
Volume 3 Issue 4 (2026)	 1� doi: 10.36922/MI025300066 

COMMUNICATION

Ea5Mab-7, a novel anti-EphA5 monoclonal 
antibody for flow cytometric and 
immunohistochemical applications

Guanjie Li , Tomohiro Tanaka , Mika K. Kaneko , Hiroyuki Suzuki* , 
and Yukinari Kato*
Department of Antibody Drug Development, Tohoku University Graduate School of Medicine, 
Sendai, Miyagi, Japan

Microbes & Immunity

Abstract
Erythropoietin-producing hepatocellular (Eph) receptor A5 (EphA5) binds to ephrin 
ligands and initiates intracellular signaling through its tyrosine kinase activity. EphA5 
is upregulated or mutated in various tumors, and these alterations are associated 
with tumor progression and sensitivity to immunotherapy, respectively. Therefore, 
EphA5 has been proposed as an attractive target for tumor diagnosis and therapy. 
A monoclonal antibody (mAb) against EphA5 is essential for basic research and 
for the development of mAb-based tumor therapies. In this study, we developed 
a novel anti-human EphA5 mAb, Ea5Mab-7, using the Cell-Based Immunization 
and Screening (CBIS) approach. Ea5Mab-7 reacted with EphA5-overexpressed 
Chinese hamster ovary-K1 (CHO/EphA5), EphA5-overexpressed glioblastoma LN229 
(LN229/EphA5), and Saos-2 osteosarcoma cells endogenously expressing EphA5, as 
assessed using flow cytometry. The binding affinities (KD values) were determined 
to be 3.2 × 10−9 M for CHO/EphA5, 3.0 × 10−9 M for LN229/EphA5, and 1.3 × 10−9 M 
for Saos-2. Furthermore, Ea5Mab-7 did not exhibit cross-reactivity with other ephrin 
receptor-overexpressed CHO-K1  cells. In addition, Ea5Mab-7 was suitable for 
immunohistochemistry. These results indicate that Ea5Mab-7, established using 
the CBIS method, facilitates basic studies of EphA5 and is a potential candidate for 
mAb-based tumor diagnosis and therapy.
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1. Introduction
The erythropoietin-producing hepatocellular (Eph) receptor family constitutes the 
largest subgroup of receptor tyrosine kinases and plays pivotal roles in embryogenesis 
and the maintenance of tissue homeostasis.1 In mammals, the Eph signaling system 
comprises five glycosylphosphatidylinositol-anchored ephrin-A ligands (ephrin-A1 to 
A5) and three transmembrane ephrin-B ligands (ephrin-B1 to B3), engaging with their 
cognate Eph receptors (EphA1 to A8, A10, and EphB1 to B4, B6).2 Generally, EphA 
receptors preferentially bind to ephrin-A ligands, while EphB receptors interact with 
ephrin-B ligands.1 Upon intercellular interaction, transmembrane ephrin ligands engage 
Eph receptors on adjacent cells to initiate intracellular signaling (forward signaling). 
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In ephrin-B ligands, reverse signaling is also activated 
within ephrin-B ligand-expressing cells.3 In addition, 
soluble forms of ephrin-A ligands have been identified 
in the culture supernatants of various cancer cell lines. 
These soluble ligands are primarily generated through 
metalloprotease-mediated cleavage of membrane-bound 
ephrin-As, leading to autocrine activation of EphA 
signaling and subsequent cellular responses.4-7

The expression levels of ephrins and Eph receptors are 
frequently dysregulated in tumors compared to normal 
tissues, with both upregulation and downregulation being 
observed.1,8 These molecules exhibit dual roles, functioning 
either as oncogenes or tumor suppressors depending on 
the context. In certain tumor types, Eph receptors are 
overexpressed during the early stages of tumorigenesis 
but become downregulated during tumor progression, 
suggesting distinct roles in tumor initiation and 
progression.1 EphA5 has been reported to be overexpressed 
or mutated in multiple tumors, including lung cancer,9 
esophageal squamous cell carcinoma (ESCC),10 gastric 
cancer,11 and follicular thyroid carcinoma.12 EphA5 
stimulated cellular proliferation and inhibited apoptosis in 
follicular thyroid carcinoma through activation of signal 
transducer and activator of transcription 3.12 In contrast, 
knockdown of EphA5 promoted the migration and 
invasion of ESCC by activating the β-catenin pathway.10 
Therefore, EphA5 can exhibit oncogenic or tumor-
suppressive functions depending on tumor types.

