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Erythropoietin-producing hepatocellular receptor A1 (EphA1) is one of the Eph receptor family members, the
largest group of receptor tyrosine kinases. EphA1 is expressed in various tissues and regulates cellular homeosta-
sis by interacting with its membrane-bound ephrin ligands and other receptors. EphA1 critically correlates with
the pathogenesis in several disorders, including Alzheimer’s disease and cancers. Therefore, establishing sensi-
tive monoclonal antibodies (mAbs) for EphA1 has been desired for basic research, diagnosis, and treatment. In
this study, a novel specific and sensitive anti-human EphA1 mAb, clone Ea1Mab-30 (mouse IgG1, kappa), was
established by the Cell-Based Immunization and Screening (CBIS) method. Ea1Mab-30 demonstrated reactivity
with an EphA1-overexpressed Chinese hamster ovary-K1 cell line (CHO/EphA1), an endogenously EphA1-
expressing bladder carcinoma cell line (5637), and a colorectal adenocarcinoma cell line (Caco-2) in flow
cytometry. Crossreactivities of Ea1Mab-30 with other Eph receptors were not observed. Furthermore, the values
of apparent binding affinity for CHO/EphA1 and 5637 were determined to be 8.9 · 10-9 M and 1.7 · 10-9 M,
respectively. Furthermore, Ea1Mab-30 detected EphA1 protein in CHO/EphA1 and 5637 lysates using Western
blot analysis. Ea1Mab-30 also clearly stained EphA1 of formalin-fixed paraffin-embedded CHO/EphA1 using
immunohistochemistry. Ea1Mab-30, established by CBIS method, could help analyze the EphA1-contributed
cellular functions and have potential applications in pathological diagnosis and treatment with specificity and
high affinity for EphA1-expressing cells.

Keywords: Eph receptor, EphA1, CBIS method, monoclonal antibody, flow cytometry, Western blot,
immunohistochemistry

Introduction

E rythropoietin-producing hepatocellular (Eph) receptors
are single-pass transmembrane glycoproteins, which

belong to the most prominent family of receptor tyrosine
kinases.1,2 Eph receptors play pivotal roles in tissue homeosta-
sis, including cell proliferation, migration, and angiogenesis by
binding to their ligands, ephrin.1,2 Since it was first identified
in hepatocellular carcinoma cell line in 1987, 14 Eph receptors
(EphA1 to EphA8, EphA10, EphB1 to EphB4, and EphB6)
and eight ephrin ligands [glycosylphosphatidylinositol-
anchored ephrin A1 to A5 and transmembrane ephrin B1 to B3]
have been identified so far.3 Eph receptors are topics of
potential targets for diseases such as cancers because the

aberrant functions of Eph receptors disrupt cellular homeo-
stasis and induce tumor development.

EphA1 was first isolated from an erythropoietin-producing
human hepato-cellular carcinoma cell line (ETL-1).3 EphA1 is
expressed in epithelial and nervous tissues, including skin, neu-
ron, and colon crypt base, and controls many cellular functions,
such as cell morphology, motility, axonal guidance, and
synaptic plasticity.4–8 EphA1 expression is also confirmed
in T-lymphocytes, monocytes.9 EphA1-knockout (KO) mice
exhibited abnormal tail development as a kinky-tail, and an
uterovaginal defection caused by a deficiency in apoptosis
during reproductive tract canalization.10 EphA1 plays an
essential role in normal tissue development. According to the
genome-wide association studies (GWAS) of Alzheimer’s
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disease (AD) patients, EphA1 has been considered as an associ-
ated factor for AD.11–13 AD is a progressive age-associated
neurodegenerative disorder leading to loss of autonomy, which
pathologically defined by extensive neuronal loss, the accumu-
lation of neurofibrillary tangles, and extracellular amyloid pla-
ques in the brain.14–16 Missense mutations in EphA1 gene have
also been reported that may contribute to the development of
AD by disrupting receptor signaling.17 Some single nucleotide
polymorphisms (SNPs), rs11767557 and rs11771145, which
affect the EphA1 gene, have been reported to decrease the
risk of late-onset AD (patients of over 65 years old).11,13,18

Furthermore, rs11767557 variant is associated with EphA1
transcription in human whole blood data analysis. Meanwhile,
rs11767557 SNP has not shown the significant effect of
EphA1 transcription in brain tissue.19 Moreover, EphA1 tran-
scription is not altered in brain with AD.20 The discrepancies
in these results may be due to the size and heterogeneity of the
samples. Since few molecular analyses have been conducted
to clarify the regulation of EphA1 in AD, further investiga-
tion is required to determine whether EphA1 is involved in
the risk of AD.

