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Abstract: Prostate cancer (Pca) is one of the most common types of cancer for elder men. Aberrant expression of epidermal growth factor
receptor (EGFR) and EGFR downstream signaling have been known to contribute to disease progression in prostate cancer. EGF-stimulated
EGFR is internalized and the process of endocytic degradation of EGFR mediates its signaling which is frequently dysregulated in many kinds
of cancer. In the present study, we demonstrated that endophilin B1 expression was inhibited and EGFR expression was significantly increased in
prostate cancer cell lines. We demonstrated that suppression of endophilin B1 increased EGFR levels via delaying EGFR internalization triggered
by EGF and its intracellular degradation. Endophilin B1 decreased also sustained EGFR downstream signaling such as Erk1/2 phosphorylation
in response to EGF stimulation and promoted prostate cancer cell proliferation which is EGF independent. Our data indicated that endophilin
B1 mediated the biological function of EGFR in cancer cell proliferation through regulating the EGFR endocytic trafficking and downstream

signaling.
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Introduction

Prostate cancer (PCa) is one of the most common
types of cancer in men above the age of 55 years, and
unfortunately, only locally advanced and low-grade
PCa could be treated. For the vast majority early stage
patients respond to androgen deprivation, but most pa-
tients will develop androgen-independent prostate can-
cer (AIPC), and there is still no specific treatments for
AIPC. Although the mechanism of the processes of tran-
sition to androgen-independent prostate cancer remains
undetermined, remarkable advances have been made in
the field of prostate cancer research in recent decades.

The epidermal growth factor receptor (EGFR) be-
longs to the family of ErbB receptor tyrosine kinase
(RTK). EGFR signaling regulates key cellular programs,
including proliferation, differentiation and motility in
different cell types (1). EGFR is initially activated at the
cell membrane surface, activated EGFR is internalized
and rapidly transferred to early endosomes which are
also called as sorting endosomes and eventual delivered
to lysosomes (2). Since degradation in lysosomes will
terminate receptor signaling, EGFR signaling will be
enhanced when receptor internalization and degradation
be inhibited.

Endophilin B1 was initially identified as a Bax-bin-
ding protein, therefore it is also called Bif-1 (Bax-inte-
racting factor-1) or SH3GLBI1 (3), which is mainly lo-
calized in cytoplasm and intracellular membranes, and
little is found in the nucleus (4,5). Aberration of endo-
philin B1 function has been found in neurodegenerative
diseases and cancers. In addition to its function in Bax
related apoptosis, many studies also showed that endo-
philin B1 plays important roles in regulation of mem-
brane dynamics and autophagy (6,7). It has been found
that there is an amino-terminal N-BAR domain at the N-
terminus of endophilin B1 and a carboxy-terminal SH3
domain at the C-terminus, which has the membrane bin-

ding activities (8,9). On the basis of intracellular loca-
lization and its lipid binding and bending activity, we
could speculate that endophilin B1 may also plays an
important role in receptor endocytic trafficking in cells.

In the current study, we here report a novel func-
tion of endophilin Bl in mediating EGF induced cell
proliferation and EGFR endocytosis. We observed that
suppression of endophilin B1 increased cell prolifera-
tion and inhibited cell response to EGF stimulation.
Furthermore, we found that suppression of endophilin
B1 delayed EGFR degradation and maintained EGFR
downstream signal for a longer time. In addition, we
also found that cell surface EGFR level will maintain a
higher level when endophilin B1 was knockdown. Ta-
ken together, our results suggested that endophilin Bl
played positive roles in EGFR trafficking and signaling
pathway.

Materials and Methods
Materials

DMEM, RPMI 1640 culture medium,Fetal bovine
serum (FBS), penicillin and trypsin-EDTA were pur-
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chased from GIBCO. EGF was from PeproTech. Anti-
bodies recognizing EGFR, phospho-Erk1/2, Erkl/2,
and B-actin were purchased from Cell Signaling Tech-
nology. Monoclonal mouse anti-human phospho-EGFR
(Y1173) antibody was purchased from Upstate Bio-
technology. Infrared-labeled secondary antibody (Goat
anti-rabbit IR Dye@680CW, Goat anti-mouse IR Dye
@800CW) were purchased from LI-COR. Small inter-
fering RNAs (siRNAs) oligos were obtained from Invi-
trogen. Sequence of the siRNA target endophilin B1 is
as follows: 5'- CACAGUGUUACCAGUAUAUTT-3".

