzed. Combination therapy with PN-21Ab and radiation
markedly suppressed tumor growth and EMT induction compared with radiation alone (p < 0.05).
PN-21Ab also potentiated the antitumor efficacy of all tested drugs without apparent toxicity.
Isoform analysis revealed that POSTN variants containing exon 21 were strongly associated with
tumor progression and treatment resistance. These findings demonstrate that selective inhibition of
POSTN exon 21 by PN-21Ab enhances the effects of radiation and chemotherapy and may provide a
broadly applicable therapeutic strategy to overcome treatment resistance in breast cancer.

Keywords: periostin; exon 21; breast cancer; triple-negative breast cancer (TNBC); epithelial-
mesenchymal transition (EMT); tumor microenvironment (TME); cancer-associated fibroblasts
(CAFs); monoclonal antibody; radiation therapy; chemotherapy; therapeutic resistance

1. Introduction

Breast cancer is the most frequently diagnosed malignancy and the leading cause of cancer-
related mortality among women worldwide [1]. Its classification is defined by the
immunohistochemical expression status of estrogen receptor (ER), progesterone receptor (PR), and
human epidermal growth factor receptor 2 (HER2). Among the subtypes, triple-negative breast
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cancer (TNBC)—which lacks ER, PR, and HER2 expression —accounts for approximately 15-20% of
all cases and is characterized by high aggressiveness, early recurrence, and poor prognosis [2,3].
Despite recent advances in molecularly targeted therapies and antibody-drug conjugates (ADCs),
standard treatment for TNBC still relies primarily on conventional cytotoxic agents such as
anthracyclines and taxanes [4]. However, intrinsic and acquired resistance to these drugs frequently
occurs, leading to treatment failure and disease progression. Therefore, novel therapeutic strategies
capable of overcoming chemoresistance and improving radiosensitivity remain an urgent unmet
need.

POSTN is a secreted matricellular protein that regulates cell adhesion, migration, and tissue
remodeling by interacting with extracellular matrix (ECM) components, integrins, cytokines, and
proteases[5,6],It is physiologically expressed during embryonic development, wound healing, and
tissue repair[7] but aberrant overexpression of POSTN has been implicated in a variety of fibrotic and
inflammatory diseases such as heart failure[8] diabetic retinopathy[9]and chronic inflammatory
airway disorders [10] In the cardiovascular system, POSTN has been shown to play a pivotal role in
cardiac remodeling and myocardial repair following injury, where its excessive induction contributes
to pathological fibrosis and heart failure progression (Katsuragi et al.,, 2004b).In particular, our
group(Taniyama et al.) demonstrated that POSTN promotes fibroblast activation and maladaptive
cardiac remodeling via integrin-mediated signaling, establishing POSTN as a key regulator linking
inflammation and fibrosis in the diseased heart.

In cancer, POSTN is mainly secreted by cancer-associated fibroblasts (CAFs) within the tumor
microenvironment (TME), where it promotes extracellular matrix deposition, epithelial-
mesenchymal transition (EMT), cancer stemness, and metastatic dissemination [12,13].

High POSTN expression is strongly correlated with poor clinical outcome, particularly in
TNBC[14]..

Human POSTN undergoes alternative splicing at exons 17 and 21, generating four major
isoforms—PNT1 (full-length), PN2 (Aexon 17), PN3 (Aexon 21), and PN4 (Aexons 17 and 21) [15,16].
Notably, isoforms containing exon 21 (PN1 and PN2) are preferentially expressed under pathological
conditions such as tumorigenesis, whereas exon 21-deficient isoforms (PN3 and PN4) are
predominant in normal tissues [17-19]. Among these, POSTN variants containing exon 17 and exon
21 have recently drawn attention as pathological isoforms that drive malignant phenotypes in breast
cancer. Notably, [20].demonstrated that a short fragment encompassing exon 17 is essential for tumor
growth and metastasis. In addition [21]further reported that pathological POSTN splicing variants
are highly upregulated in the stroma and cancer cells of breast tumors and that their suppression can
attenuate tumor progression . Moreover, Balbi et al. showed that an exosome-carried short POSTN
isoform can induce cardiomyocyte proliferation, highlighting the functional diversity of POSTN
variants beyond oncology [22]. Together, these findings underscore the crucial role of POSTN
splicing diversity in disease biology and its potential as a therapeutic target.

