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Background: Colorectal cancer (CRC) is a common tumor of the digestive system. In recent years, CRC
has had the fourth highest incidence and second highest mortality rate among tumors worldwide. Therefore,
it is important to identify new molecular markers, and examine their relationship with the clinicopathological
features and prognosis of CRC patients. This study examined the correlation between the expression
levels of the tropomyosin receptor kinase C (TRKC) and neurotrophic factor-3 (NT-3) proteins, and the
clinicopathological features and prognosis of CRC patients.

Methods: In total, 141 paraffin-embedded specimens from patients who had undergone radical surgical
resection for CRC were analyzed. All CRC diagnoses were confirmed by pathological examination.
Corresponding adjacent normal tissues served as controls. Immunohistochemical staining was employed
to assess the expression of the TRKC and NT-3 proteins in both the CRC and adjacent normal tissues. A
subsequent statistical analysis was conducted to explore the associations between the expression levels of
these proteins, and the clinicopathological features and prognostic outcomes of CRC patients.

Results: The expression level of TRKC was significantly higher in the CRC tissues than the adjacent
normal tissues, while the expression level of N7-3 was significantly lower in the CRC tissues than the
adjacent normal tissues, and the observed differences were statistically significant (P<0.001). Notably, TRKC
expression was significantly correlated with the tumor site (P<0.05), lymph node metastasis (P<0.05), tumor
node metastasis (TNM) stage (P<0.01), serum carcinoembryonic antigen (CEA) level (P<0.01), and serum
carbohydrate antigen 19-9 (CA199) level (P<0.05). The patients with positive TRKC had significantly shorter
overall survival (OS) and progression-free survival (PFS) times than those with negative TRKC expression
(P<0.001). Further, NT-3 expression was significantly associated with lymph node metastasis (P<0.05), distant
metastasis (P<0.05), TNM stage (P<0.05), and serum CEA level (P<0.05). The patients with positive N7-3
expression had prolonged OS and PFS compared to those with negative N7-3 expression (P<0.01). The
Cox proportional hazards regression model revealed that TRKC expression had a hazard ratio (HR) of 2.679
(P<0.01), while NT-3 expression had a HR of 0.433 (P<0.05).

Conclusions: We found that the TRKC and N'T-3 proteins were closely associated with the occurrence,

metastasis, invasion, and tumor marker levels of CRC, and can be used as independent predictors of
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prognosis in patients with CRC. TRKC mainly indicates a poor prognosis in CRC, while N7-3 indicates a
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Introduction

Colorectal cancer (CRC) is a common digestive system
tumor. In recent years, CRC has had the fourth highest
incidence and second highest mortality rate among tumors
worldwide (1). Further, in recent years, the incidence of
CRC in patients aged <55 years has been increasing at a
rate of 1-2% per year, and CRC is now the leading cause of
cancer-related deaths in men aged <50 years and the second
leading cause of cancer-related deaths in women (1).

In addition to traditional tumor node metastasis (TINM)

Highlight box
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® The tropomyosin receptor kinase C (TRKC) and neurotrophic
factor-3 (N'T-3) proteins are closely associated with the occurrence,
metastasis, infiltration, and tumor marker levels of colorectal
cancer (CRC), and can be used as independent predictors of
prognosis in patients with CRC. The high expression of TRKC in
patients with CRC was correlated with a poor prognosis, while the
high expression of N7-3 was correlated with a good prognosis.

What is known, and what is new?

* CRC is a highly prevalent malignant tumor worldwide, with the
fourth highest incidence rate and the second highest mortality
rate. TRKC is a member of the tyrosine kinase receptor (TRK)
family of neurotrophin receptors, and is implicated in the growth
and survival of human cancer tissues. N7-3 has the highest affinity
for TRKC and is its only ligand. Neurotrophic factors and their
corresponding receptors have been shown to induce a variety
of pleiotropic responses in malignant cells, including enhancing
tumor invasiveness and chemotaxis. However, few studies have
examined the link between TRKC and N'T-3 proteins and CRC.

* This study examined the correlation between the expression levels
of TRKC and NT-3 proteins, and the clinicopathological features
and prognosis of CRC patients.

