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EphA Receptors Form a Complex with Caspase-8 
to Induce Apoptotic Cell Death 
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EphA7 has been implicated in the regulation of apoptotic 
cell death in neural epithelial cells. In this report, we pro-
vide evidence that EphA7 interacts with caspase-8 to in-
duce apoptotic cell signaling. First, a pull-down assay us-
ing biotinylated ephrinA5-Fc showed that EphA7 co-
precipitated with wild type caspase-8 or catalytically inac-
tive caspase-8 mutant. Second, co-transfection of EphA7 
with caspase-8 significantly increased the number of 
cleaved caspase-3 positive apoptotic cells under an exper-
imental condition where transfection of EphA7 or caspase-
8 alone did not affect cell viability or apoptosis. EphA4 
also had a causative role in inducing apoptotic cell death 
with caspase-8, whereas EphA8 did not. Third, caspase-8 
catalytic activity was essential for the apoptotic signaling 
cascade, whereas tyrosine kinase activity of the EphA4 
receptor was not. Interestingly, we found that kinase-
inactive EphA4 was well co-localized at the plasma mem-
brane with catalytically inactive caspase-8, suggesting that 
an interaction between these mutant proteins was more 
stable. Finally, we observed that the extracellular region of 
the EphA7 receptor was critical for interacting with 
caspase-8, whereas the cytoplasmic region of EphA7 was 
not. Therefore, we propose that Eph receptors physically 
associate with a transmembrane protein to form an apop-
totic signaling complex and that this unidentified receptor-
like protein acts as a biochemical linker between the Eph 
receptor and caspase-8. 
 
 
INTRODUCTION
1 
Early apoptotic cell death in neuroepithelial cells in the develop-
ing brain has been implicated in regulating mammalian brain 
size (Kuan et al., 2000). One class of proteins implicated in 
apoptotic neuroepithelial cell death is Eph receptors and their 
ligands, ephrins, which are abundantly expressed during early 
brain development (Park, 2013). The first evidence that Eph/ 

1Department of Biological Science, 2College of Pharmacy and Research 
Institute of Pharmaceutical Science, Sookmyung Women’s University, 
Seoul 140-742, Korea 
*Correspondence: scpark@sookmyung.ac.kr 
 
Received 17 October, 2014; revised 24 November, 2014; accepted 26 
November, 2014; published online 7 April, 2015 
 
Keywords: apoptosis, caspase-8, EphA 
 

ephrin signaling triggers apoptosis came from an ectopic 
ephrin-A5 expression study in EphA7-expressing brain tissue, 
where massive apoptosis and a subsequent decrease in 
cortical size was observed as a result of Eph and ephrin co-
expression (Depaepe et al., 2005). In addition, ephrin-A5 null 
mutant mouse embryos display neural tube closure defects 
(Holmberg et al., 2000). Although it was postulated that fusion 
of neural folds at the midline is mediated by an adhesive inter-
action between EphA7 and ephrin-A5, an alternative explana-
tion is that a significant increase in the dorsal midline cell popu-
lation may be responsible for the neural tube closure defects in 
ephrin-A5 null mutant embryos. Consistent with this hypothesis, 
recent studies using in vivo expression of ephrinA5-Fc or 
EphA8-Fc revealed that upregulation of Eph/ephrin signaling in 
the dorsal midline play a causative role in triggering massive 
apoptotic cell death (Kim et al., 2013; Park et al., 2013). These 
findings suggest that cell-cell contact in a brain region where 
Eph and ephrin are co-expressed triggers the pro-apoptotic 
signaling pathway downstream of the Eph-ephrin complex, a 
critical mechanism for modulating the size of the neuroepithelial 
cell population or remodeling brain tissue (Park, 2013). Alt-
hough the pro-apoptotic pathway downstream of the Eph/ephrin 
complex has not been clearly elucidated, a recent study sug-
gested that EphA receptors may cross-talk with cell death re-
ceptors such as tumor necrosis factor receptor 1 (TNFR1) (Lee 
et al., 2013). 