The EphA1 upregulation is also correlated in various can-
cers, including esophageal,21 colon,3 gastric,22,23 and pros-
tate cancers.24,25 EphA1 high expression associates with
unfavorable overall survival and higher tumor stage.21,26

EphA1 has been implicated as a marker for aggressive
ovarian cancer stem cells with coexpression with aldehyde
dehydrogenase 1A1, CD9, and CD24.27 Furthermore, a dis-
integrin and metalloproteinase 12 (ADAM12)-cleaved eph-
rinA1 facilitates tumor cell entry into the lungs by activating
EphA1.28 While EphA1 is focused as a cancer-promoting
factor, tumor suppressor functions of EphA1 have also been
proposed. Reduced expression of EphA1 correlates with
tumor invasion, lymph node metastasis, and poor outcomes
in several cancers, including colon, skin, and ovarian can-
cers.29–33 The inhibition of cell spreading and Rac1 activa-
tion, which promotes cell motility, is observed by EphA1
activation.5 It is necessary to clarify the role of EphA1 in
promoting or suppressing tumors.

Previously, we have successfully developed several mono-
clonal antibodies (mAbs) against Eph receptors, including
human EphA2 (clone Ea2Mab-7),34 human EphB2 (clone
Eb2Mab-12),35 human EphB4 (clone B4Mab-7),36 and human
EphB6 (clone Eb6Mab-3)37 by using the Cell-Based Immuni-
zation and Screening (CBIS) method. The CBIS method is an
efficient strategy for developing antibodies with a wide variety
of epitopes such as structural epitopes and linear epitopes, as
well as modifications of cell surface membrane proteins in a
short period. In this study, we have established a novel anti-
human EphA1 mAb (Ea1Mab-30) using the CBIS method.

Materials and Methods

Preparation of cell lines

Chinese hamster ovary (CHO)-K1 (CCL-61), LN229 glio-
blastoma (CRL-2611), P3X63Ag8U.1 (P3U1, CRL-1597)
myeloma, and Caco-2 (HTB-37) colorectal adenocarcinoma
were obtained from the American Type Culture Collection
(Manassas, VA, USA). 5637 bladder carcinoma (TKG 0605)
was obtained from the Cell Resource Center for Biomedical
Research, Institute of Development, Aging and Cancer,

Tohoku University (Miyagi, Japan). The complementary
DNA (cDNA) of human EphA1 [Catalog No.: RC213689
(OriGene Technologies, Inc., Rockville, MD, USA),
Accession No.: NM_005232] plus an N-terminal MAP tag
(GDGMVPPGIEDK)38 recognized by an anti-MAP tag mAb
(PMab-1) or an N-terminal PA tag (GVAMPGAEDDVV)39

recognized by an anti-PA tag mAb (NZ-1), were subcloned
into a pCAGzeo vector [FUJIFILM Wako Pure Chemical
Corporation (Wako), Osaka, Japan]. Afterward, plasmids
were transfected into CHO-K1 and LN229 cells and stable
transfectants [CHO/MAP-EphA1, CHO/PA-EphA1 (CHO/
EphA1), LN229/MAP-EphA1, and LN229/PA-EphA1 (LN229/
EphA1)] were subsequently selected using a cell sorter (SH800,
Sony Corp., Tokyo, Japan). After sorting, cultivation in a
medium containing 0.5 mg/mL of Zeocin (InvivoGen, San
Diego, CA, USA) was conducted.

GeneArt� CRISPR nuclease vectors with OFP plasmid
which target human EphA1 (TrueGuide� Synthetic sgRNA,
CRISPR466292_SGM) was purchased from Thermo Fisher Sci-
entific Inc. The EphA1 KO 5637 cell line (BINDS-38) was gen-
erated by transfecting the vector using the Neon Transfection
System (Thermo Fisher Scientific, Inc.). Stable transfectants
were established by cell sorting using SH800 (Sony Corp.).

