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Objective: Tropomyosin-related kinase B receptor (TrkB) is a receptor
tyrosine kinase (RTK) that regulates the follicular growth and oocyte
survival in the ovaries and is overexpressed in various cancers. Pre-
viously, we reported the increased expression of the TrkB isoform
with tyrosine kinase (TrkB-TK) in Japanese clear cell ovarian cancer
(CCOC) cases. In this study, we quantified TrkB isoform in French
CCOC clinical samples and ovarian cancer cell lines to examine that
the increased TrkB-TK expression was a common CCOC characteris-
tics and to examine whether TrkB-TK associates with the resistance
to cisplatin. Methods: The mRNA level of TrkB isoforms in twenty
French CCOC cases and seventeen ovarian cancer cell lines involv-
ing twelve CCOC were quantified by real-time PCR. The expression
of TrkB protein in twelve of these French CCOC samples were exam-
ined by immunohistochemistry (IHC). Four CCOC cell lines which ex-
pressed TrkB mRNA were selected, and in vitro cell viability assay
was performed using a pan-Trk inhibitor K252a and cisplatin. Re-
sults: TrkB mRNA was expressed in all French CCOC cases and TrkB-
TK was expressed at 70%. In advanced cases, TrkB-TK tended to in-
crease. In addition, cell lines highly expressing TrkB-TK tended to
be more cisplatin-sensitive under K252a treatment. Discussion: TrkB
may be expressed in most of CCOC tissues. The TrkB-TK has a possi-
bility to be involved in CCOC malignancy. Treatment with a pan-Trk
inhibitor might be an adjuvant therapeutic strategy for patients with
TrkB-TK expression including CCOC. Conclusion: TrkB was expressed
in all French CCOC cases examined. High TrkB-TK expression was ob-
served in advanced cases. TrkB-TK expressing CCOC cell lines tended
to be more cisplatin-sensitive under K252a treatment.
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1. Introduction
Ovarian epithelial adenocarcinoma comprises four major

pathological types: serous, endometrioid, mucinous and clear

cell ovarian cancer (CCOC). Of these types, CCOC shows the
highest resistance to chemotherapy and has a poor prognosis
[1]. The increasing incidence rate of CCOC in Japan is con-
cerning. Currently, this rate is higher than 25% among all
ovarian cancers [2], which is higher than 4–12% in western
countries [3]. The reason underlying its poor biological be-
havior has not been clarified yet.

Tropomyosin-related kinase B receptor (TrkB), a protein
originally found in neural tissues, is expressed in normal de-
cidua, villous tissue [4], endometrium and ovary [5–7]. TrkB
is encoded by NTRK2 gene and belongs to the Trk family
which includes TrkA, TrkB and TrkC. The main ligand of
TrkB is brain-derived neurotrophic factor (BDNF) [8]. Stud-
ies performed suggest that TrkB promotes cell growth and
survival in the nervous system [9, 10]. Therefore, we hy-
pothesized that the BDNF/TrkB signaling might play a role
in the slowly developing, highly immortalized CCOC. In fact,
overexpression of TrkB has been reported in ovarian cancer
[11–13] and in various other cancer types such as neurob-
lastoma, pancreatic cancer, non-small cell lung cancer, hep-
atocellular carcinoma, colorectal cancer and so on [14–21].
Recently, NTRK fusions are the focus of research as a target
of Entrectinib which is a potent inhibitor of TrkA, TrkB and
TrkC [22].

TrkB has three major isoforms. TrkB-TK is a full-length
isoform containing a tyrosine kinase (TK) domain in the in-
tracellular region, and TrkB-T1 and TrkB-Shc are dominant
negative isoforms lacking the TK domain [23, 24]. TrkB-
TK participates in an intracellular signaling pathway acti-
vated by BDNF binding, and regulates cell differentiation,
survival, and proliferation via RAS/MAPK and PI3K/AKT
pathway [25–27]. K252a is a pan-Trk inhibitor which af-
fects TrkB downstream signaling including PI3K/AKT and
Ca2+/calmodulin-dependent protein kinase II (CaMKII). In
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this study, we examined the sensitivity to cisplatin, standard
anticancer drug for ovarian cancer, and to K252a in CCOC
cell lines.

Truncated TrkB protein expression has been detected in
the human endometrium [28, 29]. However, whether spe-
cific TrkB isoform expression in gynecological tissues con-
tributes to gynecological cancer remains unclear. Therefore,
we investigated the expression of different TrkB isoforms.

