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Abstract

Context: Tachykinins (TKs), an evolutionarily conserved family of peptide hormones, are widely distributed within the peripheral
and central nervous systems. TKs exert their biological actions in many processes via three subtypes of transmembrane G-protein
coupled receptors, which are NK1R, NK2R, and NK3R. Although the mechanisms that connect TKs peptide activity to physiological
processes are currently precise, it has been shown that TKs over-activation is associated with the pathogenesis of many diseases,
including pain, emesis, depression, stress, and inflammatory processes, as well as human tumors. Gastrointestinal (GI) cancers
refer to malignant conditions of the GI tract, which are among the most prevalent diseases and are the leading cause of cancer-
related death worldwide. Recent studies have shown that the binding of TKs to specific cellular receptors mediates a critical GI
tumor proliferation pathway via initiation and activation of effector mechanisms, including protein synthesis and progression of
the eukaryotic cell cycle.
Evidence Acquisition: This study reviewed the role of tachykinins in the initiation and progression of gastrointestinal cancers. In
this regard we searched databases such as PubMed, Science Direct, Google Scholar, and Scopus databases by using these keywords
“Tachykinins”, “Gastrointestinal cancer”, “Metastasis”, “G-protein coupled receptors”, and “pharmacological inhibitor” without any
time limit. The relevance of studies was identified by reviewing the titles and the abstracts. A total of 100 English language articles
including experimental, observational, molecular, and cellular studies were reviewed.
Results: The administration of the gastrointestinal cancer cells with Tk receptor antagonists induces apoptotic cell death through
the tachykinin-mediated pathway. The findings showed that the pharmacological inhibition of TKRs with its selective antagonists
has a promising prospect for the GI cancers treatment approach, either as a single agent or in combination with other chemother-
apeutic agents.
Conclusions: In this review, we presented different facts regarding the role of TKs and TKRs in the pathogenesis of GI malignancies
for a better understanding and hence better management of these cancers. Therefore, understanding the underlying mechanism
of the TK/TKR system can help to have a more excellent clinical vision for the treatment of GI cancers.
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1. Context

Tachykinins (TKs) are an evolutionarily conserved fam-
ily of peptide hormones, which are widely distributed
within the peripheral and central nervous systems. Vari-
ous types of TKs are produced from more significant pre-
cursors, named preprotachykinins (1). The tachykinin pep-
tide family shares the typical carboxyl-terminal sequence,
-Phe-X-Gly-Leu-Met-NH2, where X is a variable amino acid
residue (2, 3). Several lines of evidence showed that the TAC1
gene produces substance P (SP) and neurokinin A (NKA),

which are the most critical TKs family. Additionally, NKB
and NKF are encoded by the TAC3 gene, and the TAC4 gene
encodes two other important TKs named hemokinin-1 and
different kinds of endokinins (EK-A to EK-D) in various tis-
sues, including heart, liver, and placenta (4, 5).

TKs exert their biological functions through binding
to three subtypes of transmembrane G-protein coupled re-
ceptors (NK1R, NK2R, and NK3R) in many processes (6). Pre-
viously, neurons had been detected as the critical source of
TKs. Nowadays, it is well-identified that TKs and their recep-
tors contribute to the effective connections between the
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nervous system and respiratory, cardiovascular, immune,
endocrine, gastrointestinal, and genitourinary systems (7-
11). For instance, TKs in the respiratory tract have a vital
role in moisturizing the airways (12). Also, TKs are involved
in smooth muscle contraction of the ureter (13), as well as
the contraction of uterus and abortion (14). Although the
mechanisms that connect TKs peptide activity to physio-
logical processes are currently precise, it has been shown
that TKs over-activation is associated with the pathogene-
sis of many diseases, including pain, emesis, depression,
stress, Parkinson’s disease and inflammatory processes in
the respiratory system (15, 16). Additionally, several studies
have indicated that the TKs overexpression may also con-
tribute to the progression and development of various tu-
mors, mainly gastrointestinal (GI) malignancies (Figure 1)
(12, 17, 18).

