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Abstract: Background and Objectives: Neurotrophic receptor tyrosine kinase 3 (NTRK3) is a
member of the tropomyosin receptor kinase family of receptor tyrosine kinases, which play
a crucial role in neural development. However, owing to the limited number of studies
about NTRK3 and cancer, we aimed to investigate NTRK3 as a potential prognostic marker
for breast cancer (BC). Materials and Methods: We conducted a comprehensive analysis of
NTRKS3 expression in BC using the Tumor Immune Estimation Resource, Gene Expression
Profiling Interactive Analysis 2, and Kaplan-Meier Plotter databases. We also explored the
association between NTRK3 expression and tumor-infiltrating immune cells. Results: Low
NTRK3 expression showed poorer prognosis in BC, as well as with T stage, pathology, and
the Luminal subtype. In BC (BRCA), NTRK3 was positively correlated with CD4+ T cell,
CD8+ T cell, macrophage, and neutrophil infiltration. Conclusions: These results suggest
that NTRK3 may serve as a prognostic biomarker and provide novel insights into tumor
immunology in BC. Therefore, NTRK3 represents a potential diagnostic and therapeutic
target for BC treatment.

Keywords: breast cancer; neurotrophic receptor tyrosine kinase 3; prognosis; immune
cells; biomarker

1. Introduction

Breast cancer (BC) represents the most common malignant tumor in women and is the
leading cause of cancer-related deaths [1]. However, most people do not exhibit symptoms
when the cancer is still at an early stage. BC commonly presents as a painless lump in
the breast. Early detection and timely treatment improve effectiveness and tolerability [2].
Moreover, identifying prognostic biomarkers is crucial for better BC treatment outcomes.
Additionally, understanding the molecular mechanisms underlying BC progression can
lead to the development of novel biomarkers that may offer better prognostic accuracy.

Neurotrophic receptor tyrosine kinase (NTRK) genes (NTRKI-NTRK3) as proto-
oncogenes, are found in various tumors [3]. Tropomyosin receptor kinases (TRK), also
known as neurotrophic tyrosine kinase receptors, play essential roles in neuronal biology
by mediating neurotrophin-activated signaling. The TRK receptor family comprises three
transmembrane receptors: TrkA, TrkB, and TrkC, which are encoded by NTRK1, NTRK2,
and NTRKS3, respectively [4]. Evidence suggests that TrkC plays a role in cancer. In breast,
pancreatic, and prostate cancers, the expressions of TrkC subtype were associated with
their carcinogenesis [5].
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NTRK3 is a gene that encodes a receptor tyrosine kinase of the TRK family, which plays
an important role in neural development by mediating the effects of neurotrophins [6]. In
cancer, NTRK3 is often involved in gene fusions, where part of the NTRK3 gene is joined to
another gene, leading to the production of a fusion protein that can drive tumorigenesis.
These fusions result in the overactivation of the TRK signaling pathway, promoting cancer
progression. Despite its role, research on the correlation between NTRK3 and cancer
remains limited, necessitating further investigation [7].

The immune system plays a critical role in tumor onset and progression. NTRK3 is
expressed by cells of the lymphatic system, such as T lymphocytes and neutrophils, as
well as by myeloid immune cells, such as macrophages. Additionally, NTRK3 regulates
the transcriptional networks for cell maintenance and differentiation [8]. However, the
relation between NTRK3 and immune cell infiltration in BC remains unknown. Therefore,
we studied a correlation between NTRK3 and tumor-infiltrating immune cells in various
cancers, especially BC.

In this article, we evaluated the prognostic value of NTRK3 by analyzing its association
with clinicopathological features and tumor-infiltrating immune cells (TIICs) in BC. NTRK3
expression and its prognostic significance was examined using publicly available databases,
including the Tumor Immune Estimation Resource (TIMER; https:/ /cistrome.shinyapps.
io/timer/, accessed on 1 September 2024), OncoLnc (OSLIHC; http:/ /bioinfo.henu.edu.cn/
DatabaseList., accessed on 16 September 2024), and UALCAN (http:/ /ualcan.path.uab.edu,
accessed on 8 September 2024). Our results indicate that NTRK3 may serve as a viable
therapeutic target and a promising candidate for immunotherapy in patients with BC.

