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A B S T R A C T   

Salivary duct carcinoma (SDC) is a high-grade salivary gland neoplasm. It may occur de novo or secondarily from 
pleomorphic adenoma (ex-PA), with secondary development accounting for more than 50% of the cases. In 
recent years, the expression of tyrosine kinase receptor B (TrkB), which is in the same family as HER2, has been 
confirmed in various types of carcinomas. However, there are a few studies on SDC. In order to examine the 
expression and role of TrkB in SDC, we investigated it. Immunohistochemistry was used to detect the expression 
of TrkB and its ligands, brain-derived neurotrophic factor (BDNF) and neurotrophin-4 (NT-4) in 20 patients with 
SDC. The mRNA levels of TrkB, BDNF, and NT-4 were analyzed using quantitative polymerase chain reaction. 
TrkB was negative in 10 cases and positive in 10 cases, BDNF was negative in 11 cases and positive in 9 cases, 
and NT-4 was positive in all cases. There was a high number of TrkB-positive cases in the pT4 group and The H- 
score of TrkB was also significantly higher in the stage III and IV groups. There was a high number of BDNF- 
positive cases in the ex-PA group and Histo-score of BDNF had a trend of high expression in ex-PA. There 
were no significant differences or correlations in mRNA expression. Our results suggest that TrkB may be 
involved in SDC tumor growth.   

1. Introduction 

Salivary duct carcinoma (SDC) is a high-grade tumor with the 
poorest prognosis among malignant salivary gland neoplasms [1,2]. SDC 
may occur de novo or secondarily from pleomorphic adenoma (ex-PA), 
and more than 50% of SDC are ex-PA [3]. The expression of human 
epidermal growth factor receptor 2 (HER2) and androgen receptor (AR) 
is observed in 21% to 83% and 64% to 100% of SDC cases, respectively 
[1,4-6]. Immunohistochemical examination of HER2 and AR has 
improved accuracy of pathological diagnosis of SDC. HER2-targeting 
drugs have been tested, and although the overall response rate for 
these drugs is reported to be 70%, there are many adverse events [7,8]. 
At present, there is a need for the development of targeted drugs with 
few adverse events and high response rate. 

The expression and function of tyrosine kinase receptor B (TrkB), a 
tyrosine kinase-type receptor similar to HER2, has been studied in many 
cancer such as breast, lung, pancreatic, and cervical cancers [9-14]. In 

addition, brain-derived neurotrophic factor (BDNF) and its ligand TrkB 
are co-expressed in many carcinomas and normal tissues. TrkB signaling 
is triggered by autocrine signals [11,15,16]. 

The tumor characteristics of SDC are similar to ductal carcinoma of 
the breast [2,17]. Heather C et al. reported that TrkB-T1, a splicing 
variant of TrkB, is predominantly expressed in ductal carcinoma of the 
breast [9]. Vanhecke E et al. reported that BDNF is also expressed by 
autocrine secretion, and they suggested that TrkB signaling suppresses 
apoptosis of breast cancer cells and promotes survival of cancer cells by 
BDNF binding to TrkB-T1 [10]. 

Jia S et al. revealed that both TrkB and BDNF are co-expressed in 
adenoid cystic carcinoma (ACC) [18]. They also revealed that stage III 
and IV groups had significantly more BDNF- and NT-4-positive cases 
than stage I and II groups [18]. 

In SDC, Ryu HJ et al. found no cases with the expression of TrkB [19]. 
However, it has not been proven that TrkB is not expressed in SDC. We 
hypothesized that TrkB is expressed in SDC, based on the TrkB 
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expression observed in ductal carcinoma of breast cancer and the results 
of our preliminary experiments [9,10,18]. Therefore, in this study, we 
analyzed the expression and of TrkB and its ligands, BDNF and 
Neurotrophin-4 (NT-4) at protein and mRNA levels in 20 SDC cases. As a 
result, expression of these molecules was confirmed in SDC for the first 
time, suggesting that TrkB may be involved in tumor growth. 

