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Objectives: TrkB is a receptor for brain-derived neurotrophic factor (BDNF) and is highly expressed in various
cancers, with BDNF-TrkB signaling having been implicated in tumor progression and metastasis. The role of the
BDNF-TrkB system in small cell lung cancer (SCLC), a neuroendocrine cancer, has remained unclear, however.
We examined BDNF and TrkB expression in SCLC patients as well as the function of BDNF-TrkB signaling in SCLC
cell lines.

Materials and methods: BDNF and TrkB expression in tumor specimens of 58 SCLC patients and 20 non-small cell
lung cancer (NSCLC) patients was examined by immunohistochemistry and was scored on the basis of the
distribution and intensity of staining. TrkB-overexpressing SCLC (SBC5™™) cells were established by retrovirus
transduction and were examined for the effects of BDNF on intracellular signaling, cell proliferation, and cell
migration in vitro.

Results: The staining score for TrkB in NSCLC and SCLC specimens was 2.80 + 0.19 and 3.60 + 0.15, re-
spectively, whereas that for BDNF was 1.95 = 0.32and 2.76 *+ 0.14, respectively. High levels of both TrkB and
BDNF expression in SCLC tumors were significantly associated with poor overall survival in multivariate analysis
(hazard ratio = 1.821, P = 0.036). BDNF activated AKT and ERK signaling pathways in and promoted the mi-
gration of SBC5™™® cells, and these effects were attenuated by the pan-Trk inhibitor GNF-5837. GNF-5837 also
inhibited the proliferation of SBC5™™® cells in the presence of BDNF.

Conclusion: Coexpression of BDNF and TrkB was associated with poor prognosis in SCLC patients, and BDNF
promoted the migration of TrkB-overexpressing SCLC cells. TrkB is thus a potential therapeutic target for SCLC.

1. Introduction kinases comprises three transmembrane proteins known as TrkA, TrkB,

and TrkC. These proteins are encoded by the genes NTRK1, NTRK2, and

Lung cancer is the leading cause of cancer death. Small cell lung
cancer (SCLC) accounts for 15% of lung cancer cases and is classified as
a neuroendocrine cancer in the WHO classification of 2015 [1,2].
Compared with non-small cell lung cancer (NSCLC), SCLC is considered
to be more aggressive and more likely to metastasize to other organs.
Although SCLC is initially sensitive to chemotherapeutic agents, the
disease recurs in most patients. The prognosis of SCLC is thus poor, with
an overall 5-year survival rate of only 5% [3].

The tropomyosin receptor kinase (Trk) family of receptor tyrosine

NTRK3, respectively, and serve as receptors for the neurotrophin family
of nerve growth factors. TrkB is composed of an extracellular ligand-
binding domain, a transmembrane domain, and a cytoplasmic tyrosine
kinase domain. Brain-derived neurotrophic factor (BDNF) is a ligand of
TrkB and induces TrkB dimerization and consequent activation of
downstream signaling [4,5].

Research on the BDNF-TrkB signaling pathway initially focused on
the nervous system, with this pathway being implicated in conditions
such as depression, schizophrenia, and Alzheimer’s disease [6-8].
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However, TrkB is also expressed in smooth muscle and airway epithelial
cells, cardiomyocytes, and cancer cells [9-11]. We previously showed
that TrkB and BDNF are highly expressed in and associated with the
prognosis of NSCLC, and that a Trk inhibitor attenuated TrkB-depen-
dent NSCLC cell migration and proliferation in the presence of BDNF
[12,13]. The relation between SCLC and TrkB has remained largely
uninvestigated, however. We have therefore now examined the ex-
pression of TrkB and BDNF in SCLC as well as the possible role of BDNF-
TrkB signaling in SCLC cell lines.