Cell culture and transfection

The human prostate cancer cell line (LNCaP and
DU145) originally purchased from American Type
Culture Collection (ATCC). Cells were routinely main-
tained in the regular culture medium as described by
ATCC. Briefly, LNCaP cells and DU145 cells were
grown in RPMI 1640 medium and DMEM medium
respectively, all medium supplemented with 10% FBS
and 1% penicillin/streptomycin at 37°C in 5% CO,
atmosphere. In gene knockdown experiments, siRNAs
were transfected into the cells using the lipofectamine®
RNAIMAX (Invitrogen). In experiments to assess pro-
tein phosphorylation, all treatments were performed in
serum-free medium following a 16-hour period of se-
rum starvation.

Cell Proliferation analysis

Cell proliferation was evaluated by MTT assay. Brie-
fly, cells (2000 cells/well) with transfection of specific
endophilin B1 siRNA were seeded in 96-well plates for
24 hours and subsequently subjected to EGF (10 ng/ml)
stimulation. At the end of different time point, MTT so-
lution was added to culture medium (20 pl/well) and in-
cubate for 3 hours, subsequently solubilized in dimethyl
sulfoxide (100 pl/well), cell proliferation was evaluated
by measuring absorbance at 570 nm using 96-well plate
reader.

Quantitative Real-Time PCR (qPCR)

RNA extraction, cDNA synthesis and qPCR were
performed as described before (10). f-actin mRNA was
used for normalization. Primer sequences are listed in
Table 1.

Immunoblotting and Signaling analysis

Cells were grown to confluency followed by incu-
bation with EGF (50 ng/ml) at 37°C for different time
courses (5, 15, 30 and 60 min). And then cells were har-
vested by scraping and were subsequently lysed in cold
RIPA buffer containing protease inhibitors. The phos-
phatase inhibitors (NaF and Na,VO,) were added to the
RIPA buffer for detecting phosphorylation of protein.
Protein sample was separated by 10% SDS-PAGE and

Table 1. Primers sequences.

Primer Nucleotide sequence
EGFR-F CTTTCGATACCCAGGACCAA
EGFR-R ACTTCCTGGCTAGTCGGTGT

EndoB1-F GCCGTGCAGTTCACAGAAGA

EndoB1-R TGGCATTTGGATTTGGCTGC
B-actin-F CTGGAACGGTGAAGGTGACA
B-actin-R AAGGGACTTCCTGTAACAATGCA

was electro-transfered to a nitrocellulose membrane.
After 2 hours blocking with 5% BSA at room tempe-
rature, the membrane was incubated with primary anti-
body overnight at 4°C. After washing with TBST buffer,
the membrane was incubated with the Infrared-labeled
secondary antibody for 2 hours at room temperature,
followed by washing with TBST buffer, the specific
protein bands were visualized and scanned by LI-COR's
Odyssey Infrared Image System.

Cell surface biotinylation

Cell surface EGFR levels were determined by bioti-
nylation assay. Briefly, Cells were grown to confluency
followed by incubation with EGF (50 ng/ml) at 37°C
for different times (5, 15, 30 and 60 min). Afterwards,
receptor trafficking was arrested by cooling cells on ice.
After washing with cold PBS, cells were treated with
Sulfo-NHS-SS-biotin (500 pg/ml in PBS) which is re-
versible and membrane-impermeable cross-linker for 1
hour on ice. And then the quenching buffer (glycine, 100
mM in PBS) was added to stop the reaction. Cells were
lysed with cold RIPA buffer, and immobilized Strepta-
vidin-beads (Pierce) were used to precipitate the bio-
tinylated proteins. The amount of biotinylated surface
EGFR was quantified by immunoblotting as described
above. The experiments were repeated for 3 times with
the same results.