GI cancers refer to malignant conditions of the GI tract,
which are among the most prevalent diseases and are the
leading cause of cancer-related death worldwide (19). Re-
cent studies have shown that the binding of TKs to spe-
cific cellular receptors mediates a critical GI tumor pro-
liferation pathway via initiation and activation of effector
mechanisms, including protein synthesis and progression
of the eukaryotic cell cycle (Figure 1) (20).

Hence in this review, we attempt to elucidate the criti-
cal role of TKs in initiation and progression of GI cancers in-
cluding oral squamous cell carcinoma (OSCC), esophageal
squamous cell carcinoma, gastric cancer, colorectal cancer,
hepatocellular carcinoma, cholangiocarcinoma, and pan-
creatic cancer.

2. Evidence Acquisition

Review was conducted using keywords such as
“Tachykinins”, “Gastrointestinal cancer”, “Metastasis”,
“G-protein coupled receptors”, and “pharmacological
inhibitor” thorough search in PubMed, Science Direct,
Google Scholar, and Scopus websites without any time
limit. The latest articles and books were reviewed. Articles
and books which had constructive information to the
topic were further comprised in the current study.

3. Results

3.1. TKs and Oral Squamous Cell Carcinoma

Oral squamous cell carcinoma (OSCC) is the most com-
mon and lethal malignant epithelial neoplasm that is af-
fecting the upper and lower portions of the mouth (21).
OSCC generally has a poor prognosis due to its tendency to-
wards invasion and consequent metastasis (22). Recently,
researchers have shown that TKs overexpression can lead

to abnormal cellular growth, which underlies the process
of OSCC tumorigenesis (23, 24). Additionally, experimental
studies suggested a positive correlation between SP/NK1R
overexpression and neutralization of apoptotic cell death
in OSCC (24). Similarly, Mehboob et al. (25) showed that the
SP expression is increased in highly advanced stages of ma-
lignancies (poorly differentiated). In contrast, its expres-
sion is decreased in the early stages of tumor cells (well-
differentiated). Collectively, these results suggest that SP
overexpression may play a critical role in an advanced
stage of OSCC (25). Furthermore, in another study, Obata
et al. (26, 27) evaluated the relationship between the TAC3
gene and OSCC pathogenesis. Accordingly, they found that
the TAC3 gene was overexpressed in sensory neurons of the
mandible and thereby involved in the development and
progression of OSCC despite its significant role in the male
reproductive system (26, 27). Taken together, these find-
ings support the hypothesis that NK1R-targeted therapy
can be considered as a potential therapeutic approach in
some OSCCs.

3.2. TKs and Esophageal Squamous Cell Carcinoma

Esophageal squamous cell carcinoma (ESCC), as a het-
erogeneous malignancy, is one of the most prevalent
and lethal forms of tumor worldwide and is the eighth
most common malignancy globally (28, 29). Recently,
researchers have been studying the mediator effects of
TKs on both physiologic and pathologic conditions of the
esophagus (30-33). Accordingly, Kovac et al. (34) revealed
that the existence of TK-containing neurons in human
esophageal smooth muscle cells (SMCs) can initiate the
contraction through a series of mechanisms, including
Ca2+ influx, Ca2+ release from stores, and the activation of
non-selective cation current (INSC). Similarly, Zhang et al.
(35) provided evidence that the TACR2α gene expression,
which encodes a functional isoform of the NK2 receptor
is upregulated compared to other isoforms. These results
suggest that TKs via binding to NK2R may play a pivotal role
in the contraction of the clasp and sling fibers of the lower
esophageal sphincter complex (35).