2. Materials and methods 

2.1. Specimens and materials 

We examined 20 specimens of SDC in the Tokai University Hospital 
from January 2001 to August 2016. All specimens were diagnosed ac
cording to the SDC definition of the World Health Organization. SDC 
with residual PA was named as ex-PA. The specimens were separated 
into several groups described below. The clinical data were obtained 
from electronic medical records. Paraffin-embedded blocks were pre
pared by fixing the excised specimens in 10% formalin for 24 h. The 
blocks were cut into 4 μm thick slices, which were then stained with 
hematoxylin and eosin, and prepared for immunohistochemistry and 
quantitative polymerase chain reaction (qPCR). 

2.2. Immunohistochemistry 

The sections were de-paraffinized with xylene and rehydrated in 
ethanol series (100 to 70%). The tissue sections were exposed to anti- 
TrkB (sc-8316, 1:200, Santa Cruz Biotechnology, Santa Cruz, CA, 
USA), anti-BDNF (ab108319, 1:500, Abcam, Cambridge, UK), and anti- 
NT-4 (NBP1-47897, 1:75, Novus Biologicals, CO, USA), Androgen re
ceptor (AR, NCL-L-AR-318, 1:40, Leica Biosystems, Germany), HER2 
(790-2991, predilution, Roche Diagnostics K.K., Switzerland), 
Epidermal growth factor receptor (EGFR, 423701, 1:2, NICHIREI BIO
SCIENCES INC., Japan), Phosphatase and tensin homolog (PTEN, 
M3627, 1:50, Dako, Denmark), Pleomorphic adenoma gene 1 (PLAG1, 
H00005324-M02, 1:400, Abnova CO, Taiwan) and High-mobility group 
AT-hook 2 (HMGA2, NBP2-43640, 1:150, Novus Biologicals, CO, USA) 
antibodies. The staining protocol was set as the standard automation 
program on BOND-MAX (Leica Biosystems, Tokyo, Japan). 

The intensity of fluorescence of TrkB, BDNF, NT-4 in carcinoma cells 
was scored as 0, 1+, 2+ or 3+ for each protein: 0, extremely feeble or no 
staining; 1+, mildly stained; 2+, moderately stained; 3+, strongly 
stained (Supplementary Fig. S1). The area occupied by each score was 
measured every 20 SDC cases. The coverage of 3+ and 2+ was regarded 
as positive. For three proteins, the number of positive cases and the 
positive cutoff rate were evaluated at 10% positive rate increments 
(10%, 20%,...,100%). In addition, the Histo-score (H-score) of TrkB, 
BDNF, and NT-4 was calculated using the following formula: H-Score =
1 × (% cells 1+) + 2 × (& cells 2+) + 3 × (% cells 3+) [20,21]. HER2 
was rated 0–3 + according to ASCO/CAP guidelines. 

2.3. qPCR 

Total RNA was extracted from a paraffin block using an AllPrep 
DNA/RNA FFPE Kit (Qiagen, Valencia, CA, USA). cDNA synthesis from 
total RNA was performed using a High Capacity cDNA Reverse Tran
scription Kit (Applied Biosystems, Foster City, CA, USA) as per manu
facturer’s instructions. The reaction (StepOne, Applied Biosystems) was 
performed using the SYBR Green FAST assay. Reagents were adjusted 
following the manufacturer’s instructions. Cycle conditions were as 
follows: 20 s at 95 ◦C, 3 s at 95 ◦C and 30 s at 60 ◦C for 40 cycles, 15 s at 
95 ◦C, 1 s at 60 ◦C and 15 s at 95 ◦C (melt curve). 