2. Materials and Methods
2.1. TIMER Database Analysis

TIMER is used to analyze tumor-infiltrating immune cells in BC [9]. TIMER assesses
tumor-infiltrating immune cells based on statistical analyses of gene expression profiles [10].
The correlation between NTRK3 and infiltrating immune cells, such as macrophages,
neutrophils, CD4+ T cells, and CD8+ T cells, was analyzed in BC. We investigated the
relationship between NTRK3 expression and TIICs, along with the prognostic implications
of this association.

2.2. OSLIHC Database Analysis

The OSLIHC database provides a platform for researchers to identify new prognostic
biomarkers and enables the development of novel targeted therapies for various cancers.
Various survival outcomes, such as overall survival (OS), disease-free interval, progression-
free interval (PFI), and disease-specific survival (DSS), were obtained in OSLIHC.

2.3. UALCAN Database Analysis

The UALCAN database is a web-based tool for cancer data analysis that utilizes The
Cancer Genome Atlas (TCGA) Level 3 RNA-Seq data and clinical data. This tool enables
users to analyze the relative expression of specific genes across both tumor and normal
samples as well as across different tumor subgroups. These subgroups can be classified
based on various clinicopathological features, such as sex, age, race, histological subtype,
tumor stage, grade, nodal metastasis, and TP53 mutation status.

2.4. Statistical Analysis

Data were statistically analyzed by SPSS software (version 25.0; IBM SPSS, Armonk,
NY, USA). Clinicopathological characteristics, including age, sex, and pathological TNM
stage, were analyzed using the chi-square test. The TNM stage was determined according
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to the seventh edition of the American Joint Committee on Cancer staging system. Survival

results were presented as hazard ratios (HRs) by the log-rank test. A p-value of less than

0.05 from the log-rank test indicated a significant difference in survival times. The TIMER

database was used to assess the correlation between gene expression levels and immune

signature scores using Spearman’s correlation coefficients. All reported results included

p-values, with values below 0.05 deemed to indicate statistical significance.

3. Results

3.1. Assessment of NTRK3 Expression in Different Cancer and Normal Tissues

TIMER data from TCGA showed NTRK3 expression level in specific tumor types.

Significant differences in NTRK3 expression between normal and tumor tissues were

observed in bladder carcinoma (p < 0.001), breast carcinoma (p < 0.001), cervical squamous

cell carcinoma (p < 0.01), colon adenocarcinoma (p < 0.001), esophageal cancer (p < 0.001),

head and neck squamous cell carcinoma (p < 0.001), kidney chromophobe carcinoma

(p < 0.001), kidney renal papillary cell carcinoma (p < 0.001), liver hepatocellular carcinoma

(p < 0.001), lung adenocarcinoma (p < 0.001), lung squamous cell carcinoma (p < 0.001),

prostate adenocarcinoma (p < 0.001), rectum adenocarcinoma (p < 0.001), skin cutaneous

melanoma (p < 0.001), stomach adenocarcinoma (p < 0.001), thyroid carcinoma (p < 0.001),
and uterine corpus endometrial carcinoma (p < 0.001) (Figure 1A). In addition, the GEPIA2
database revealed that NTRK3 expression was downregulated in BC (Figure 1B).
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Figure 1. mRNA expression levels of NTRKS3 in various types of cancer, including BC. (A) High or

low expression of NTRK3 in tumor tissues compared with normal tissues analyzed using the TIMER

database. (B) Low expression of NTRK3 in tumor tissues compared with normal tissues analyzed

using the GEPIA2 database. * p < 0.05, ** p < 0.01 and *** p < 0.001.

The UALCAN database showed clinical characteristics of NTRK3 expression in BC
to validate the TIMER results. NTRK3 expression was associated with tumor size, tumor

stage, lymph node status, and TP53 mutation in BC (Figure 2).

3.2. Clinicopathological Characteristics of NTRK3 in BC

Patients were divided into two subgroups according to the median values of NTRK3

expression to evaluate its clinical significance in BC. The clinical value of NTRK3 is summa-
rized in Table 1. Lower NTRK3 expression was associated with higher T stage (p = 0.002),
Black and Asian racial groups (p = 0.011), invasive ductal carcinoma (p < 0.001), and luminal
subtype (p < 0.001) significantly. Although not statistically significant, NTRK3 expression
was related to N stage (p = 0.09). No other clinical characteristics were associated with

NTRK3 expression in BC patients.
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Figure 2. mRNA expression levels of NTRK3 expression in BC according to clinicopathologic
characteristics: (A) tumor and normal; (B) stage; (C) N stage; (D) TP53 status. *** p < 0.001.