Other Eph receptor-expressing CHO-K1 cells (e.g.,
CHO/EphA2) were established and cultured as previously
reported.35

Antibodies

A purified anti-human EphA1 Antibody (clone A20047D,
rat IgG2a, kappa) was purchased from BioLegend (San
Diego, CA, USA). An anti-isocitrate dehydrogenase 1
(IDH1) mAb (clone RcMab-1) was developed previously.40

Alexa Fluor 488-conjugated anti-mouse IgG and anti-rat IgG
were purchased from Cell Signaling Technology, Inc. (Dan-
vers, MA, USA). Horseradish peroxidase-conjugated anti-
mouse IgG and anti-rat IgG were obtained from Agilent
Technologies Inc. (Santa Clara, CA, USA) and Merck
KGaA (Darmstadt, Germany), respectively.

Production of hybridomas

Two 5-week-old female BALB/cAJcl mice were pur-
chased from CLEA Japan (Tokyo, Japan). The animal
experiment was approved by the Animal Care and Use Com-
mittee of Tohoku University (Permit number: 2019NiA-
001). For developing anti-human EphA1 mAbs, the immu-
nogen CHO/MAP-EphA1 cells were harvested after brief
treatment with 1 mM ethylenediaminetetraacetic acid
(EDTA; Nacalai Tesque, Inc.) to avoid antigen digestion.

In the first immunization, the CHO/MAP-EphA1 (1 · 108

cells/mouse) mixed with Imject Alum Adjuvant (Thermo
Fisher Scientific Inc.) was immunized via the intraperitoneal
route. Three additional injections of CHO/MAP-EphA1 (1 ·
108 cells/mouse) without the adjuvant were conducted intra-
peritoneally in every week. A last booster injection was per-
formed with 1 · 108 cells/mouse of CHO/MAP-EphA1 via
intraperitoneal route two days before harvesting spleen cells
from mice. We gently executed cell-fusion of P3U1 myeloma
cells with the harvested splenocytes from immunized mice
using polyethylene glycol 1500 (PEG1500; Roche Diagnos-
tics, Indianapolis, IN, USA) at 37�C.

42 TANAKA ET AL.
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Hybridomas were cultured in the RPMI-1640 medium
added some supplements as shown above, with additional
supplements included hypoxanthine, aminopterin, and thy-
midine (HAT; Thermo Fisher Scientific, Inc.), 5% BriClone
(NICB, Dublin, Ireland), and 5 lg/mL of Plasmocin (Invivo-
Gen) as antibiotics into the medium. On days 6 to 7 after
cell-fusion, the hybridoma supernatants were screened by
flow cytometry using LN229/MAP-EphA1 and parental

LN229 cells. The hybridoma supernatant containing Ea1Mab-
30 in serum-free medium was filtered and purified using Ab-
Capcher Extra (ProteNova, Kagawa, Japan).

Flow cytometric analysis

Cells were harvested using 1 mM EDTA (Nacalai Tesque,
Inc.). Subsequently, cells were gently washed with 0.1%

FIG. 1. A schematic depiction of anti-human EphA1 mAbs development by CBIS method. (A) CHO/MAP-EphA1
cells were immunized into two female mice via the intraperitoneal route. (B) The spleen cells isolated from antigen-
immunized mice were fused with P3U1. (C) The culture supernatants of hybridoma were screened by flow cytometric
analysis using LN229 and LN229/MAP-EphA1 to select EphA1-specific mAb-producing hybridomas. (D) Single
hybridoma clones were obtained by limiting dilution, followed by additional screening. Finally, Ea1Mab-30 (mouse
IgG1, kappa) was established. CBIS, Cell-Based Immunization and Screening; Ea1Mab-30, anti-human EphA1 mAb;
EphA1, erythropoietin-producing hepatocellular receptor A1; mAb, monoclonal antibody.
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bovine serum albumin in phosphate-buffered saline (PBS) and
treated with primary mAbs for 30 minutes at 4�C. After that,
cells were treated with Alexa Fluor 488-conjugated anti-mouse
or rat IgG (dilution rate; 1:1000) following the fluorescence
data collection, using the SA3800 Cell Analyzer (Sony Corp.).

To determine the isotype of mAbs, primary mAb-treated
CHO/EphA1 cells were incubated with Alexa Fluor 488-con-
jugated anti-mouse immunoglobulins, fluorescein isothiocya-
nate (FITC)-conjugated anti-mouse heavy chains (IgG1,
IgG2a, IgG2b, IgG3, and IgM; SouthernBiotech, Birmingham,
AL, USA), or FITC-conjugated anti-mouse light chains (kappa

and lambda; SouthernBiotech). The fluorescence data were
analyzed using the SA3800 Cell Analyzer.