2. Materials and methods
2.1. Patients and specimen collection

We retrospectively analyzed specimens from 58 SCLC patients who
had undergone surgical resection or bronchoscopic biopsy between
January 2000 and March 2015 as well as from 20 NSCLC patients who
had undergone surgical resection between January and July 2010 at
Kyushu University Hospital. Specimens were fixed in neutral-buffered
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immunohistochemical evaluation. The characteristics of the 58 SCLC
patients are summarized in Table 1. Clinicopathologic factors, including
age, sex, history, TNM staging, and SCLC staging, were evaluated.
Tumor histological subtype and pathological stage were determined
according to the WHO classification of 2004 and UICC guidelines for
TNM classification, respectively. The histological diagnosis was con-
firmed by two pathologists. This study was approved by the ethics
committee of Kyushu University.

2.2. Immunohistochemistry

Immunohistochemistry was performed with rabbit polyclonal anti-
bodies to TrkB (sc-8316; Santa Cruz Biotechnology, Santa Cruz, CA,
USA) and to BDNF (sc-20981, Santa Cruz Biotechnology). Paraffin-
embedded sections of surgically resected or biopsy specimens were
routinely depleted of paraffin and rehydrated. The sections were in-
cubated overnight at 4 °C with primary antibodies to TrkB (1:100 di-
lution) or to BDNF (1:50 dilution), and immune complexes were de-
tected with biotin-conjugated secondary antibodies and streptavidin-

formaldehyde and processed for histopathologic and conjugated peroxidase (Histofine SAB-PO kit; Nichirei, Tokyo, Japan).
Table 1
Relation of TrkB and BDNF expression status to various clinical factors in SCLC patients.
Factor Total patients TrkB BDNF TrkB + BDNF
(n = 58)
Positive Negative P value Positive Negative P value Positive Negative P value
(n=33) (n = 25) (n=38) (n = 20) n=27) (n=31)
Age (years)
<70 28 14 14 0.3055 13 15 0.0027 11 17 0.2829
=70 30 19 11 25 5 16 14
Sex
Male 44 25 19 0.98 28 16 0.5892 21 23 0.75
Female 14 8 6 10 4 6 8
PS
0-1 38 21 17 0.7292 17 21 0.5213 12 21 0.7025
=2 20 12 8 10 10 10 10
T status
T1 (T1la + T1b) 15 6 0.9413 11 4 0.8023 9 0.4049
T2 (T2a + T2b) 20 12 8 13 7 9 11
T3 12 6 8 4 6 6
T4 11 6 5 6 5 3 8
N status
NO 6 3 3 0.7807 3 3 0.8515 3 3 0.8182
N1 3 2 1 2 2 1
N2 29 15 14 19 10 12 17
N3 20 13 7 14 6 10 10
M status
MO 31 16 15 0.3839 20 11 0.8635 14 17 0.8201
M1 (Mla + Mlb) 27 17 10 18 9 13 14
Brain metastasis
Positive 12 8 4 0.4428 10 2 0.1448 7 5 0.3582
Negative 46 25 21 28 18 20 26
TNM stage
I 6 3 3 0.5904 3 3 0.3823 3 3 0.7258
I 1 0 0 1 0 1
IIIA + IIIB 24 13 11 17 7 11 13
v 27 17 10 18 9 13 14
SCLC stage
LD 28 15 13 0.6213 18 10 0.8488 12 16 0.5856
ED 30 18 12 20 10 15 15
Treatment
Surgery 8 3 5 0.5792 5 3 0.4389 3 0.5251
Chemotherapy 16 10 6 8 8 6 10
+radiation
Chemotherapy 30 17 13 22 8 15 15
None 4 3 1 3 1 3 1