Table 1. Clinical characteristics of NTRK3 mRNA expression in breast cancer.

NTRK3
High Low p-Value
Age
Gender 0.13
Male 3(27.3) 8(72.7)
Female 50 (50.3) 498 (49.7)
T stage 0.002
T1 144 (55.0) 118 (45.0)
T2 275 (47.1) 309 (52.9)
T3 72 (59.0) 50 (41.0)
T4 10 (28.6) 25(71.4)
N stage 0.09
NO 248 (52.5) 224 (47.5)
N1 167 (49.9) 168 (50.1)
N2 45 (39.8) 68 (60.2)
N3 38 (54.3) 32 (45.7)
M stage 0.40
MO 413 (49.5) 422 (50.5)
M1 8 (40.0) 12 (60.0)
Stage 0.22
I 97 (56.7) 74 (43.3)
I 279 (48.9) 292 (51.1)
III 110 (48.7) 116 (51.3)
v 7 (38.9) 11 (61.1)
Race 0.011
White 385 (55.4) 360 (44.6)
Black 68 (40.0) 102 (60.0)
Asian 23 (41.1) 33 (58.9)
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Table 1. Cont.
NTRK3
High Low p-Value
Pathology <0.001
Invasive ductal carcinoma 200 (42.7) 268 (57.3)
Invasive lobular carcinoma 99 (80.5) 24 (19.5)
Mixed 38 (49.4) 39 (50.)
Subtype <0.001
Luminal A 303 (61.5) 190 (38.5)
Luminal B 41 (22.9) 138 (77.1)
HER2-enriched 10 (14.1) 61 (85.9)
Triple negative 96 (57.1) 72 (42.9)
3.3. Prognostic Value of NTRK3 in BC
We evaluated the correlation between NTRK3 expression and BC prognosis using the
OSLIHC database. Survival rates, including OS, disease-free interval, PFI, progression-free
survival, and DSS, were analyzed based on NTRK3 expression in BC. As result, NTRK3
expression was significantly associated with a better prognosis in BC, as evidenced by
OS (HR = 0.6592, p = 0.012, Figure 3A), PFI (HR = 0.6833, p = 0.0291, Figure 3B), and
progression-free survival (HR = 0.725, p = 0.0223, Figure 3C). The disease-free interval and
DSS did not have any difference according to NTRK3 expression. Our results demonstrate
that the downregulation of NTRK3 expression predicts a poor prognosis in BC.
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Figure 3. Prognostic significance of NTRK3 in BRCA. (A) Overall survival; (B) progression-free
interval; (C) progression-free survival; (D) disease-free interval; (E) disease-specific survival.

3.4. Association of NTRK3 Expression with Immune Cell Infiltration in BC

Immune cell infiltration accelerates cancer progression and affects survival. We exam-
ined the correlation between NTRK3 expression and TIICs in BC using the TIMER database
(Figure 4A). NTRK3 was positively correlated with dendritic cells (r = 0.078, p = 0.014), CD4+
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T cells (r = 0.157, p < 0.001), and CD8+ T cells (r = 0.035, p = 0.027). Conversely, NTRK3 was
negatively correlated with B cell infiltration levels (r = —0.131, p < 0.001) in BC (Figure 4A).
Subsequently, we examined the associations among NTRK3 expression, prognosis, and
TIIC infiltration in BC. High NTRK3 expression with low CD4+ T cell infiltration showed
a poorer prognosis than high NTRK3 expression with high CD4+ T cell infiltration in BC
(Figure 4B). Cumulative survival curve analysis indicated that immune cell infiltration was
associated with NTRK3 in BC and affected prognosis. These data suggest that NTRK3 is a
predictive gene for immune cell invasion in BC.

Myeloid dendritic cell T cell CD8+

o
o

. R=0078 | [ A=
. p=00138 . P

NTRKS3 Expression Level (log2 TPM)