Overexpression or mutation of Eph receptors, including 
EphA2, EphA3, EphA5, and EphA7, can act as tumor-
associated antigens that enhance antitumor immune 
responses.9,13-15 Additionally, γδ T cells, a component 
of the innate immune system, can utilize their T-cell 
receptors in concert with ephrin-As to recognize the 
ligand-binding domain of EphA2 on tumor cells, thereby 
mediating cytotoxicity.16 EphA2 forward signaling has 
also been shown to promote endothelial inflammation, 
facilitating T-cell adhesion and transmigration across the 
vascular endothelium.17 Conversely, in lung epithelial cells, 
EphA2 suppresses inflammasome activation via tyrosine 
phosphorylation of the nucleotide-binding oligomerization 
domain-like receptor family pyrin domain-containing-3 
component of the inflammasome complex, which may 
attenuate protumorigenic inflammatory responses and 
potentially reduce immune evasion.18 EphA5 is mutated in 
multiple tumor types, including breast and lung cancers. 
EphA5 mutations are associated with elevated tumor 
mutation burden, increased neoantigen load, upregulated 
immune-related gene expression signatures, and enhanced 
infiltration of tumor-infiltrating lymphocytes in lung 
adenocarcinomas.9 Within an immunotherapy-treated 
cohort, lung cancer patients harboring EphA5 mutations 

exhibited significantly prolonged progression-free survival 
compared to those with wild-type EphA5.9

We employed the Cell-based Immunization and Screening 
(CBIS) method, which is useful for generating a range of 
monoclonal antibodies (mAbs) against membrane proteins. 
In this method, antigen-overexpressed cells are used as 
immunogens, and the flow cytometry-based high-throughput 
screening enables the acquisition of a variety of hybridoma 
clones. We developed various mAbs against membrane 
proteins, such as epidermal growth factor receptor family 
members,19,20 Eph receptors,21,22 chemokine receptors,23,24 and 
cadherin,25 using the CBIS method. These mAbs can be used 
for flow cytometry and can recognize conformational, linear, 
and glycan-modified epitopes. Furthermore, some mAbs 
can be used for immunohistochemistry (IHC) and western 
blotting.26 Using the CBIS method, we developed anti-EphA5 
mAbs for multiple applications.

2. Materials and methods
2.1. Cell lines

Chinese hamster ovary (CHO)-K1, human glioblastoma 
LN229, mouse myeloma P3X63Ag8U.1 (P3U1), and 
human osteosarcoma Saos-2 were obtained from the 
American Type  Culture Collection (Manassas, USA). 
The complementary DNA of EphA5 (accession no.: 
NM_004439; catalog no.: RC213206, OriGene Technologies, 
Inc., USA) and N-terminal MAP16 and N-terminal PA16 
tags were subcloned into a pCAG-Ble vector (FUJIFILM 
Wako Pure Chemical Corporation, Japan). Stable 
transfectants (CHO/PA16-EphA5 [CHO/EphA5] and 
LN229/MAP16-EphA5 [LN229/EphA5]) were subsequently 
selected with a cell sorter (SH800, Sony Corp., Japan), using an 
anti-MAP16 tag mAb (PMab-127) (Department of Antibody 
Drug Development, Tohoku University Graduate School 
of Medicine, Japan) and an anti-PA16 tag mAb (NZ-128), 
respectively. Other Eph receptor-expressing CHO-K1  cells 
(e.g., CHO/EphA2) were established as previously reported.21