Although in some experimental studies, TKs are in-
volved in physiological processes, it has been suggested
that these neuropeptides may play a significant role in
initiating and triggering inflammatory responses, which
thereby leads to increased cancer progression and devel-
opment (36, 37). In line with this, Nascimento et al. (38)
found that megaesophagus, as a result of the destruc-
tion of parasympathetic innervation, is associated with an
imbalance between increased SP expression level and de-
creased vasoactive intestinal polypeptide. Consistent with
these results, our previous experimental study showed
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Figure 1. Schematic highlighting the SP-NK1R signaling pathways. Activation of the trNK1R by SP lead to induced cell proliferation, anti-apoptotic effects, Synthesis of proin-
flammatory cytokines, and migration of gastrointestinal cancer cells by activating several signaling pathways (ERK1/2-NFKB-PI3k-Wnt). While the use of Aprepitant, as an NK1R
antagonist, also reduce or even inhibit the growth of gastrointestinal cancer cells.

that administration of aprepitant (15 µM), as a highly se-
lective NK1R antagonist, exerts its potent antitumor effects
against ESCC cells through the suppression of PI3K/Akt
axis, and its downstream effector molecules including
the activation of NF-κB and apoptosis evasion (39). Sim-
ilarly, another study found that SP/NK1R overexpression
has a positive correlation with tumor size and lymph node
metastasis. These results support the idea that SP medi-
ates pro-migratory responses via increased intracellular
calcium levels in ESCC cells (40). Additionally, Wang et al.
(41) observed that NK1R overexpression can enhance cell
growth both in vitro and in vivo, representing its prolifera-
tive role in the progression and development of ESCC cells.
Collectively, these data suggested that the significant role

of NK1R in regulating ESCC cell growth depends on the SP
overexpression and may be related to the downstream ef-
fectors (41).

It is well established that promoter hypermethylation
is a critical way to silence the expression of tumor suppres-
sor and tumor-related genes during tumorigenesis (42).
The promoter hypermethylation is potentially reversible
and can be considered as a main epigenetic modification
in human cancers (43, 44). In line with this, the TAC1
hypermethylation has been frequently detected in a vari-
ety of human cancer cells, including head and neck can-
cers, which subsequently leads to repressed expression
and function of the TAC1 gene (45). For instance, Jin et al.
(46) demonstrated that the promoter hypermethylation of
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the TAC1 gene is associated with poor prognosis and can be
served as an accurate predictor of ESCC progression and de-
velopment.

3.3. TKs and Gastric Cancer

Gastric cancer (GC) is the fourth most common type
of cancer and the second cause of cancer-related death in
the world (47). GC remains a significant health problem
because there is no reliable marker that could be used for
the early-stage diagnosis (48). Hence, the development of
new treatment and diagnostic strategies is required. Ac-
cordingly, several studies have investigated the correlation
between TKs expression and GC progression (49, 50). For
instance, Munoz et al. (50) showed that the SP nuclear ex-
pression in GC cells is significantly higher than compared
to healthy controls, and thereby suggested that SP overex-
pression may be considered as an epigenetic factor, which
can regulate the GC cells proliferation and development.
In another study, David et al. (49) found that the silenc-
ing of TAC1 genes by aberrant promoter hypermethylation
is now recognized as a critical component in GC initia-
tion and progression. Therefore, these results suggested
that the TAC1 gene is considered as a promising biomarker
for the early detection of malignancies, independent of
clinical-stage, or histological differentiation.

Moreover, Feng et al. (51) indicated that the adminis-
tration of SKF-96365, a calcium release-activated channel
blocker, can suppress the TKs-inducing effects including
proliferation, adhesion, migration, and invasion in human
GC cells. Additionally, to further support the regulatory
role of the SP/NK1R system in GC cells, Rosso et al. (52)
showed that L733-060, as a specific NK1R antagonist, dose-
dependently induce apoptotic cell death in GC 23132/87
cells. Taken together, these results suggest that targeting
NK1R can be a novel and promising therapeutic strategy for
GC therapy.