* P < 0.05 (chi-square test). LD and ED, limited and extensive disease, respectively.
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Peroxidase activity was revealed by staining with 3,3’-diaminobenzi-
dine. Normal brain sections were examined as positive controls for TrkB
and BDNF. Negative control reactions in which primary antibodies were
omitted were performed in parallel and did not show substantial
background staining. All immunohistochemical staining was evaluated
by Pathology Institute Corp. (Toyama, Japan) without knowledge of the
patients’ clinical records. Staining for TrkB and BDNF was weak or
nonexistent in normal lung and bronchus tissue, with bronchial smooth
muscle of normal lung manifesting weak staining for both antigens
(data not shown). Tumor cells with brown staining of the cell mem-
brane or cytoplasm were regarded as positive. We classified staining as
0 for negative, 1 for weak, 2 for moderate, or 3 for intense, and the
percentage of positive tumor cells as 1 for 1% to 50% or 2 for =51%.
The two scores for each sample were added to give a final score of 0, 2,
3, 4, or 5. This scoring system was described previously [14,15]. Al-
though some of the tumor specimens analyzed were relatively old, we
detected no significant correlation between sample collection time and
staining score (data not shown).

2.3. Cell culture

H82, H69, H446, H146, H526, HCC827, H1975, H2228, H1299,
H441, A549, and Beas-2B cells were obtained from American Type
Culture Collection (Manassas, VA, USA). SBC5 and H3122 cells were
obtained as previously described [16,17]. Amphopack293 cells were
obtained from Clontech (Mountain View, CA, USA). The various cell
lines were cultured under a humidified atmosphere of 5% CO, at 37 °C
in RPMI 1640 medium (Gibco, Carlsbad, CA, USA) or Dulbecco’s
modified Eagle’s medium (DMEM, Gibco), each supplemented with
10% fetal bovine serum (FBS).

2.4. RT and real-time PCR analysis

Total RNA was extracted from cells with the use of an RNeasy Mini
Kit (Qiagen,Valencia, CA, USA) and was subjected to reverse tran-
scription (RT) with the use of PrimeScript RT Master Mix (Takara Bio,
Shiga, Japan). The resulting cDNA was then subjected to real-time
polymerase chain reaction (PCR) analysis with the use of SYBR Premix
Ex Taq II (Takara Bio) and a Thermal Cycler Dice Real Time System II
(Takara Bio). The PCR primers (forward and reverse, respectively) in-
cluded those for TrkB (5-TGTGTGGCGGAAAATCTTG-3’ and 5-GGTT
TGGGGTTGCCTTTCAC-3") and 18S rRNA (5-ACTCAACACGGGAAACC
TCA-3’ and 5-AACCAGACAAATCGCTCCAC-3"). The amount of TrkB
mRNA was normalized by that of 18S rRNA.

2.5. Plasmid construction and viral infection

SBC5 and Beas-2B cells were infected with retroviruses according to
standard protocols. The plasmids pDONR223-NTRK2 (Addgene
#23883) and pcDNA-DEST40 (Thermo Fisher Scientific, Waltham, MA,
USA) were used as Gateway entry and destination vectors, respectively.
Human TrkB ¢DNA was subcloned into the pQCXIP retroviral vector
(Takara Bio) with the use of an In-Fusion HD Cloning Kit (Clontech),
and retroviruses encoding TrkB were generated by transfection of
Amphopack293 cells with the resulting construct with the use of the
Xfect Transfection Reagent (Takara Bio). Cells were infected with TrkB
retroviruses in the presence of polybrene (Sigma-Aldrich, St. Louis, MO,
USA) at 4 mg/ml. Stably infected cells were obtained by selection with
puromycin (Invitrogen, Carlsbad, CA, USA) at 50 ng/ml.