What is the implication, and what should change now?

® TRKC and NT-3 may become new molecular markers through
the introduction of this study. We will perform cell and animal
experiments to explore the specific regulatory mechanisms by
which TRKC and N'T-3 protein expression affects CRC.

© AME Publishing Company.

staging, histologic classification, grading, and the histologic
evaluation of lymphatic, perineural, and venous infiltrates,
the value of tumor markers (including mismatch repair
assays and immuno-scoring) is increasingly recognized (2-6).
Clinical trials have shown that customized treatment for the
molecular and pathological characteristics of tumors can
improve the overall survival (OS) rate (7). Thus, exploring
new molecular markers, and studying the correlation
between these markers, and the clinical pathological
characteristics and prognosis of CRC could lead to
developments in the diagnosis and treatment of CRC.

"Tyrosine kinase receptor (TRK) was originally identified
from colon cancer-derived oncogenes. TRK is a single-
transmembrane receptor protein that contains an extracellular
ligand-binding domain, a transmembrane domain, and an
intracellular domain with kinase activity; and is capable of
fusing with another tyrosine kinase domain (8-10). TRK
proteins have been identified as members of tropomyosin
family that fuse to the tyrosine kinase domain (11).
Tropomyosin receptor kinases A, B, and C (TRKA, TRKB,
and TRKC) belong to the cell surface receptor tyrosine
kinase family that is encoded by neurotrophic receptor
tyrosine kinases 1, 2, and 3 (NTRK 1, NTRK 2, and NTRK 3)
genes (12). TKR is a central regulator of signaling pathways
that control differentiation, proliferation, motility, and
invasion (13). TRKC is a high-affinity transmembrane
receptor encoded by NTRK 3, which binds to neurotrophic
factor-3 (N'T-3), while TRKC is a receptor for N7-3 and is
rarely activated by other ligands (8,9,11,14).

NT-3 (15) is a soluble small molecule protein of the
neurotrophic factor family that regulates the proliferation
and regeneration of various nerve cells, and enhances
the proliferation of various tumor cells (16,17). Many
studies have shown that N7-3 and its receptor TRKC are
overexpressed in a variety of cancers, including pancreatic
cancer (18,19), colon carcinoma (20), lung cancer (21),
and salivary adenoid cystic carcinoma (22). TRKC plays an
important role in inducing tumor invasion and malignant
cell chemotaxis, regulating angiogenesis, inducing tumor
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growth, preventing cell apoptosis, and promoting metastasis
(14,23-26). The specific activation of the TRKC receptor by
the ligand NT-3 enhances the viability of tumor-initiating
cells (27). The expression of N7-3 and its receptor TRKC
have been shown to be enhanced in lung tumor spheres (21).

NT-3 silencing inhibits the migration and anchorage-
independent growth of lung cancer cells, while NT-3
overexpression promotes migration and anchorage-
independent growth, and facilitates tumor sphere formation
via the upregulation of the expression of cancer stem cell
markers (21). Therefore, TRKC and its ligand N7-3 are
thought to play a significant role in a variety of cancers (13).
Currently, mRNA expression of TRKB and TRKC has been
found to be higher in CRC tissues than in noncancerous
tissues, and it has been elucidated that TRKB and TRKC
promote tumor progression and metastasis by increasing
the ability of cells to grow or to invade, and that they
inhibit apoptosis in CRC (28). Moreover, TRKC can lead
to dysregulation of cellular growth, alteration of cellular
behaviors and functions, and enhanced metastasis in CRC;
TRKC controls tumorigenicity and metastasis in CRC (23).

In this study, we examined the expression of the TRKC
and N'T-3 proteins in CRC cancer tissues and adjacent
normal tissues, and analyzed the differences between them.
We sought to investigate the relationship between their
expression in the CRC tissues and the clinicopathological
features and prognosis of patients, and to evaluate the
prognosis of CRC patients. We present this article in
accordance with the REMARK reporting checklist (available
at https://tcr.amegroups.com/article/view/10.21037/tcr-
2025-519/rc).