<
QO
'd
251@
00 L1 &
¥ :
T T T T T ™ T T ™ T T — Lr v T T T T v — T T ™
0.25 0.50 0.75 1.00 0.0 05 10 15 00 05 1.0 15 20 00 05 1.0 00 02 04 06 08 00 05 10 00 05 1.0
Purity Infiltration Level Infiltration Level Infiltration Level Infiltration Level Infiltration Level Infiltration Level
[=} y o o -
> - = 1:Low Gene Expression + Low B cell_TIMER > —— 1:Low Gene Expression + Low T cell GD4+_TIMER g4 = 1:Low Gene Expression + Low Myeloid denditic cell TIMER
- 2:Low Gene Expression + High B cell_TIMER - 2:Low Gene Expression + High T cell CD4+_TIMER - g 2:Low Gene Expression + High Myeloid denditic cell_TIMER
, ~— 3:High Gene Expression + Low B cell TIMER 3:High Gene Expression + Low T coll CD4+_TIMER e 448:Hi0h Gene Expression + Low Myeloid dendritc coll_ TIMER
5 \\' == 4:High Gene Expression + High B cell_TIMER 4:High Gene Expression + High T cell CD4+_TIMER figh Gene Expression + High Myeloid dendritic cell_TIMER
© s @© @©
5 o @ % © ® ° : .
2 2 2 i L
S o | S o S o L
n o n o n o
[ ] ]
2 2 2 |
5 < 5 < g <
:° :° :° e
3 =1 =
O o O o O o
[=} (=} [=}
o 2vs 1: HR=0.804, p = 0.312 o 2vs 1: HR=0.788, p = 0.269 o 2vs 1: HR=0.706, p = 0.129
2 - 4vs3:HR=0693,p=00815 ? | 4vs3:HR=0.583, p = 0.00598 2 = 4vs3:HR=134,p=0.166
o T T T T °© T T T T © T T T T
0 50 100 150 0 50 100 150 0 50 100 150
Time to Follow-Up (months) Time to Follow-Up (months) Time to Follow-Up (months)
o (=} (=}
: = 1:Low Gene Expression + Low T oell CD8+_TIMER - = 1:Low Gene Expression + Low Neutrophil_TIMER - = 1:Low Gene Expression + Low Macrophage_TIMER
= « 2:Low Gene Expression + High T cell CD8+_TIMER = w 2:Low Gene Expression + High Neutrophil_TIMER = w2:Low Gene Expression + High Macrophage_TIMER
—— 3:High Gene Expression + Low T cell CB+_TIMER ~— 3High Gene Expression + Low Neutrophil_TIMER —— 3High Gene Expression + Low Macs _TIMER
4:High Gene Expression + High T cell CD8+_TIMER = 4:High Gene Expression + High Neutrophi_TIMER 4High Gene Expression + High Macrophage_TIMER
© @ @©
= © 1 - S _ 2
E g g
2 e e
3 @ | 3 © ] 3 < |
»n o » o »n o
$ 2 2
£ < R [ g <
g =} E (=} g =}
=1 =1 =
O o | O o O o |
=} (=} o
o 2vs 1:HR=1.2, p = 0.308 =) 2vs 1: HR=0.948, p = 0.804 o 2vs 1: HR=1.48, p = 0.0702
S L 4vs3HR=125.p=0283 o L 4¥s3:HR=064.p=085% S 4w aHR=L17.p=0428

T T

T T
0 50 100 150
Time to Follow-Up (months)

T T

T T
0 50 100 150
Time to Follow-Up (months)

T T

T T
0 50 100 150
Time to Follow-Up (months)

Figure 4. Correlation between NTRK3 expression and infiltrating immune cells in BRCA. (A) Scatter-
plots showing the correlation between NTRK3 and TIICs, including B cell, CD4+ T cells, dendritic
cells, CD8+ T cells, neutrophils, and macrophages were analyzed using the TIMER database. (B) The
prognostic value NTRK3 and TIICs was analyzed using the TIMER database.

4. Discussion

Genetic studies are crucial for identifying therapeutic targets in BC because they pro-
vide insights into the molecular mechanisms that drive tumor growth and progression [11].
By analyzing genetic characteristics, clinicians can identify specific mutations, gene amplifi-
cations, or fusions associated with cancer progression [12]. This enables the development
of targeted therapies aimed at these genetic alterations, improving treatment outcomes
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and reducing side effects. Moreover, genetic analysis helps personalize treatment plans, as
not all BCs are identical [13]. For example, HER2-positive BC can be treated with targeted
therapies, such as trastuzumab, whereas hormone receptor-positive BC may benefit from
hormone therapies. By understanding the genetic profile of each tumor, more precise and
effective treatments can be developed, leading to improved prognosis and survival rates.
Overall, genetic analysis is essential for identifying new therapeutic targets and advancing
personalized medicine for BC treatment [14].