In our previous study with Japanese patients, we showed
that all the ovarian carcinoma cases expressed TrkB-TK and
observed the decreased expression of the truncated isoforms
(TrkB-T1 and TrkB-Shc) in CCOC [29], which suggests
that TrkB-TK expression may promote CCOC malignancy.
Based on this, we aimed to elucidate whether the expression
pattern of TrkB isoforms of European patients is the same
as that of Japanese patients. CCOC incidence rate in France
varies from 1% to 20% [30, 31]. The rate 20% seems higher
than average rate of 4–12% in western countries, while the
rate is similar to other European countries such as 21% in Italy
[32]. In this study, we analyzed CCOC samples from French
patients and several cancer cell lines to verify whether high
expression of the TK domain is a common characteristic of
CCOC in Japanese and French patients and if this contributed
to the prognosis in CCOC.

2. Materials andmethods
2.1 Ovarian carcinoma cases and cell lines
2.1.1 Clinical cases

Twenty CCOC tumor samples were examined using real-
time PCR in this study. These samples were retrieved from
surgical specimens obtained between 2011 and 2018 at Gus-
tave Roussy Cancer Center (GRCC) (Villejuif, France). None
of the patients had received preoperative chemotherapy. Par-
ticipants were 50.5 ± 13.1 years of age. The histopatho-
logical diagnoses were carefully confirmed with a review by
an expert pathologist in rare ovarian tumors. Clinical stage
was determined according to the International Federation of
Gynecology and Obstetrics Classifications (FIGO2014) and
theTNMclassification (Union for International Cancer Con-
trol). The survival data of patients were obtained from clini-
cal records.

All patients signed a consent form, allowing use of their
tissue for research. The project was approved by the Gustave
Roussy Scientific Review Committee (CSET 2015-2290).
Collected samples were processed and all experiments and
analyses were conducted at the GRCC.

2.1.2 Cell lines
Five serous ovarian cancer cell lines (OVCAR3, OV-

CAR4, HUOA, SKOV, and COV), 12 CCOC cell lines (KOC,
OVSAYO, OVISE, ES2, OVTOKO, TOV21G, OVMANA,
RMG, SMOV, HUOCAII, KK, and HCH), other cancer
cell lines including neuroblastoma (TGW), cervical cancer
(HeLa), and human embryonic kidney (HEK293) cell line
were used for qPCR analysis (Table 1). All of these cell

lines are human origin. We obtained ES2 from American
Type Culture Collection (ATCC) (Virginia, USA). TGW,
HUOA, and HUOCAII were transferred from the Depart-
ment of Obstetrics and Gynecology, Tokai University School
of Medicine. The other cell lines were gifted from U981, IN-
SERM.

Table 1. Cell lines.
Cell line Origin of tissue Character

OVCAR3 Ovary Serous adenocarcinoma
OVCAR4 (n = 5)
HUOA
SKOV3
COV318
KOC7C Clear cell adenocarcinoma
OVSAYO (n = 12)
OVISE
ES2
OVTOKO
TOV21G
OVMANA
RMG
SMOV
HUOCAII
KK
HCH
TGW Adrenal gland Neuroblastoma
HeLa Cervix Adenocarcinoma
HEK293 Embryonic kidney -

2.2 Immunohistochemistry (IHC)
Whole-section tissue samples (4 µm thickness) were

stained using anti-TrkB antibodies using a polymer peroxi-
dase method as previously reported [29]. Briefly, after de-
paraffinization and rehydration, the sections were treated
with 0.3% hydrogen peroxide inmethanol for 30min to block
endogenous peroxidase activity. After rinsing in PBS, the
sections were incubated with the two anti-TrkB antibod-
ies at 4 ◦C overnight. Mouse anti-human monoclonal an-
tibody sc377218 (1:100; Santa Cruz Biotechnology, Texas,
USA) was used to detect the extracellular region of all TrkB
isoforms (TrkB-TK, TrkB-Shc, and TrkB-T1) and a rab-
bit anti-human polyclonal antibody ab18987 (1:50; Abcam,
Cambridge, UK) to detect the tyrosine kinase domain specific
to TrkB-TK (Fig. 1). An additional wash in PBSwas followed
by treatment with a peroxidase-labeled polymer conjugated
to goat anti-mouse or anti-rabbit immunoglobulins (ENvi-
sion+kit; Dako, Agilent, California, USA) as the secondary
antibody for 30min at 24 ◦C. The signal was developed using
diaminobenzidine, followed by counterstaining with hema-
toxylin. Tissue sections with primary antibodies replaced by
PBS served as a negative control for each experiment. For
each slide, the percentage of TrkB-positive tumor cells was
evaluated by a pathologist (CG) at GRCCwho specializes gy-
necological tumor.
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Fig. 1. Molecular structure of TrkB mRNA. Three major isoforms, TrkB-TK, TrkB-Shc and TrkB-T1, are shown. The box number represents the exon
number. The primers used for detecting each domain are shown by black arrows. The names of the 10 primers and the domain fragments are also indicated.
The 10 primers recognize 5 major domains of the TrkB molecule. Exon 5–6 is an extracellular domain close to the N terminus. Exon 10–11 contains a
brain-derived neurotrophic factor (BDNF)-binding domain in the extracellular region. Exon 15–16 is an intracellular domain and the C terminus of the
TrkB-T1 truncated isoform. Exon 18–19 contains a Shc-binding domain in the intracellular region and is the C terminal region specific for the TrkB-Shc
truncated isoform. Exon 22–23 contains an intracellular tyrosine kinase domain specific for TrkB-TK. The two antibodies (sc377218 and ab18987) used for
immunohistochemistry are indicated by gray arrows.