3.4. TKs and Colorectal Cancer

Colorectal cancer (CRC) is one of the most frequent
malignant neoplasms and has a relatively poor prognosis,
which arises from the lining of the large intestine (53, 54).
According to the results of previous studies, TKs and their
receptors appear to be overexpressed in mammalian CRC
cells, which can be involved in carcinogenesis processes
(55-57). In line with this, a population-based case-control
study has shown that the TACR1 polymorphism, may act as
a genetic susceptibility factor, which could subsequently
lead to increased CRC progression and development (58).
In malignancies, hypermethylation of promoter site of tu-
mor suppressor genes is commonly observed, leading to

the silenced expressions. Reswitching the tumor suppres-
sor gene expression exerts protective effects on cancer pro-
gression, which has probably changed the cancer pheno-
type to normal phenotype. In line with this, Zain et al. (59)
showed that methanolic extract of P. debilis decrease the
TAC1 gene hypermethylation and subsequently may have a
beneficial effect in the long-term through enhancing the
abnormal TAC1 gene activity back to normal. Similarly, in
another study, Tham et al. (60) found that TAC1 hyperme-
thylation, which has multiple biological activities in CRC
pathophysiology, may probably be considered as a useful
biomarker for early detection and prediction of recurrence
and the survival of patients with CRC. Consistently, Pagan
et al. (61) showed that the administration of SR140333 (1
mg/kg), an NK1R antagonist, dose-dependently exerts pro-
apoptotic functions via inducing the suppression of extra-
cellular signal-regulated kinases 1 and 2 (ERK1/2) and cy-
clooxygenase 2 (COX-2) signaling cascades in a rat model of
CRC. To further support the regulatory role of TKs in CRC
progression and development, Gao et al. (62) indicated
that interaction of truncated-NK1R (tr-NK1R), as a domi-
nant form of NK1R, with its ligand probably play an es-
sential role in the tumor microenvironment. In addition,
these findings suggested that diminishing the expression
of tr-NK1R may be used as a potential therapeutic strategy
to prevent dysplasia of the colorectal adenomas from pro-
gressing to colorectal carcinomas (62). Besides, another in
vitro study presented evidence that NKP608, as a selective
and specific NK1R antagonist, leads to induced inhibiting
the cell growth, invasion, migration, as well as enhanced
programmed cell death in the human CRC cells, via sup-
pressing the Wnt/β-catenin signaling axis (63). Moreover,
it has also recently been shown that neuromedin-B (NMB)
via binding to specific receptor sites, can up-regulate the
growth factors expression and it has even been suggested
that NMB may be played a critical role in mediating the
colonocyte proliferation (64). Furthermore, Chen et al.
(65) indicated that TKs and their receptors are crucial com-
ponents for CRC development and progression. Taken to-
gether, these data suggest that utilizing NK1R antagonists
can be considered as a promising new candidate for inno-
vative therapeutic strategies against CRC.

3.5. TKs and Hepatocellular Carcinoma

Hepatocellular carcinoma is the most lethal and com-
mon primary malignant tumor of the liver in patients who
already have signs of early or advanced chronic liver dis-
eases (66, 67). Several studies are supporting the signifi-
cantly higher expression of the TACR1 gene in human hep-
atoblastoma patients compared to healthy control (68-70).
For instance, Berger et al. (68) showed that tr-NK1R is highly
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overexpressed in all hepatoblastoma cell lines. Further-
more, Garnier et al. (69) reported that tr-NK1R overexpres-
sion has no significant correlation with the tumor char-
acteristics. Taken together, these findings strongly sug-
gest that tr-NK1R overexpression may be served as a use-
ful marker to predict the prognosis of patients with hep-
atocellular carcinoma, independent of tumor biology and
clinical stage. Consistently, Ilmer et al. (70) showed that ad-
ministration of aprepitant (40 µM for 24 hours), dose and
time-dependently, suppressed the phosphorylation and
activation of the canonical Wnt signaling pathway, as well
as liver stemness markers, which consequently enhanced
liver fibrosis in hepatoblastoma cell lines.