Biotinylation based internalization assay

We quantify EGFR internalization by cell surface
biotinylation assay. Briefly, cells grown to confluency,
pre-treated with lysosomal blocker NH,CL (50 mM) for
2 hr. Subsequently, cells were surface-biotinylated with
Sulfo-NHS-SS-biotin (500 pg/ml in PBS) for 1 hour on
ice. Then the reaction was stopped on ice by quenching
buffer (glycine, 100 mM in PBS), after washing with
cold PBS, cells were incubated in pre-warmed medium
supplemented with EGF (50 ng/ml) at 37°C for different
period (5, 15, 30 and 60 min) to trigger the endocyto-
sis of biotinylated surface EGFR. Cells were cooled on
ice, the remaining biotinylated surface proteins were
cleaved of biotin-tag by incubating with the reducing
buffer (DTT, 50 mM in PBS). Meanwhile, internalized
biotinylated proteins were protected from biotin-stri-
ping. Cells were lysed with cold RIPA buffer, these bio-
tinylated proteins were precipitated with immobilized
Streptavidin-beads (Pierce). The amount of internalized
EGFR was quantified by immunoblotting. These expe-
riments were repeated for 3 times with the same results.

Statistical analysis

All data were expressed as mean + SD unless othe-
rwise noted. Student #-fest was used to evaluate the
significance difference of control group and treatment
group. A value of P < 0.05 was considered to be statis-
tically significant.

Results

The abnormal expression of Endophilin B1 and
EGFR in prostate cancer cell lines

EGFR has been found over-expressed in most kinds
of tumors of epithelial origin (11) and decreased endo-
philin B1 expression was also found in many kinds of
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Figure 1. EGFR and endophilin B1 expression in prostate can-
cer cells. Differentially expressed genes in protein (A) and mRNA
levels (B) in prostate cancer cell lines (DU145, LNCaP). Data are
presented as means + SD of 6 independent experiments. Asterisks
indicate significant difference (P <0.05) compared with the control
cell line - 293T.

cancer (4). Firstly, we examined the expression levels
of EGFR and endophilin B1 in prostate cancer cell lines
(DU145 and LNCaP) compared with 293T cells which
was set as normal cell control. EGFR levels on pro-
tein level in prostate cancer cells (DU145 and LNCaP)
showed 1.7-2.3 fold increased levels compared with
that in 293T cells, whereas endophilin B1 showed ap-
proximately significantly decreased protein levels (Fig.
1A). Meanwhile, the data from qRT-PCR also showed
the same trend in both EGFR and endophilin Bl mRNA
levels (Fig. 1B).

Silencing of endophilin B1 induces the increased ex-
pression of EGFR

To investigate the effects of endophilin B1 on EGFR
expression and signaling, we knocked down endophilin
B1 in LNCaP cells with specific siRNA. As shown by
immunoblotting (Fig. 2), endophilin B1 in LNCaP cells
was successfully declined by more than 70% in both
protein and mRNA levels. Meanwhile, with the down-
regulation of endophilin B1, we also found the slightly
increase of EGFR (Fig. 2).

Suppression of endophilin B1 delays EGFR degra-
dation and downstream signaling

As described above, knockdown of endophilin Bl
enhance EGFR level in prostate cancer cells. To further
explore how endophilin B1 plays its roles in LNCaP
cells, we examined whether endophilin B1 affected

A

scrambled EndoB1
siRNA  siRNA

@

O EndoB1 ’ DEndoB1 mRNA
=EGFR mEGFRMRNA

~
o

o

<EGFR

(fold change)

o = N w &

*

S

<« EndoB1

Relative expression
(fold change)
o o =
>
Relative expression

*

o

it

<«Actin scrambled EndoB1 scrambled EndoB1
SIRNA SIRNA SIRNA SIRNA

Figure 2. Knockdown of endophilin B1 induces EGFR ex-
pression increase. A. Immunoblot analysis shows knockdown
of Endophilin B1 and induced EGFR expression in protein level.
B, qRT-PCR analysis shows significant suppressed endophilin B1
and significant increases of EGFR transcript. Data are presented
as means £ SD of 3 independent experiments. Asterisks indicate
significant difference (P < 0.05) compared with the control group.

