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Background: Epidemiologic evidence suggests that chronic inflammation and/or chronic 

infection is associated with cancer development, and the inflammatory process may play a crucial 

role in the carcinogenesis and prognosis of colorectal cancer (CRC). Substance P (SP) belongs 

to the family of tachykinins and acts as an immunomodulator, binding to the neurokinin-1 

receptor (NK1R) to initiate tumor cell proliferation, angiogenesis, and migration, steps that are 

critical for tumor cell invasion and metastasis. It is suggested that SP/NK1R signaling may play 

an important role in cancer progression and metastasis. However, the exact involvement and 

significance of SP and NK1R in CRC pathologies remain to be adequately deciphered.

Patients and methods: We performed immunohistochemistry staining on tissue microarrays 

containing 267 pairs of CRC and adjacent normal tissues to evaluate the clinical significance 

of SP or NK1R in the progression and prognosis of CRC. We also explored the potential cor-

relation between SP and NK1R in CRC development.

Results: Expression levels of SP and NK1R were upregulated in CRC compared with their 

expressions in adjacent normal tissues (P,0.001). High expression of SP in CRC was significantly 

associated with lymph node metastasis (P,0.001). We also found that high expression of NK1R in 

CRC was significantly related to TNM (tumor node metastasis) stage (P=0.010) and lymph node 

metastasis (P=0.019). A high correlation between SP and NK1R expression was also observed 

(r=0.419, P,0.001). Survival analysis showed that CRC patients with high expression of SP or 

NK1R have a poor prognosis when compared to patients with low SP or NK1R expression (log rank 

test, P,0.05). Multivariate analysis using Cox regression model showed that survival was indepen-

dently correlated with lymph node metastasis, distant metastasis, and SP expression (P,0.05).

Conclusion: Upregulation of SP-NK1R may play a crucial role in CRC progression. Moreover, 

SP-NK1R expression may also be used as a predictor for CRC prognosis.

Keywords: SP, NK1R, CRC, progression, prognosis

Introduction
Colorectal cancer (CRC) is the fourth leading cause of cancer-related deaths in the 

world, with increasing mortality observed in recent years.1,2 In the People’s Repub-

lic of China, CRC is one of the eight most common forms of malignancy.3 Despite 

advances in clinical research and care, as well as knowledge regarding molecular 

mechanisms involved in CRC, relatively poor prognosis and high death rates are 

major challenges for CRC treatment. Moreover, the mechanisms associated with the 

pathogenesis of CRC are still not completely defined. Development of CRC is thought 

to begin with accumulated genetic changes in a cell such as point mutations, deletions 

and amplification, and methylation of DNA, leading to irreversible genetic damage.4 
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Recently, many studies have demonstrated that mediators 