2.6. Immunoblot analysis

Cultured cells were lysed in SDS sample buffer, the lysates were
fractionated by SDS-polyacrylamide gel electrophoresis, and the sepa-
rated proteins were transferred to a polyvinylidene difluoride mem-
brane. The membrane was incubated overnight at 4 °C with primary
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antibodies to phosphorylated TrkB (#4619, diluted 1:1000; Cell
Signaling Technology, Danvers, MA, USA), to TrkB (sc-8316, diluted
1:500; Santa Cruz Biotechnology), to B-actin (#4970S, diluted 1:1000;
Cell Signaling Technology), to phosphorylated AKT (#4060S, diluted
1:1000; Cell Signaling Technology), to AKT (#9272S, diluted 1:1000;
Cell Signaling Technology), to phosphorylated ERK (#4370S, diluted
1:1000; Cell Signaling Technology), or to ERK (#9102S, diluted 1:1000;
Cell Signaling Technology). Immune complexes were detected with
horseradish peroxidase—conjugated goat antibodies to rabbit im-
munoglobulin G (GE Healthcare UK, Amersham, UK), Pierce Western
Blotting Substrate Plus (Thermo Fisher Scientific), and the ChemiDoc
XRS+ system (Bio-Rad, Hercules, CA, USA).

2.7. Cell proliferation assay

Cells were seeded in 24-well plates at a density of 40,000 per well
and were cultured for 72 h in the absence or presence of BDNF (Sigma-
Aldrich) or GNF-5837 (Selleck Chemicals, Houston, TX, USA) in 500 pl
of RPMI 1640 medium. Cell number was then determined with the use
of a Luna automatic cell counter (Logos Biosystems, Gyeonggi, South
Korea).

2.8. Wound closure assay

Retrovirus-infected SBC5 or Beas-2B cells were plated in six-well
plates and maintained in RPMI 1640 or DMEM, respectively, each
supplemented with 1% FBS. After the cells had achieved 80%-90%
confluence, a linear scratch wound was introduced into the cell
monolayer with a 100-ul micropipette tip. The cells were washed with
phosphate-buffered saline to remove debris and then incubated for 20 h
with fresh medium containing (or not) BDNF or GNF-5837. Cell mi-
gration into the wound area was evaluated from photographs taken
with a digital camera. The width of the wound was measured with the
use of Image J software (NIH, Bethesda, MD, USA), and the extent of
wound closure was calculated as: 100% X [(wound width at
0h) — (wound width at 20 h)/(wound width at 0 h)].

2.9. Transwell assay of cell migration

Cell migration was assayed with the use of 24-well Transwell
chambers fitted with filters with a pore size of 8.0um (Corning,
Corning, NY, USA). Cells (5 x 10* in 100ul of RPMI 1640 supple-
mented with 1% FBS) were added to the upper chamber of each well,
and the lower chamber was filled with 650 ul of RPMI 1640 supple-
mented with 10% FBS, with or without BDNF (50 ng/ml) or 300 nM
GNF-5837. The chambers were incubated for 24-68 h at 37 °C, after
which cells attached to each filter were fixed and stained with hema-
toxylin (Muto Pure Chemicals, Tokyo, Japan). The upper surface of the
filter was scraped twice with cotton swabs to remove nonmigrating
cells, and the number of migrating cells was then counted with the use
of a BZ-8100 microscope (Keyence, Osaka, Japan).

2.10. Statistical analysis

Survival curves were plotted with the Kaplan-Meier method and
were analyzed with the two-sided log-rank test. Survival times were
measured from the date of first visit to death or last follow-up. The Cox
proportional hazard model was applied for determination of univariate
and multivariate hazard ratios (HRs) for the study parameters.
Significant variables in univariate analysis were subjected to multi-
variate analysis. Data for cell proliferation, wound closure, and cell
migration are presented as means + SEM and were analyzed with
Student’s t-test. All statistical analysis was performed with JMP soft-
ware version 13 (SAS Institute, Cary, NC, USA). A P value of < 0.05 was
considered statistically significant.
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Fig. 1. Immunohistochemical analysis of TrkB and BDNF expression in SCLC specimens. (A-D) Representative positive (A, C) and negative (B, D) staining for TrkB
(A, B) or BDNF (C, D) in tumor cells. Scale bars, 200 um. (E) Summary of TrkB and BDNF staining scores for all 58 SCLC patients and 20 NSCLC patients. Box and
whisker plots show maximum, third-quartile, median, first-quartile, and minimum values. *P < 0.05 (Student’s t-test). (F) Scatter plot showing the correlation
between TrkB and BDNF staining scores for SCLC specimens. The size of each circle indicates the number of specimens corresponding to the staining scores. The 95%
confidence ellipse is also shown, and Pearson’s correlation coefficient is indicated by r. (G) Kaplan-Meier survival curves for SCLC patients who did not undergo
surgical resection classified as positive for both TrkB and BDNF expression (n = 24) or not (n = 26). The P value was calculated with the log-rank test.
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3. Results
3.1. TrkB and BDNF expression in SCLC specimens