Determination of the apparent binding affinity

by flow cytometry

CHO/EphA1 and 5637 cells were suspended in 100 lL
serially diluted of Ea1Mab-30 (20 lg/mL to 0.0012 lg/mL)
and A20047D (25 lg/mL to 0.0015 lg/mL), after which
Alexa Fluor 488-conjugated anti-mouse or rat IgG (dilution
rate; 1:200) was treated. Fluorescence data were subsequently

FIG. 2. Flow cytometric analysis of anti-human EphA1 mAbs against exogenously expressed human EphA1. CHO/
EphA1 (A) and CHO-K1 (B) cells were treated with 0.01–10 lg/mL of Ea1Mab-30 or A20047D (red line), followed by
treatment with Alexa Fluor 488-conjugated anti-mouse or rat IgG. Fluorescence data were collected using the SA3800 Cell
Analyzer. Black line, control (no primary antibody treatment). A20047D, anti-human EphA1 antibody.
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collected, using the BD FACSLyric (BD Biosciences, Frank-
lin Lakes, NJ, USA), following the analyzing of the apparent
binding affinity (KD) as described previously.

35

Western blot analysis

Cells were lysed and boiled in sodium dodecyl sulfate sam-
ple buffer (Nacalai Tesque, Inc.). Denatured proteins were elec-
trophoresed and transferred onto polyvinylidene difluoride
membranes (Merck KGaA). After blocking with 4% non-fat
milk (Nacalai Tesque, Inc.), the membranes were treated with
Ea1Mab-30 (1 lg/mL), A20047D (1 lg/mL), an anti-IDH1
mAb (clone RcMab-1, 1 lg/mL), or an anti-PA tag mAb (clone
NZ-1, 1 lg/mL), followed by incubation with horseradish
peroxidase-conjugated anti-mouse IgG for Ea1Mab-30 (dilution
rate; 1:2000; Agilent Technologies Inc.) or anti-rat IgG for
A20047D, RcMab-1, and NZ-1 (dilution rate; 1:10000; Merck
KGaA). Chemiluminescence signals were visualized using
ImmunoStar LD (Wako) and imaged with a Sayaca-Imager
(DRC Co. Ltd., Tokyo, Japan).

Immunohistochemical analysis

The formalin-fixed paraffin-embedded (FFPE) CHO/EphA1
and CHO-K1 cell blocks were prepared using iPGell (Genos-
taff Co., Ltd., Tokyo, Japan). The antigen retrieval of paraffin-
embedded cell sections was conducted by autoclave in a citrate
buffer (pH 6.0; Nichirei Biosciences, Inc., Tokyo, Japan). After
blocking using the SuperBlock T20 Blocking Buffer (Thermo
Fisher Scientific Inc.), the sections were treated with Ea1Mab-
30 (5 lg/mL) and A20047D (5 lg/mL) and then reacted with
the Envision+ Kit (Agilent Technologies Inc.) for Ea1Mab-30
or Histofine Simple Stain Mouse MAX PO (Rat) (Nichirei
Biosciences, Inc.) for A20047D. Color development and coun-
terstaining were performed as described previously.36

Results

Development of anti-EphA1 mAbs using the CBIS method

To establish mAbs targeting human EphA1, we employed
the CBIS method using human EphA1-overexpressed cell
lines. Anti-human EphA1 mAbs-producing hybridoma were
screened by flow cytometric analysis (Fig. 1). Two female
BALB/cAJcl mice were immunized with CHO/MAP-EphA1
(1 · 108 cells/time/mouse) every week via intraperitoneal
route for a total of 5 times. Subsequently, splenocytes isolated
from immunized mice and P3U1 cells were fused by
PEG1500 and fused cells were seeded into 96-well plates.
After confirming hybridoma formation, flow cytometric high
throughput screening was conducted to select LN229/MAP-
EphA1-reactive and parental LN229-nonreactive supernatants
of hybridomas. Afterward, we obtained highly LN229/MAP-
EphA1-reactive supernatants of the hybridoma. After limiting
dilution of each positive well, we investigated the reactivity of
several anti-EphA1 mAbs to CHO/EphA1 in flow cytometry

and Western blot analysis. Finally, we selected the highly sen-
sitive clone Ea1Mab-30 (mouse IgG1, kappa). We also estab-
lished more clones with Ea1Mab-30. The information has been
updated on our website “Antibody bank” (http://www.med-
tohoku-antibody.com/topics/001_paper_antibody_PDIS.htm#
EphA1).