2.3 TrkB expression analysis by quantitative real-time PCR
2.3.1 Tissues

RNA was extracted from the core (2 µm thickness)
of formalin-fixed, paraffin-embedded (FFPE) tumor sam-
ples using the RNeasy FFPE kit (QIAGEN, Venlo, Nether-
lands). Following cDNA synthesis using Maxima First
Strand cDNA Synthesis Kit for RT-qPCR with dsDNase
(Thermo Fisher Scientific, Massachusetts, USA), RT-qPCR
was conducted using Luminaris Color HiGreen Low ROX
qPCR Master Mix (Thermo Fisher Scientific) and Viia7
Real-time PCR system (Applied Biosystems, Massachusetts,
USA). The primers were designed to detect the main do-
mains of TrkB to discriminate the three different TrkB
isoforms. The housekeeping genes of HPRT1 were used
as an endogenous control. All assays were performed in
triplicates. Primers used in the study were as follows:
Exon 5–6, 5′-TTCCGAGATTGGAGCCTAACAG-3′ and
5′-TCAGTCCCACATAAGCTTCAACA-3′;

Exon 10–11, 5′-CTGTAGTGTGGCAGGTGATCC-3′;
5′-TCTGCTTCCCACTGTCATCG -3′;

Exon 15–16, 5′-GTGGTGATTGCGTCTGTGGT-3′; 5′-
CCCATCCAGTGGGATCTTATG-3′;

Exon 18–19, 5′-TCTTCGGAAGGTGGCCCAGAT-3′;
5′-GGGAACCTCTGGGCCATGT-3′;

Exon 22–23, 5′-GGGAGAACTTGCTGGTGAAA-3′; 5′-
TTCCGTCGTGAATTTCCTGTA-3′;

HPRT1, 5′-TGCTTTCCTTGGTCAGGCAGTA-3′; 5′-
TGGGGTCCTTTTCACCAGCAA-3′.

2.3.2 Cell lines
Cells were cultured in RPMI 1640 medium-

GlutaMAXTM Supplement (Gibco, ThermoFisher Sci-
entific, Massachusetts, USA) with 10% heat-inactivated
fetal bovine serum (Gibco) and 5% penicillin-streptomycin
(Gibco) in an atmosphere of 5% CO2 at 37 ◦C. Twenty
cell lines were analyzed by qPCR as previously described
to determine TrkB isoform expression. Total RNA was

extracted from approximately 3 × 106 cells using TRIzol
Reagent (Invitrogen, ThermoFisher Scientific).

2.4 Treatment of CCOC cell lines with cisplatin and pan-Trk
inhibitor K252a

CCOC cell lines, ES2, TOV21G, OVISE, and RMG were
employed for in vitro assays. Cells were seeded on day0 into
96-well plates (Corning, Sigma-Aldrich, Missouri, USA) and
cultured as described above. The cell concentration was 5000
cells/well for ES2 and TOV21G, 3000 cells/well for OVISE
and RMG, and 4000 cells/well for HCH. Cells were treated
with increasing doses of cisplatin (Bristol-Myers Squibb, NY,
USA) (0.5, 5, and 10 µM) alone on day 1, which induces can-
cer cell apoptosis by combining with DNA and thereby in-
hibiting DNA duplication, or 100 nM K252a (Abcam)/well
alone on day 1, or 100 nM K252a followed by cisplatin 4
h later, which inhibits PI3K/AKT pathway and CaMKII.
CaMKII is activated by the Ca2+/calmodulin complex and
regulates the secretion of neurotrophin and transcription fac-
tors. All analyseswere performed in triplicates. Cell numbers
were counted on day 5 using CellTiter-Glo (Promega, Wis-
consin, USA) and MikroWin2010 (Berthold Technologies,
Bad WildBad, Germany) with CentroXS LB 960 (Berthold
Technologies).