EGFR signaling. First, we investigated whether sup-
pression of endophilin B1 affected EGF (50ng/ml) trig-
gered EGFR degradation. We found that knockdown
of endophilin B1 significantly delayed EGF-stimu-
lated EGFR degradation, meanwhile, we also found
knockdown of endophilin B1 sustained higher receptor
activation as assessed by EGFR phosphorylation on
Y1173. Meanwhile, an important downstream signa-
ling of EGFR pathway, phosphorylated Erkl/2, was
also found sustained at high level in endophilin Bl
knockdown cells (Fig. 3).

Suppression of endophilin B1 delays EGFR endocy-
tosis from cell surface

To figure out which step of EGFR trafficking was
affected by endophilin B1, we examined the EGF-in-
duced EGFR trafficking in endophilin B1 suppressed
cells. First, we examined cell surface EGFR levels
based on biotinylation assay. We found that the amount
of the surface EGFR was higher in endophilin Bl
knocked-down cells after EGF treatment (Fig. 4A). In
control group, after EGF treatment, the surface EGFR
levels dramatically decreased due to the EGF-triggered
internalization. In endophilin B1 knocked-down group,
EGFR internalization was slowed significantly, espe-
cially from 5 min to 30 min after EGF treatment, sug-
gesting that endophilin B1 might plays important roles
in EGFR internalization.

Suppression of endophilin B1 enhances intracellular
accumulation of EGFR triggered by EGF

To further verify whether endophilin B1 is involved
in EGFR internalization, we biotinylated membrane
surface proteins using a non-permeable cleavable cross-
linker (Sulfo-NHS-SS-biotin) in LNCaP cells and then
stimulated cells with EGF for various intervals (5, 15,
30 and 60 min) to induce the endocytosis of biotinylated
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Figure 3. Suppression of endophilin B1 delays EGF-triggered
EGFR degradation and sustains EGFR downstream signaling
in LNCaP cells. A. knockdown of endophilin B1 expression re-
sulted in enhanced level of total EGFR, phospho-EGFR and the
downstream Erk signaling. Cells were transfected with scrambled
(control group) or endophilin B1 (treatment group) siRNAs fol-
lowed by EGF treatment for different periods. Then the amount
of total EGFR, phospho-Tyr1173-EGFR and phospho-Erk1/2 were
examined. B. Quantification of the gray degree values in A. Data
are presented as means £+ SD of 3 independent experiments. Aste-
risks indicate significant difference (P < 0.05) compared with the
control group.
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Figure 4. Knockdown of endophilin B1 delays EGF-triggered
EGFR internalization and degradation. A-B. LNCaP cells were
transfected with endophilin B1 siRNA for 48 hours. The cells were
treated with EGF (50 ng/ml) for different time intervals as indi-
cated. Then the cell surface proteins were labeled with biotin and
biotinylated surface-EGFR was immunoprecipitated and detected
by Western blot (A). Quantification of the gray degree values was
shown in B. C-D LNCaP cells were transfected with endophilin
B1 siRNA. Then the cell surface proteins were labeled with biotin
followed by EGF treatment (50 ng/ml) for different time intervals.
After EGF treatment, surface biotin-tag was cleaved by DTT. Then
the internalized biotinylated EGFR was immunoprecipitated and
detected by Western blot (C). Quantification of the gray degree va-
lues was shown in D. Data are presented as means + SD of 3 inde-
pendent experiments. Asterisks indicate significant difference (P
<0.05).

surface EGFR. Then the cells were incubated with DTT
to strip biotin-tag. Therefore, only internalized biotiny-
lated EGFR remained biotin-tag. Our results showed
that the amount of internalized EGFR in endophilin
B1 knocked-down cells was higher than that in control
cells, especially from 15 min to 60 min after EGF treat-
ment (Fig. 4B), indicating that the EGFR degradation
was delayed when endophilin B1 expression was sup-
pressed.