Investigation of antibody reactivities using flow cytometry

We checked the reactivity of Ea1Mab-30 against CHO-K1
and CHO/EphA1 cells by flow cytometric analysis. A commer-
cially available anti-human EphA1 mAb from BioLegend,
A20047D, was used for comparison with Ea1Mab-30.
A20047D is currently the only commercially available mAb
that can be used for flow cytometry. Results showed that
Ea1Mab-30 and A20047D recognized CHO/EphA1 dose-
dependently (Fig. 2A). Reactivity is almost the same for
Ea1Mab-30 and A20047D to CHO/EphA1 (Fig. 2A). Neither
Ea1Mab-30 nor A20047D reacted with parental CHO-K1 cells
(Fig. 2B). Thus, Ea1Mab-30 can detect exogenously expressed
human EphA1 specifically in flow cytometry.

The reactivity of anti-EphA1 mAbs using flow cytometry

against endogenous EphA1

Next, we confirmed the reactivity of Ea1Mab-30 and
A20047D in flow cytometry against 5637 and Caco-2 cells
which are endogenously human EphA1 expressing cells. The
high expression of Eph receptor and ephrin have been
reported in bladder cancers.41 We initially confirmed that
EphA1 was endogenously expressed in the bladder cancer
cell line, 5637. Furthermore, the expression of EphA1 in
colorectal cancer, including Caco-2 cells, has been described
in previous reports.30,42 Results showed that Ea1Mab-30 and
A20047D recognized endogenously expressing EphA1 in
5637 (Fig. 3A) and Caco-2 (Fig. 3B) cancer cells. Ea1Mab-30
showed slightly higher reactivity than A20047D on all concen-
trations (Fig. 3A and 3B). Neither Ea1Mab-30 nor A20047D
reacted with BINDS-38, EphA1-KO 5637 cells, even at a
concentration of 10 lg/mL (Fig. 3C). Thus, Ea1Mab-30
can detect endogenously expressing EphA1 specifically in
flow cytometry.

Specificity of Ea1Mab-30 to Eph receptor-overexpressed

CHO-K1 cells

We have established the cell lines of all Eph receptor-
overexpressed CHO-K1 cells, EphA1 to A8, A10, B1 to B4,
and B6, respectively. Using the 14 cell lines, the specificity of
Ea1Mab-30 was analyzed. As shown in Figure 4, 10 lg/mL of
Ea1Mab-30 potently recognized CHO/EphA1. Ea1Mab-30
never reacted to other Eph receptors. This result complemented
the fact that Ea1Mab-30 is an EphA1-specific mAb.

�
FIG. 3. Flow cytometric analysis of anti-human EphA1 mAbs against endogenously expressing human EphA1 in cancer cells.
5637 (A), Caco-2 (B), and BINDS-38 (C) cells were treated with 0.01–10 lg/mL of Ea1Mab-30 or A20047D (red line), followed
by treatment with Alexa Fluor 488-conjugated anti-mouse or rat IgG. Fluorescence data were collected using the SA3800 Cell
Analyzer. Black line, control (no primary antibody treatment). Caco-2, colorectal adenocarcinoma cell line.
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Calculation of the apparent binding affinity of anti-EphA1

mAbs using flow cytometry

The apparent binding affinity of Ea1Mab-30 and A20047D
was assessed with exogenously EphA1-expressed CHO/EphA1
and endogenously EphA1-expressing 5637 using flow cytome-
try. The results indicated that the KD values of Ea1Mab-30 and
A20047D for CHO/EphA1 were 8.9 · 10-9 M and 8.6 ·
10-9 M, respectively (Fig. 5A). The KD values of Ea1Mab-30
and A20047D for 5637 were 1.7 · 10-9 M and 2.7 · 10-9 M,
respectively (Fig. 5B). Although there was no noticeable dif-
ference in binding affinity for CHO/EphA1 between Ea1Mab-
30 and A20047D, Ea1Mab-30 possessed higher binding affin-
ity for 5637 than A20047D. These results demonstrate that
Ea1Mab-30 can recognize EphA1 with high affinity to
EphA1 on cells.