We examined the expression of TrkB and BDNF in SCLC and NSCLC
specimens by immunohistochemical analysis, with representative
images of positive and negative staining being shown in Fig. 1A-D. The
expression scores (means + SEM) for TrkB in NSCLC and SCLC were
2.80 * 0.19 and 3.60 * 0.15, respectively, whereas those for BDNF
were 1.95 + 0.32 and 2.76 + 0.14, respectively (Fig. 1E). Both TrkB
and BDNF scores were thus significantly (P < 0.05) higher in SCLC
than in NSCLC. Moreover, TrkB and BDNF scores were significantly
correlated in SCLC patients (Fig. 1F).

For classification of SCLC patients as positive or negative for TrkB or
BDNF expression, we assigned cutoff values of 4 and 3, respectively, for
expression scores on the basis of the corresponding median values for
SCLC. Among the total of 58 SCLC patients, 33 (56.9%) were positive
for TrkB and 38 (65.5%) were positive for BDNF. Clinical factors for
SCLC patients according to TrkB and BDNF expression status are shown
in Table 1. Only age (< 70 or =70 years) and BDNF expression status
manifested a significant association, with clinical factors including sex,
performance status (PS), T status, N status, M status, brain metastasis at
the time of diagnosis, clinical stage, SCLC stage (extensive or limited
disease), and treatment not differing between patients positive or ne-
gative for TrkB or BDNF expression. For the 50 SCLC patients who did
not undergo surgical resection, overall survival did not differ sig-
nificantly between those positive or negative for TrkB or BDNF ex-
pression (Supplementary Fig. S1). However, among these 50 patients,
overall survival was significantly (P = 0.032) shorter for those positive
for both TrkB and BDNF expression than for the remaining individuals
(Fig. 1G).

Univariate analysis with the Cox proportional hazard model showed
that TrkB positivity (HR = 1.455, P = 0.213) and BDNF positivity
(HR = 1.895, P = 0.059) tended to be associated with shorter overall
survival among all SCLC patients, although these associations were not
statistically significant. Furthermore, patients positive for both TrkB
and BDNF expression had a significantly poorer overall survival
(HR = 2.021, P = 0.023). Multivariate analysis with factors found to be
significant in the univariate analysis revealed that positivity for both
TrkB and BDNF expression was an independent prognostic factor for
overall survival [HR = 1.821, 95% confidence interval
(CD) = 1.039-3.213, P = 0.036] (Table 2). SCLC stage was also a sig-
nificant independent factor for overall survival.

3.2. Endogenous TrkB expression in SCLC and NSCLC cell lines

To investigate further the relevance of TrkB in SCLC, we first ex-
amined TrkB expression in SCLC and NSCLC cell lines. RT and real-time
PCR analysis revealed that the abundance of TrkB mRNA was higher in
SCLC cell lines than in NSCLC cell lines (Fig. 2A). Immunoblot analysis
also showed that TrkB was expressed at a higher level in SCLC cell lines
than in NSCLC lines (Fig. 2B). These data were thus consistent with our

Table 2
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immunohistochemical analysis of clinical specimens. We also examined
RNA sequencing data for NTRK2 and BDNF in 48 SCLC cell lines listed
in the Cancer Cell Line Encyclopedia [18,19]. In contrast to the corre-
lation detected between TrkB and BDNF expression in our SCLC spe-
cimens (Fig. 1F), however, the expression levels of NTRK2 and BDNF in
these SCLC cell lines were not significantly correlated (Supplementary
Fig. S2).