Our pivotal study by[15] first demonstrated that POSTN blockade using a neutralizing antibody
overcame paclitaxel (PTX) resistance in breast cancer by restricting the expansion of mesenchymal-
like tumor subpopulations. Importantly, that study also revealed that chemotherapy —including
PTX, doxorubicin, and cyclophosphamide —induced strong POSTN expression in both tumor cells
and surrounding stromal fibroblasts, accompanied by enrichment of mesenchymal tumor
populations and loss of epithelial markers. This indicated that POSTN upregulation is not limited to
taxane treatment but represents a common adaptive response to various cytotoxic stresses, which
reinforces EMT and stromal remodeling within the TME. These findings provided compelling
evidence that POSTN plays a central role in therapy-induced selection of aggressive, EMT-associated
tumor cells and the development of chemoresistance. However, it remains unclear whether selective
targeting of the exon 21-containing POSTN isoforms can directly modulate therapy-induced stromal
remodeling and overcome treatment resistance in aggressive breast cancer. Therefore, in this study,
we sought to investigate whether blockade of POSTN exon 21 enhances the therapeutic efficacy of
radiation and standard chemotherapeutic agents by suppressing EMT within the tumor
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microenvironment. This work aims to clarify the mechanistic contribution of pathological POSTN
variants to therapy response and to determine whether exon 21 represents a viable therapeutic target
in breast cancer.
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Figure 1. Domain structure and alternative splicing isoforms of POSTN.

POSTN consists of an N-terminal EMI domain followed by four tandem fasciclin-like (FAS1) repeats, and a C-
terminal region encoded by exons 15-23. The C-terminal region undergoes alternative splicing that generates
four major isoforms: PN1 (full-length), PN2 (lacking exon 17), PN3 (lacking exon 21), and PN4 (lacking both
exons 17 and 21). Pathological isoforms containing exon 21 (PN1 and PN2) are enriched in tumor tissues and
promote epithelial-mesenchymal transition (EMT), matrix remodeling, and chemoresistance, whereas the
physiological isoform PN4 lacks these exons and is predominantly expressed in normal tissues. This schematic

illustration was modified from our previous publication ([19]) with permission.

2. Materials and Methods

2.1. Cell Culture

MCF10DCIS.com (Asterand Bioscience, Detroit, MI, USA), and ZR-75-1 (CRL-1500, ATCC,
Manassas, VA, USA) breast cancer cell lines were used in this study. Cells were cultured in Dulbecco’s
Modified Eagle’s Medium (DMEM; Nacalai Tesque, Kyoto, Japan; Cat. No. 26252-94) supplemented with
10% fetal bovine serum (FBS; Thermo Fisher Scientific, Grand Island, NY, USA) and 1% penicillin—
streptomycin (Thermo Fisher Scientific, Grand Island, NY, USA). All cells were maintained at 37 °C in a
humidified atmosphere containing 5% CO,, and the medium was replaced every 2-3 days.

2.2. Quantitative Real-Time PCR

Total RNA was isolated from cultured cells or tissue samples according to previously described
protocols. RNA quantity and integrity were verified prior to reverse transcription. Complementary
DNA (cDNA) synthesis was carried out using the SuperScript™ III First-Strand Synthesis Kit (Cat.
No. 18080051, Thermo Fisher Scientific, Grand Island, NY, USA) in the presence of an RNase
inhibitor, following the manufacturer’s recommendations. Quantitative analysis was performed on
the Applied Biosystems ViiA™ 7 Real-Time PCR System (Thermo Fisher Scientific, Grand Island, NY,
USA). In each assay, mouse glyceraldehyde-3-phosphate dehydrogenase (GAPDH) served as the
internal reference gene.