Western blot analysis using anti-EphA1 mAbs

We investigated whether Ea1Mab-30 can be used for West-
ern blot analysis by analyzing LN229, EphA1-overexpressed
LN229/EphA1, 5637, and EphA1-KO BINDS-38 cell lysates.
The estimated molecular weight of EphA1 protein is 108 kDa.
As shown in Figure 6A, Ea1Mab-30 could detect exogenously
expressed-EphA1 as the band around 100 to 130 kDa in
LN229/EphA1 cell lysates, while no band was detected in
parental LN229 cells. Another anti-EphA1 mAb A20047D
could not detect any band in LN229/EphA1 cell lysates.
Western blot has not been confirmed to apply in the supplier
data source from BioLegend. An anti-PA tag mAb NZ-1
was used as a positive control and could also detect a band
of the same position around 100 to 130 kDa in LN229/
EphA1 cell lysates. An anti-IDH1 mAb (clone RcMab-1)

FIG. 4. Crossreactivity of Ea1Mab-30 in Eph receptor-expressed CHO-K1 cells. CHO-K1 cells, which overexpressed
each of the 14 Eph receptors, were treated with 10 lg/mL of Ea1Mab-30 (red line) or control blocking buffer (black
line) followed by the treatment with anti-mouse IgG conjugated with Alexa Fluor 488. Fluorescence data were col-
lected using the SA3800 Cell Analyzer. Black line, control (no primary antibody treatment).
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was used for internal control. Furthermore, Ea1Mab-30
could detect endogenously expressing-EphA1 as the band
around 100 to 130 kDa in 5637 cell lysates, while no band
was detected in BINDS-38, EphA1-KO 5637 cells
(Fig. 6B). A20047D could not show any band in 5637 cell
lysates. These results demonstrate that in Western blot anal-
ysis, Ea1Mab-30 can detect EphA1 in exogenously and
endogenously EphA1-expressing cells.

Immunohistochemistry using anti-EphA1 mAbs

To evaluate whether Ea1Mab-30 can be used for immuno-
histochemistry (IHC), the FFPE sections of CHO-K1 and
CHO/EphA1 were stained with Ea1Mab-30. Apparent mem-
branous staining by Ea1Mab-30 was observed in CHO/EphA1
(Fig. 7A). Another anti-EphA1 mAb, A20047D did not
stain CHO/EphA1 sections (Fig. 7A). Both Ea1Mab-30 and
A20047D did not react with the parental CHO-K1 sections

(Fig. 7B). These results indicate that Ea1Mab-30 applies to
IHC for detecting EphA1-positive cells in paraffin-embedded
cell samples.

Discussion

Currently, no mAbs targeting human EphA1 can be used
for flow cytometry, Western blot, and immunohistochemis-
try. We successfully established a novel anti-human EphA1
mAb, Ea1Mab-30, which is applicable for various experi-
ments. Ea1Mab-30 specifically detected EphA1 in flow
cytometry (Figs 2 to 4), Western blot (Fig. 6), and immu-
nohistochemistry (Fig. 7). Furthermore, Ea1Mab-30 recog-
nized EphA1 with higher affinity than A20047D, the only
commercially available mAb suitable for flow cytometry
(Fig. 5). Since the estimation of KD by flow cytometry
lacks the precision and kinetics, further analyses such as
surface plasmon resonance or biolayer interferometry are

FIG. 5. Evaluation of the KD values of anti-human EphA1 mAbs. (A) CHO/EphA1 cells were suspended in 100 lL of
serially diluted 20 lg/mL to 0.0012 lg/mL of Ea1Mab-30 and 20 lg/mL to 0.0012 lg/mL of A20047D. (B) 5637 cells
were suspended in 100 lL of serially diluted 25 lg/mL to 0.0015 lg/mL of Ea1Mab-30 and 25 lg/mL to 0.0015 lg/mL of
A20047D. After treatments of primary mAbs, cells were treated with Alexa Fluor 488-conjugated anti-mouse IgG (for
Ea1Mab-30) or anti-rat IgG (for A20047D). Subsequently, the KD values were determined using the geometric mean.
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essential. Nevertheless, Ea1Mab-30 could contribute to
elucidating the EphA1-related cellular functions and diag-
nosis of disorders such as AD and tumors. Overexpression
of EphA1 is observed in various cancers,23,33,43 EphA1
can be a target for cancer treatments. To evaluate the anti-
tumor efficacy of Ea1Mab-30, it will be converted to a
mouse IgG2a version to elevate antibody-dependent cellu-
lar cytotoxicity in the next step.44,45

