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TrkB antibody elicits cytotoxicity and suppresses
migration/invasion of transitional cell carcinoma cells
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Abstract. BDNF (brain-derived neurotrophic factor) and its
receptor TrkB (tropomyosin receptor kinase B) play important
roles in the progression of cancer, including transitional cell
carcinoma (TCC) cells reported in our previous investigation.
In this study, we used a specific TrkB antibody (Ab) to
evaluate its effects on survival, proliferation and migration/
invasion in three TCC cell lines (BFTC905, T24 and
TSGH&8301) in vitro. The TrkB Ab at 1 and 3 ug/ml, but not
the TrkA or TrkC Abs, significantly elicited cytotoxicity in
TCC cells. The TrkB Ab at 3 yg/ml also induced apoptosis of
TCC cells, which may result from up-regulation of phospho-
p38 plus down-regulation of survivin and securin expression.
The TrkB Ab at 0.5 pg/ml, which did not show cytotoxicity,
suppressed migration of TCC cells and invasion of BFTC905
cells, possibly mediated through increased E-cadherin,
decreased BDNF-stimulated phospho-PLCy1 and reduced
MMP-9 activity. These results indicate that TrkB blockade
may be a new strategy for TCC therapy.

Introduction

Trk (tropomyosin receptor kinase) family of tyrosine kinase
receptors consists of TrkA, TrkB and TrkC. Each Trk is
activated by its preferred neurotrophin ligands, e.g., NGF
(nerve growth factor) binds to TrkA, BDNF (brain-derived
neurotrophic factor) and NT4/5 (neurotrophin 4/5) bind to
TrkB, and NT3 binds to TrkC. These Trk receptors and their
ligands play important roles in neuronal survival and diffe-
rentiation (1).

Apart from neuronal functions, Trk receptors also possess
oncogenic character (2,3). Some cancer cells have been
reported to express Trk receptors (4). For example, BDNF
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protects neuroblastoma cells from chemotherapeutic agent
induced cytotoxicity (5). However, high level of TrkA expres-
sion in neuroblastoma specimens is associated with favorable
outcome (6). Trk receptors may be potential targets for cancer
therapy, but specific Trk blockade has only been investigated
in few studies (7). Our previous study demonstrated the
existence of BDNF and TrkB in transitional cell carcinoma
(TCC) cell lines (8). BDNF and TrkB are overexpressed in
human TCC specimens compared to normal urothelium
(unpublished results). TrkB activation mediated by BDNF is
a survival signal for TCC (8). Therefore, we hypothesize that
selective TrkB blockade may be exploited as an alternative
new treatment for TCC cells. Our results demonstrate that
TrkB antibody inhibits proliferation, and migration/invasion,
and induces apoptosis in TCC cells.

Materials and methods

Cell culture. Three human TCC cell lines including BFTC905,
TSGH8301 and T24 were chosen for the investigation. The
cells were maintained as described previously (8). Gradings
of BFTC905 (9) and TSGH8301 (10), both originated from
Taiwanese TCC patients, T24 from ATCC (American Type
Culture Collection, Manassas, VA) are 3 and 2, and 2/3,
respectively.

Cell proliferation and MTT cytotoxicity assay. TCC cells
were plated at a density of 8x10* cells in 6-well dishes with
RPMI medium containing 10% FBS. The plating day was
designated as day 1. One or 3 ug/ml of TrkB antibody (Ab)
(sc-8316, Santa Cruz Biotechnology Inc., Santa Cruz, CA),
3 ug/ml of human IgG (Sigma, St. Louis, MO), or PBS was
added separately to the culture dishes on day 2. Calculation
of the cell counts in a hemocytometer was performed on
day 5 (72 h after TrkB Ab administration).