1. GAPDH (5-GAAGCAGGCATCTGAGGGC-3', 5-TTGAAGTCGCAGGAGACAACC-3))

2. hPN1(5'-GTGATTGAAGGCAGTCTTCAGCC-3',5-CTCCCTGAAGCAGTCTTTTA-3'), hPN2
(6'-AATCCCCGTGACTGTCTATAGACC-3', 5-CTCCCTGAAGCAGTCTTTTA-3),

3. hPN3 (5-GTGATTGAAGGCAGTCTTCAGCC-3', 5-TCCTCACGGGTGTGTCTTCT-3'),

4. hPN4(5-AATCCCCGTGACTGTCTATAGACC-3"5'-TCCTCACGGGTGTGTCTTCT-3"), CDHI1
(6'-TGCCCAGAAAATGAAAAAGG-3, 5-GTGTATGTGGCAATGCGTTC-3"), SNAI1 (5'-
AAGATGCACATCCGAAGCC-3',5-CGCAGGTTGGAGCGGTCAGC-3"), SNAI2 (5'-
AAGCATTTCAACGCCTCCAAA-3, 5-GGATCTCTGGTTGTGGTATGACA-3"), TWIST1 (5-
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AAGAGGTCGTGCCAATCAG-3',5-GGCCAGTTTGATCCCAGTAT-3"), ZEBI1 (5'-
GATGATGAATGCGAGTCAGATGC-3",5-ACAGCAGTGTCITGTTGTTGTAG-3"),

2.3. In Vivo Mouse Experiment

All animal experiments were performed in accordance with the institutional guidelines for
animal care and approved by the Animal Care and Use Committee of the Animal Experiment Facility,
Osaka University School of Medicine (Approval No. 04-101-008 ). Female CAnN.Cg-
Foxnl<nu>/CrlICrlj (BALB/c-nu) mice (6-8 weeks old; Charles River Laboratories, Yokohama, Japan)
were maintained under specific pathogen-free (SPF) conditions with ad libitum access to food and
water and acclimatized for at least one week prior to experimentation. For orthotopic xenograft
establishment, MCF10DCIS cells (5 x 10¢ cells) were suspended in 100 pL of a 1:1 mixture of serum-
free DMEM/F12 medium and Matrigel (Corning) and injected into the fourth mammary fat pads on
both sides (bilateral implantation). Each mouse thus carried two independent tumors, and five mice
(n = 5) were used per treatment group. Tumor growth was monitored twice weekly using digital
calipers, and tumor volume was calculated using the formula (length x width?)/2. When the mean
tumor volume reached approximately 100 mm?, mice were randomly assigned to treatment groups.
PN-21Ab was administered via tail vein injection (intravenously, i.v.) at 10 mg/kg twice per week,
while the control group received vehicle (PBS).

For combination therapy studies, the following agents were administered according to their
respective regimens:

— Eribulin (Halaven®): 0.5 mg/kg, i.v., once per week The drug was generously provided by
Eisai Co., Ltd. under a Material Transfer Agreement (MTA).

— Vinorelbine: 16 mg/kg, i.v., twice per week for one cycle

— Doxorubicin: 10 mg/kg, i.v., twice per week for one cycle

— 5-Fluorouracil (5-FU): 60 mg/kg, intraperitoneally (i.p.), once per week

For the radiation combination group, a single 9 Gy X-ray dose was delivered locally to the tumor
site using an X-ray irradiator (MX-160Labo; mediXtec Corporation, Japan).

2.4. Anti-Human POSTN Exon 21 Antibody

To generate a mouse monoclonal antibody specific to exon 21 of human POSTN, the exon 21
peptide was synthesized by BIO MATRIX RESEARCH (Chiba, Japan). Mice were immunized with
the synthesized peptide, and the antibody was produced according to previously described methods
[23]. The resulting monoclonal antibody, designated PN-21Ab, specifically recognizes the exon 21
region of human POSTN.