Recently, data from TCGA have played a pivotal role in advancing our understanding
of the molecular landscape of this disease. TCGA provides a comprehensive multidimen-
sional dataset that integrates genomic, transcriptomic, and clinical information from a
large number of BC samples [15,16]. This valuable resource enables researchers to identify
key genetic alterations, mutations, and expression patterns that drive tumorigenesis and
contribute to therapeutic resistance. We investigated the clinical and prognostic value of
NTRK3 expression in BC using the TIMER and UALCAN databases in conjunction with
TCGA data. Differential expression of NTRK3 between tumors and normal tissues has
been observed in various cancers, and NTRK3 expression is lower in BC tissues than in
normal adjacent tissues. A previous study showed that NTRK3 may be a potential tumor
suppressor gene in cancer via inactivated epigenetic and genetic mechanisms [17]. Aberrant
methylation patterns contribute to the downregulation of this tumor suppressor gene, si-
lencing NTRK3 expression. However, Jin et al. [6] showed that its overexpression promoted
breast tumor growth and metastasis. This discrepancy suggests that the role of NTRK3 in
BC may be context-dependent, potentially varying based on tumor subtype, stage, or other
molecular factors. Therefore, further investigation is needed to fully understand the dual
roles of NTRKS3 in BC and to identify the specific conditions under which its expression
may either inhibit or enhance cancer progression.

NTRK3 may be a critical factor in cancer progression, including gastric [18], thy-
roid [19], lung [20], glial [21], and BCs. These studies indicate that NTRK3 might affect the
AKT-mTOR signaling pathway, influencing cancer progression. However, our big data
analysis showed that NTRK3 expression was associated with better survival outcomes.
Similar results have been reported in melanoma [22], neuroblastoma [23], and colorectal
cancer [17]. These conflicting results indicate that the precise role of NTRK3 in cancer
progression remains unclear.

To elucidate the role of NTRK3 in BC, we examined the clinicopathological charac-
teristics of BC. Lower NTRK3 expression was associated with a higher T stage, indicating
larger tumor size and greater metastatic potential. Additionally, we found that lower
NTRK3 expression correlated with certain racial groups. Interestingly, this expression
pattern was related to the luminal subtype. NTRK3 expression was particularly low in
patients with luminal B and HER2-enriched subtypes, which are associated with poorer
prognosis [24,25]. These results may be attributed to the higher rates of local recurrence
and reduced response to anti-hormonal treatment in these patients [24-26]. Therefore, new
treatment options should be studied for luminal B and HER2-enriched subtypes based on
NTRK3 expression data.

The positive correlation between NTRK3 expression and dendritic cells, CD4+ T
cells, and CD8+ T cells indicates that NTRK3 may be involved in modulating immune
responses in the tumor microenvironment. Dendritic cells, CD4+ T cells, and CD8+ T
cells play crucial roles in initiating and sustaining anti-tumor immunity, suggesting that
NTRK3 may enhance immune surveillance and contribute to a more favorable immune
landscape in BC [5]. Furthermore, the association between high NTRK3 expression with
low CD4+ T cell infiltration and poorer prognosis emphasizes the importance of the tumor-
immune interaction in BC progression. CD4+ T cells are pivotal for orchestrating adaptive
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immunity, and their low infiltration in the context of high NTRK3 expression may suggest
an immunosuppressive microenvironment that favors tumor progression [16]. This finding
underscores the complex role of NTRK3, where its high expression alone does not guarantee
prognostic value, as it depends on the specific immune cell profile present.

The limitations of this study are as follows. First, our analysis relies on big data and
does not include experimental validation or clinical trials. Second, although we observed a
correlation between NTRK3 expression and tumor progression, we lack detailed mechanistic
insights into how NTRKS3 influences BC. Conflicting findings regarding survival outcomes
linked to NTRK3 expression suggest a lack of consensus on its role in cancer progression,
highlighting the need for further research.

5. Conclusions

Our findings demonstrate that NTRK3 may be a potential prognostic biomarker in BC,
highlighting its importance in both tumor progression and patient survival. To confirm this
hypothesis, translational research using patient tissue samples, combined with in vitro cell
experiments, will be essential. By examining NTRK3 expression in clinical BC samples and
correlating it with clinical outcomes, we can assess its potential as a prognostic biomarker.
Additionally, functional studies using BC cell lines, including NTRK3 knockdown or
overexpression experiments, will help elucidate its mechanistic role in tumor growth,
immune evasion, and metastasis. These combined approaches will provide a deeper
understanding of NTRK3's involvement in BC and support the development of targeted
therapeutic strategies based on its expression and immune interaction profiles.
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