Caspase-8 is a member of the conserved cysteine-aspartic 
acid protease (caspase) family with a central role in executing 
cell apoptosis in the cell death receptor downstream pathway 
(Kumar, 2007). Caspase-8 is synthesized as a pro-enzyme and 
contains a large N-terminal prodomain and a C-terminal catalyt-
ic domain composed of a large and small subunit separated by 
a small linker (Pop and Salvesen, 2009; Wang et al., 2005). 
Caspase-8 is an initiator caspase (Nicholson, 1999), implicated 
in cleaving inactive pro-forms of effector caspases, thereby 
activating them to trigger apoptosis (Ashkenazi and Herbst, 
2008). The caspase-8 prodomain contains the so-called death 
effector domain (DED), which enables it to interact with other 
proteins to regulate its activation. The caspase-8-dependent 
extrinsic apoptotic pathway is triggered by various cell death 
receptors including TNFR1. Activation of TNFR1 upon binding 
to its cognate ligand leads to recruitment of the adaptor mole-
cule TRADD through a death domain (DD) interaction, subse-
quently forming TNFR1 complex I along with other proteins 
such as RIP1, TRAF2, and cIAP1/2 (Hsu et al., 1996a; 1996b). 
After internalization of the TNFR1 complex I, TRADD enables 
recruitment of FADD via an interaction of the DD’s of the two
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adaptors, forming TNFR1 complex II (Schneider-Brachert et al., 
2004). FADD further recruits procaspase-8 via an interaction 
between the DED’s of the two proteins, forming a death-
inducing signaling complex (DISC) (Chang et al., 2003; 
Kischkel et al., 1995; Peter and Krammer, 2003). Oligomeriza- 
tion of procaspase-8 seems to be sufficient to trigger autocata-
lytic cleavage and activation (Boatright and Salvesen, 2003). 
The procaspase-8 prodomain contains two cleavage sites for 
autoproteolytic processing, so interdomain cleavage events 
lead to the formation of a heterodimeric enzyme consisting of 
two large and two small subunits (Johnson and Kornbluth, 
2008). The fully active caspase-8 heterodimeric enzyme trans-
duces pro-apoptotic signals by cleaving and activating down-
stream executioner caspases or the BH3-interacting domain 
death agonist. Null mutation of caspase-8 or FADD in mice 
leads to embryonic lethality at embryonic day 10.5 (E10.5) due 
to failure of yolk sac vascularization and hematopoiesis (Kang 
et al., 2004; Zhang et al., 1998). However, little is known about 
whether caspase-8 plays a role in inducing apoptosis in a spe-
cific brain region in response to extrinsic cues. 

In this report, we found that caspase-8 was physically asso-
ciated with EphA7 and that this distinct protein complex in-
duced caspase-dependent apoptotic cell death. Although evi-
dence suggests that this interaction may not occur directly, we 
propose that a Eph-ephrin signaling complex may constitute a 
novel DISC involving caspase-8. 
 
MATERIALS AND METHODS

Expression constructs
EphA7 (GenBank accession no. BC026153), caspase-8  
(GenBank accession no. BC049955), and TNFR1 (GenBank  
accession no. BC004599) cDNAs were obtained from Thermo  
Scientific (USA). EphA4, EphA8, or TNFR1 cDNA in the  
pcDNA3neo expression vector was stably transfected into  
HEK293 cells, as described previously (Gu et al., 2005). A 206  
bp polymerase chain reaction (PCR) product was amplified using 
primers matching nt 1740-1772 (5�-GTTGCCACACTTGAGG-  
AAGCTTCAGGTAAAATG-3�) and nt 1924-1947 (5�-GCTAGC- 
TCAGCAATGAAAGTAGAGTTCTTC-3�) of EphA7 cDNA to  
construct EphA7-D1 (with deletion of mouse EphA7 aa 601-994).  
Next, the 206 bp PCR product was digested with HindIII/NheI  
and subcloned into the same enzyme sites of the expression  
vector: HindIII site at nt 1616 of the full-length EphA7 cDNA and  
the NheI site in pCMV-SPORT6. The same procedures were  
used to generate EphA7-D2 (with deletion of mouse EphA7 aa  
636-994), except that we amplified a 317-bp PCR product using  
primers matching nt 1740-1772 (5�-GTTGCCACACTTGAGG- 
AAGCTTCAGGTAAAATG-3�) and nt 2042-2057 (5�-GCTAGC- 
TCATGCACCAATCACACGCTCAAT-3�) of EphA7 cDNA. We 
amplified a 816-bp PCR product using primers matching nt 271- 
289 (5�-CGGGATCCAGACAATGCC-3�) and nt 1063-1087 (5�- 
GGCAGCCTGAATGAAAAAGATCTT-3�) of the caspase-8  
cDNA, and a 375-bp PCR product using primers matching nt  
1067-1105 (5�-ATCTTTTTCATTCAGGCTGCCCAAGGAAGT- 
AACTTCCAG-3�) and nt 1426-1442 (5�-GCGGCCGCTTAGGG- 
AGGGAAGAAGAG-3�) of caspase-8 cDNA to construct caspase-8 
C362A (substitution of cysteine to alanine at aa 362). The result- 
ing two partially complementary PCR fragments were annealed  
and used as templates in another PCR performed with primers  
matching nt 271-289 and 1426-1442 of caspase-8 cDNA. Next,  
the 1191-bp PCR product was digested with XbaI/ HindIII and  
subcloned into the corresponding region of the full-length  
caspase-8 cDNA. 