Methods
Study subjects

Immunohistochemistry clinical samples were obtained from
141 patients undergoing radical CRC surgery at Dazhou
Central Hospital from January 2017 to December 2018. The
end of surgery was used as the start of the follow-up period,
which ended in August 2020. The clinical endpoint was the
death of a patient from CRC or the end of the follow-up
period. The median follow-up time was 1,625 days.

"To be eligible for inclusion in the study, the patients had
to meet the following inclusion criteria: (I) have a primary
diagnosis of CRC; (II) have postoperative pathological
results confirming CRC, and no cancer cell infiltration in
the normal tissue; (III) have complete clinicopathological
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data; and (IV) have not undergone preoperative surgery,
chemoradiotherapy, immunotherapy, or other anti-tumor
therapy. Patients were excluded from the study if they met
any of the following exclusion criteria: (I) died due to other
causes; (IT) had other tumors at the same time.

The study was conducted in accordance with the
Declaration of Helsinki (revised 2013). The study was
approved by the Ethics Board of Dazhou Central Hospital
(Ethics Board registration number: 010) and informed
consent was taken from all the patients.

Experimental methods

Selected wax blocks were serially sliced at 3 microns, baked
at 60 centigrade for 1 hour, Xylene dewaxing, alcohol
debenzening, pH=6.0 citrate antigen repair solution
high-pressure repair antigen, blocking the endogenous
peroxidase, by 3%H,0O, at room temperature for 15 min,
blocking serum at room temperature for 30 min, diluting
primary antibody to 1:250, incubating at 4 °C overnight,
rewarming for 20 minutes, incubating the reaction
enhancement solution and secondary antibody for 30 min at
room temperature, DAB (3,3’-Diaminobenzidine) staining
for 5 min, counterstaining with hematoxylin for 3 min,
hydrochloric acid alcohol to turn red, Ammonia reverse
blue, after dehydration with anhydrous alcohol, placed
in xylene immersion, finally cover the piece. Phosphate
buffered saline was used instead of the primary antibody as
the negative control.

Immunobistochemical section scoring

The total immunohistochemistry score was calculated by
multiplying the number of positively expressed cells with
the coloration intensity of the positively expressed cells,
and a total score of <3 was recorded as negative expression,
while a total score of >3 was recorded as positive expression.
The positive expressing cells were observed under a high-
power field (x100) and scored as follows: 0 points: <5%
positive cells; 1 point: 5-10% positive cells; 2 points:
11-50% positive cells; 3 points: 51-80% positive cells;
and 4 points: >80% positive cells. The coloration intensity
of the positively expressed cells was scored as follows:
0 points: no positive expression coloration of the cytoplasm;
1 point: pale-yellow coloration; 2 points: brownish-yellow
coloration; and 3 points: sepia coloration. Each section was
independently scored by two experienced pathologists (9).
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Figure 1 TRKC expression in tissues of CRC patients. (A) Immunohistochemical images of TRKC expression in cancerous and adjacent

normal tissues (x100). (B) Expression levels of TRKC in cancerous tissues and adjacent normal tissues of CRC patients: a semi-quantitative

analysis of the immunohistochemistry results (****, P<0.0001). CRC, colorectal cancer; IHC, immunohistochemistry; 7RKC, tropomyosin

receptor kinase C.

Statistical methods

The statistical analysis was performed using SPSS26.0
and GraphPad Prism9 software. The measurement data
are expressed as the mean = standard deviation. The
Shapiro-Wilk test was used to examine the distribution
of the data. The #-test was used to compare the normally
distributed data between two groups. The Mann-Whitney
test was used to compare the non-normally distributed
data between two groups. The Chi-square test was used
to analyze the relationship between the TRKC and NT-3
expression levels and clinicopathological features. The
Kaplan-Meier method was used to analyze the relationship
between the TRKC and NT-3 expression levels and CRC
prognosis. The Cox proportional hazards regression model
was used to analyze the factors affecting prognosis. A
P value <0.05 was considered statistically significant (22).

Results
General

Ultimately, 141 specimens were collected, 84 from males
and 57 from females. The following clinicopathological
information was also collected: age, gender, smoking,
degree of differentiation, tumor location, tumor size, depth
of invasion, lymph node metastasis, distant metastasis,

© AME Publishing Company.