2.2. Antibodies

An anti-human EphA5 mAb (clone 86731, mouse IgG1, 
kappa) (MAB541, R&D Systems, Inc., USA) was used in 
this study. The clone was established by immunization with 
mouse myeloma cell line NS0-derived recombinant rat 
EphA5 (Ser58-Gln573; Asp170Glu). Another anti-PA16 
tag mAb, NZ-9 was reported previously.25 Alexa Fluor 
488-conjugated anti-mouse IgG (#4408, Cell Signaling 
Technology, Inc., USA) was also used in this study.

2.3. Production of hybridomas

To develop anti-EphA5 mAbs, two 5-week-old female BALB/
cAJcl mice (CLEA Japan, Japan) were immunized with 
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LN229/EphA5 (1 × 108 cells/mouse) via the intraperitoneal 
route starting at 6  weeks of age. Alhydrogel adjuvant 2% 
(InvivoGen, USA) was added to the immunogen cells 
in the first immunization. Three additional injections of 
LN229/EphA5 (1 × 108  cells/mouse) were administered 
intraperitoneally, without adjuvant, once weekly. The final 

booster injection was administered with 1 × 108 cells/mouse 
of LN229/EphA5 2 days before harvesting spleen cells from 
mice. Cell fusion of P3U1 myeloma cells with harvested 
splenocytes was described previously.21 On day six after 
cell fusion, the hybridoma supernatants were screened 
by flow cytometry against CHO/EphA5 and parental 

Figure  1. Anti-EphA5 monoclonal antibodies (mAbs) development using the Cell-based Immunization and Screening method. 
(A) LN229/MAP16-EphA5 cells were immunized into two female BALB/cAJcl mice. (B) Splenocytes from antigen-immunized mice were fused with mouse 
myeloma P3U1 cells. (C) The culture supernatants of hybridoma were screened by flow cytometry using CHO-K1 and CHO/EphA5 to select EphA5-specific 
mAb-producing hybridomas. (D) Single hybridoma clones were obtained by limiting dilution. Finally, Ea5Mab-7 (mouse IgG1, kappa) was established.
Abbreviation: i.p.: Intraperitoneal.
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CHO-K1 cells. Anti-EphA5 mAbs were purified from the 
hybridoma supernatants using Ab-Capcher (ProteNova, 
Japan).

2.4. Flow cytometric analysis

Cells were harvested with 1 mM ethylenediaminetetraacetic 
acid (Nacalai Tesque, Inc., Japan) and incubated 
with primary mAbs in phosphate-buffered saline 
containing 0.1% bovine serum albumin for 30  min at 
4°C. Subsequently, they were stained with Alexa Fluor 
488-conjugated anti-mouse (diluted 1:2000) before 
fluorescence analysis using the SA3800 Cell Analyzer 
(Sony Corp., Japan).

2.5. Determination of dissociation constant by flow 
cytometry

CHO/EphA5 and Saos-2 cells were suspended in 100 μL of 
serially diluted Ea5Mab-7 or 86731, after which Alexa Fluor 
488-conjugated anti-mouse IgG (dilution rate: 1:200) was 

added. The dissociation constant (KD) was determined as 
described previously.21

2.6. IHC

CHO/EphA5 and CHO-K1 cells were embedded in iPGell 
to produce formalin-fixed paraffin-embedded (FFPE) 
blocks (Genostaff Co., Ltd., Japan). The FFPE cell sections 
were stained with Ea5Mab-7 (10 μg/mL), 86731 (10 μg/mL), 
or NZ-9 (1 μg/mL) using BenchMark ULTRA PLUS with 
the OptiView DAB IHC Detection Kit (760-700, Roche 
Diagnostics, USA) or the ultraView Universal DAB 
Detection Kit (760-500, Roche Diagnostics, USA).