Cell culture, transfection, and immunofluorescence staining
HEK293 cells were cultured as described previously (Gu et al., 
2005). Transient transfection was carried out using ViaFect 
(Promega, USA), according to the manufacturer’s instructions. 
The cells were plated at a density of 1.0 � 106 cells per 35-mm 
dish for immunostaining. The cells were briefly washed with 
PBS 24 h post-transfection, fixed in 4% paraformaldehyde/2% 
sucrose in PBS on ice for 30 min, rinsed with PBS three times, 
and blocked for 30 min at room temperature with 3% bovine 
serum albumin, 5% horse serum, and 0.1% Triton X-100 in PBS. 
Rabbit anti-cleaved caspase-3 antibody (1:750, Cell Signaling 
Technology, USA) was applied for overnight at 4�C for apoptotic 
cell staining, and visualized with fluorescein isothiocyanate 
(FITC)-conjugated goat anti-rabbit IgG. The cells were incubated 
with ephrinA5-Fc (1 �g/ml) on ice and processed for immunofluo-
rescence staining as described previously to co-localize EphA4 
and casapse-8 (Lee et al., 2013). EphA4 was detected by stain-
ing cell surface bound ephrinA5-Fc with FITC-conjugated goat 
anti-human IgG, whereas caspase-8 was detected using 
rhodamine-conjugated anti-rabbit IgG. 

Immunoprecipitation and Western blot
Immunoprecipitation and Western blotting were performed as 
described previously (Shin et al., 2007). Briefly, cells were grown 
to 70% confluence on 10-cm dishes and transiently transfected 
with 7 �g plasmid DNA. The cells were incubated with 
biotinylated ephrinA5-Fc (1 �g/ml, R&D Systems, USA) for 1 h 
at 4�C 16 h post-transfection. Labeled cells were lysed with 
PLC lysis buffer, as described previously, and bound to strep-
tavidin-agarose beads (Thermo Scientific, USA). The bound 
material was eluted by boiling the beads and resolved on sodi-
um dodecyl sulfate-polyacrylamide gel electrophoresis. 
  
Antibodies
Anti-EphA4, anti-EphA7, and anti-TNFR1 antibodies were pur-
chased from Santa Cruz Biotechnology (USA). Anti-caspase-8 
and anti-cleaved caspase-3 antibodies were purchased from 
Cell Signaling Technology. FITC-conjugated goat anti-human 
IgG, rhodamine-conjugated anti-rabbit IgG, and FITC-conjugated 
anti-rabbit IgG antibodies were purchased from Invitrogen 
(USA). Horseradish peroxidase-conjugated anti-rat IgG and 
anti-rabbit IgG antibodies were acquired from Zymed (USA). 