2.5. Statistical Analysis

All quantitative data are expressed as the mean + standard deviation (SD). Statistical analyses
were carried out using GraphPad Prism version 10.0 (GraphPad Software, San Diego, CA, USA).
Differences among multiple experimental groups were assessed using the Mann-Whitney U-test,
while comparisons between two matched groups were analyzed by the Wilcoxon signed-rank test.
Statistical significance was defined as a p value less than 0.05.

2.6. Ethical Statement

All animal procedures were performed in compliance with the institutional regulations for
animal experimentation and were reviewed and approved by the Animal Care and Use Committee
of the Animal Experiment Facility, Osaka University School of Medicine (Approval No. 04-101-008
)-All experiments conformed to the national standards and recommendations specified in the
following guidelines:— Guidelines for Animal Experiments in Research Institutions (Ministry of
Education, Culture, Sports, Science and Technology, Japan);— Guidelines for Animal Experiments in
Research Institutions (Ministry of Health, Labour and Welfare, Japan); and— Guidelines for the Proper
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Conduct of Animal Experiments (Science Council of Japan).In this study, female CAnN.Cg-
Foxnl<nu>/CrlICrlj (BALB/c-nu) mice (6-8 weeks old) obtained from Charles River Laboratories
(Yokohama, Japan) were used. All possible measures were taken to minimize discomfort and to
reduce the number of animals used.

3. Results

To investigate whether conventional cancer therapies influence POSTN splicing,

MCF10DCIS xenograft-bearing mice received a single dose of paclitaxel (30 mg/kg, i.v.), eribulin
(Halaven®, 0.5 mg/kg, i.v.), vinorelbine (16 mg/kg, i.v.), doxorubicin (10 mg/kg, i.v.), or 5-fluorouracil
(60 mg/kg, i.p.).

Tumors were collected 3 days after treatment, and mRNA expression of human POSTN isoforms
(PN1-PN4) was quantified by qRT-PCR.

As shown in Figure 2A, expression of the exon 21-containing PN2 isoform was markedly
upregulated in the paclitaxel and eribulin groups, while only minor increases were observed
following 5-FU or vinorelbine treatment.

PN3 and PN4 isoforms remained at basal levels under all conditions. This conclusion is
supported by the known mechanisms of action of eribulin and paclitaxel, both of which modulate
microtubule dynamics and can influence cellular plasticity, EMT induction, and stromal remodeling
within the tumor microenvironment. These drug-induced biological changes are consistent with the
observed increase in POSTN expression following treatment.

To further examine the kinetics of PN2 induction, tumors were harvested 0, 3, 7, and 10 days
after 9 Gy irradiation (Figure 2B).

@ Radiation schedule
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N
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Figure 2. Chemotherapy and radiation induce PN2 mRNA expression in MCF10DCIS xenograft tumors.
MCF10DCIS cells are a human breast epithelial cell line that forms DCIS-like lesions in vivo and is widely used
as a model to study EMT, tumor progression, and therapy-induced remodeling of the tumor microenvironment.
Using this model, we observed that both chemotherapy and radiation markedly increased PN2 mRNA
expression in xenograft tumors, highlighting the sensitivity of pathological POSTN isoforms to cytotoxic stress.
(A) Relative mRNA expression levels of human POSTN splicing variants (PN1-PN4) were measured in tumors
3 days after a single dose of paclitaxel (30 mg/kg, i.v.), Eribulin (Halaven®, 0.5 mg/kg, i.v.), vinorelbine (16
mg/kg, i.v.)or 5-fluorouracil (60 mg/kg, i.p.). Data are presented as mean + SD (n = 5). (B) Temporal changes in
PN2 expression after 9 Gy X-ray irradiation. Tumors were harvested on days 0, 3, 7, and 10 post-irradiation. PN2
mRNA expression peaked on day 7 and declined by day 10. Data represents SD (n =5).
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PN2 expression began to increase by day 3, peaked strongly at day 7, and declined to baseline
by day 10.