2.5 Statistics

Statistical analysis was performed using Excel 2016 soft-
ware for Windows (Microsoft, Washington, USA). Differ-
ences in cell sensitivity to cisplatin in the presence or absence
of K252a were analyzed by paired t-test. Differences were
considered significant when the p-value was<0.05.

3. Results
3.1 Molecular structure of TrkB expressed by CCOC clinical cases
3.1.1 Molecular structure of TrkB mRNA expressed by CCOC
clinical cases

Since molecular structure of TrkB is complicated, the de-
tailed molecular structure of TrkB isoform could only be de-
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Table 2. The expression of TrkB isoforms in French CCOC samples.
Clinical data Real-time PCR (relative Ct/(SD)) IHC

Samples No. Stage Grade Prognosis ex5–6 ex10–11 ex15–16 ex18–19 ex22–23 ECR+ (%) TKR+ (%)

CCOC 1
Ia G3 ND

488.7 205.1 40.3 132.9 -
ND ND

(n = 20) (0.707) (0.857) (0.432) (1.603) (-)
2

Ia G3 ND
13.1 81.9 8.7 5.9 -

60 0
(0.412) (0.323) (0.187) (1.344) (-)

3
Ia G3 ND

168.9 122.2 56.1 91.6 11.7
80 0

(0.266) (0.789) (0.297) (0.747) (1.152)
4

Ic G3 alive
10.7 29.1 5.6 19.6 3.0

50 30
(2.309) (0.663) (0.091) (1.217) (ND)

5
Ic G3 ND

91.1 98.1 46.0 46.1 -
80 70

(0.27) (0.483) (0.17) (0.33) (-)
6

Ic G3 ND
458.8 230.1 653.0 23.4 14.0

60 20
(0.225) (0.38) (0.118) (3.761) (0.505)

7
Ic G3 dead

1366.1 305.7 125.0 66.7 31.5
ND ND

(0.387) (0.927) (0.566) (1.393) (0.759)
8

II G3 dead
509.5 378.7 27.3 202.1 -

40 60
(0.133) (0.171) (2.836) (0.298) (-)

9
IIa G3 alive

2291.1 299.2 86.9 154.9 -
ND ND

(1.647) (0.353) (0.578) (1.631) (-)
10

IIc G3 dead
1341.7 1074.1 136.5 626.4 134.0

ND ND
(0.724) (0.576) (0.361) (0.698) (1.559)

11
IIIc G3 dead

111.7 130.5 54.6 182.6 -
60 0

(0.274) (0.803) (ND) (0.115) (-)
12

IIIc G3 ND
105.5 157.6 56.9 9.7 1.0

70 70
(0.264) (0.073) (0.164) (0.312) (0.174)

13
IIIc G3 dead

298.6 95.3 18.1 27.0 4.7
ND ND

(1.686) (0.172) (0.357) (1.433) (ND)
14

IIIc G3 dead
111.6 72.8 33.3 78.3 6.2

70 60
(0.505) (0.573) (0.852) (0.635) (ND)

15
IIIc G3 alive

181.1 186.6 152.6 22.0 7.4
80 50

(0.274) (0.698) (0.196) (0.634) (1.273)
16

III G3 dead
456.3 198.5 46.2 264.3 25.3

ND ND
(1.318) (0.822) (1.487) (0.979) (ND)

17
IV G3 alive

6250.9 1553.0 135.6 326.0 160.3
ND ND

(2.105) (0.623) (0.806) (2.764) (ND)
18

ND G3 alive
177.0 124.8 114.1 86.8 6.3

20 0
(0.906) (1.659) (1.218) (1.195) (ND)

19
ND G3 dead

148.2 207.3 39.3 67.2 6.5
60 20

(0.407) (3.049) (0.550) (0.968) (ND)
20

ND ND ND
309.3 71.8 98.3 58.2 107.7

ND ND
(0.361) (1.244) (0.316) (1.467) (ND)

Relative CT: The relative expression level (%) against HPRT1. The mRNA expression was quantified as 2−δCt, where Ct = threshold
cycle, δCt = (Ct targetmRNA–Ct control HPRT1). ND, not determined; SD, standard deviation; ECR+ (%), percentage of extracellular
positive cells; TKR+ (%), percentage of tyrosine kinase positive cells. Expression levels are classified by 0.0–9.9, 10.0–99.9, 100.0–999.9,
1000.0–, labeled from light to dark gray, respectively.

tected by RT-qPCR. Therefore, we examined the mRNA ex-
pression of TrkB in FrenchCCOC cases using primers shown
in Fig. 1. The clinical stage, grade, and prognosis are shown
in Table 2.