Liver transplantation (LT), which eliminates the hep-
atic carcinoma and treats the hepatic insufficiency, is the
selective treatment of some patients with HCC. In line with
this, Lorente et al. (71) found that a positive correlation be-
tween increased circulating levels of serum SP before LT
and mortality during the first year of LT. Collectively, these
results suggest that serum SP levels before LT can be used
to estimate one-year survival prognosis.

Additionally, other recent studies have revealed that
SP/NK1R system plays a vital role in the cellular senescence
of hepatic stellate cells. Consistently, Wan et al. (72) showed
that the administration of an NK1R antagonist (20 mg/kg)
in a bile duct ligated mice induce hepatic stellate cell senes-
cence, which is associated with reduced liver function, fi-
brosis, and hepatocellular carcinoma.

3.6. TKs and Cholangiocarcinoma

Cholangiocarcinoma is a rare neoplastic transforma-
tion related to epithelial cells, which originates from the
bile duct (73). Recently, several lines of evidence have in-
dicated that TK neuropeptides may contribute to cholan-
giocyte proliferation and metastasis (74, 75). For instance,
Deng et al. (76) demonstrated that endogenous agonist SP
through binding to NK1R can promote gallbladder cancer
cell proliferation, metastasis, and invasion in vivo through
modulation of NK1R/Akt/NF-κB axis.

The SP-degrading metalloproteinases are an intrigu-
ing family of enzymes that have been evolved to digest
extracellular SP (77). In line with this, Glaser et al. (78)
showed that SP/NK1R overexpression is associated with
decreased SP-degrading metalloproteinase. These results
suggest that SP/NK1R overexpression may act as a progres-
sive role in a cholangiocarcinoma cell line. Consistently,
another study on the bile duct ligated mice demonstrated
that SP/NK1R overexpression can lead to cholangiocyte ma-
lignancy through enhanced cAMP levels, as well as activa-
tion and phosphorylation of protein kinase A (78). There-
fore, taking the above evidence together, it is deduced that

the administration of NK1R antagonist, including aprepi-
tant and L733-060, can reduce the cholangiocarcinoma cell
proliferation and development.

3.7. Tks and Pancreatic Cancer

Pancreatic cancer is a GI neoplasm with an abysmal
prognosis, deriving from neuroendocrine cells of the pan-
creas, with a low 5-year survival rate (5%) (79). Some reports
have described a positive association between NK1R over-
expression and the degree of dysplasia within pancreatic
malignancy (80, 81). In line with this, De Araujo et al. (80)
showed that SP-radiolabeled with low activity of lutetium-
177 (177 Lu-DOTA-SP) have a higher uptake via tumor cells
compared to normal groups, suggesting that, the involve-
ment of NK1R distribution in the surface of pancreatic can-
cer cells. Similarly, in another in vitro study, it is found that
SPA, as a potent broad-spectrum GPCR antagonist, signifi-
cantly attenuates the DNA synthesis as well as tumor pro-
liferation in pancreatic cancer cells (81). Consistent with
these experiments, Munoz et al. (82) revealed that the ad-
ministration of L-733,060 (< 40µM), dose-dependently can
inhibit DNA synthesis and cancer cell progression in hu-
man pancreatic ductal adenocarcinoma (PDAC). Addition-
ally, Maekawa et al. (83) indicated that TAC1 promoter hy-
permethylation values are similar in all stages of pancre-
atic cancer compared to adjacent tissues. Consequently,
the hypermethylation of the TAC1 gene may be considered
as a potential biomarker for the diagnosis of pancreatic
cancer (83). In a well-established animal model of pancre-
atic cancer, Sinha et al. (84) demonstrated that robust ac-
tivation of SP/NK1R/Stat3 signaling cascade enhances pan-
creatic intraepithelial neoplasia (PanIN) development. As
a consequence, this study extended sensory denervation,
which could lead to decreased NK1R + PanIN cell progres-
sion to PDAC. Furthermore, Amiti et al. demonstrated that
menadione (vitamin K3) may exert an anti-inflammatory
effect through down-regulating SP/NK1R signaling axis via
the NF-κB pathway in a mice model of caerulein-induced
Acute pancreatitis (85). In addition, in situ hybridization
and immunohistochemistry analysis revealed that NK1R
overexpression can also enhance vascular permeability
and thereby induce malignant transformation of human
pancreatic cancer cells (86).