These results indicate that cytoskeletal and radiation-induced stress transiently enhance PN2
expression, suggesting that the exon 21-containing POSTN variant may act as a dynamic regulator
of extracellular matrix remodeling in response to therapy-induced tissue injury.

ZR75-1 xenograft-bearing mice were treated with PN-21Ab (10 mg/kg or 20 mg/kg, i.v., twice
per week) or control (CTR) .

Tumor growth was modestly suppressed in both PN-21Ab groups compared with vehicle, with
similar efficacy between the two doses.

Data represent mean + SD (n = 5); p <0.05 vs. CTR (Mann—-Whitney U test).

3.1. Antitumor Activity of PN-21Ab in Luminal Breast Cancer Model (ZR75-1)

To evaluate whether PN-21Ab exhibits antitumor activity in non-TNBC breast cancer, we
examined its efficacy in a ZR75-1 xenograft model, which represents a luminal-type breast cancer
with low POSTN expression.

Mice bearing ZR75-1 tumors were treated with PN-21Ab at 10 mg/kg or 20 mg/kg (i.v., twice per
week) or control.

As shown in Figure 3, both PN-21Ab treatment groups demonstrated a modest but consistent

inhibition of tumor growth compared with the control, with no significant dose-dependent
difference between 10 mg/kg and 20 mg/kg.

100
80
2 60
E —CTR
o
i 40
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5
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7 1 14 16 (Days)
Figure 3. Antitumor activity of PN-21Ab in ZR75-1 xenograft model.
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Figure 3. PN-21Ab enhances the antitumor efficacy of standard chemotherapeutic agents in MCF10DCIS
xenografts. (A) Tumor growth curves following treatment with eribulin (Halaven®, 0.5 mg/kg, i.v., once per

week) = PN-21Ab (10 mg/kg, i.v., twice per week). (B) Tumor growth curves following treatment with
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vinorelbine (16 mg/kg, i.v., twice per week) + PN-21Ab. (C) Tumor growth curves following treatment with
doxorubicin (10 mg/kg, i.v., twice per week) + PN-21Ab. Data represent mean + SD (n = 5). *p < 0.05 vs.
monotherapy (Mann-Whitney U test).

These findings indicate that PN-21Ab exerts mild antitumor effects even in a POSTN-low,
luminal-type tumor model, suggesting that POSTN blockade may confer basal inhibitory activity
independent of high POSTN expression levels.

This result further supports the therapeutic potential of PN-21Ab across different breast cancer
subtypes, while its strongest efficacy was observed in POSTN-high TNBC models.

3.2. PN-21Ab Synergistically Enhances the Antitumor Effects of Microtubule-Targeting and Cytotoxic
Agents

To assess whether POSTN blockade enhances the efficacy of standard chemotherapeutics
MCF10DCIS xenograft-bearing mice were treated with eribulin (Halaven®, 0.5 mg/kg, i.v., once per
week), vinorelbine (16 mg/kg, i.v., twice per week), or doxorubicin (10 mg/kg, i.v., twice per week),

either alone or in combination with PN-21Ab (10 mg/kg, i.v., twice per week).

Tumor volumes were measured twice weekly for up to 4 weeks.

As shown in Figure 3A-C, the combination of PN-21Ab with each chemotherapeutic agent
resulted in significantly greater tumor growth inhibition compared with monotherapy.

In the eribulin group (Figure 3A), combination treatment reduced tumor volume by
approximately 30% relative to eribulin alone on day 26 (p < 0.05).

Similarly, vinorelbine + PN-21Ab (Figure 3B) suppressed tumor growth by 40-45% versus
vinorelbine alone at day 28 (p < 0.05).