RESULTS

The EphA7 receptor is physically associated with caspase-8
The EphA7-mediated signaling pathway has been implicated in 
triggering apoptotic cell death during early brain development 
(Depaepe et al., 2005; Kim et al., 2013; Park et al., 2013). To 
explore the potential mechanism underlying the apoptotic sig-
naling pathway downstream of EphA7, we investigated whether 
EphA7 can form a complex with caspase-8 in intact cells. For 
this purpose, 293 cells were transiently transfected with the 
EphA7 expression vector. Endogenous expression of EphA7 
was not detectable in vector-transfected cells whereas ectopic 
expression of EphA7 was abundantly induced by transient 
transfection of the expression vector (data not shown; Fig. 1B). 
In contrast, endogenous caspase-8 expression was highly 
detectable, even in the absence of additional transfection (Fig. 
1C). When the EphA7 receptor complexes were precipitated 
with biotinylated ephrinA5-Fc, caspase-8 specifically co-preci-
pitated in the EphA7-transfected cells but not in the vector-
transfected cells (Fig. 1A). In addition, co-immunoprecipitation 
using anti-caspse-8 antibody revealed that EphA7 was also 
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Fig. 1. Physical association between EphA7 and caspase-8. 
HEK293 cells were transiently transfected with the indicated 
constructs, and the cells were treated with biotinylated ephrinA5-Fc 
on ice for 1 h 24 h post-transfection. Cell lysates were further incu-
bated with streptavidin-agarose beads prior to pull-down (PD). Pro-
tein complexes were resolved by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and subjected to 
Western blot analysis using anti-caspase-8 (A) or EphA7 antibodies 
(B). Whole cell lysates (WCL) were also analyzed by Western blot 
using anti-caspase-8 antibody (C). (D-G) HEK293 cells were transi-
ently transfected as above and the cell lysates were precipitated 
with anti-caspase-8 antibody 16 h post-transfection. Protein com-
plexes were resolved by SDS-PAGE and subjected to Western blot 
analysis using the indicated antibodies. 
 
 
 
associated with caspase-8 in EphA7-transfected cells (Figs. 1D 
and 1E, lane 1). To further confirm specific complex formation 
between EphA7 and caspase-8, EphA7 and caspase-8 were 
transfected into 293 cells. However, EphA7 level decreased 
markedly in the co-transfected cells, likely due to the high level 
of caspse-8 expression (Figs. 1F and 1G, lane 2). Although the 
EphA7 expression level was low in the co-transfected cells, it 
was evident that EphA7 was co-precipitated with caspase-8 
(Fig. 1D, lane 2). 

To assess whether caspase-8 expression level affects that of 
EphA7 in co-transfected cells, 6 �g of EphA7 expression vector 
was transfected into 293 cells with varying amounts of the 
caspase-8 expression vector. As a result, EphA7 expression 
level was not significantly altered until the caspase-8 expres-
sion vector was added up to 0.25 �g (Supplementary Figs. 1A-

1C, lanes 1-3). We observed that the level of caspase-8 that 
co-precipitated with EphA7 was significantly promoted in co-
transfected cells compared with that in EphA7-transfected cells 
under these conditions (Supplementary Figs. 1A-1C, lanes 4-6). 
Interestingly, the elevated level of caspase-8 in the whole cell 
lysate was not observed in the cells co-transfected with EphA8, 
suggesting that this effect is due to EphA7 (data not shown). In 
addition, we generated a caspase8 mutant with deficient cata-
lytic activity (cysteine at aa 362 was replaced by alanine) to test 
whether the EphA7 expression level was influenced by 
caspase-8 catalytic activity. Interestingly, EphA7 level was not 
significantly altered until caspase8 was added up to 5 �g under 
each co-transfection condition (Supplementary Figs. 1D-1F, 
lanes 1-3). Although EphA7 does not contain caspase-8 cleav-
age site, it needs to be further determined whether EphA7 is a 
direct substrate for caspase-8. More importantly, the level of 
caspase-8 co-precipitated with EphA7 increased proportionally 
according to the ectopic expression level of the inactive 
caspase-8 mutant. Interestingly, a low level of caspase-8 was 
detected in the protein complexes pull-downed by biotinylated 
ephrinA5-Fc when cells were transfected with caspase-8 alone, 
suggesting that the catalytically inactive caspase-8 mutant co-
precipitated with other Eph receptors endogenously expressed 
in 293 cells (Supplementary Fig. 1D, lane 6). Taken together, 
these findings support our hypothesis that EphA7 physically 
forms a complex with caspase-8 and that this protein complex 
plays a role in triggering the apoptotic signaling pathway. 
 
Co-expression of EphA7 with caspase-8 increases  
apoptotic cell death
As the transfection of 6 �g EphA7 mixed with 0.25 �g caspase-
8 did not reduce EphA7 expression level, we further investigat-
ed whether EphA7 could cooperate with caspase-8 to promote 
apoptotic cell death under this transfection condition. As a con-
trol, cells transfected with vector alone barely displayed cleaved 
caspase-3 positive apoptotic cells (Figs. 2A and 2E, bar 1). 
Similarly, cells transfected with EphA7 or caspase-8 alone did 
not show a significant increase in the number of apoptotic cells 
(Figs. 2B, 2C, and 2E, bars 2 and 4). In contrast, co-
transfection of EphA7 with caspase-8 resulted in an approxi-
mate 10-fold increase in the number of cleaved caspase-3 
positive apoptotic cells (Figs. 2D and 2E, bar 3). 