Since overexpression of Eph receptors has been observed
regardless of cancer type, they have been widely studied in
cancer research and emerged as therapeutic targets.46–49

However, specific drugs targeting Eph receptors or ephrin
ligands have yet to be approved. However, some clinical tri-
als have been conducted such as DS-8895a (a humanized
anti-EphA2 afucosylated mAb) against advanced EphA2-
expressing cancer and Ifabotuzumab (an anti-EphA3 mAb)

FIG. 6. Detection of EphA1 protein using Ea1Mab-30 by Western blot analysis. Cell lysates (10 lg/lane) of LN229,
LN229/EphA1 (A), 5637, and BINDS-38 (B) were electrophoresed on polyacrylamide gels and transferred onto polyvinylidene
difluoride membranes. The membranes were incubated with Ea1Mab-30 (1 lg/mL), A20047D (1 lg/mL), an anti-PA tag mAb
(clone NZ-1, 1 lg/mL), and RcMab-1 (1 lg/mL) and subsequently with horseradish peroxidase-conjugated anti-mouse or anti-
rat immunoglobulins. RcMab-1, anti-isocitrate dehydrogenase 1 mAb.
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against advanced hematological malignancies.48,50 EphA1-
targeting therapeutic challenge has not been confirmed yet.
One reason could be that EphA1 has a dual role in promot-
ing and suppressing cancer. Since Ea1Mab-30 can detect
EphA1 in immunohistochemistry using the FFPE sections
of CHO/EphA1, further studies are essential whether
Ea1Mab-30 can detect EphA1 in the FFPE sections of vari-
ous tumors for diagnosis.

AD is the most common chronic neurodegenerative dis-
ease characterized by cognitive decline and behavioral
change. The most well-known neuropathological hallmarks
of AD are aggregation of extracellular amyloid-b peptides
into amyloid plaques, and cytotoxic intracellular neurofibril-
lary tau tangles.51,52 Large number of GWAS for AD have
been conducted and suggested numerous loci as the risk of
AD including EphA1.13,14,18,53 Some SNPs near EphA1
gene, rs11767557 and rs11771145, have been demonstrated
in GWAS to decrease the risk of AD.13,18,54 Several EphA1
missense mutations are considered to increase the risk of AD.
P460L mutation in EphA1 is associated with AD by dysregu-
lating EphA1 activity.55 P460L variant triggers disruptions of
EphA1, including reducing tyrosine phosphorylation, cell sur-
face expression, and decreasing T-cell recruitment to the
brain by affecting brain endothelial barrier.55 In Drosophila
models, P460L mutation causes some AD-like symptoms
such as hyperexcitability, less sleep, a more vigorous circa-
dian rhythm and overactivity of clock neuron in the
absence of memory loss.56 P460 locates in the second
fibronectin type III repeat (FNIII-2) of EphA1 adjacent to
the cell membrane and highly conserved across spe-
cies.3,55,57 Thus, this missense mutation might be necessary
for neuropathological research in animal models. EphA-
ephrinA axis allows forward and reverse bidirectional

signaling in cell-cell contact, followed by playing a role in
synaptic formation and plasticity, axonal guidance, and brain
development.5,7,58 EphA1 is an attractive molecule for ana-
lyzing AD pathology, but there are few reports of postmortem
brain-tissue analysis. Moreover, EphA1 promotes the patho-
genesis of Parkinson’s disease, the second most common
neurodegenerative disease, through CXCL12-CXCR4
axis.59 The developed Ea1Mab-30 will be helpful for the
analysis of the diseases.

Although EphA1 is characterized as the negative risk fac-
tor of AD, its structural alteration with missense mutations
may provoke the AD.60 As with cancer, to clarify the critical
mutation of AD-related proteins is essential to make an early
diagnosis and treatment. Furthermore, N414 and N478 in
EphA1 are glycosylated.17 Although these N-glycosylation
are impaired by P460L mutation, epigenetic modification
might contribute to normal EphA1 functions. We have previ-
ously identified cancer specific aberrant glycosylation of
podoplanin61 and misfolding of HER244 through the estab-
lishment of mAbs targeting these characteristic epitopes.
Research into disease-specific epitopes for EphA1, such as
those for cancer and AD, is expected to progress. We plan to
obtain mutated-EphA1 specific mAbs to clarify the relation
between EphA1 and diseases.
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