For cytotoxicity assay, TCC cells with 1x10* cells per
well were seeded in 96-well plates. Time designation was
the same as cell growth assay. Different concentrations (1 or
3 pg/ml) of TrkA Ab (AF175, R&D Systems, Minneapolis,
MN), TrkB Ab (sc-8316, Santa Cruz), or TrkC Ab (AF373,
R&D Systems) were administered on day 2. Human IgG
treatment served as a negative control. Conventional MTT
(methylthiazolyldiphenyl-tetrazolium bromide, Sigma) assay
followed 72 h (day 5) after Ab administration (8).
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Figure 1. Cytotoxicity of Trk Ab in TCC cells. (A) Viabilities of TCC cells were measured by MTT assay 72 h after TrkA, TrkB, or TrkC Ab treatment. The
viability ratio was calculated as the ratio of O.D. value from Ab treatment divided by that of PBS. TrkB Ab elicited significant cytotoxicity on 3 TCC cell
lines with concentration of 1 yxg/ml (0.64+0.04, 0.61+0.05 and 0.69+0.05 for BFTC905, TSGH8301 and T24, respectively; n=3-4) and 3 pg/ml (0.61+0.02,
0.59+0.04 and 0.52+0.07 for BFTC905, TSGH8301 and T24, respectively; n=3-4). (B) Apoptotic BFTC905 cells were detected by the TUNEL assay. Dark
staining of nuclei indicated DNA fragmentation of cells after 3 yg/ml of TrkB Ab or IgG treatment for 24 h (x400). (C) Significantly increased TUNEL-
positive cells were observed after TrkB Ab treatments compared to IgG treatments (BFTC905, TSGH8301 and T24; left to right).

Western blot. Standard procedures were followed (8). Primary
antibodies used included anti-phospho-p38 (no. 9211, Cell
Signaling, Danvers, MA), anti-p38 (sc-535, Santa Cruz),
anti-phospho-PLCy1 (no. 2821, Cell Signaling), anti-PLCy1
(no. 2822, Cell Signaling), E-cadherin (sc-7870, Santa Cruz),
anti-survivin (GF029, Millipore, Billerica, MA), and anti-
securin (ab3305, Abcam, Cambridge, MA). Expression of
ERK?2 (sc-154, Santa Cruz), or actin (sc-1616, Santa Cruz)
was used as the internal standard. Can Get Signal™ immuno-
stain was used for enhancement of phosphorylated protein
signals (Toyobo, Osaka, Japan). The intensity of immuno-
reactive proteins was calculated with NIH software Imagel
V.1.40.

TUNEL (terminal deoxynucleotidyl transferase dUTP nick
end-labeling) assay. The TACS-XL™ in situ apoptosis kit
(R&D Systems) was used for the detection of DNA fragmen-
tation of TCC cells. Cells were treated with 3 pg/ml of IgG
or TrkB Ab for 24 h and fixed with 4% paraformalde-hyde
for 10 min. Subsequent procedures suggested by the assay kit
were followed. Cells were chosen randomly from 10 fields
and photographed under x400 light microscopy for semi-
quantitation. The number of positive nuclear stain indicating

DNA fragmentation and thus apoptosis was counted. The
ratio of apoptotic cells divided by total cells in a chosen field
was calculated, and the data were expressed as numbers of
apoptotic cells per 100 cells counted.

Invasion/migration assay. Wound healing assay was used
for the migration study. BFTC905, T24 and TSGH8301
cells were cultured separately in 3-cm dishes in an RPMI
medium containing 0.5% FBS. Several straight wounds were
established by the tip of a 2-u1 pipette on the dish filled with
cancer cells. TrkB Ab at 0.1 or 0.5 pg/ml, or human IgG at
0.5 pg/ml were delivered into the medium on the day of
wound development. After 24 h, cells were stained with hema-
toxylin and the wounds were observed and photographed
under x40 magnification.

The BioCoat™ growth factor reduced Matrigel™ Invasion
Chamber (BD Biosciences, MA) was used for in vitro
invasion study. TCC cells (2.5x10%) in 500 gl of a medium
containing 1% FBS were delivered to the chamber. TrkB Ab
(0.5 pg/ml) was added to the chamber, and IgG (0.5 ug/ml)
served as control. Subsequently, the chambers were put into
24-well plate containing 750 1 of culture medium plus 10%
FBS. After 48-h incubation, invading cells on the bottom
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surface of the membrane were counted under microscope.
Cell numbers per field in both chambers (x200) counted from
10 randomized fields by two staff members were averaged.

MMP-9 activity assay. Matrix metalloproteinase-9 (MMP-9)
activity in culture medium was measured by ELISA method
(Biotrak activity assay system, code RPN2634, Amersham
Pharmacia Biotech, Little Chalfont, UK). TrkB Ab at 0.5 ug/ml
was added to 1x10° BFTC905 cells cultured in 24-well dishes
with serum-free medium. After 24 h, MMP-9 activity in the
medium was assayed according to manufacturer's instructions.

Statistical analysis. Data are presented as mean + SEM
(standard error of mean). The difference between experimental
and control group was evaluated by Student's t-test. In all
experiments, p<0.05 was considered statistically significant
and labeled by the symbol " in the figures.