We further assessed whether other EphA receptors also 
synergistically cooperated with caspase-8 to enhance apoptotic 
cell death in 293 cells. As a positive control, co-transfection of 
TNFR-1 with caspase-8 was sufficient to induce massive apop-
totic cell death in 293 cells (Figs. 3A, 3B, and 3G, bar 7). Inter-
estingly, co-expression of EphA4 with caspase-8 also resulted 
in increasing apoptotic cell death to a similar degree as ob-
served in EphA7/caspase-8 transfected cells (Figs. 3C-3E, and 
3G, bars 2-5). However, EphA8 was not effective for inducing 
apoptotic cell death with caspase-8 (Figs. 3F and 3G, bar 6). 
EphA2 cooperated with caspase-8 to enhance apoptotic cell 
death to a similar degree as observed with EphA7 or EphA4 
(data not shown). Taken together, our findings indicate that the 
Eph receptor/caspase-8 complex triggers the apoptotic signal-
ing cascade and that this apoptotic protein complex is highly 
dependent on the type of Eph receptor. 
 
Eph receptor tyrosine kinase activity is not required for 
inducing apoptotic signaling through caspase-8
Our results demonstrate that EphA4 or EphA7 physically inter-
act with caspase-8 to induce the apoptotic signaling cascade. 
To further test whether caspase-8 catalytic activity is essential
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for triggering the apoptotic signaling cascade, the catalytically 
inactive caspase-8 mutant (C362A) was co-transfected into 293 
cells with EphA4 or EphA7. Similar to the result for caspase-8 
transfection alone, we did not observe a significant increase in 
apoptotic cell death in the transfected cells (Figs. 4D, 4G, and 
4H, bars 4 and 7). We also tested whether EphA4 tyrosine 
kinase activity is essential for triggering apoptotic cell death with 
caspase-8. For this purpose, the tyrosine at EphA4 aa 653, an 
ATP binding residue, was replaced by phenylalanine. Strikingly, 
the tyrosine kinase inactive EphA4 mutant was as effective as 
wild-type EphA4 in enhancing apoptotic cell death with 
caspase-8 (Figs. 4F and 4H, bar 6). This finding suggests that 
Eph receptor tyrosine kinase activity is dispensable for its spe-
cific interaction with caspase-8 to trigger the apoptotic signaling 
cascade. 

Although the kinase-inactive EphA4 mutant showed a similar 
result to that of wild type EphA4 for triggering apoptotic signal-
ing, it was not efficiently internalized into the cells, and it more 

efficiently co-precipitated with the catalytically inactive caspase-
8 mutant (data not shown). This result suggests that kinase-
inactive EphA4 more stably complexes with catalytically inac-
tive caspase-8 in cells. To confirm this possibility, we performed 
immunofluorescence staining using anti-caspase8 antibody and 
ephrinA5-Fc, which is bound to EphA4 and is visualized with 
Fc-specific secondary antibodies. As a result, the kinase-
inactive EphA4 mutant was primarily localized to the cell sur-
face, whereas wild-type caspase-8 was found in the cytoplasm 
(Figs. 5A-5C). The kinase-inactive EphA4 mutant was barely 
co-localized with wild-type caspase-8 on the cell surface, pos-
sibly due to their transient interaction on the plasma membrane. 
In contrast, when kinase-inactive EphA4 was co-expressed 
with catalytically inactive caspase-8, the two proteins co-
localized well on the plasma membrane, suggesting that the 
interaction between the two proteins was prolonged due to the 
inactive mutation (Figs. 5D-5F). Taken together, our results 
indicate that the EphA4 or EphA7 receptor transiently asso-

Fig. 2. Stable complex formation 
between EphA7 and inactive 
caspase-8. (A-C) The EphA7 ex-
pression vector was transiently 
transfected into HEK293 cells with 
varying amounts of the caspase-8 
expression vector. The cells were 
treated with biotinylated ephrinA5-Fc 
for pull-down 16 h post-transfection. 
Protein complexes were subjected 
to Western blot analysis using anti-
caspase-8 (A) or anti-EphA7 anti-
bodies (B). Whole cell lysates were 
also analyzed by Western blot using 
anti-caspase-8 antibody (C). (D-F) 
Experiments were performed essen-
tially as in (A-C), except that the 
inactive caspase-8 mutant was used 
instead of wild-type caspase-8.