TNM stage, and carcinoembryonic antigen (CEA),
carbohydrate antigen 125, and carbohydrate antigen 19-9
(CA199) expression levels.

TRKC expression profile

Immunohistochemistry was used to detect the expression of
TRKC in the cancer tissues and adjacent normal tissues of
the CRC patients. The results showed that the expression
level of TRKC was significantly higher in the CRC cancer
tissues than the adjacent normal tissues, and the difference
was statistically significant (P<0.0001) (Figure 1). The left
image in Figure 14 shows the immunohistochemistry results
for TRKC expression in CRC adjacent normal tissue, while
the right image shows the immunohistochemistry results
for TRKC expression in cancer tissue.

Association between TRKC expression and the
clinicopathological features of the patients

The Chi-square test was used to analyze the relationship
between TRKC expression and the clinicopathological
characteristics of patients, and it was found that the
expression of TRKC was correlated with tumor location
(P<0.05), lymph node metastasis (P<0.05), TNM stage
(P<0.01), serum CEA level (P<0.01) and serum CA199 level
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(P<0.05) (Tuble 1).

The relationship between TRKC expression and patient
prognosis

In the Kaplan-Meier survival analysis based on the follow-up
information of the CRC patients, the OS time and
progression-free survival (PFS) time in the TRKC-positive
expression group were lower than those in the TRKC-
negative expression group (P<0.001) (Figure 2).

NT-3 expression profile

The expression of NT-3 in the CRC tissues and adjacent
normal tissues was detected by immunohistochemistry, and
the results showed that the expression level of NT-3 was
significantly lower in the CRC tissues than the adjacent
normal tissues, and the difference was statistically significant
(P<0.0001) (Figure 3). The left panel of Figure 34 shows
the immunohistochemical results of N7-3 expression in the
normal tissues adjacent to the CRC tissues, and the right
panel shows the immunohistochemical results of N7-3
expression in the cancer tissues.

Association between NT-3 expression and the
clinicopathological features of patients

The Chi-square test was used to analyze the relationship
between NT-3 expression and the clinicopathological
characteristics of the patients. The results showed that
the expression of NT-3 was correlated with lymph node
metastasis (P<0.05), distant metastasis (P<0.05), TNM stage
(P<0.05) and serum CEA level (P<0.05) (1able 2).

The relationship between NT-3 expression and patient
prognosis

A Kaplan-Meier survival analysis was performed based on
the follow-up information of the CRC patients, and it was
found that the OS time and PFS time of the patients in the
NT-3-positive expression group were higher than those in
the N7-3-negative expression group (P<0.01) (Figure 4).

A Cox proportional bazards regression model for CRC
patients

The clinicopathologic characteristics of the CRC
patients, and the expression of TRKC and NT-3 detected

© AME Publishing Company.
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by immunohistochemistry were collected and analyzed
univariately using Cox proportional hazards regression
models (7able 3). The results showed that gender [hazard
ratio (HR) =0.441, P<0.05], age (HR =2.350, P<0.05),
smoking (HR =2.067, P<0.05), lymph node metastasis (HR
=2.439, P<0.01), distant metastasis (HR =4.650, P<0.01),
TNM stage (HR =2.639, P<0.01), serum CA199 (HR
=2.738, P<0.01), TRKC expression (HR =3.316, P<0.0001),
and NT-3 expression (HR =0.428, P<0.01) were associated
with prognosis. The statistically significant indicators
in the univariate analysis were then incorporated into
a multivariate analysis model (Tuble 4), and the results
showed that TRKC expression (HR =2.679, P<0.01) and
NT-3 expression (HR =0.433, P<0.05) were independent
predictors of prognosis in the CRC patients.

Discussion

CRC is a modern disease and has the highest incidence
in developed countries (29). The incidence of CRC is
likely to increase as the world becomes more affluent,
and more people adopt Western diets and lifestyles (29).
The pathogenesis of CRC involves genetic alterations
that disrupt DNA repair mechanisms, leading to the
formation of abnormal crypts in the colon that further lead
to adenomatous polyps or serrated polyps, and ultimately
colorectal tumors (30).