As shown in Tables 2,3, 14/20 cases (70.0%) of the French
CCOC cases expressed exon 22–23, which is involved in the
TrkB-TK isoform. All French CCOC cases expressed exons
5–6, exon 10–11, exon 15–16 (a truncated TrkB-T1 isoform

containing exon 16), and exon 18–19 (a truncated TrkB-Shc
isoform with exon 19), suggesting that all samples expressed
TrkB-T1 and TrkB-Shc. TrkB-TK isoform was found to be
expressed in 5/10 cases (50.0%) of early stages I/II and in 6/7
cases (85.7%) of advanced stages III/IV (Table 2). Case No.
17 in stage IV expressed prominently higher TrkB-TK iso-
formmRNA compared to the other cases although it was not
statistically significant (Table 2).
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Fig. 2. Immunohistochemical analysis of TrkB in clear cell ovarian carcinoma (CCOC). TrkB protein expression by positive rate classification was
shown (A). ECR+ means extracellular region positive cases and TKR+ means tyrosine kinase region positive cases. Representative CCOC case stained with
anti-TrkB antibody specific for the extracellular (sc377218) (B) or tyrosine kinase (ab18987) (C) domain. Black arrows indicate the hobnail cells of CCOC
tissues. Bars represent 10 µm. The case shown is No. 19 in Table 2.

Table 3. The percentage of TrkB expression by domain in French CCOC samples.
Samples Relative CT Exon 5–6 (%) Exon 10–11 (%) Exon 15–16 (%) Exon 18–19 (%) Exon 22–23 (%)

CCOC - 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 6 (30.0)
(n = 20) <0.01 0 (0.0) 0 (0.0) 2 (10.0) 2 (10.0) 7 (35.0)

<0.10 3 (15.0) 6 (30.0) 12 (60.0) 11 (55.0) 4 (20.0)
<1.0 13 (65.0) 12 (60.0) 6 (30.0) 7 (35.0) 3 (15.0)
<10.0 4 (20.0) 2 (10.0) 0 (0.0) 0 (0.0) 0 (0.0)
<100.0 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
total 20 (100) 20 (100) 20 (100) 20 (100) 20 (100)

Collectively, all French CCOC cases expressed TrkB trun-
cated isoforms TrkB-T1 and TrkB-Shc, and 70.0% of cases
expressedTrkB-TK.TheTrkB-TK expression ratiowas high
in cases with later stages in contrast to early stages.

3.1.2 TrkB protein expression in CCOC

As mRNA of TrkB contained TK domain in clinical sam-
ples, we confirmed the protein expression of TrkB in French
CCOC samples by IHC. Among the 20 clinical samples, we
examined the 12 FFPE samples. These samples were stained
with anti-TrkB antibodies sc377218 and ab18987 (Fig. 1). As
TrkB-T1 and TrkB-Shc do not contain the TK domain, we
distinguished TrkB-TK and other TrkB isoforms by the ex-
pression of the extracellular domain and TK domain using
these two antibodies.

The extracellular TrkB domain was detected in 100% of
CCOC samples (n = 12/12), as shown in Fig. 2A, with 83.3%
of the samples (n = 10/12) showing high levels of expres-
sion (>50% of tumor cells were positive). Analysis of TK do-
main expression revealed that 67.7% of CCOC samples (n =
8/12) were positive, with 41.7% of samples (n = 5/12) show-
ing high expression levels (>50% of tumor cells were posi-
tive) (Fig. 2A). TrkB was localized in the cytoplasm in 91.7%
for extracellular domain (n = 11/12 positive cases; sc377218)
(Fig. 2B) and 63.6% for TK domain (n = 7/11 positive cases;
ab18987), respectively (Fig. 2C). Moreover, Hobnail cells
showed strong immunoreactivity to sc377218 (Fig. 2B).

Most of the IHC results corresponded to real-timePCR re-
sults. All the cases were positive for the extracellular region
by IHC in parallel to exon 22–23 in real-time PCR. The ex-
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pression of TK domain was almost the same between mRNA
and protein in 66.7% of the cases (n = 8/12). Another two
cases (No.3, No.18 in Table 2) were mRNA positive and pro-
tein negative for TK. The other two cases (No.5, No.8 in Ta-
ble 2) were mRNA negative and protein positive for TK.

These results demonstrated that all the French CCOC
cases expressed TrkB protein andTrkB-TK, although the TK
domain was not expressed equally to the extracellular do-
main.