of inflammation can induce DNA damage and lead to initia-

tion and progression of cancer.5 Evidence also suggests that 

chronic inflammation and/or chronic infection is associated 

with cancer development in various types of tumor, including 

the development of CRC.5

Tachykinins include an evolutionary conserved family 

of peptide hormones that are potent immunomodulators 

and have been shown to have implications in the process of 

carcinogenesis. It is known that substance P (SP), neurokinin 

A (NKA), and neurokinin B (NKB) belong to the tachykinin 

family as proinflammatory neuropeptides.6,7 SP and NKA are 

derived from the preprotachykinin A gene, whereas NKB is 

derived from the preprotachykinin B gene. The biological 

actions of SP, NKA, and NKB are mediated by receptors 

named neurokinin-1 receptor (NK1R), neurokinin-2 receptor, 

and neurokinin-3 receptor. SP is synthesized by various cells, 

regulating biological processes such as exocrine and endo-

crine secretion, connective tissue proliferation, and blood 

pressure regulation.8,9 Most importantly, SP plays a role in 

regulating neurogenic inflammation and immune responses 

in peripheral tissues and the central nervous system.10,11 The 

receptor subtype NK1R has the highest activity for SP and 

has been identified in many cancer subtypes and can mediate 

various physiologic and pathophysiologic responses, includ-

ing cell proliferation, migration, and inflammation.12–17 Stud-

ies have demonstrated that expression levels of functional 

NK1R in tumor are associated with the degree of malignancy 

of those tumors.16,18 Binding of SP to NK1R initiates tumor 

cell proliferation, angiogenesis, and migration, which are 

critical for tumor cell invasion and metastasis, implicating an 

important role of SP/NK1R signaling in cancer progression 

and metastasis.19–22 Researchers found that in tumor tissues 

the NK-induced signaling is altered when compared to nor-

mal cells so as to support proliferation and survival of cancer 

cells. Our previous study suggested that NK1R polymorphism 

alone or in combination with NK2R is a promising prognostic 

marker of lymph node metastasis in CRC patients.23 How-

ever, the exact signaling cascades involved and the role of 

SP and NK1R in CRC pathologies remain to be elucidated.

In order to pin the role of inflammatory processes in CRC, 

here, we evaluate the expression of SP and NK1R and its 

clinical significance in CRC patients to explore the potential 

association between SP and NK1R in CRC progression and 

prognosis. We expect that understanding the involvement of 

inflammatory processes in CRC, in combination with any other 

genetic factors, could be used as a tool to reduce the incidence 

of CRC and for better clinical management of the disease.

Patients and methods
crc patients
The present study was approved by the Ethics Committee of 

Zhejiang Provincial People’s Hospital (Hangzhou, Zhejiang, 

China). All patients provided written informed consent. 

The expression levels of SP and NK1R were evaluated by 

immunohistochemical staining of tissue microar rays (TMAs) 

(Shanghai Biochip Co., Ltd., Shanghai, People’s Republic 

of China). The TMAs contain a total of 267 formalin-fixed, 

paraffin-embedded tumor samples from 267 CRC patients, 

while 267 adjacent normal tissues were derived as cor-

responding controls. All patients had follow-up records 

for .5 years, and the survival time was calculated from the 

date of surgery to the date of death or follow-up deadline.

immunohistochemistry analysis
TMA sections were then used for the immunohistochemical 

staining as described previously.24 Briefly, TMA sections 

were deparaffinized with xylene and then dehydrated through 

descending grades of ethanol to deionized water according to 

standard procedures. After antigen retrieval with the appro-

priate buffer (0.01 M citrate buffer, pH 6.0, high to boiling) 

for 3 minutes, the sections were cooled at room temperature. 

Endogenous peroxidase was blocked with 3% (v/v) aqueous 

hydrogen peroxide for 10 minutes, followed by incubation 

with normal serum for 20 minutes to reduce nonspecific 

binding. Then, the sections were incubated with a primary 

antibody against SP (1:100, SC9758; Santa Cruz Biotechnol-

ogy Inc., Dallas, TX, USA) or an antibody against NK1R 

(1:250, SC14116; Santa Cruz Biotechnology Inc) overnight 

at 4°C. Negative controls were included, and steps were 

carried out with PBS. Subsequently, TMA sections were 

incubated with biotin-labeled secondary antibody (Thermo 

Fisher Scientific, Waltham, MA, USA) for 20 minutes at 

room temperature, followed by incubation with streptavidin-

biotinylated horseradish peroxidase-conjugated antibody 

(Thermo Fisher Scientific) for another 20 minutes. Finally, 

the sections were stained with 3,3-diaminobenzidine and 

lightly counterstained with Mayer’s hematoxylin, dehy-

drated, and mounted with resinous mounting medium.

evaluation of immunohistochemical 
staining
The degree of immunostaining was examined semiquanti-

tatively and scored under a light microscope by two inde-

pendent expert pathologists without prior knowledge of the 

clinical data. Expression level of SP and NK1R was based on 

the Allred 8-unit system using the combination of an intensity 
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staining score and a proportion score of stained tumor cells. 