The combination with doxorubicin (Figure 3C) also produced a marked and sustained
inhibition, leading to significantly smaller tumors after 35-39 days (p < 0.05).

These findings demonstrate that PN-21Ab potentiates the therapeutic efficacy of both
microtubule-targeting and DNA-damaging agents,

suggesting that blockade of exon 21-containing POSTN (PN2) may disrupt stromal interactions
and enhance tumor chemosensitivity within the tumor microenvironment.

Radiation alone markedly induced the EMT-related transcription factors snaill and ZEB1,
whereas co-administration of PN-21Ab significantly suppressed their expression (p < 0.05).

In contrast, Twistl, snail2 (Slug), and CDH1 showed no significant changes among the groups,
suggesting that PN-21Ab selectively inhibits radiation-induced activation of specific EMT regulators
rather than globally affecting epithelial or mesenchymal gene expression.

Data are presented as mean + SD (n =5); p <0.05 compared with radiation alone (Mann-Whitney
U test).

3.3. PN-21Ab Enhances the Antitumor Efficacy of Radiation and Suppresses EMT Activation

To evaluate whether POSTN blockade enhances the therapeutic effect of radiation and inhibits
epithelial-mesenchymal transition (EMT), MCF10DCIS xenograft-bearing mice were treated with
PN-21Ab (10 mg/kg, i.v., twice per week) following a single 9 Gy X-ray irradiation.

As shown in Figure 4A, the combination of PN-21Ab with radiation significantly suppressed
tumor growth compared with radiation alone (p < 0.05).

At the molecular level (Figure 4B-E), radiation alone strongly induced the expression of snaill
and ZEB1, both of which are key transcriptional regulators of EMT.

In contrast, co-administration of PN-21Ab markedly reduced snaill and ZEB1 expression to
near-baseline levels (p < 0.05), while Twistl and snail2 (Slug) remained unchanged.

These findings indicate that PN-21Ab selectively suppresses radiation-induced EMT activation
through inhibition of the snaill1-ZEB1 axis.
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Figure 4. PN-21Ab enhances the antitumor efficacy of radiation and selectively suppresses EMT activation. (A)
Tumor growth curves of MCF10DCIS xenografts treated with a single 9 Gy X-ray irradiation (green arrow) in
combination with PN-21Ab (10 mg/kg, i.v., twice per week; red arrows). The combination treatment significantly
suppressed tumor growth compared with radiation alone (p < 0.05). (B) Relative mRNA expression levels of
CDH]1, snaill, ZEB1, Twistl, and snail2 (Slug) in tumors collected at day 20 post-irradiation.

Taken together, POSTN blockade contributes to improved tumor control after irradiation
through both direct radio sensitization and attenuation of EMT-associated plasticity within the tumor
microenvironment

As shown in Figure 5, PTX monotherapy moderately inhibited tumor growth compared with
the control group; however, the combination of PTX with PN-21Ab exhibited a markedly enhanced
antitumor effect (p < 0.05).
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Figure 5. Combination effect of PN-21Ab with paclitaxel in MDA-MB-231 xenografts.

By day 56, tumors in the combination group remained significantly smaller than those in either
control or PTX-alone groups. These data further support that POSTN blockade by PN-21Ab
potentiates the efficacy of microtubule-targeting chemotherapeutics in aggressive TNBC models,
consistent with the results observed in MCF10DCIS xenografts (Figure 3).

Tumor growth curves of MDA-MB-231 xenograft-bearing mice treated with PTX (30 mg/kg, i.v.,
once per week) with or without Pn-21Ab (10 mg/kg, i.v., twice per week).
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The combination group (PTX + PN-21Ab) exhibited a significantly stronger antitumor effect
compared with PTX monotherapy (p < 0.05).

Data are expressed as mean + SD (n=>5).