3.2 TK domain-dependence of cancer cell lines for survival against
anticancer drugs
3.2.1 Molecular structure of TrkB mRNA in CCOC cell lines

To examine the effect of intracellular domains of TrkB in
vitro, we selected ovarian cancer cell lines that expressedTrkB
isoforms. First, we performed qPCR using ovarian cancer
cell lines to analyzewhether andwhich type of TrkB isoforms
they expressed. A total of twenty cell lines, including CCOC,
high-grade serous ovarian cancer (HGSOC) as a control of
ovarian cancer other than CCOC, neuroblastoma (TGW) as
a positive control of TrkB, and cervical cancer (HeLa) as a
control of cancer other than ovarian cancer, were analyzed
using the same protocol applied to CCOC clinical cases.

All cell lines expressed TrkBmRNA and all the CCOC cell
lines (n = 12/12) expressed exon 22–23 (Table 4). Specifically,
the expression of exon 22–23 was high in ES2 and RMG, in-
termediate in SMOV, OVTOKO, and HUOCAII, and low in
TOV21G, OVMANA, and KK.

As shown in Table 4, most CCOC cell lines expressed
higher level of exon 22–23 of TrkB-TK and exon 18–19 of
TrkB-Shc than HGSOC cell lines. The levels of exon 15–16
of TrkB-T1 and exon 10–11 of BDNF-binding domain were
almost the same in CCOC cell lines and HGSOC cell lines.
CCOC cell lines expressed lower levels of TrkB extracellular
domain exon 5–6 than HGSOC cell lines.

These results suggest that all the CCOC cell lines ex-
pressed intracellular domains, especially exon 22–23 and
exon 18–19, which are important for signal transduction.

3.2.2 TK domain-dependence of cancer cell lines for survival
against anticancer drugs

Next, we examined the sensitivity of the cell lines with
high or low expression of the TK domain against the anti-
cancer agents. The cell lines ES2, RMG,TOV21GandOVISE
were selected as a representative cell line. ES2 and RMG
highly expressed TrkB-TK mRNA which contains exon 22–
23, andTOV21G andOVISE expressedTrkB-TK at low level
(Table 4). The expression of TrkB-TK protein was observed
in these four cell lines by western blotting using the antibody
ab18987 (data not shown). As shown in Fig. 3, all four CCOC
cell lines tested were significantly cisplatin sensitive. Signifi-
cancy was p = 0.00289 (0.5 µM cisplatin), p = 0.00006 (5 µM
cisplatin), p = 0.00009 (10 µM cisplatin) in ES2, p = 0.00208
(5 µM cisplatin), p = 0.00196 (10 µM cisplatin) in RMG, p
= 0.00221 (0.5 µM cisplatin), p = 0.00148 (5 µM cisplatin),
p = 0.00149 (10 µM cisplatin) in TOV21G, and p = 0.00320

Table 4. ThemRNA expression of TrkB isoforms in ovarian
cancer cell lines.

Cell lines Real-time PCR (relative Ct/(SD))

Type Name ex5–6 ex10–11 ex15–16 ex18–19 ex22–23

HGSOC OVCAR3 465.2 1257.0 8908.7 834.0 906.1
(n = 5) (0.053) (0.203) (0.17) (0.74) (1.088)

OVCAR4 720.3 12.5 162.9 517.4 1709.4
(0.156) (0.222) (ND) (1.485) (0.796)

HUOA 0.5 1372.6 61333.6 2865.4 7236.2
(0.233) (0.151) (1.200) (0.736) (0.823)

SKOV3 424.4 78.7 276.4 329.4 3054.4
(0.226) (0.592) (0.447) (1.986) (ND)

COV318 839.1 1.0 - 20447.9 166.6
(0.577) (ND) - (ND) (ND)

CCOC KOC7C 0.0 17.4 92.8 38.0 2314.5
(n = 12) (ND) (0.911) (0.040) (2.240) (0.674)

OVSAYO 0.001 343.9 4103.6 3674.9 3206.2
(0.043) (0.183) (0.724) (0.763) (0.268)

OVISE 0.3 1572.0 15444.2 138365.3 2511.8
(0.359) (0.990) (0.212) (ND) (0.137)

ES2 447.7 4.7 129.2 67.2 202427.3
(0.075) (1.339) (1.290) (1.945) (ND)

OVTOKO 0.0 2.5 315.8 55518.9 7857.0
(ND) (ND) (0.012) (ND) (0.414)

TOV21G 0.000 18.6 205.5 2121.3 158.3
(ND) (0.896) (ND) (1.788) (ND)

OVMANA 0.000 18.0 493.1 436.4 43.2
(0.839) (0.685) (ND) (1.053) (ND)

RMG 0.015 2966.5 28081.2 896014.8 233394.8
(0.996) (0.700) (0.224) (0.973) (1.750)

SMOV 0.000 572.9 2279.5 15161.6 38121.4
(ND) (1.623) (ND) (0.442) (0.865)

HUOCAII 0.003 142.6 1057.1 260318.1 4668.8
(0.564) (ND) (ND) (1.205) (1.311)