Silencing of endophilin B1 promotes cell prolifera-
tion but suppresses EGF reactivity

To explore the biological role of endophilin B1 on
prostate cancer cells, we assessed the effect of suppres-
sion of endophilin B1 on proliferation of LNCaP cells
by MTT assay. In control group, around 1.5-1.8 fold
increase of LNCaP cell proliferation was observed from
day 1 to day 3, and EGF (10 ng/ml) significantly in-
creased the LNCaP cell proliferation (Fig. 5 left panel).
In the endophilin B1 knocked-down group, we found
that there was a nearly 2.4-2.8 fold increase in cell pro-
liferation from day 2 to day 3, which is much higher
than that in control group. However, EGF treatment
could not further promote the LNCaP cell proliferation.
These results strongly suggested that the endophilin B1
might affect cell proliferation through EGFR signaling
pathway.

Discussion

It is well documented that EGFR is over-expressed
in most cancer types in our body (11). In prostate can-
cer, many evidences proved that aberrant expression
of EGFR is involved in androgen-independent growth
(12,13). It has been demonstrated that EGFR expres-
sion is increased with the progression of prostate cancer
from an androgen-dependent stage to an androgen-in-
dependent stage (14). For example, in prostate cancer
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Figure 5. Suppression of endophilin B1 promotes LNCaP cell
proliferation but losses EGF reactivity. LNCaP cells were trans-
fected with scrambled or endophilin B1 siRNAs for 24 hours. Then
the cells were seeded in 96-well plate for 24 hours followed by
EGF treatment (10 ng/ml). MTT assay was performed to evaluate
the cell viability. Data are presented as means + SD of 3 inde-
pendent experiments. Asterisks indicate significant difference (P <
0.05) compared with the EGF untreated group.

bone metastases, EGFR expressed much higher level
than prostate tumor of the primary site (15), and higher
expression of EGFR in androgen-independent prostate
cell lines than in androgen-dependent cell lines(16). It
is generally accepted that EGFR plays important roles
in the progression of prostate cancer, the tyrosine kinase
activity of EGFR is thus considered to be a target of
prostate cancer therapy. Recently, there are some other
studies reported that EGFR has a kinase independent
pro-survival function in cancer cells (17,18), another
study also found suppressing the EGFR expression
instead of its tyrosine kinase activity might lead to
higher efficiency of EGFR targeted therapy for pros-
tate cancer (14). Because receptor sorting and signaling
are closely linked, trafficking of the EGFR have been
given more and more research concerns in recent years
(19,20,21). The internalization process of EGFR on cell
membrane can be divided into two classes: clathrin-me-
diated and clathrin-independent endocytosis. Numerous
adaptor proteins interact with the EGFR in this process,
thus further affect the endocytic machinery (22).

Previous studies indicated that endophilin B1 is a tu-
mor suppressor by regulating mitochondrial morpholo-
gy and mitochondrial apoptosis (23,24). Recent studies
have reported low expression of endophilin B1 in many
kinds of cancers including prostate cancer (4). Loss of
endophilin B1 promotes tumor growth in nude mice
(24), and endophilin B1 knockout mice have a higher
incidence of tumor (6). Another study found that endo-
philin B1 was highly expressed in the early stages of the
development of prostate adenocarcinoma, indicating it
might play an important role in prostate tumor develop-
ment (4). Endophilin B1 has proven to be an adaptor
protein in clathrin-mediated endocytosis, and the role in
this process is thought to promote the internalization of
receptor (25). However, some studies also suggested a
relatively minor role for endophilin protein in clathrin-
mediated endocytosis (CME). A latest research pres-
ented a new clathrin-independent endocytic pathway
called fast endophilin-mediated endocytosis (FEME),
in which endophilin play an important role. Taken to-
gether, these studies demonstrated that endophilin Bl
plays important roles on cancer, but the mechanism and
the roles of endophilin B1 in tumorigenesis are not yet
fully understood.

In this study, we found that both endophilin B1 and
EGFR are abnormal expressed in prostate cancer cell
lines - LNCaP, DU145,which representing different de-
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velopment stages of prostate cancer. Endophilin B1 had
lower expression in these cancer cells, whereas EGFR
had relatively higher expressions, which is consistent
with previous reports (4). We also found that knock-
down of endophilin B1 promoted LNCaP cell prolife-
ration which is EGF independent, indicating that loss of
endophilin B1 might play important roles in cancer cell
viability, further confirming the tumor suppressor gene
function of endophilin B1.