The target genes primer sequences were: TrkB full length (FL), for
ward 5′-GGAGTAACACTCCATCTTCTTCG-3′ and reverse 5′- 
TGGTGATGCCAAAGTACTGG-3′; TrkB truncated 1(T1), forward 5′- 
TAAAACCGGTTGGGAACATC-3′ and reverse 5′-ACCCATCCAGTGG
GATCTTA-3′; BDNF, forward 5′-AACCTTCTGCCCATCCTGT-3′ and 

reverse 5′-GCTCCCAACTTGACTTCTCC-3′; NT-4, forward 5′-AGGC
CAAGCAGTCCTATGT-3′ and reverse 5′-GGTCTCTCAGCATCCAGCT-3′, 
glyceraldehyde 3-phosphate dehydrogenase, forward 5′-CAAATTC
CATGGCACCGTC-3′ and reverse 5′-TCTCGCTCCTGGAAGATGGT-3′. 
Gene expression values were normalized to endogenous control GAPDH. 
Each experiment was performed in triplicate. Mean triplicate Ct values 
for each sample were calculated, and outliers within the triplicates 
removed. The ΔCt was calculated by subtracting the mean GAPDH Ct 
from the mean target Ct, and then the relative expression is calculated 
using the formula 2− ΔCt. 

2.4. Statistical analyses 

The results were analyzed using SPSS version 24.0 (IBM, Chicago, IL, 
USA). Depending on the type of data, the chi-square test, Mann-Whitney 
U test, Wilcoxon test, Fisher’s exact test and TwoStep cluster analysis 
were performed. A p-value of 0.05 or less was considered significant. 

3. Results 

3.1. Clinicopathological findings 

The clinicopathological findings of the patients are shown in Table 1. 
The patients consisted of 19 males and one female, and the median age 
was 51 years, with a range of 34 to 84. There were 15 parotid gland and 
5 submandibular gland cases. The median tumor size was 3.25 cm 
(ranging from 1.5 to 6.5 cm). There were 8 cases of de novo and 12 cases 
of ex-PA. pT1 was found in 2 cases, pT2 in 3 cases, pT3 in 7 cases, and 
pT4 in 8 cases. Lymph node metastasis (N) was observed in 16 cases. 
Distant metastasis (M) was observed in 1 case. Stage II was found in 2 
cases, Stage III in 1 case, Stage IVA in 16 cases and Stage IVC in 1 case 
(Table 1). 

3.2. Protein expression of TrkB, BDNF, NT-4, AR, HER2, EGFR, PTEN 
PLAG1 and HMGA2 

The cutoff value was set to 10% for TrkB, and 30% for both BDNF and 
NT-4, and regarded as low expression and overexpression, respectively. 

TrkB was negative in 10 cases and positive 10 cases. The mean 
positive percentage of stained cells was 1.0% in the negative cases and 
32.0% in the positive cases (Tables 2 and 3). The H-Score of TrkB had a 
median of 85 with a range of 0 - 180 (Table 2). TrkB was primarily 
positive in the cytoplasm (Fig. 1A-1 and A-2). Intra-tumor heterogeneity 
was noted (Fig. 2). The highest score of the positive cases was 2+, with 
no cancer cells showing 3+. 

BDNF was negative in 11 cases and positive in 9 cases. The mean 
percentage of stained cells was 9.5% for the negative cases and 63.9% 
for the positive cases (Tables 2 and 3). The H-Score of BDNF had a 
median of 120 with a range of 80 - 180 (Table 2). BDNF was positive in 
the cytoplasm (Fig. 1B-1 and B-2). In ex-PA, the PA component showed 
scores of 2+ to 1+ regardless of the results of BDNF at the SDC 
component (Fig. 3). 

NT-4 was positive in all cases. The mean percentage of stained cells 
was 61.8% for the positive cases (Tables 2 and 3). The H-Score of NT-4 
had a median of 170 with a range of 95 - 190 (Table 2). NT-4 was 
positive in the cytoplasm (Fig. 1C-1 and C-2). The number of NT-4 
positive cases was higher than the BDNF-positive ones. 