KK 0.000 4.8 633.1 147.3 22.3
(0.049) (ND) (2.390) (0.387) (0.072)

HCH 0.000 2070.7 1036.7 2831781.9 4899.1
(0.991) (1.402) (ND) (ND) (1.634)

Others TGW 3.3 5289.8 108127.2 4534.4 58819.5
(n = 2) (0.343) (0.124) (0.198) (0.417) (0.173)

HeLa 194.0 33.0 212.5 222.1 17217.5
(0.056) (0.866) (1.158) (1.603) (0.092)

Relative Ct: Relative expression level (%) against HEK293. The mRNA
expression was quantified as 2−δδCt, where Ct = threshold cycle, δCt
= (Ct target mRNA – Ct control HPRT1), δδCt = δCt target – δCt
HEK293). ND, not determined; SD, standard deviation; ECR+ (%), per-
centage of extracellular positive cells; TKR+ (%), percentage of tyrosine
kinase positive cells. Expression levels are classified by 1.0–9.9, 10.0–
99.9, 100.0–999.9, 1000.0–9999.9, 10,000–, labeled from light to dark
gray, respectively.

(5 µM cisplatin), p = 0.00278 (10 µM cisplatin) in OVISE.
Following single treatment with K252a, the viable cell num-
ber of ES2, RMG, and TOV21G cells were significantly de-
creased with p = 0.00001 (ES2, Fig. 3A), p = 0.00809 (RMG,
Fig. 3B), and p = 0.00143 (TOV21G, Fig. 3C), suggesting that
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Fig. 3. Effect of K252a on the cisplatin sensitivity in clear cell ovarian carcinoma (CCOC) cell lines. The relative cell viability of ES2 (A), RMG
(B), TOV21G (C), and OVISE (D) cells after Cisplatin/K252a treatment is shown. Each shows the relative viability (%) against the control culture. The
control culture without Cisplatin/K252a is indicated as 100%. Open bars represent treatment without K252a. Closed bars show the treatment with K252a.
Concentration of cisplatin (µM) and K252a (nM) are shown below in each histogram. Statistical significance is indicated as *(p < 0.05), **(p < 0.01), and
***(p< 0.001).

TrkB affects cell survival and/or proliferation. Treatment
with cisplatin significantly enhanced the sensitivity to K252a
in ES2 (Fig. 3A) and RMG (Fig. 3B) cells at all concentrations
of cisplatin, which expressed higher levels of TrkB-TK than
TOV21G and OVISE (Table 4). In addition, the reduction in
relative cell viability induced byK252a increased in a cisplatin
concentration-dependent manner in ES2 (Fig. 3A) and RMG
(Fig. 3B) cells. On the other hand, the cell viability reduction
induced by K252a was not enhanced by increasing cisplatin
concentrations in TOV21G (Fig. 3C) and OVISE (Fig. 3D)
cells, which expressed TrkB-TK at low levels.

4. Discussion
In our previous study, we found that TrkB-TK was ex-

pressed in all Japanese CCOC samples. Here, we focused on
the expression of TrkB isoforms in CCOC of French patients
to examine their involvement in CCOC malignancy. Inter-
estingly, we found that TrkB-TKwas expressed at a relatively
high rate in French patients with CCOC in advanced clinical
stages. This suggests that the expression of TrkB isoforms,

especially TrkB-TK, significantly affects CCOC malignancy.
In fact, Sclabas et al. [16] showed TrkB overexpression in

metastatic pancreatic cancer cells. Au et al. [11] and Zheng et
al. [12] reported the overexpression of TrkB in serous ovar-
ian carcinoma. Moreover, Foster et al. [13] showed the over-
expression of TrkB in endometriosis-associated ovarian can-
cer. However, not all studies examining TrkB expression in
cancers confirmed its molecular structure. In our previous
study, the molecular structure of the truncated TrkB isoform
was frequently changed in CCOC [29].

The TrkB gene has an unusually large molecular structure
of at least 590 kbp [23], contains 24 exons (Fig. 1), and tends
to produce splicing variants. Stoilov et al. [23] demonstrated
that the TrkB gene can generate at least 100 isoforms and can
encode 10 proteins.

Abnormally processed RNA can induce carcinogenesis in
various cancers [33]. Alternative splicing generates splice
variants. Aberrant proteins can affect apoptosis, metastasis,
and angiogenesis during carcinogenesis. Concerning TrkB
splice variants, Pattwell et al. [34] showed that TrkB-T1
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amplifies several oncogenic signaling pathways in human
glioma. BDNF splice variants in human neuroblastoma have
also been reported [35]. Nakagawara et al. [14] demonstrated
the expression of TrkB-TK in immature neuroblastoma and
of truncated TrkB in differentiated neuroblastoma. Never-
theless, the role of each TrkB splice variant in cancer remains
unclear. Therefore, TrkB isoform analysis may be advanta-
geous to clarify TrkB function.