Results

TrkB Ab elicited cytotoxicity and suppressed the proliferation
of TCC cells. Cytotoxicity was measured by MTT assay 72 h
after TrkA, TrkB, or TrkC Ab treatment. As shown in Fig. 1A,
only TrkB Ab (both 1 and 3 pg/ml for 3 TCC cell lines)
exerted significant toxicity on TCC cells while TrkA Ab,
TrkC Ab, and IgG was without cytotoxic effects. Fig. 1B
shows that more TUNEL-positive BFTC905 cells were
observed after 3 yg/ml TrkB Ab when compared to IgG
treatment. Apoptotic TCC cells were increased significantly
24 h after 3 pg/ml TrkB Ab treatment (4.0+1.2 vs. 15.3+1.5,
50+1.5vs.16.7+2.4, and 3.6+1.8 vs. 16.7+2.3 for BFTC905,
TSGHS8301 and T24 cells after IgG vs. TrkB Ab treatment,
respectively; n=3) (Fig. 1C). Furthermore, proliferation of
TCC cells was significantly suppressed 72 h after adminis-
tration of 3 pg/ml TrkB Ab (53.3+6.1 vs. 24.0+4.5, 61.0+2.8
vs. 34.0+4.0, 90.6x1.6 vs. 47.0+7.4x10* in BFTC905,
TSGH8301 and T24 cells after PBS vs. TrkB Ab treatment,
respectively; n=3) (Fig. 2). No differences in cell numbers
among PBS, IgG and 1 pgg/ml TrkB Ab treatments were
observed.

TrkB Ab induced phospho-P38, and inhibited survivin and
securin expression in TCC cells. The effect of TrkB Ab on
the expression of phospho-p38 mitogen-activated protein
kinase (MAPK) was examined because activation of p38 by
several chemotherapeutic agents has been reported to mediate
cancer cells apoptosis (11). After the addition of 3 pg/ml of
TrkB Ab to TCC cells, a time-dependent increase in
phospho-p38 expression was found (Fig. 3A). The increased
expression was obvious as early as 2 h post-treatment, the
earliest time studied, and continued to increase for 24 h. The
intensity ratio of phospho-p38/total p38 was increased from
zero (in the absence of treatment) to ~2 after 24 h treatment
(Fig. 3B).

Survivin, a member of the inhibitor of apoptosis protein
family, has been shown to be a promising biomarker for
diagnosis and prognosis of bladder cancer. Decreased
expression of survivin in bladder cancer specimens has been
reported to be a good prediction of response to therapies
(12,13). As shown in Fig. 3C and D, expression of survivin
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Figure 2. Anti-proliferative effect of TrkB Ab on TCC cells. Cell counts of
BFTC905, TSGH8301 and T24 cells were calculated 72 h after PBS, IgG
3 pg/ml, or TrkB Ab 1 and 3 pg/ml treatments. The differences of cell
numbers between PBS and TrkB 3 pg/ml reached statistical significance in
all TCC cell lines.

decreased significantly 24 h after the addition of 3 pg/ml
TrkB Ab in TCC cells. Securin, also known as pituitary
tumor-transforming gene (PTTG), plays important roles in
tumorigenesis and invasiveness in various neoplasms (14).
The expression of securin decreased significantly 24 and 48 h
after the addition of 3 pg/ml TrkB Ab in TCC cells (except
24-h expression in TSGH8301 cells, Fig. 3E and F).