The up-regulation of matrix metalloproteinases (MMP-
2 and MMP-9) have been shown to act as an essential role
in the migration and invasion of pancreatic cancer cells
(87). In line with this, Li et al. (88) showed that SP, dose,
and time-dependently (100 nmol/L for 8 days), increase the
MMP2 expression and consequently promotes neurite out-
growth as well as invasion of pancreatic cancer cell cluster
to dorsal root ganglions.
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3.8. Anti-Carcinogenic Properties of TK Receptor (TKR) Antago-
nists Against Human Tumors

The primary emphasis of this study was to focus on
determining the selective molecules for TKR to provide a
comprehensive overview and strategic design for interac-
tions in some biological and pathobiological processes. It
should be noted that TKR can mediate several neuropatho-
logical processes in the central nervous system, includ-
ing anxiety, depression, stress, migraine, and emotional
behavior. Whereas in the peripheral nervous system, up-
regulation of TKR protein expression plays a crucial role
in the pathology of autoimmune and inflammatory dis-
eases such as rheumatoid arthritis, multiple sclerosis, pso-
riasis, and inflammatory bowel disease (3, 89). Recently,
several lines of evidence have emerged to suggest that TKR
antagonists exert an anticancer action against tumorige-
nesis (25, 63, 70, 76). For instance, it has also been shown
that specific NK1R antagonists are capable of inhibiting
the SP-enhanced cancer cell development, cell invasion,
and metastasis through the repression of the β-arrestin-
containing complex as well as inactivation of the MAPK
signaling pathway in many types of tumors (90, 91). Sim-
ilarly, another in vitro studies have indicated that selec-
tive TKR antagonists may play a clinicalrole in modulating
antiangiogenic processes via inhibiting hypoxia-inducible
factor (HIF-1α) and VEGF mRNA expression in various tu-
mors (92). Besides, acting as a crucial factor during anti-
carcinogenesis, TKR antagonists could down-regulate the
AKT mRNA and protein levels, which thereby induced cas-
pase 3-dependent apoptosis in human ESCC (39).

Taken together, these results strongly suggest that
highly potent TKR antagonists could contribute to under-
standing or the design of new agents to regulate patholog-
ical processes and may offer a therapeutic potential to at-
tenuate cancer proliferation and metastasis.

4. Conclusions

Recently, the regulatory effects of Tks and their recep-
tors on cancer pathology have attracted tremendous atten-
tion and have also provided new research areas for ther-
apeutic purposes. TKs mediate various processes, includ-
ing migration, angiogenesis, apoptosis, and metastasis in
gastrointestinal (GI) cancer cells. Several lines of evidence
support the role of TKR antagonists as a potential thera-
peutic approach in cancer therapy. Although the carcino-
genic role of the SP/NK1R system has been intensively inves-
tigated, the molecular mechanisms of this signaling path-
way are poorly understood. Thus, further studies are re-
quired to clarify the exact mechanism of the regulatory
role of the TK/TKR system on patients with GI malignancies.

In this review, we summarized current knowledge about
the effects of TKR in the pathogenesis of GI malignancies
for a better understanding and hence better management
of these cancers. Therefore, understanding the underlying
mechanism of the TK/TKR system can help to have a more
excellent clinical vision for the treatment of GI cancers.