To further confirm the synergistic antitumor activity of PN-21Ab in another triple-negative
breast cancer model, we next evaluated its combination with paclitaxel (PTX) in MDA-MB-231
xenografts. Mice were treated with PTX (30 mg/kg, i.v., once per week) with or without PN-21Ab (10
mg/kg, i.v., twice per week), and tuFigmor growth was monitored for 8 weeks.

@ Epithelial cancer cell @ Mesenchymal cancer cell °|'r POSTN exon2l antibody % Chemotherapy  Radiation

Paclitaxel

Doxorubicin

) . ) Cyclophosphamide

Primary cancer Residual disease Recurrent cancer )f. D P
Eribulin (Halaven®)

i Vinorelbine

~’~ Doxorubicin
- 5-fluorouracil

Tumor response Prolonged survival
Figure 6. Conceptual Framework of How POSTN exon 21 Blockade Improves Treatment Outcomes.

4. Discussion

In this study, we demonstrated that selective targeting of POSTN exon 21 by the monoclonal
antibody PN-21Ab significantly enhances the therapeutic efficacy of both radiation and standard
chemotherapeutic agents in breast cancer models. PN-21Ab exhibited potent combinatorial effects
with microtubule-targeting drugs such as eribulin, vinorelbine, and paclitaxel, as well as with the
DNA-damaging agent doxorubicin. Importantly, PN-21Ab also suppressed radiation-induced
epithelial-mesenchymal transition (EMT) and maintained epithelial characteristics within the tumor
microenvironment (TME). These findings highlight the functional importance of the exon 21-
containing POSTN isoform (PN2) as a dynamic medjiator of therapy-induced stromal remodeling and
treatment resistance [24,25].

POSTN is well recognized as a matricellular component of the TME that promotes tumor
progression, EMT, and metastasis through integrin-mediated signaling and extracellular matrix
(ECM) organization [26-28]. Alternative splicing of POSTN generates multiple isoforms with distinct
biological functions. Among these, exon 21-containing variants (PN1 and PN2) are preferentially
expressed under pathological conditions, including cancer and fibrosis [19-21,23,29-32]. The present
study revealed that chemotherapy and radiotherapy transiently increased PN2 mRNA expression,
particularly after treatment with eribulin, paclitaxel, or irradiation. This conclusion is supported by
the known mechanisms of action of eribulin and paclitaxel, both of which modulate microtubule
dynamics and influence cellular plasticity, EMT/MET transitions, and stromal remodeling within the
tumor microenvironment. In particular, eribulin has been shown to reverse EMT and induce MET in
breast cancer models in vitro and in vivo [33,34]. Paclitaxel similarly modulates microtubule stability
and has been reported to promote EMT-like changes and enhance cellular stress responses .[35] These
drug-induced biological changes are consistent with the observed increase in POSTN expression
following treatment. This suggests that therapy-induced stress activates POSTN splicing toward the
exon 21-containing isoform, thereby reinforcing tumor—stroma interactions that facilitate survival
and repair mechanisms following cytotoxic injury [36,37].
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Consistent with this hypothesis, blockade of the exon 21 region by PN-21Ab attenuated such
adaptive responses and sensitized tumors to both cytotoxic and radiation treatments [38]. The
suppression of SNAIL1 and ZEB1 expression, together with restoration of E-cadherin (CDH1),
indicates that PN-21Ab mitigates radiation-induced EMT [39-41]. Since EMT contributes to stemness
acquisition, immune evasion, and metastatic dissemination, inhibition of EMT by POSTN blockade
may represent a crucial mechanism underlying the observed therapeutic synergy [42-44].