In our previous study, first we showed the expression of
TrkB in CCOC, and analyzed the expression of three differ-
ent TrkB isoforms, TrkB-TK, TrkB-Shc, and TrkB-T1. The
expression of TrkB-TK was observed in all Japanese CCOC
cases, especially in advanced cases, while that of TrkB-Shc
and TrkB-T1 was low [29].

Here, we observed expression ofTrkB in all FrenchCCOC
cases and of TrkB-TK again in advanced cases. However,
about 30% of the French CCOC cases did not express TrkB-
TK protein or mRNA. On the other hand, the expression of
TrkB-Shc and TrkB-T1 was observed in all French CCOC
cases in contrast to Japanese cases, although the experimental
methodwas not the same. In our previous study, we analyzed
JapaneseCCOCcases by semi-quantitative PCRnot real-time
PCR [29]. While it is difficult to compare the results, we used
“real-time PCR” in this study because it provides high quan-
titativity. Considering this, TrkB-TK may not be necessary
forCCOConcogenesis, although this isoform could be an im-
portant factor in CCOC malignancy.

Weneed to discuss about the discrepancy of the result con-
cerning TrkB-TK expression between mRNA and protein in
several cases in this study (Table 2). It is possible that pro-
tein expression was not observed though the mRNA was ex-
pressed when the translation of TrkB mRNA was blocked.
However, it may be difficult to explain the situation when
the protein expression was observed though the mRNA was
not expressed (No.5, No.8 in Table 2). As the reason, we have
two hypotheses. One is the technical artifact. In this study,
mRNAwas extracted from FFPE samples. It might affect the
yield and quality of mRNA obtained from FFPE samples, and
the mRNA quality and quantity might not be sufficient for
the real-time PCR. Otherwise, non-specific recognition by
the antibody might have occurred. The other is the possibil-
ity of mRNA down-regulation after protein expression. Af-
ter mRNA of tyrosine kinase had been down regulated, the
CCOC cells might maintain the expression of TrkB protein
with tyrosine kinase domain.

ES2 and RMG expressed relatively high mRNA levels of
TK domain and could therefore be compared to advanced-
stage clinical cases, which express relatively high TrkB-TK
levels. With K252a treatment, the relative viability of ES2
and RMG cells was prominently decreased already at 0.5 µM
cisplatin (Fig. 3). K252amight enhance cisplatin-induced cell
apoptosis with an additive effect on TK domain-expressing
cell lines because K252a and cisplatin have different mech-
anism to induce cell apoptosis. Though we need to exam-
ine how the inhibition of TrkB downstream cascade such as

PI3K/AKT induced by K252a and the apoptosis induced by
cisplatin affects the cell toxicity, the amount of cisplatin could
be reduced in the treatment of advanced cases which express
TrkB-TK. Decreased amount of cisplatin may reduce side ef-
fects and may improve the quality of life for patients.

The role of the truncated isoforms reported remains con-
troversial. Truncated isoforms TrkB-Shc and TrkB-T1 in-
hibit TrkB-TK by trapping BDNF [36–38]. However, these
truncated isoforms may not simply be dominant negative,
but could also alter signal transduction [39]. In our results,
ES2 were more sensitive to cisplatin, though both of ES2 and
RMG highly expressed TrkB-TK; on the other hand, ES2 ex-
pressed low levels of TrkB-Shc with exon 18–19 (Table 4). In
contrast, RMG were more cisplatin-resistant and expressed
TrkB-Shc at high levels (Table 4). Therefore, the expression
of TrkB-Shc might play a role in the survival of these cancer
cells. Similarly, TOV21G (expressing low TrkB-TK and low
TrkB-Shc levels) were more cisplatin-sensitive than OVISE
(expressing low TrkB-TK and high TrkB-Shc levels) at 0.5
µM cisplatin (Fig. 3).

Although TrkB-Shc does not have a TK domain, high
TrkB-Shc expression may be related to malignancy or cis-
platin resistance because TrkB-Shc induces cell proliferation
signaling by binding Shc [40].

5. Conclusions
We found that TrkB was highly expressed in French

CCOC cases and observed TrkB-TK expression especially
in advanced cases. In addition, cell lines expressing TrkB-
TK tended to be more cisplatin-sensitive under pan-Trk in-
hibitor K252a treatment. Further analysis will be required to
clarify the potential of K252a treatment as a targeted therapy
for CCOC by inhibiting TrkB-TK signaling.
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