The staining intensity was scored as follows: 0 (no staining), 

1 (weak staining, light yellow), 2 (moderate staining, yellow 

brown), and 3 (strong staining, brown). Proportion of stained 

tumor cells was scored according to the proportion of posi-

tively staining tumor cells: 0 for ,5% positive tumor cells; 

1 for 6%–25% positive tumor cells; 2 for 26%–50% positive 

tumor cells; and 3 for .51% positive tumor cells. For final 

evaluation, a total score of #4 was regarded as low expres-

sion for SP or NK1R, and a score of .5 was used to define 

tumors with high expression of SP or NK1R.

statistical analysis
All statistical analyses were performed using the SPSS 

(Version 13.0; SPSS Inc., Chicago, IL, USA). To evaluate the 

associations between the expression of SP and NK1R and the 

clinicopathological features of the CRC patients, chi-square 

(χ2) test or Fisher’s exact test was used. Univariate survival 

analysis was performed using the Kaplan–Meier method 

accompanying log rank test. Cox proportional hazards regres-

sion model was used to perform multivariate survival analysis 

to estimate the predictors related to prognosis. Correlation 

between SP, NK1R protein expression, and clinicopathologi-

cal parameters was estimated using Spearman correlation 

method. All P-values were two sided, and a P-value ,0.05 

was considered statistically significant.

Results
expression of sP and nK1r in crc and 
adjacent normal tissues
The immunostaining for SP was predominant in the cytoplasm 

(Figure 1). SP was highly expressed in 183 (68.5%) of the 

267 patients with CRC, which was significantly higher than 

the expression observed in the adjacent normal tissues (2.2%, 

6/267, P,0.001). The immunostaining for NK1R was also 

mainly located in the cytoplasm. High expression levels of 

NK1R were detected in 199 (74.5%) of the 267 patients 

with CRC, significantly higher than that in the adjacent 

normal tissues (5.6%, 15/267, P,0.001). The scoring of 

immunohistochemical staining for SP and NK1R is shown 

in Figure 2.

Patient characteristics and association 
of sP and nK1r expression with 
clinicopathological features of crc
The patient cohort consisted of 142 males and 125 females, 

with a median age of 67 years (range 24–91) at the time of 

surgery. High expression of SP in CRC has no significant 

association with age, sex, distance metastasis, pathol-

ogy grading, and TNM (tumor node metastasis) stage but 

was significantly associated with lymph node metastasis 

(Table 1). In all, 84.9% (90/106) of CRC patients with 

lymph node metastasis were detected with high expres-

sion of SP, which was higher than that without lymph node 

metastasis (57.8%, 93/161, χ2=21.837, P,0.001). The 

Spearman correlation coefficient of high SP expression 

with lymph node metastasis was 0.286 (P,0.001).

High NK1R expression in CRC had no significant associa-

tion with age, sex, distance metastasis, and pathology grading 

but was significantly related to lymph node metastasis and 

TNM stage (Table 2). High NK1R expression was detected 

in 83.0% (88/106) of CRC cases with lymph node metas-

tasis, which was significantly higher than the expression in 

patients without lymph node metastasis (68.9%, 111/161, 

χ2=6.671, P=0.010). High NK1R expression was detected in 

77.2% (176/228) of CRC patients with TNM stage III + IV, 

which was higher than the expression in patients with TNM 

stage I + II (59.0%, 23/39, χ2=5.823, P=0.019). The Spear-

man correlation coefficients of high NK1R expression with 

lymph node metastasis and TNM stage were 0.158 and 0.148 

(P,0.05), respectively.

correlation of sP and nK1r expression 
with prognosis
Kaplan–Meier survival analysis showed that the 3- and 

5-year cumulative survival rates for patients with high 

expression of SP were 43.8% and 22.8%, while for those 

with low SP expression, the survival rates were 82.5% and 

75.0%, respectively (Figure 3). The follow-up time for the 

patients was in August 2013. The mean survival time for CRC 

patients with high SP expression was 43.53±2.42 months, 

and the survival time for patients with low SP expression was 

79.98±1.60 months. Clearly, CRC patients with high expres-

sion levels of SP have a poorer prognosis (log rank test, 

χ2=68.010, P,0.001). The 3- and 5-year cumulative survival 

rates for patients with high expression of NK1R were 51.6% 

and 31.9%, while for those with a low NK1R expression, 

the survival rates were 65.5% and 56.4%, respectively. 