TrkB Ab inhibited migration and invasion of TCC cells. To
evaluate further the effect of TrkB Ab on bladder cancer cell
migration and invasion, two relatively low concentrations of
TrkB Ab at 0.1 and 0.5 yg/ml were chosen for wound healing
assay because these concentrations were found to be devoid
of effect on the proliferation in culture medium containing
0.5% FBS. These three bladder cancer cell lines did not
proliferate within 24 h in this starved condition (results not
shown). The time-dependent changes of wound healing are
shown in Fig. 4A. Narrowing and even disappearance of
wounds were observed 24 h after human IgG treatment.
Delayed healings were observed after 0.5 ug/ml TrkB Ab
treatment, exerting the greatest inhibitory effects on migration,
especially for BEFTC905 and TSGH8301 cells. In addition,
0.5 ug/ml TrkB Ab significantly inhibited the invasive ability
of BFTC905 cells in Matrigel assay (Fig. 4B). Although
trends of invasive suppression for TSGH8301 and T24 cells
were observed after TrkB Ab treatment, the difference, when
compared to IgG treatment, did not reach statistical
significance.
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Figure 3. Changes of phospho-p38, survivin and securin levels in TCC cells after TrkB Ab treatment. (A and B) Time-dependent expression of phospho-p38
MAPK was detected by Western blots after 3 yg/ml TrkB Ab treatment for 24 h. The changes of protein expression were assessed by intensity ratio derived
from dividing the intensity of phospho-p38 to that of total p38. Significant increase of phospho-p38 expression induced by TrkB Ab was observed 2 h in
BFTC905 and TSGH8301 cells, and 10 h in T24 cells after treatment. (C and D) Expression of survivin was detected by Western blots 24 h after 3 pg/ml
TrkB Ab treatment. The percentage changes of protein expression were presented by intensity ratio derived from dividing the intensity of survivin to that of
ERK-2. Triple samples were collected from each cell lines and each treatment. The levels of survivin in 3 TCC cell lines were reduced by 3 yg/ml TrkB Ab
treatment. (E and F) Expression of securin was detected by Western blots 24 and 48 h after 3 yg/ml TrkB Ab treatment. The percentage changes of protein
expression were presented by intensity ratio derived from dividing the intensity of securin to that of actin. Triple samples were collected from each cell line
and each treatment. Reduced expression of securin in 3 TCC cell lines reached statistical significance 48 h after TrkB administration.

TrkB Ab increased E-cadherin expression, inhibited phos-
phorylation of PLCy, and decreased MMP-9 activity in
BFTC905 cells. Epithelial-to-mesenchymal transition (EMT)
through loss of E-cadherin mediates migration of TCC cells
and is associated with poor outcome (15). Fig. 5A shows the
changes of E-cadherin in three cell lines 24 h after 0.5 yg/ml
TrkB Ab treatments. Increased E-cadherin expression was
observed in BFTC905 cells compared to IgG treatment.
E-cadherin was not expressed in T24 cells after IgG and TrkB

Ab treatments. Weak E-cadherin expression in TSGH8301
cells was noted, but was not changed after TrkB Ab treatment.

TrkB has been demonstrated to mediate neuronal migra-
tion via PLCy (16), which has also been found to play a role
in the migration and invasion of cancer cells after growth
factor (e.g., epidermal growth factor) stimulation (17,18).
Due to significant inhibition of invasive activity in BFTC905
cells after TrkB Ab treatment, the changes of phospho-PLCy
were measured in BFTC905 cells by Western blotting
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Figure 4. Inhibitory effects on migration and invasion in TCC cells. (A) Wound healing assay was used for the migratory activity of TCC cell lines. Inhibition
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Figure 5. Effects of TrkB Ab on migration/invasion-related proteins in TCC
cells. (A) Expression of E-cadherin in TCC cells was detected by Western
blotting after 0.5 pg/ml of IgG or TrkB Ab treatments. (B) Phospho-PLCy1
expression in BEFTC905 cells was detected by Western blotting after 10 nM
rhBDNF stimulation or pre-treatment with 0.5 g g/ml of TrkB Ab for 24 h.
(C) Extracellular MMP-9 activity of BEFTC905 cells was detected by ELISA
24 h after 0.5 pg/ml TrkB Ab treatment.

(Fig. 5B). Addition of 10 nM rhBDNF for 10 min increased
the phosphorylation of PLCyl. IgG (0.5 ug/ml) or TrkB Ab
(0.5 ug/ml) alone was without effect on the phospho-PLCy1
level. Pre-treatment with 0.5 gg/ml of human IgG did not
alter the response elicited by 10 nM rhBDNF. In contrast,
pre-treatment with TrkB Ab (0.5 pg/ml) for 24 h almost
completely inhibited phospho-PLCy1 expression 10 min after
the addition of 10 nM rhBDNF.

The level of MMP-9 is higher in high grade and more
invasive type of urothelial carcinoma (19). Thus, we examined
the MMP-9 activity in culture medium of BFCT905 cells by
ELISA assay. MMP-9 activity was significantly inhibited by
40% after TrkB Ab treatment for 24 h (2.08+0.07 ng/ml vs.
1.26+0.05 ng/ml, IgG vs. TrkB treatment, respectively).