Fig. 3. Apoptotic activation of 
caspase-8 is highly dependent on 
Eph receptor subtype. (A-F) HEK293 
cells were transiently transfected 
with the indicated constructs as de-
scribed in Fig. 3. Note that EphA8 
does not promote apoptotic cell death 
even in the presence of caspase-8. 
(G) Cleaved caspase-3 stained apop-
totic cells were counted as described 
in Fig. 3E but are presented as a 
percentage of total GFP+ cells. 
Caspase-8 was subcloned into a 
bicistronic pIRES-GFP vector. Data 
represent means � standard errors.
*P < 0.001; single-factor analysis of 
variance.
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using goat anti-human IgG antibody (conjugated with FITC) and anti-caspase-8 antibody (pre-incubated with rhodamine-conjugated second-
ary antibody). (D-F) Experiments were performed essentially as in (A-C), except that the inactive caspase-8 mutant was transfected instead of 
wild-type caspase-8. 
 
 
 
ciates with caspase-8 to trigger apoptotic cell death and that 
Eph receptor tyrosine kinase activity is not essential for this 
apoptotic process. 
 
The EphA7 extracellular region is required for interacting 
with caspase-8
We further investigated whether a specific domain in the EphA7 
cytoplasmic region is crucial for interacting with caspase-8. 
Thus, we constructed two different deletion mutants, such as 
EphA7-D1 and -D2 (Fig. 6A). The EphA7-D1 mutant lacked an 
entire cytoplasmic region except for the first 10 aa of the 
juxtamembrane region. In contrast, the EphA7-D2 mutant had 
an intact juxtamembrane region but no tyrosine kinase domain 
or COOH-terminal region. Expression of these deletion mutants 
was highly detected in 293 cells (Fig. 6B). In addition, a cell 

surface binding assay using ephrinA5-Fc revealed that the cell 
surface localization of the deletion mutants was indistinguisha-
ble from that of wild-type EphA7 (Figs. 6C and 6D). Strikingly, 
these two EphA7 deletion mutants were equally effective in 
triggering apoptotic cell death, similar to wild-type EphA7 when 
they were co-expressed with caspase-8 (Fig. 6E, bars 3 and 4). 
More importantly, it was observed that the level of caspase-8 
co-precipitated with the EphA7 deletion mutants was signifi-
cantly elevated to a similar degree as observed in wild-type 
EphA7 (Fig. 6F). Taken together, these findings suggest that 
the extracellular region of EphA receptors is critical for interact-
ing with caspase-8. We propose that Eph receptors physically 
interact with a transmembrane protein, which is not yet identi-
fied, but acts as a biochemical linker between the Eph receptor 
and caspase-8. 

Fig. 4. EphA4 autokinase activity is 
dispensable for caspase8-dependent
apoptotic signaling. (A-G) HEK293 
cells were transiently transfected with
the indicated constructs. The cells 
were subjected to immunocytoche-
mical staining using anti-cleaved 
caspase3 antibody 16 h post-trans-
fection, as described in Fig. 3. (H) 
Data represent means � standard 
errors. * P < 0.001; single-factor 
analysis of variance.

Fig. 5. Co-localization of the kinase-
inactive EphA4 mutant with the 
catalytically inactive caspase-8 
mutant on the cell surface. (A-C) 
HEK293 cells were transfected with 
both kinase-inactive EphA4 mutant 
and wild-type caspase-8 expression 
vectors. The cells were treated with 
preclustered ephrinA5-Fc on ice for 
1 h at 22 h post-transfection. 
EphrinA5-Fc (1 �g) was incubated 
for clustering with goat anti-human 
IgG antibody for 30 min on ice. The 
cells were washed, fixed, and sub-
jected to immunocytochemical stain-



Association of EphA Receptors with Caspase-8 
Haeryung Lee et al. 
 