Screening is the mainstay of prevention and early
detection of CRC; however, due to the widespread belief
that cancer is associated with aging, only individuals aged
50-60 years and older are eligible for regular screening, and
in younger patients, characteristic symptoms, such as blood
in the stool and abdominal pain, are often overlooked (31).

In an epidemiologic study, males and advancing age
have been consistently shown to have a strong association
with disease incidence (2). One analysis provided strong
evidence that men are at greater risk of developing
advanced colorectal tumors in all age groups, in comparison
to women (32). Prognostic factors of CRC mainly include
treatment-related prognostic factors and tumor-related
prognostic factors (33). The prognosis of patients with
CRC depends on the treatment, and the quality of surgery
and pathology can be assessed by the number of lymph
nodes removed (33). The assessment of specimen integrity
in rectal cancer surgery is a valuable surgical quality control
method with proven prognostic results (33,34).

TNM staging at diagnosis is the most important
prognostic factor. It provides valuable prognostic
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Table 1 Association between TRKC expression and the clinicopathological features of the CRC patients

Pathological characteristics Positive expression (n=71), n (%) Negative expression (n=70), n (%) P

Gender 0.20
Male 46 (64.79) 38 (54.29)
Female 25 (35.21) 32 (45.71)

Age (years) 0.45
<60 24 (33.80) 28 (40.00)
>60 47 (66.20) 42 (60.00)

Degree of differentiation 0.45
High differentiation 3(4.23) 4 (5.71)
Medium differentiation 66 (92.96) 61 (87.14)
Low differentiation 2(2.82) 5(7.14)

Tumor location 0.04
Right hemicolon 10 (14.08) 20 (28.57)
Left hemicolon 61 (85.92) 50 (71.43)

Smoking 0.26
No 34 (47.89) 27 (38.57)
Yes 37 (562.11) 43 (61.43)

Tumor size (cm) 0.53
<5 43 (47.89) 46 (38.57)
>5 28 (52.11) 24 (61.43)

Infiltration depth 0.34
Muscle layer and within 20 (47.89) 25 (38.57)
Outside the muscle layer 51 (52.11) 45 (61.43)

Lymph node metastasis 0.01
No 42 (47.89) 55 (38.57)
Yes 29 (52.11) 15 (61.43)

Distant metastasis 0.15
No 65 (47.89) 68 (38.57)
Yes 6 (52.11) 2(61.43)

TNM 0.008
I+ 41 (47.89) 55 (38.57)
I+ v 30 (562.11) 15 (61.43)

CEA (ug/L) 0.002
<5 29 (47.89) 47 (38.57)
>5 42 (52.11) 23 (61.43)

CA199 (U/mL) 0.01
<27 43 (47.89) 56 (38.57)
>27 28 (52.11) 14 (61.43)

CA125 (U/mL) 0.77
<35 65 (47.89) 65 (38.57)
>35 6 (52.11) 5(61.43)

CRC, colorectal cancer; CEA, carcinoembryonic antigen; CA199, carbohydrate antigen 19-9; CA125, carbohydrate antigen 125; TNM,
tumor, node, and metastasis; TRKC, tropomyosin receptor kinase C.
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Figure 2 Association between TRKC expression and the prognosis of patients with CRC. ***, P<0.001. CRC, colorectal cancer; CI,

confidence interval; HR, hazard ratio; OS, overall survival; PFS, progression-free survival; TRKC, tropomyosin receptor kinase C.
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Figure 3 NT-3 expression in tissues of CRC patients. (A) Immunohistochemical images of N7-3 expression in cancerous and adjacent normal
tissues (x100). (B) Expression levels of N7-3 in cancerous and adjacent normal tissues of the CRC patients: a semi-quantitative analysis of the

immunohistochemistry results (****, P<0.0001). CRC, colorectal cancer; IHC, immunohistochemistry; N7-3, neurotrophic factor-3.