There are many evidences indicating that endo-
philin B1 possibly controls the movement of receptor
(20,21,26-28). In particular, it has now been demonstra-
ted that endophilin protein can bind to EGFR through
CINS8S5 and Cbl (28), and thereby plays important roles
in endocytosis. In this study, we found knocked-down
of endophilin B1 significantly delayed the internaliza-
tion of membrane EGFR, indicating that endophilin B1
plays important roles in endocytosis. The transport of
EGEFR after internalization is finally going to lysosome
for degradation or to recycling endosome for going back
to membrane. In our study, we found the amount of in-
tracellular EGFR is higher in endophilin B1 knocked-
down cells than in control cells, indicating the EGFR
degradation in lysosome was inhibited. Other studies
have come to similar conclusion. It is reported that
suppression of endophilin B1 expression delays EGFR
degradation in breast cancer cell (20) and in PLC/PRF/5
cells (21). However, Wan et al. reported that knock-
down of endophilin B1 expression accelerated degra-
dation of TrkA, and demonstrated endophilin B1 also
contributed to recycling of NGF/TrkA to the cell surface
in PC12 cells (26,27). Consistent with these findings,
another study also reported that loss of endophilin B1
promoted the co-localization of internalized EGFR
with LAMP1, a marker for lysosomes, and the rate of
EGF-stimulated EGFR degradation was significantly
enhanced in HeLa cells (7). In summary, these studies
all indicated that endophilin B1 played important roles
in the trafficking of cell membrane receptors, despite it
might be cell and receptor specific.

Acknowledgments

We would like to thank the Shenzhen Biomedical
Research Support Platform and the Shenzhen Mole-
cular Diagnostic Platform of Dermatology for tech-
nical help. This work was supported by National
Natural Scientific Foundation of China (Grant No.
81371737 and 81571043) and Shenzhen Basic Re-
search Grants (Grant No. JCYJ20140416144209745
and JCYJ20150403110829614).

References

1. Sibilia M, Kroismayr R, Lichtenberger BM, Natarajan A, Hecking
M, Holecmann M. The epidermal growth factor receptor: from
development to tumorigenesis. Differentiation 2007; 75: 770-787.
2. Gruenberg J. The endocytic pathway: a mosaic of domains. Nat
Rev Mol Cell Biol 2001; 2: 721-730.

3.Qiu A, Shayeghi M, Hogstrand C. Molecular cloning and
functional characterization of a high-affinity zinc importer (drzip1l)
from zebrafish (danio rerio). Biochem J 2005; 388: 745-754.

4. Coppola D, Oliveri C, Sayegh Z, Boulware D, Takahashi Y, Pow-
Sang J, et al. Bax-interacting factor-1 expression in prostate cancer.
Clin Genitourin Cancer 2008; 6: 117-121.

5. Modregger J, Schmidt AA, Ritter B, Huttner WB, Plomann M.
Characterization of Endophilin Blb, a brain-specific membrane-
associated lysophosphatidic acid acyl transferase with properties
distinct from endophilin A1. J Biol Chem 2003; 278: 4160-4167.

6. Takahashi Y, Coppola D, Matsushita N, Cualing HD, Sun M, Sato
Y, et al. Bif-1 interacts with Beclin 1 through UVRAG and regulates
autophagy and tumorigenesis. Nat Cell Biol 2007; 9: 1142-1151.

7. Takahashi Y, Meyerkord CL, Wang HG. Bif-1/endophilin B1: a
candidate for crescent driving force in autophagy. Cell Death Differ
2009; 16: 947-955.

8. Aroian RV, Koga M, Mendel JE, Ohshima Y, Sternberg PW. The
let-23 gene necessary for Caenorhabditis elegans vulval induction
encodes a tyrosine kinase of the EGF receptor subfamily. Nature
1990; 348: 693-699.

9. Farsad K, Ringstad N, Takei K, Floyd SR, Rose K, De Camilli
P. Generation of high curvature membranes mediated by direct
endophilin bilayer interactions. J Cell Biol 2001; 155: 193-200.