3. Results
3.1. Development of an anti-EphA5 monoclonal 
antibody, Ea5Mab-7, using the CBIS method

To establish mAbs targeting EphA5, we employed the 
CBIS method using LN229/EphA5  cells (Figure  1). Two 

Figure 2. Cross-reactivity of Ea5Mab-7 using Eph receptor-overexpressed CHO-K1. The 14 Eph receptor-overexpressed CHO-K1 cells and the parental 
CHO-K1 cells were treated with 10 µg/mL of Ea5Mab-7 (red line), followed by the treatment with anti-mouse IgG conjugated with Alexa Fluor 488. 
Fluorescence data were collected using the SA3800 Cell Analyzer. The black line indicates the control with no primary antibody treatment.
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female BALB/cAJcl mice were immunized with LN229/
MAP16-EphA5 (five injections in total). Subsequently, 
splenocytes were isolated from immunized mice and fused 
with P3U1 cells. After confirming hybridoma formation, 
flow cytometric high-throughput screening was conducted 
to select hybridoma supernatants that were CHO/EphA5-
reactive and CHO-K1–non-reactive. After limiting dilution 
and additional analysis, we established 13 anti-EphA5 
mAb clones. Among them, we selected the clone Ea5Mab-7 
(mouse IgG1, kappa) based on reactivity and specificity. 
As shown in Figure 2, Ea5Mab-7 recognized CHO/EphA5. 
Importantly, Ea5Mab-7 did not react with CHO-K1  cells 
overexpressed other Eph receptors (EphA1  to A4, A6 to 

A8, A10, B1 to B4, and B6). The expression of each Eph 
receptor was previously confirmed by flow cytometry.21 
This result indicates that Ea5Mab-7 is a specific mAb for 
EphA5.

3.2. Investigation of the reactivity of anti-EphA5 
mAbs using flow cytometry

The reactivity of Ea5Mab-7 to EphA5-positive cells was 
assessed using flow cytometric analysis. The results 
showed that Ea5Mab-7 recognized CHO/EphA5 in a 
dose-dependent manner (Figure  3A) but did not react 
with parental CHO-K1  cells (Figure  3B). Ea5Mab-7 also 
showed a dose-dependent reactivity toward LN229/EphA5 

Figure 3. Flow cytometric analysis of anti-EphA5 mAbs against CHO/EphA5 and CHO-K1. (A) CHO/EphA5 and (B) parental CHO-K1 were treated with 
0.01–10 µg/mL of Ea5Mab-7 or 86731 (red line). The cells were then treated with Alexa Fluor 488-conjugated anti-mouse IgG. Fluorescence data were 
collected using the SA3800 Cell Analyzer. The black line indicates the control with no primary antibody treatment.
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(Figure 4A) and weak reactivity toward parental LN229 cells 
(Figure 4B), suggesting that parental LN229 cells expressed 
a low level of endogenous EphA5. Furthermore, Ea5Mab-7 
exhibited a dose-dependent reaction against osteosarcoma 
Saos-2  cells (Figure  5). A  commercially available anti-
EphA5 mAb (clone 86731) showed lower reactivity than 
Ea5Mab-7 (Figures  4 and 5). These results indicate that 
Ea5Mab-7 can detect endogenous and exogenous EphA5 
via flow cytometry.

3.3. Determination of the binding affinity of anti-
EphA5 mAbs using flow cytometry

To evaluate the binding affinity of Ea5Mab-7 and 
86731, flow cytometry was performed using CHO/

EphA5, LN229/EphA5, and Saos-2  cells. The KD 
values of Ea5Mab-7 for CHO/EphA5, LN229/EphA5, 
and Saos-2 were 3.2  ×  10−9  M, 3.0 × 10−9 M, and 
1.3 × 10−9 M, respectively (Figure 6A). The KD values of 
86731 for CHO/EphA5, LN229/EphA5, and Saos-2 were 
3.9 × 10−8 M, 5.3 × 10−8 M, and 1.0 × 10−7 M, respectively 
(Figure  6B). These results demonstrate that Ea5Mab-7 
possesses a higher binding affinity for EphA5-positive 
cells compared to 86731.