To investigate whether TrkB might promote SCLC tumor progres-
sion, we generated SCLC cells that stably overexpress TrkB. SBC5 cells,
which are derived from an SCLC patient and express TrkB at a lower
level compared with some of the SCLC cell lines examined (Fig. 2), were
thus infected with a retrovirus encoding TrkB or with the corresponding
empty virus to yield SBC5™® and SBC5°™PY cells, respectively. TrkB is
thought to regulate the growth and survival of cells through activation
of phosphatidylinositol 3-kinase (PI3K)-AKT and extracellular sig-
nal-regulated kinase (ERK) signaling pathways [20]. Immunoblot
analysis showed that treatment of SBC5™*® cells with BDNF induced
phosphorylation of TrkB as well as that of the downstream signaling
molecules AKT and ERK, and these effects of BDNF were attenuated by
the pan-Trk inhibitor GNF-5837 (Fig. 3A). Such BDNF-induced phos-
phorylation of TrkB, AKT, and ERK was not observed in SBC5°™Y cells,
consistent with the relatively low abundance of endogenous TrkB in
SBCS5 cells. To examine BDNF-TrkB signaling in normal bronchial epi-
thelial cells, we studied the immortalized human bronchial epithelial
cell line Beas-2B. BDNF also induced the phosphorylation of TrkB, AKT,
and ERK in Beas-2B™® cells in a manner sensitive to inhibition by GNF-
5837, whereas such effects were not apparent in Beas-2B°™PY cells
(Supplementary Fig. S3).

We next examined the effect of BDNF on the proliferative capacity
of TrkB-overexpressing SCLC cells. BDNF had no significant effect on
the proliferation of SBC5*™Y or SBC5™™® cells, although GNF-5837
significantly inhibited that of SBC5™™® cells in the presence of BDNF
(Fig. 3B). In contrast, BDNF increased the number of Beas-2B™™*® cells in
a manner sensitive to inhibition by GNF-5837 (Supplementary Fig. S4).
GNF-5837 alone had no effect on the proliferation of either TrkB-
overexpressing or control SBC5 or Beas-2B cells. These data thus sug-
gested that BDNF-TrkB signaling might influence the phenotype of
SCLC by mechanisms in addition to promotion of cell proliferation, such
as stimulation of cell migration and invasion.

We therefore examined the effect of BDNF on cell migration in TrkB-
overexpressing SCLC cells. We first performed a scratch wound healing
assay and found that BDNF promoted the migration of SBC5™™® cells in
this assay and that this effect was inhibited by GNF-5837. Such an effect
of BDNF was not apparent in SBC5*™PY cells, and the Trk inhibitor
alone did not affect the migration of either SBC5™™® or SBC5°™PY cells
(Fig. 4A, Supplementary Fig. S5A). We obtained results with Beas-
2B™™B and Beas-2B°™PY cells similar to those obtained with the corre-
sponding SBC5 cells (Supplementary Fig. S6).

To confirm the results obtained with the wound healing assay, we
examined cell migration in a Transwell assay. Again, BDNF significantly
increased the number of migrating cells for SBC5™™*E and Beas-2B™<E
cells in a manner sensitive to inhibition by GNF-5837, whereas it had no

Univariate and multivariate analyses of clinicopathologic factors for overall survival in all 58 SCLC patients according to the Cox proportional hazard method.