AR was positive in 18 cases of 20 cases (90%). HER2 showed score 
0 in 2 cases, 1+ in 8 cases, 2+ in 1 case, and 3+ in 9 cases. EGFR was 
positive in 9 cases (45%) and PTEN was positive in 10 cases (50%). 
PLAG1 was positive in 4 cases of 20 cases (20%), all of which were ex- 
PA. HMGA2 was positive in 14 cases of 20 cases (70%: ex-PA, 11/12 and 
de novo, 3/8 cases.) (Table 2). 
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3.3. Clinicopathological relevance 

Expression of TrkB in the pT4 group (1 negative case and 7 positive 
cases) was significantly higher than that of the pT1-3 group (9 negative 
and 3 positive cases) (p = 0.010, Fisher’s exact test, Fig. 4). The H-score 

of TrkB in cases of Stages III and IV was significantly higher than that in 
cases of Stages I and II (p = 0.050, Kruskal-wallis test, Supplementary 
Fig. S2). TrkB, pT, pN, and M were analyzed using the TwoStep cluster 
analysis; results were classified into two clusters based on the results for 
TrkB (Table 4). The quality of the analysis was “good”; therefore, the 
results were considered reliable (Supplementary Fig. S3). Expression of 
BDNF in ex-PA cases (4 negative and 8 positive cases) was significantly 
higher than that of the de novo cases (7 negative cases and 1 positive 
case) (p = 0.025, Fisher’s exact test) (Fig. 5). H-score of BDNF had a 
trend of high expression in ex-PA to compared with de novo (p = 0.086, 
Kruskal-wallis test, Supplementary Fig. S2). BDNF-positive cases tended 
to be HMGA2-positive (p = 0.083, Likelihood Ratio). Both PLAG1 and 
HMGA2 had significantly more positive cases of ex-PA than de novo 
(PLAG1, p = 0.029; HMGA2, p = 0.008, Likelihood ration). There were 
no significant findings related to NT-4. 

Table 1 
Clinical features of 20 patients with SDC.  

Case no. Age Sex Region Size (cm) De novo/ pT N M Stagae 

Ex-PA  

1  48 m PG  3 Ex PA pT2 N0 M0 II  
2  65 m PG  2 Ex PA pT4a N2b M0 IVA  
3  67 m PG  2 De novo pT1 N2b M0 IVA  
4  34 m PG  6.5 Ex PA pT3 N2b M0 IVA  
5  39 m PG  5.5 De novo pT4a N2b M0 IVA  
6  56 m PG  2.2 Ex PA pT2 N0 M0 II  
7  61 m PG  3 Ex PA pT3 N2b M0 IVA  
8  60 m PG  2.5 Ex PA pT4a N2b M0 IVA  
9  61 m SMG  4.2 Ex PA pT4a N2c M1 IVC  
10  81 m SMG  6 Ex PA pT3 N2b M0 IVA  
11  76 m PG  5 De novo pT3 N2b M0 IVA  
12  63 m SMG  1.5 de novo pT1 N2b M0 IVA  
13  78 m PG  3.5 Ex PA pT2 N2b M0 IVA  
14  58 m PG  2.5 De novo pT4a N0 M0 IVA  
15  52 f PG  5 Ex PA pT3 N2b M0 IVA  
16  63 m PG  5 Ex PA pT4a N2b M0 IVA  
17  53 m PG  2.8 De novo pT3 N1 M0 III  
18  84 m SMG  5.5 De novo pT3 N2b M0 IVA  
19  58 m SMG  6 Ex PA pT4a N0 M0 IVA  
20  81 m PG  3 De novo pT4a N1 M0 IVA 

m, male; f, female; PA, pleomorphic adenoma; PG, palotid gland; SMG, submandibular gland. 

Table 2 
Results of immunohistochemistry.  