The mean survival time for CRC patients with high NK1R 

expression was 52.85±2.41 months and that for patients with 

low NK1R expression was 70.38±3.47 months. CRC patients 

with high expression of NK1R have a poorer prognosis (log 

rank test, χ2=11.333, P=0.001). Multivariate analysis using 

Cox regression model showed that survival rate was inde-

pendently correlated with lymph node metastasis, distance 

metastasis, and SP expression (P,0.05; Table 3).
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Figure 1 immunohistochemical staining of sP and nK1r in crc and normal tissue.
Notes: (A and B) low expression of sP in normal colon tissues adjacent to cancerous tissues. (C and D) high expression of sP in a tumor sample and positive staining, 
primarily in the cytoplasm. (E and F) low expression of nK1r in adjacent normal colon tissues. (G and H) high expression of nK1r in tumor sample and positive staining, 
mainly in the cytoplasm. (A, C, E, and G) Original magnification 200×; (B, D, F, and H) original magnification 800×.
Abbreviations: nK1r, neurokinin-1 receptor; crc, colorectal cancer; sP, substance P.
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association between sP and nK1r 
expression levels in crc
Our results indicate a high correlation between SP and NK1R 

expression in CRC. Of the 183 patients with high expression 

of SP, 155 (84.7%) also had a high expression of NK1R. 

The correlation between the expression of SP and NK1R 

in patients with CRC was statistically significant (r=0.419, 

P,0.001, Spearman’s ρ-test).

Discussion
Links between cancer and inflammation were made on the 

basis of observations that the tumors often arose at the sites 

of chronic inflammation and the presence of inflammatory 

cells in the biopsy samples from tumor.5 It is widely accepted 

that the inflammation mediators and cellular effectors are 

important constituents of tumor microenvironments.25 

Recently, the effects of the inflammatory response on the 

development of neoplasia were demonstrated in various types 

of cancers such as breast, endometrial, ovarian, and colon 

tumors.5 It has been observed that patients with inflamma-

tory bowel diseases are at an increased risk of neoplasia 

development and progression to CRC. Inflammation is 

considered to be an important risk factor for the develop-

ment of CRC.26

Figure 2 The scoring of immunohistochemical staining for sP (A) and nK1r (B).
Abbreviations: sP, substance P; nK1r, neurokinin-1 receptor.

Table 1 relationship of sP expression with clinicopathological 
features of crc

Parameters Strong  
expression

Weak or no  
expression

χ2 P-value

age
,67 years 85 38 0.034 0.895
$67 years 98 46

sex
Male 96 46 0.123 0.792
Female 87 38

Distance metastasis
Yes 7 1 1.375 0.290
no 176 83

lymph nodes metastasis
Positive 90 16 21.837 ,0.001
negative 93 68

TnM stage
i + ii 24 15 1.308 0.352
iii + iV 159 69

Pathology grading
i 12 9 4.735 0.094
ii 112 58
iii 59 17

Abbreviations: sP, substance P; crc, colorectal cancer; TnM, tumor node 
metastasis. 

Table 2 relationship of nK1r expression with clinicopathological 
features of crc

Parameters Strong  
expression

Weak or no  
expression

χ2 P-value

age
,67 years 96 27 1.486 0.260
$67 years 103 41

sex
Male 112 30 3.012 0.092
Female 87 38

Distance metastasis
Yes 7 1 0.731 0.469
no 192 67

lymph nodes metastasis
Positive 88 18 6.671 0.010
negative 111 50

TnM stage
i + ii 23 16 5.823 0.019
iii + iV 176 52

Pathology grading
i 14 7 1.208 0.566
ii 130 40
iii 55 21

Abbreviations: nK1r, neurokinin-1 receptor; crc, colorectal cancer; TnM, tumor 
node metastasis.
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SP is secreted by nerve fibers and inflammatory cells 

such as macrophages, lymphocytes, and eosinophils and 

has a proinflammatory effect and participates in inflam-

matory immune responses. The link between inflamma-

tion and cancer could be explained through SP-centered 

models.20 Numerous studies have reported the involvement 

of the SP/NK1R system in cancer.27 SP can induce mitosis 

in normal and tumor cells and protects tumor cells from 

apoptosis.21,28,29 Binding of SP to NK1R triggers the release 

of secondary messengers (cAMP) triggering a number of 

effector mechanisms involved in the regulation of cellular 

functions.30 It has previously been reported that NK1R acti-

vation can induce the phosphorylation of Akt and MAPK 

family members, which subsequently lead to the activation 

of different transcription factors regulating the expression 

of respective target genes.30–34 The regulatory mechanisms 

stimulate DNA synthesis and/or cytokine secretion and 

mediate the antiapoptotic effect.35 However, the function of 

SP-NK1R pathway in the regulation of inflammation-induced 

pathogenesis in CRC is poorly understood.