Factor Univariate Multivariate
Hazard ratio 95% CI P value Hazard ratio 95% CI P value
TrkB positivity 1.455 0.807-2.673 0.213
BDNF positivity 1.895 0.978-3.978 0.059
Both TrkB and BDNF positivity 2.021 1.101-3.742 0.023" 1.821 1.039-3.213 0.036
Sex 0.937 0.486-1.950 0.853
Age (> 70 years) 1.443 0.804-2.629 0.219
SCLC stage (ED vs. LD) 4.534 2.360-9.119 < 0.0001" 2.920 1.630-5.331 < 0.0003"

* P < 0.05.
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Fig. 2. Expression of TrkB in SCLC cell lines. (A) RT and real-time PCR analysis of TrkB mRNA abundance in the indicated SCLC and NSCLC cell lines. Data are

+

means

SEM from three independent experiments. *P = 0.0184 for comparison of overall mean values between SCLC and NSCLC lines (Student’s t-test). (B)

Immunoblot analysis of TrkB and B-actin (loading control) in NSCLC and SCLC cell lines. Data are representative of three independent experiments.

effect on the migration of SBC5*™Y or Beas-2B*™Y cells (Fig. 4B,
Supplementary Figs. S5B and S7). Both assays of cell migration thus
suggested that the poor prognosis of TrkB- and BDNF-expressing SCLC
tumors might be related to an enhanced capacity for cell migration and
invasion.

4. Discussion

TrkB has been shown to be highly expressed in many malignancies
and associated with poor prognosis [5,21]. The interaction of BDNF
with TrkB triggers the activation of Ras-Raf-ERK, PI3K-AKT-mTOR
(mechanistic target of rapamycin), and phospholipase C-y (PLC-
y)-protein kinase C (PKC) signaling pathways and facilitates tumor
progression through promotion of cell invasion, metastasis, angiogen-
esis, and chemotherapy resistance [4,22]. The frequency of TrkB ex-
pression in NSCLC has been found to range from 24% to 86.7% by
immunohistochemistry [23-25]. High expression levels of BDNF and
TrkB as revealed by immunohistochemistry in NSCLC tumors were
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found to be associated with reduced overall survival and progression-
free survival [13]. A previous study of 99 patients with squamous cell
lung carcinoma revealed that the frequency of patients with a high
expression level of TrkB as determined by immunohistochemistry was
43% and that the overall survival of these patients was significantly
shorter than that of those with a low expression level [26]. In the
present study, we found that the frequency of SCLC patients with high
expression levels of BDNF or TrkB was 65.5% and 56.9%, respectively.
Although it is difficult to compare our findings with those of previous
studies because of differences in methodology, we did confirm that the
expression of BDNF and TrkB was significantly higher in SCLC than in
NSCLC by analysis of both clinical specimens and cell lines. We also
found that BDNF expression in SCLC patients was associated with age,
although the reason for this association is unclear. The serum con-
centration of BDNF was previously shown to be negatively correlated
with age in healthy elderly individuals [27], whereas it was sig-
nificantly increased in patients with chronic obstructive pulmonary
disease or asthma [28,29]. We found no association between smoking
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or with the corresponding empty virus (SBC5°™P") were incubated with or without the Trk inhibitor GNF-5837 (300 nM) for 1 h and then in the additional absence or
presence of BDNF (25 ng/ml) for 20 min, after which cell lysates were subjected to immunoblot analysis with antibodies to total or phosphorylated (p) forms of TrkB,
AKT, or ERK. Data are representative of three independent experiments. (B) Relative cell number for SBG5™™® and SBC5°™Y cells incubated for 72 h in the absence or

+

presence of BDNF (25 ng/ml) or GNF-5837 (300 nM). Data are means

history (pack years) and BDNF expression in the SCLC patients of the
present study (data not shown).

We also confirmed that BDNF induced TrkB phosphorylation and
the activation of downstream signaling pathways in TrkB-over-
expressing SCLC cells. The inhibitory effect of GNF-5837 on the acti-
vation of downstream signaling was only partial, however. It is thus
possible that bypass signaling such as that triggered by the p75

104

SEM from three independent experiments. *P < 0.05; NS, not significant (Student’s t-test).

neurotrophin receptor (p75NTR) and Sortilin, which together are
thought to function as a receptor for BDNF in addition to TrkB [30],
may have limited the effect of GNF-5837. The reversible nature of GNF-
5837 action might also have contributed to the incomplete inhibition of
downstream signaling.