information and guides therapeutic decisions, but it
cannot predict the response to and outcome of treatment
in individual patients (35). To overcome this limitation,
the molecular characterization of tumors has been
recommended, and many potential molecular prognostic
markers have been identified, such as: Kirsten rat sarcoma
viral oncogene homolog (k-ras), myelocytomatosis oncogene
(c-myc), B-cell lymphoma-2 (bcl-2) and transforming
growth factor (T'GF) (36). All guidelines recommend that
in addition to performing a complete blood count at the
time of diagnosis, the laboratory check the CEA level (37).
Elevated baseline CEA concentrations are associated with
a poor prognosis, and concentrations that do not return to

© AME Publishing Company.

normal after surgery may indicate residual disease (2).
Smoking is an established risk factor for colorectal
adenomas, as well as for CRC morbidity and mortality,
which suggests that smoking may also affect the prognosis
of patients with CRC (38). Various factors have been
identified that affect CRC prognosis, and many of these
molecular markers have also been recognized to affect
CRC prognosis, but fewer studies have been conducted
on TRKC and NT-3 proteins and the prognosis of CRC.
This study sought to investigate whether the expression of
TRKC and NT-3 was correlated with the clinicopathologic
characteristics, such as age, gender, smoking, and TNM
stage, of CRC patients, and whether they can serve as an
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Table 2 Association between N7-3 expression and the clinicopathological features of the CRC patients

Pathological characteristics Positive expression (n=91), n (%) Negative expression (n=50), n (%) P

Gender 0.66
Male 53 (58.24) 31 (62.00)
Female 38 (41.76) 19 (38.00)

Age (years) 0.87
<60 34 (37.36) 18 (36.00)
>60 57 (62.64) 32 (64.00)

Degree of differentiation 0.85
High differentiation 5(5.49) 2 (4.00)
Medium differentiation 81 (89.01) 46 (92.00)
Low differentiation 5 (5.49) 2 (4.00)

Tumor location 0.56
Right hemicolon 18 (19.78) 12 (24.00)
Left hemicolon 73 (80.22) 38 (76.00)

Smoking 0.82
No 40 (43.96) 21 (42.00)
Yes 51 (56.04) 29 (58.00)

Tumor size (cm) 0.87
<5 57 (62.64) 32 (64.00)
>5 34 (37.36) 18 (36.00)

Infiltration depth 0.06
Muscle layer and within 34 (37.36) 11 (22.00)
Outside the muscle layer 57 (62.64) 39 (78.00)

Lymph node metastasis 0.04
No 68 (74.73) 29 (58.00)
Yes 23 (25.27) 21 (42.00)

Distant metastasis 0.02
No 89 (97.80) 44 (88.00)
Yes 2 (2.20) 6 (12.00)

TNM 0.02
I+ 68 (74.73) 28 (56.00)
I+ v 23 (25.27) 22 (44.00)

CEA (ug/L) 0.03
<5 43 (47.25) 33 (66.00)
>5 48 (52.75) 17 (34.00)

CA199 (U/mL) 0.73
<27 63 (69.23) 36 (72.00)
>27 28 (30.77) 14 (28.00)

CA125 (U/mL) 0.17
<35 86 (94.51) 44 (88.00)
>35 5 (5.49) 6 (12.00)

CEA, carcinoembryonic antigen; CA199, carbohydrate antigen 19-9; CA125, carbohydrate antigen 125; CRC, colorectal cancer; NT-3,
neurotrophic factor-3; TNM, tumor, node, and metastasis.
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Figure 4 Association between NT-3 expression and patient prognosis in CRC. **, P<0.01. CRC, colorectal cancer; CI, confidence interval;

HR, hazard ratio; NT-3, neurotrophic factor-3; OS, overall survival; PFS, progression-free survival.