Discussion

BDNF and TrkB have been found in various cancer tissues,
e.g., prostate cancer (20), and hepatocellular carcinoma
(HCC) (21). However, there are only few reports investi-
gating TrkB blockade as a new target therapy. Indolo-
carbazole alkaloid K252a was widely used as the Trk family
inhibitor in neuroscience and cancer studies (22,23).
However, K252a is also a potent inhibitor of protein kinases,
e.g, protein kinase C (PKC) (24), and myosin light chain
kinase (MLCK) (25). It also inhibits the phosphorylation of
c-met protein (MET) (26). Moreover, PKC (27), MLCK (28)
and MET (29) also play important roles in cancer
progression. Thus, the therapeutic effects of K252a on
cancers may result from acting on multiple targets. RNA
interference of TrkB is a specific method for TrkB inhibition
(7,30), but the clinical application of systemic siRNA
administration has just begun (phase I trial) (31). Neutralizing
antibodies targeting on RTK (receptor tyrosine kinase), such
as trastuzumab, have been widely used in cancer patients
(32). Therefore, we used TrkB antibody for its blocking
effect in TCC cells.

The wild-type TrkB protein contains five domains. A
recent structure-activity study demonstrated that tyrosine
kinase activity of TrkB plays critical functions for anti-
anoikis, tumorigenesis and metastasis (33). Deletion of LRM
(leucine-rich motif) or Ig-2 (IgG-like domain 2) eliminated
TrkB functions, indicating that they play important roles in
mediating BDNF response. In our study, the sc-8316 anti-
body binding to the extracellular domain of TrkB is against
amino acids 160-340, which covers the extracellular Ig-1 and
Ig-2 domain. Consequently, it will inhibit the binding of BDNF
to the extracellular domain of TrkB and block the down-
stream signaling pathways. This may explain why sc-8316
antibody inhibited proliferation and migration/invasion of
TCC cells in vitro, as well as blocked the phosphorylation
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of TrkB and PLCy1 despite thBDNF stimulation in our
current and previous studies (8). The TrkB inhibition also
induced p38 phorphorylation, suppressed survivin and securin
expression, and finally caused apoptosis of TCC cells in our
experiments. As far as we know, our results are the first report
to elucidate the signaling mechanism among p38, survivin,
securin and TrkB in cancers. Cytotoxicity and apoptotic
effect have been observed after survivn siRNA treatment in
T24 cells (34,35). Survivin inhibition may partly explain the
TrkB Ab-induced apoptosis in TCC cells. Overexpressed
securin in glioma specimens is associated with an unfavor-
able consequence (36). Our study also demonstrated the
expression of securin in TCC cells, and the inhibition of
securin expression by TrkB blockade. The detailed signalings
among survivin, securin and TrkB should be investigated in
the future.

We also studied the effect of TrkB Ab on the migration
and invasion in TCC cells. Migration of BFTC905 and
TSGH8301 cells was delayed when TrkB receptor was
blocked with concentration of TrkB Ab that was without
anti-proliferative effect but weak inhibitory effect was
observed in T24 cells. The discrepancy between 3 TCC cell
lines might have resulted from the E-cadherin expression.
BDNF activation of TrkB receptors mediated the migration
and invasion of head and neck squamous cell carcinoma cells
via EMT promotion, which upregulated twist and down-
regulated E-cadherin (37). No dynamic twist changes following
TrkB treatment in 3 TCC cell lines were observed (results
not shown). Upregulated E-cadherin in BFTC905 cells could
explain the migration and invasion inhibition after TrkB
blockade. Our study is consistent with a previous report
which demonstrated the absence of E-cadherin protein and
mRNA level in T24 cells (38). It may explain the weak
inhibition of migration and the absence of inhibition on inva-
sion in T24 cells after TrkB blockade. Furthermore, it has
been shown that PLCyl mediates neuronal migration after
TrkB activation (17) and cancer cell migration/invasion after
EGF stimulation (18). Thus, we examined the phosphory-
lation of PLCy1 in BFTC905 cells after thBDNF stimulation.
Phospho-PLCy1 activation was evident 5 min after hBDNF
stimulation and lasted for 30 min (results not shown). The
activation was inhibited when cells were pre-treated with
TrkB Ab for 24 h. Thus, PLCyl phosphorylation may also
play important roles in the migratory and invasive effects of
BDNF-TrkB interaction in TCC cells. BDNF has been found
to promote MMP-9 secretion in human multiple myeloma cells
(39). Decrease of extracellular MMP-9 activity in BFTC905
cells after TrkB Ab treatment results in poor degradation of
the matrigel, suggesting that TrkB Ab elicited inhibitory
effect on invasion.

In conclusion, TrkB blockade by TrkB Ab elicited cyto-
toxicity, induced apoptosis, and suppressed migration/
invasion of TCC cells in vitro. Agents aimed at blocking
TrkB may have potential as a new therapy for bladder cancer.
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