10. Zhu JY, Chan KM. Mechanism of cadmium-induced cytotoxicity
on the ZFL zebrafish liver cell line. Metallomics 2012; 4: 1064-1076.
11. Khalil MY, Grandis JR, Shin DM. Targeting epidermal growth
factor receptor: novel therapeutics in the management of cancer.
Expert Rev Anticancer Ther 2003; 3: 367-380.

12. Di Lorenzo G, Tortora G, D'Armiento FP, De Rosa G, Staibano
S, Autorino R, et al. Expression of epidermal growth factor receptor
correlates with disease relapse and progression to androgen-
independence in human prostate cancer. Clin Cancer Res 2002; 8:
3438-3444.

13. Fowler JJ, Lau JL, Ghosh L, Mills SE, Mounzer A. Epidermal
growth factor and prostatic carcinoma: an immunohistochemical
study. J Urol 1988; 139: 857-861.

14. Xu S, Weihua Z. Loss of EGFR induced autophagy sensitizes
hormone refractory prostate cancer cells to adriamycin. Prostate
2011; 71: 1216-1224.

15. Zellweger T, Ninck C, Bloch M, Mirlacher M, Koivisto PA,
Helin HJ, et al. Expression patterns of potential therapeutic targets
in prostate cancer. Int J Cancer 2005; 113: 619-628.

16. PuYS, Hsich MW, Wang CW, Liu GY, Huang CY, Lin CC, et al.
Epidermal growth factor receptor inhibitor (PD168393) potentiates
cytotoxic effects of paclitaxel against androgen-independent prostate
cancer cells. Biochem Pharmacol 2006; 71: 751-760.

17. Dancey JE, Freidlin B. Targeting epidermal growth factor
receptor--are we missing the mark? Lancet 2003; 362: 62-64.

18. Ewald JA, Wilkinson JC, Guyer CA, Staros JV. Ligand- and
kinase activity-independent cell survival mediated by the epidermal
growth factor receptor expressed in 32D cells. Exp Cell Res 2003;
282: 121-131.

19. Grandal MV, Madshus IH. Epidermal growth factor receptor and
cancer: control of oncogenic signalling by endocytosis. J Cell Mol
Med 2008; 12: 1527-1534.

20. Runkle KB, Meyerkord CL, Desai NV, Takahashi Y, Wang HG.
Bif-1 suppresses breast cancer cell migration by promoting EGFR
endocytic degradation. Cancer Biol Ther 2012; 13: 956-966.

21. Zhang C, Li A, Zhang X, Xiao H. A novel TIP30 protein complex
regulates EGF receptor signaling and endocytic degradation. J Biol
Chem 2011; 286: 9373-9381.

22. Ceresa BP. Spatial regulation of epidermal growth factor receptor
signaling by endocytosis. Int J Mol Sci 2012; 14: 72-87.

23. Karbowski M, Jeong SY, Youle RJ. Endophilin B1 is required
for the maintenance of mitochondrial morphology. J Cell Biol 2004;
166: 1027-1039.

24. Takahashi Y, Karbowski M, Yamaguchi H, Kazi A, Wu J, Sebti
SM, et al. Loss of Bif-1 suppresses Bax/Bak conformational change
and mitochondrial apoptosis. Mol Cell Biol 2005; 25: 9369-9382.
25. Kaneko T, Maeda A, Takefuji M, Aoyama H, Nakayama M,

41



J-Y. Zhu et al. 2016 | Volume 62 | Issue 10

EGFR degradation regulated by endophilin B1.

Kawabata S, et al. Rho mediates endocytosis of epidermal growth
factor receptor through phosphorylation of endophilin A1 by Rho-
kinase. Genes Cells 2005; 10: 973-987.

26. Cheung ZH, Ip NY. Endophilin Bl: Guarding the gate to
destruction. Commun Integr Biol 2009; 2: 130-132.

27. Wan J, Cheung AY, Fu WY, Wu C, Zhang M, Mobley WC, et

al. Endophilin B1 as a novel regulator of nerve growth factor/ TrkA
trafficking and neurite outgrowth. J Neurosci 2008; 28: 9002-9012.
28. Boucrot E, Ferreira AP, Almeida-Souza L, Debard S, Vallis
Y, Howard G, et al. Endophilin marks and controls a clathrin-
independent endocytic pathway. Nature 2015; 517: 460-465.

42