354  Mol. Cells http://molcells.org 

A                        B 
 
 
 
 
 
 
 
 
 
C                        D 
 
 
 
 
 
 
 
 
 
 
 
 
E          
 

            F 
 

 
 
 
 
 
 
 
 
 
 
 
 
DISCUSSION
 
Our previous studies showed that EphA7 recruits TNFR1 in 
response to ephrin-A ligands and that this receptor complex is 
involved in triggering the apoptotic signaling cascade (Lee et al., 
2013). In this report, we provide strong evidence that EphA7 
physically interacts with caspase-8 to induce apoptotic cell 
death in 293 cells. However, the EphA7 deletion mutant, lack-
ing its cytoplasmic region, continued to interact with caspase-8 
for apoptotic signaling. This observation suggests that the for-
mation of complex between EphA7 and caspase-8 does not 
involve a direct interaction and that other transmembrane pro-
teins may be a biochemical linker between EphA7 and 
caspase-8. Although TNFR1 was a potential biochemical linker 
candidate between EphA7 and caspase-8, TNFR1 was not 
endogenously expressed in 293 cells, suggesting that another 
cell death receptor may be involved in forming the complex 
between EphA7 and caspase-8 in 293 cells. Alternatively, a 
novel transmembrane protein rather than cell death receptors 
may play a role forming a ternary complex with EphA7 and 
caspase-8. 

Notably, EphA8 did not interact with caspase-8 to induce 
apoptotic signaling pathway in 293 cells unlike other EphA 
receptors. We also found that EphA8 did not co-precipitate with 
caspase-8 in 293 cells (HL’s unpublished observation). As 

EphA8 is homologous to other EphA receptors, an intensive aa 
sequence comparison between EphA8 and EphA7 may allow 
us to identify a critical region in the EphA7extracellular domain 
that is involved in a physical interaction with caspase-8. In con-
trast, EphA8 has a unique juxtamembrane region (aa 584-603 
of the mouse EphA8 protein), and this region is not conserved 
in other Eph receptors, such as EphA7 and EphA4. Therefore, 
this unique juxtamembrane region of EphA8 may inhibit for-
mation of the apoptotic complex with caspase-8. It would be 
interesting to construct various chimeric EphA7/EphA8 recep-
tors to test their ability to interact with caspase-8. 

It remains unclear whether formation of an apoptotic complex 
between the EphA receptor and caspase-8 has physiological 
relevance in vivo, particularly during embryonic brain develop-
ment. Interestingly we found that caspase-8 is co-expressed 
with the EphA4 receptor in olfactory neuroepithelium during 
embryonic brain development (HL’s unpublished observation). 
We observed that a subset of caspase8-positive olfactory 
neuroepithelial cells undergo apoptotic cell death. It would be 
interesting to investigate whether a null mutation of either 
EphA4 or capase-8 results in decreasing apoptotic cell death 
with the concomitant increase in the number of olfactory senso-
ry neurons. In addition, identifying a cell surface protein bio-
chemically linking EphA with caspase-8 would be essential to 
elucidate the regulatory mechanism of apoptotic cell death vs. 

Fig. 6.The EphA7 cytoplasmic re-
gion is not essential for apoptotic 
activation of caspase-8. (A) Sche-
matic diagrams showing EphA7 
deletion mutants used for expres-
sion in HEK293 cells. (B) Each of 
these deletion mutants was co-
transfected with caspase-8 into 
HEK293 cells. Whole cell lysates 
were directly subjected to Western 
blot analysis using anti-EphA7 or 
anti-caspase-8 antibody 20 h post-
transfection. (C) HEK293 cells were 
co-transfected with the indicated
constructs. The cells were subjected 
to a cell surface binding assay using 
ephrinA5-Fc 16 h post-transfection, 
as described in Fig. 6. (D) The data 
in (C) were quantified. Data represent 
means � standard errors. *P < 0.001;
paired Student’s t-test. (E) HEK293 
cells were co-transfected with the 
indicated constructs. The cells were 
subjected to immunocytochemical 
staining using anti-cleaved caspase3
antibody 16 h post-transfection, as 
described in Fig. 3. Data represent 
means � standard errors. *P < 0.001; 
paired Student’s t-test. (F) Trans-
fected cells were precipitated with 
biotinylated ephrinA5-Fc, as de-
scribed in Figs. 1 and 2. Cell lysates 
were subjected to Western blot 
analysis using anti-EphA7 or anti-
caspase-8 antibody.
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cell proliferation during the development of olfactory epithelial 
tissue. 

Note: Supplementary information is available on the Molecules 
and Cells website (www.molcells.org). 
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