The BDNF-TrkB pathway has been shown to promote the migration
and proliferation of brain tumor, NSCLC, gastric cancer, and gall
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Fig. 4. Effects of BDNF on migration of TrkB-overexpressing SBC5 cells. (A) SBC5™™® and SBC5°™Y cells were subjected to a scratch wound healing assay in the
presence of BDNF (50 ng/ml) or GNF-5837 (300 nM) for 20 h, after which the extent of wound closure was determined. Representative phase-contrast images of
SBC5™™® cell monolayers immediately and 20 h after wounding are shown. Quantitative data are means + SEM from three independent experiments. *P < 0.05
(Student’s t-test). (B) SBC5™™® and SBC5°™PY cells were incubated in a Transwell apparatus with BDNF (50 ng/ml) or GNF-5837 (300 nM) in the lower chamber.
After 68, the number of cells that had migrated to the lower side of the filter was determined. Representative images of migrated SBC5™™® cells stained with
hematoxylin are shown. Quantitative data are means = SEM from three independent experiments. *P < 0.05, **P < 0.01 (Student’s t-test).
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bladder cancer cells [26,31-38]. We also found that the migration ac-
tivity of SBC5™™® cells was enhanced by BDNF, whereas that of the
corresponding cells infected with the empty retrovirus was not. This
effect of BDNF was attenuated by GNF-5837, whereas the Trk inhibitor
had no effect on cell migration in the absence of BDNF. These results
thus indicate that both BDNF and TrkB are required for stimulation of
SCLC cell migration in vitro, and they are consistent with the coex-
pression of the receptor and ligand detected in SCLC specimens by
immunohistochemistry. We found that BDNF had no effect on the
proliferation of SBC5™*P cells, although GNF-5837 inhibited the pro-
liferation of these cells in the presence of BDNF. BDNF was previously
shown not to affect the proliferation of gall bladder cancer cells ex-
pressing TrkB, whereas depletion of TrkB by RNA interference inhibited
cell proliferation [38]. One possible explanation for these results is that
ligands other than BDNF, such as neurotrophin-3 or neurotrophin-4,
produced by cancer cells stimulate cell proliferation via TrkB. In con-
trast to SBC5™*® cells, we found that BDNF stimulated both the mi-
gration and proliferation of Beas-2B™™® cells. Together, our results thus
suggest that the BDNF-TrkB pathway may preferentially promote the
migration rather than proliferation of SCLC cells.

Oncogenic NTRK gene fusions have recently been detected in var-
ious tumor types. Preclinical and clinical studies have shown that Trk
inhibitors have antitumor activity for such cancers, with some such
agents now being under investigation in phase 2 clinical trials
[5,39-43]. Larotrectinib, a highly selective Trk inhibitor, thus induced
a marked response in patients with NTRK fusion-positive cancers, with
an overall response rate of 75% [44]. Although NTRK gene fusion or
mutation has been detected at a low frequency in NSCLC [45,46], no
such gene alterations have yet been reported for SCLC. The relevance of
Trk inhibitors to the treatment of SCLC is thus currently unknown. We
have now shown that the pan-Trk inhibitor GNF-5837 attenuated TrkB-
dependent SCLC cell migration and proliferation in the presence of
BDNF. Further study is necessary to determine whether TrkB is a po-
tential therapeutic target in SCLC.

In conclusion, we have shown that BDNF and TrkB are expressed in
SCLC tumors and that such expression is associated with a poor prog-
nosis. Furthermore, BDNF-TrkB signaling plays an important role in the
migration of SCLC cells expressing TrkB at a high level. Our results thus
provide a basis for further investigations of TrkB-targeted therapy in
lung cancer patients.
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