Table 3 Univariate analysis of the prognosis of the CRC patients

Table 4 Multivariate analysis of the prognosis of the CRC patients

Clinicopathologic features HR (95% CI) P

Age 2.350 (1.124-4.913) 0.02
Gender 0.441 (0.217-0.897) 0.02
Smoking 2.067 (1.116-3.830) 0.02
Tumor location 0.767 (0.385-1.527) 0.45
Degree of differentiation 1.480 (0.568-3.854) 0.42
Tumor size 1.053 (0.565-1.962) 0.87
Infiltration depth 2.089 (0.967-4.514) 0.06
Lymph node metastasis 2.439 (1.329-4.475) 0.004
Distant metastasis 4.650 (1.932-11.191) 0.001
TNM stage 2.639 (1.439-4.841) 0.002
CEA 1.353 (0.738-2.480) 0.33
CA199 2.738 (1.336-5.609) 0.006
CA125 0.997 (0.308-3.228) 0.995
TRKC expression 3.316 (1.694-6.490) <0.001
NT-3 expression 0.428 (0.233-0.785) 0.006

CEA, carcinoembryonic antigen; CA199, carbohydrate antigen
19-9; CA125, carbohydrate antigen 125; Cl, confidence interval;
CRC, colorectal cancer; HR, hazard ratio; NT-3, neurotrophic
factor-3; TNM, tumor, node, and metastasis; TRKC, tropomyosin

receptor kinase C.

independent predictor of CRC prognosis.

The TRK family of receptor tyrosine kinases encoded

by the NTRK gene are initially synthesized as precursor
proteins; the post-translational glycosylation of the

© AME Publishing Company.

Clinicopathologic features HR (95% ClI) P
Gender 0.698 (0.253-1.929) 0.49
Age 1.989 (0.929-4.256) 0.08
Smoking 1.349 (0.561-3.243) 0.50
Lymph node metastasis 1.226 (0.139-10.779) 0.85
Distant metastasis 1.490 (0.492-4.510) 0.48
TNM stage 1.351 (0.135-13.506) 0.80
CA199 1.407 (0.710-2.788) 0.33
NT-3 expression 0.433 (0.223-0.838) 0.01
TRKC expression 2.679 (1.266-5.672) 0.003

CRC, colorectal cancer; Cl, confidence interval; CA199,
carbohydrate antigen 19-9; HR, hazard ratio; NT-3, neurotrophic
factor-3; TNM, tumor, node, and metastasis; TRKC, tropomyosin
receptor kinase C.

extracellular structural domains of these precursors
produces the mature protein products TRKA (140 kDa),
TRKB (145 kDa), and TRKC (145 kDa) (39-41). The
TRK receptor family plays an important role in neuronal
growth and development; however, aberrant signaling
by TRK proteins has been associated with a variety of
malignancies (39). Fusions of NTRK proteins have been
identified in a variety of solid tumors, including lung
tumors, gastrointestinal tumors, thyroid tumors, primary
brain tumors, sarcomas, and acute myeloid leukemia (42-44).
Somatic NTRK mutations have also been identified in
a variety of tumor types, including CRC (40,41). The
abnormal expression of TRK and the enhanced expression
of various neurotrophic factors have also been found to be
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associated with the development of human prostate cancer
and pancreatic ductal adenocarcinoma (42). There is also
growing evidence that TRK oncogene rearrangements
are common in non-neuronal tumors, such as colon and
papillary thyroid carcinomas, and that the receptor signaling
encoded by the proto-oncogene TRK regulates growth,
differentiation, and apoptosis in neuron-originated tumors,
such as neuroblastoma and medulloblastoma (43).

TRKC, a member of the TRK family, is associated
with human cancer tissue growth and survival (44).
TRKC is also a potent oncoprotein expressed in tumors
of multiple cell line origins, and it functions as an active
protein tyrosine kinase via N'T-3 (44). NT-3 binds to
all three TRK receptors but has the highest affinity for
TRKC, and is its only ligand (45). Neurotrophic factors
and their corresponding receptors have been shown to
induce multiple pleiotropic responses in malignant cells,
including enhanced tumor invasiveness and chemotaxis (44).
In addition, neurotrophic factors and their receptors are
important in regulating angiogenic and pro-mitotic signals
that promote tumor growth, and prevent apoptosis, cell
spreading, and metastasis (44,46-49).