Case no. Coverage of 2+ and 3+ H-score AR HER2 PLAG1 HGMA2 EGFR PTEN 

TrkB Cutoff 10% BDNF Cutoff 30% NT-4 Cutoff 30% TrkB BDNF NT-4  

1  0 − 45 + 60 + 0  110  160 + 3+ + + + +

2  40 + 50 + 70 + 140  150  180 + 2+ − + − +

3  0 − 60 + 40 + 100  160  135 + 3+ − + + +

4  0 − 60 + 40 + 5  160  140 + 3+ + + − −

5  10 + 10 − 25 + 60  110  95 + 3+ − − − −

6  0 − 60 + 50 + 10  160  150 + 0 − + − +

7  40 + 70 + 50 + 140  170  155 + 1+ − + − −

8  0 − 5 − 70 + 30  105  170 + 3+ + + − −

9  20 + 80 + 60 + 120  180  160 + 1+ − − + −

10  5 − 70 + 70 + 95  170  170 + 3+ − + + −

11  0 − 20 − 80 + 95  120  180 + 3+ − + + +

12  0 − 10 − 90 + 95  80  170 + 1+ − − + +

13  10 + 20 − 70 + 80  120  170 + 1+ − + − −

14  80 + 20 − 70 + 180  120  170 + 1+ − − − +

15  0 − 80 + 65 + 0  180  170 + 3+ − + − +

16  10 + 0 − 80 + 50  100  190 + 1+ − + − −

17  80 + 0 − 70 − 170  100  170 + 1+ − − + −

18  5 − 20 − 55 + 50  120  145 − 1+ − + − +

19  20 + 0 − 50 + 90  100  140 + 3+ + + + +

20  10 + 0 − 70 − 70  100  170 − 0 − − + −

H-score, Hist-score. 

Table 3 
Summary of immunohistochemistry of TrkB, BDNF and NT-4.   

Number of negative case Number of positive case 

Mean of positive rate Mean of positive rate 

TrkB 10 10 
1.0% 32.0% 

BDNF 11 9 
9.5% 63.9% 

NT-4 0 20 
– 61.8%  
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3.4. TrkB, BDNF, and NT-4 mRNA expression levels 

There was no significant difference in the mRNA expression levels 
between TrkB-FL and TrkB-T1. There was also no significant difference 
between the pT1–3 and the pT4 groups in terms of TrkB-FL and TrkB-T1 
(Supplementary Fig. S4). There was no significant difference in BDNF 
mRNA expression levels between de novo and ex-PA cases (Supplemen
tary Fig. S5). No correlation was noted in the immunohistochemistry 
results for any of the mRNAs expression levels (data not shown). 

4. Discussion 

In this study, we demonstrated that TrkB was expressed in SDC. To 
the best of our knowledge, this is the first report to show the expression 
of TrkB in SDC. There is one previous study that showed negative TrkB 
expression in SDC, which differs from our results [19]. We applied the 
use of antibody with different epitopes to our study. As TrkB has a few 
variants, some antibodies may give negative results depending on the 
epitope. We used antibodies that bind to the extracellular domain 

A-1 A-2

B-1 B-2

C-1 C-2

Fig. 1. Immunohistochemistry of TrkB, BDNF and NT-4. 
Cytoplasm of all cells were positive for (A-1,2) TrkB, (B-1,2) BDNF, and (C-1,2) NT-4. 

A-1 A-2 A-3

B-1 B-2 B-3

2-C1-C C-3

Fig. 2. Immunohistochemistry of TrkB. 
The highest score was 2+ in TrkB- 
positive cases and no cancer cells were 
scored 3+. (A-1) Case 7, TrkB+. (A-2) 
1+, 60%. (A-3) 2+, 40%. (B-1) Case 14, 
TrkB+. (B-2) 1+, 20%. (B-3) 2+, 80%. 
(C-1) Case 8, TrkB-. (C-2) 0, 70%. (C-3) 
1+, 30%. 
*0, extremely feeble or no staining; 1+, 
mild staining; 2+, moderate staining; 
3+, strong staining.   