3.4. IHC using anti-EphA5 mAbs

To evaluate whether Ea5Mab-7 can be used for IHC, FFPE 
CHO-K1 and CHO/EphA5  sections were stained with 
Ea5Mab-7 and 86731. Membranous staining with Ea5Mab-7 

Figure 4. Flow cytometric analysis of anti-EphA5 mAbs against LN229/EphA5 and LN229. (A) LN229/EphA5 and (B) parental LN229 were treated with 
0.01–10 µg/mL of Ea5Mab-7 or 86731 (red line). The cells were then treated with Alexa Fluor 488-conjugated anti-mouse IgG. Fluorescence data were 
collected using the SA3800 Cell Analyzer. The black line indicates the control with no primary antibody treatment.
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and 86731 was observed in CHO/EphA5 cells (Figure 7). 
An anti-PA16 tag mAb, NZ-9, showed stronger reactivity 
with CHO/EphA5 (Figure S1). These results indicate that 
Ea5Mab-7 is suitable for IHC to detect EphA5-positive cells 
in FFPE cell samples.

4. Discussion
This study developed and characterized a novel anti-
human EphA5 mAb, Ea5Mab-7, which is suitable for 
multiple applications. Flow cytometry showed that 
Ea5Mab-7 recognized exogenous EphA5 (Figure  3A 

Figure 5. Flow cytometric analysis of anti-EphA5 monoclonal antibodies against Saos-2. Saos-2 was treated with 0.01–10 µg/mL of Ea5Mab-7 or 86731 
(red line). The cells were then treated with Alexa Fluor 488-conjugated anti-mouse IgG. Fluorescence data were collected using the SA3800 Cell Analyzer. 
The black line indicates the control with no primary antibody treatment.

Figure 6. Evaluation of the KD values of anti-EphA5 monoclonal antibodies. (A) CHO/EphA5, LN229/EphA5, and Saos-2 were suspended in 100 µL of 
serially diluted Ea5Mab-7. (B) CHO/EphA5, LN229/EphA5, and Saos-2 were suspended in 100 µL of serially diluted 86731. Then, cells were treated with 
Alexa Fluor 488-conjugated anti-mouse IgG. The geometric mean values from fluorescence data were determined. The KD values were calculated using 
GraphPad PRISM 6.
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Figure  7. Immunohistochemical staining of paraffin-embedded 
CHO/EphA5 and CHO-K1  sections. (A) The sections of CHO/EphA5 
and CHO-K1 cells were treated with Ea5Mab-7 (10 μg/mL). The staining 
was performed using BenchMark ULTRA PLUS with the OptiView DAB 
IHC Detection Kit. (B) The sections of CHO/EphA5 and CHO-K1 cells 
were treated with 86731 (10 μg/mL). The staining was performed using 
BenchMark ULTRA PLUS with the ultraView Universal DAB Detection 
Kit. Scale bar: 100 μm; magnification: 400×.
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and 4A) and endogenous EphA5 in LN229 (Figure 4B) and 
Saos-2 (Figure 5). Ea5Mab-7 did not recognize other Eph 
receptor-overexpressed CHO-K1 (Figure 2). Furthermore, 
IHC using Ea5Mab-7 detected EphA5 (Figure 7). Ea5Mab-7 
could contribute to basic research investigating the 
molecular functions of EphA5 across multiple applications. 
We also examined the reactivities of the other 12 clones, 
and their information has been updated on the Antibody 
Bank website.26

We examined the reactivity of Ea5Mab-7 against 
various cancer cell lines and found that osteosarcoma 
Saos-2  cells exhibited relatively high cell-surface EphA5 
expression (Figure  5). Osteosarcoma accounts for the 
highest proportion of primary malignant bone tumors and 
is characterized by its pronounced aggressiveness, high 
metastatic potential, and frequent recurrence following 
treatment.29 Current therapeutic strategies include surgical 
resection, chemotherapy, radiotherapy, immunotherapy, 
and targeted therapy. Despite advancements in 
multimodal treatment approaches, the overall prognosis 
for osteosarcoma remains poor, particularly in cases with 
metastasis.30 Consequently, the development of effective 
therapeutic interventions is essential to improve clinical 
outcomes.