In this study, we evaluated the expression levels of SP 

and NK1R in CRC and showed that the expression levels 

can be implicated in the prediction of CRC prognosis. SP 

expression was upregulated in CRC as compared with that 

in adjacent normal tissues, and elevated SP expression was 

significantly associated with lymph node metastasis. This 

result is consistent with the findings associating the role of SP 

in the migration of tumor cells leading to metastasis, which 

is a major problem in the treatment of tumors. Moreover, it 

has been recently reported that the cerebral metastases result 

Figure 3 Kaplan–Meier survival analysis for crc patients with sP (A) and nK1r (B) expression.
Abbreviations: crc, colorectal cancer; sP, substance P; nK1r, neurokinin-1 receptor.

Table 3 cox regression analysis of the clinicopathological parameters in colon cancer patients

Parameters Coefficient Hazard ratio (HR) 95% CI for HR P-value

age −0.004 0.996 0.979–1.014 0.665
sex −0.235 0.791 0.528–1.184 0.254
Distance metastasis 1.656 5.236 2.128–12.880 ,0.001
lymph nodes metastasis 0.463 1.589 1.028–2.455 0.037
TnM stage 0.677 1.968 0.776–4.993 0.154
Pathology grading 0.332 1.394 0.956–2.032 0.084
sP expression 2.922 18.584 7.069–48.858 ,0.001
nK1r expression −0.351 0.704 0.379–1.309 0.268

Abbreviations: sP, substance P; nK1r, neurokinin-1 receptor; TnM, tumor node metastasis.
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from SP-mediated process.36 Our results indicate that SP is 

a proinflammatory modulator, and its expression levels are 

linked to different stages of CRC development.

It is well known that malignant tissues have high expres-

sion levels of NK1R, and a large percentage of malignant 

tumor cell phenotypes show increased NK1R expression.37 

Similarly, we found that the expression of NK1R was 

upregulated in CRC as compared with that in adjacent normal 

tissues, and elevated expression was significantly associated 

with lymph node metastasis and TNM stage. Besides, our 

results showed that patients with high expression of SP also 

had a high rate of upregulated expression of NK1R in CRC. 

Our results strongly indicate that SP/NK1R system can be 

used as a mark predicting the invasion and metastasis of CRC. 

The results also indicate the involvement of inflammatory 

processes in the tumor microenvironment.

A strong tumor-associated inflammatory reaction analo-

gous to a wound-healing response can be initiated by cancer 

therapy.38 The outcome of therapy-induced inflammatory 

response can have tumor-promoting functions similar to 

necrosis, which accompanies rapid tumor growth.39,40 As a 

result, the inflammation may also play an important role in 

the prognosis of CRC. Turner et al41 examined the relation-

ship between tachykinin concentrations and survival of tumor 

patients and indicated that tachykinins in tumor patients could 

be used as a strong prognostic indicator. Our study also shows 

that CRC patients with high expression of SP or NK1R have 

a poor prognosis. However, one of the drawbacks of our study 

is the use of TMA, where the amount of tissue analyzed using 

this technique is limited and may not be representative of 

the whole specimen. This may pose a significant problem in 

malignant epithelial tumors where there is a high degree of 

intratumoral heterogeneity. Therefore, further analysis about 

the association between SP or NK1R and CRC development 

is still to be studied.

Conclusion
Upregulated expression of SP-NK1R may play a crucial role 

in CRC progression; moreover, SP-NK1R expression may 

also be used as a predictor for prognosis of CRC. Based on 

these findings, regulation of SP and NK1R expression and/or 

the inhibition of the potential signaling pathways associated 

with SP and NK1R could be used to develop novel therapeu-

tic strategies for CRC in the future.
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