Y. Kondo et al.                                                                                                                                                                                                                                  



Annals of Diagnostic Pathology 50 (2021) 151673

5

(amino acids 160–340) that exist in all TrkB variants. Thus, we 
demonstrated TrkB expression in SDC, which is a new finding. TrkB 
expression was significant in the pT4 group compared to the pT1–3 
group. In the TwoStep cluster analysis, results were classified into two 
clusters based on TrkB. SDC also has an anti-apoptotic effect due to TrkB 
signaling similar to breast cancer [10]. Therefore, we believe that TrkB 
may be greatly involved in SDC development. 

We confirmed BDNF expression in SDC. This result suggests that 
BDNF and TrkB are co-expressed in SDC as in other tumors, and that 
TrkB signaling is triggered by autocrine signaling [10,15,16]. In our 
study, BDNF expression was significantly higher in ex-PA cases than de 
novo cases, and H-score of BDNF had a trend of high expression in ex-PA. 
BDNF was expressed in the PA component regardless of the BDNF 

expression in the SDC component. Additional immunohistochemistry 
showed that BDNF was also positive for carcinoma-ex-PA, in situ 
carcinoma-ex-PA, Cellar PA and Atypical PA (Supplementary Fig. S6). 
These are new findings. We consider that BDNF expression is one of the 
phenotypes of PA and that it is inherited in ex-PA [22-24]. Furthermore, 
we consider that BDNF expression in immunohistochemistry can be used 
to differentiate ex-PA from de novo. 

Our study confirmed the expression of NT-4, but this is not surpris
ing, as NT-4 is also secreted as a response to autocrine signaling, as well 
as BDNF and TrkB [25,26]. NT-4 may also bind to TrkB and induce a 
signaling pathway in the same manner as BDNF. In this study, the 
number of NT-4 positive cases was higher than that of BDNF, which 
suggests that NT-4 is more constantly secreted than BDNF, regardless of 
tumor size, de novo or ex-PA cases. NT-4 may be affecting SDC more than 
BDNF. 

Amplification of TrkB-FL, TrkB-T1, BDNF and NT-4 mRNA expres
sion was confirmed in SDC, but no correlation between immunohisto
chemistry results and clinicopathological findings was found. We 
believe that the expression of TrkB, BDNF and NT-4 may be affected by 
the proteasome [27-30]. We will further investigate this with cell culture 
experiments. 

In conclusion, the expression of TrkB, BDNF and NT-4 in SDC was 
confirmed for the first time. In particular, TrkB expression may be 
involved in tumor growth in SDC. 

A-1 A-2 A-3

3-B2-B1-B

2-C1-C C-3

Fig. 3. Immunohistochemistry of 
BDNF. 
In ex-PA case, PA showed a score of 1+
or 2+ regardless of the expression level 
of BDNF in SDC. (A-1) Case 7, BDNF+. 
(A-2) SDC com., 2+ 70%. (A-3) PA 
com., 2 + . 
(B-1) Case 6, BDNF+. (B-2) SDC com., 
2+ 60%. (B-3) PA com., 1+ - 2+. 
(C-1) Case 19, BDNF-, inset, SDC com. 
(C-2) SDC com., 1+/0, 100%. (C-3) PA 
com., 2 + . 
*com., component; PA, Pleomorphic 
adenoma. 
**,*0, extremely feeble or no staining; 
1+, mild staining; 2+, moderate stain
ing; 3+, strong staining.   

N=9

N=3

N=1

N=7

pT1-3 pT4

+ +

*

Fig. 4. Statistical analysis results of TrkB and pT. 
Between the pT1-3 group and the pT4 group, the latter had significantly more 
TrkB-positive cases. 
*p = 0.010 (Fisher’s exact test). 

Table 4 
Results of TwoStep cluster analysis.  

Importance Number of case Cluster 1 Cluster 2 

10 10 

High TrkB + 0  10 
− 10  0 

pT pT4  1  7 
pT3  5  2 
pT2  2  1 
pT1  2  0 

pN N2c  0  1 
N2b  8  5 
N1  0  2 
N0  2  2 

Low M M1  0  1 
M0  10  9  
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