Osteosarcoma arises in diverse skeletal sites and can 
be further classified based on distinct histopathological 
and molecular characteristics.31 Since EphA5 in an 

osteosarcoma cell line can be detected using Ea5Mab-7 
(Figure  5), Ea5Mab-7 can be used to investigate the 
oncogenic or tumor-suppressive function of EphA5 in 
osteosarcoma. Osteosarcoma is classified into two major 
subtypes—central and surface osteosarcomas—each 
exhibiting unique features in terms of origin, growth 
pattern, and clinical course.32 The classification facilitates 
a refined understanding of tumor biology and disease 
progression. Ea5Mab-7 can be used to investigate whether 
EphA5 contributes to osteosarcoma classification and 
disease progression. It is a potential IHC marker for 
diagnosing osteosarcoma.

mAbs targeting Eph receptors have been developed 
to either activate or inhibit forward signaling, while also 
mediating antibody-dependent cellular cytotoxicity 
(ADCC).1 DS-8895a, an anti-EphA2 mAb engineered with 
a defucosylated Fc region to enhance ADCC, underwent 
a Phase I clinical trial assessing safety and biodistribution 
in patients with advanced or metastatic EphA2-positive 
tumors.33 The trial demonstrated limited therapeutic 
efficacy with stable disease as the best response, and 
low tumor uptake was observed. Consequently, further 
clinical development of DS-8895a was discontinued due 
to unfavorable biodistribution profiles.34 Ifabotuzumab, a 
humanized agonistic anti-EphA3 mAb with ADCC activity, 
was designed to target hematologic malignancies and 
glioblastoma, and has shown promising results in preclinical 
models35,36 as well as clinical settings.1 In contrast, no 
clinical studies involving EphA5-targeting mAbs have been 
reported to date. In our previous work, we engineered mAbs 
by switching their isotypes to mouse IgG2a or human IgG1 
to potentiate the ADCC. These class-switched antibodies 
were used to evaluate antitumor efficacy in murine 
xenograft models.37,38 We identified the complementarity-
determining regions of Ea5Mab-7 (Table  S1), and its class-
switched variant could serve as a valuable tool for assessing 
antitumor activity in osteosarcoma xenograft models and 
human tumor diagnosis and therapy.

Immunotherapy has shown its potential in the 
management of osteosarcoma, particularly in advanced 
or refractory cases. A  hallmark of osteosarcoma is its 
capacity to evade immune surveillance, primarily through 
the upregulation of immune checkpoint molecules, such 
as programmed death-ligand 1, which attenuate antitumor 
immune responses and permit tumor proliferation.39 
However, further investigation is still required to establish 
the clinical use of immune checkpoint inhibitors in 
osteosarcoma.32 In non-small cell lung cancer, the 
EphA5 mutation is a potential biomarker for predicting 
immunotherapy response.40 Further studies are essential 
to clarify the relationship between EphA5 mutation and/
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or expression and the effectiveness of immunotherapy in 
osteosarcoma. Ea5Mab-7 may help elucidate the mechanism 
underlying increased sensitivity to immunotherapy.

5. Conclusion
A novel anti-human EphA5 mAb, Ea5Mab-7, was 
developed by the CBIS method. Ea5Mab-7 is suitable for 
flow cytometry and IHC. Ea5Mab-7 can facilitate basic 
studies and is a potential candidate for mAb-based tumor 
diagnosis and therapy.
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