Notably, PN-21Ab also exhibited modest but consistent antitumor activity in the luminal-type
ZR75-1 model, which expresses relatively low levels of POSTN. This suggests that POSTN blockade
exerts basal inhibitory effects on tumor-stromal signaling even in POSTN -low contexts, although its
maximal efficacy is expected in POSTN-high tumors such as triple-negative breast cancer (TNBC)
[30,45,46]. We selected paclitaxel rather than eribulin for the MDA-MB-231 in vivo experiment
because paclitaxel is one of the most widely used first-line chemotherapeutic agents for triple-
negative breast cancer (TNBC), including MDA-MB-231-like basal-type tumors. The primary
objective of this experiment was to evaluate whether POSTN exon 21 blockade enhances the efficacy
of a representative frontline cytotoxic agent under clinically relevant conditions. Although eribulin
also targets microtubules, it is generally administered in later-line settings, and its distinct effects on
EMT reversal and stromal remodeling have already been demonstrated in our previous studies.
Therefore, paclitaxel was selected to assess the baseline combinatorial potential of PN-21Ab in an
established TNBC model, while eribulin-based combinations will be explored in future investigations.
Taken together, these findings support the notion that PN-21Ab has broad therapeutic applicability
across molecular subtypes of breast cancer, with potential for patient stratification based on POSTN
isoform expression [19,20,23].

From a translational perspective, POSTN targeting offers several advantages. Unlike
conventional cytotoxic drugs, PN-21Ab acts on the tumor microenvironment rather than directly on
cancer cells, minimizing systemic toxicity while enhancing the efficacy of existing therapies [23]. The
antibody’s selectivity for exon 21-containing isoforms allows precise intervention in pathological
POSTN signaling while sparing physiological isoforms required for normal tissue homeostasis
[21,23]. Furthermore, our results suggest that PN2 expression may serve as a predictive biomarker
for treatment response and could be incorporated into companion diagnostic assays in future clinical
studies.

In conclusion, selective inhibition of POSTN exon 21 by PN-21Ab effectively overcomes therapy-
induced stromal resistance and EMT activation, thereby improving the efficacy of both chemotherapy
and radiotherapy in breast cancer. These findings provide preclinical evidence supporting the
development of PN-21Ab as a first-in-class stromal-targeted antibody for combination therapy in
POSTN -high breast cancers, particularly TNBC [21,23,42,43]. Further clinical translation, including
biomarker-guided patient selection and pharmacodynamic evaluation of POSTN isoforms, will be
essential to realize its full therapeutic potential.

5. Patents

The patent of the Ex21 antibody belongs to Osaka University and Periotherapia Co., which has
the priority negotiation right.
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Abbreviations
Abbreviation Full term
ADC Antibody-drug conjugate
Akt Protein kinase B
CAF Cancer-associated fibroblast
CDH1 Cadherin 1 (E-cadherin)
cDNA Complementary DNA
DMEM Dulbecco’s Modified Eagle’s Medium
ECM Extracellular matrix
EMT Epithelial-mesenchymal transition
ER Estrogen receptor
ERK Extracellular signal-regulated kinase
Ex Exon
FAS1 Fasciclin-like domain 1
FBS Fetal bovine serum
5-FU 5-Fluorouracil
GAPDH Glyceraldehyde-3-phosphate dehydrogenase
Gy Gray (unit of absorbed radiation dose)
HER2 Human epidermal growth factor receptor 2
IL Interleukin
ip. Intraperitoneal injection
iv. Intravenous injection
MCF10DCIS | MCF10DCIS.com human breast cancer cell line
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MDA-MB- Human triple-negative breast cancer cell line

231

MEXT Ministry of Education, Culture, Sports, Science and Technology

(Japan)

mRNA Messenger RNA

PBS Phosphate-buffered saline

PCR Polymerase chain reaction

PN Periostin isoform (PN1-PN4)

PN-21Ab Anti-periostin exon 21 monoclonal antibody

POSTN Periostin

PR Progesterone receptor

PTX Paclitaxel

qRT-PCR Quantitative reverse transcription polymerase chain reaction

SD Standard deviation

SPF Specific pathogen-free

TGF-3 Transforming growth factor beta

TME Tumor microenvironment

TNBC Triple-negative breast cancer

VC Vinorelbine combination group

ZEB1 Zinc finger E-box-binding homeobox 1
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