The ligand of the TRK family is neurotrophin; and
TRKC binds to NT-3 (50). TRK/NT-3 co-expression
has been observed in many CRC specimens (28,51,52).
Further, research has shown that TRKC promotes tumor
progression and metastasis by increasing the cell growth or
invasion capacity, and inhibits apoptosis in CRC (23,28).
A previous study has reported that TRKC expression is
more strongly upregulated in CRC cancer tissues than
normal tissues, and TRKC can lead to the dysregulation
of cell growth, alter cellular behavior and function, and
control tumorigenicity and enhance metastasis in CRC (23).
In this study, we similarly found that the expression level
of the TRKC protein was significantly higher in the
CRC cancer tissues than the normal adjacent tissues. We
analyzed the relationship between TRKC expression and
the clinicopathological characteristics of the patients, and
found that TRKC expression was correlated with the tumor
site (P<0.05), lymph node metastasis (P<0.05), TNM stage
(P<0.01), serum CEA level (P<0.01), and serum CA199
level (P<0.01). The up-regulation of TRKC may play a role
in the development of CRC, and the expression of TRKC
may contribute to the diagnosis of CRC. However, this
study did not examine the relevant conduction pathways.

NT-3 and its receptor TRKC have been shown to
play an important role in cancer, and both N7-3 and
TRKC have been found to be expressed in various cancers

© AME Publishing Company.
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(24,53). However, the expression level of the N'T-3 protein
was significantly lower in the CRC cancer tissues than
the normal adjacent tissues in this study. We analyzed
the relationship between NT-3 expression and the
clinicopathological characteristics of patients, and found
that NT-3 expression was correlated with lymph node
metastasis (P<0.05), distant metastasis (P<0.05), TNM stage
(P<0.05), and serum CEA level (P<0.05). Thus, it can be
inferred that the positive expression of N7-3 in the CRC
tissues inhibits tumor growth, proliferation and metastasis,
and the upregulation of its expression has some positive
significance for the development and prognosis of CRC.

TRKC has different prognostic significance for
different cells and different tumors. For example, the
high expression of TRKC messenger RNA in primitive
neuroectodermal brain tumors has been shown to be a
strong independent predictor of good clinical outcomes (54).
In medulloblastoma, TRKC expression was found to be
associated with a favorable prognosis (55,56). In this
study, it was found that the patients in the TRKC-positive
expression group had lower OS and PFS times than those
in the TRKC-negative expression group (P<0.001). This
finding suggests that the high expression of TRKC in CRC
is associated with a poor prognosis. The results of the
univariate and multivariate analyses of the Cox proportional
risk regression model showed the result of TRKC expression
(HR =2.679, P<0.01), further confirming that TRKC can be
used as an independent predictor of the prognosis of CRC
patients. High TRKC expression in CRC patients implies
a poor prognosis. This is because the high expression of
TRKC results in abnormal signaling and promotes tumor
growth, infiltration, and metastasis, thus affecting the
prognosis of CRC patients.

It has been shown that N7-3 overexpression promotes
the formation of tumor spheres in lung cancer, and that
NT-3 and NT-3/TRKC decrease the survival of lung cancer
patients (21). A study has suggested that N7-3 expression in
neuroblastoma has clinical significance independent of TRKC
expression, and that its prognostic significance depends
on the status of TRKC expression. NT-3 expression in the
presence of its primary receptor, TRKC, has been shown
to be correlated with a significantly better PFS time (57).
However, this study found that NT-3 expression was lower
in the cancer tissues than the normal adjacent tissues of
CRC patients, and the OS and DFS times of the patients in
the NT-3-positive expression group were higher than those
in the N7-3-negative expression group (P<0.01). Further,
NT-3 expression (HR =0.433, P<0.05) was examined in the
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Cox regression model analysis, and the results indicated that
NT-3-positive expression favors the prognosis of CRC.

However, this study has some limitations: firstly it is a
retrospective study, it has a small number of cases and a
short follow-up period. We will next collect more case data
to complete further studies, such as exploring the signaling
pathways and regulatory mechanisms of TRKC and NT-3
expression in CRC patients.

Conclusions

In summary, this study found that the TRKC and NT-3
proteins are closely associated with CRC occurrence,
metastasis, infiltration, and tumor marker levels, and thus
can be used as independent predictors of prognosis in CRC
patients. The high expression of TRKC in CRC patients is
correlated with a poor prognosis in patients, while the high
expression of N7-3 is correlated with a good prognosis in
patients.
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