Footnotes

Authors’ Contribution: All authors contributed to data
gathering and the manuscript writing. PH, HJ, and AT con-
tributed to the writing of the article. HJ was responsible for
coordinating the authors. SIH finalized and submitted the
paper.

Conflict of Interests: The authors have no conflicts of in-
terest.

Funding/Support: This article has no funding.

References

1. Palma C. Tachykinins and their receptors in human ma-
lignancies. Current Drug Targets. 2006;7(8):1043–52. doi:
10.2174/138945006778019282. [PubMed: 16918332].

2. Erspamer V. The tachykinin peptide family. Trends in Neurosciences.
1981;4:267–9.

3. Javid H, Mohammadi F, Zahiri E, Hashemy SI. The emerging role of
substance P/neurokinin-1 receptor signaling pathways in growth and
development of tumor cells. Journal of physiology and biochemistry.
2019:1–7. [PubMed: 31372898].

4. Zhang Y, Lu L, Furlonger C, Wu GE, Paige CJ. Hemokinin is a
hematopoietic-specific tachykinin that regulates B lymphopoiesis.
Nature immunology. 2000;1(5):392. [PubMed: 11062498].

5. Nawa H, Hirose T, Takashima H, Inayama S, Nakanishi S. Nucleotide
sequences of cloned cDNAs for two types of bovine brain substance P
precursor. Nature. 1983;306(5938):32. [PubMed: 6195531].

6. Maggi CA. The mammalian tachykinin receptors. General Pharmacol-
ogy: The Vascular System. 1995;26(5):911–44.

7. Zhang Y, Berger A, Milne CD, Paige CJ. Tachykinins in the immune sys-
tem. Current drug targets. 2006;7(8):1011–20. [PubMed: 16918329].

8. Page NM, Bell NJ, Gardiner SM, Manyonda IT, Brayley KJ, Strange PG,
et al. Characterization of the endokinins: human tachykinins with
cardiovascular activity. Proceedings of the National Academy of Sciences.
2003;100(10):6245–50. [PubMed: 12716968].

9. Pinto FM, Almeida TA, Hernandez M, Devillier P, Advenier C, Candenas
ML. mRNA expression of tachykinins and tachykinin receptors in dif-
ferent human tissues. European journal of pharmacology. 2004;494(2-
3):233–9. [PubMed: 21843346].

10. Pintado CO, Pinto FM, Pennefather JN, Hidalgo A, Baamonde A,
Sanchez T, et al. A role for tachykinins in female mouse and rat repro-
ductive function. Biology of reproduction. 2003;69(3):940–6.

11. Kraneveld AD, Nijkamp FP. Tachykinins and neuro-immune in-
teractions in asthma. International immunopharmacology. 2001;1(9-
10):1629–50.

12. Steinhoff MS, von Mentzer B, Geppetti P, Pothoulakis C, Bunnett NW.
Tachykinins and their receptors: contributions to physiological con-
trol and the mechanisms of disease. Physiol Rev. 2014;94(1):265–301.
doi: 10.1152/physrev.00031.2013. [PubMed: 24382888]. [PubMed Cen-
tral: PMC3929113].

6 Int J Cancer Manag. 2020; 13(5):e100717.

http://dx.doi.org/10.2174/138945006778019282
http://www.ncbi.nlm.nih.gov/pubmed/16918332
http://www.ncbi.nlm.nih.gov/pubmed/31372898
http://www.ncbi.nlm.nih.gov/pubmed/11062498
http://www.ncbi.nlm.nih.gov/pubmed/6195531
http://www.ncbi.nlm.nih.gov/pubmed/16918329
http://www.ncbi.nlm.nih.gov/pubmed/12716968
http://www.ncbi.nlm.nih.gov/pubmed/21843346
http://dx.doi.org/10.1152/physrev.00031.2013
http://www.ncbi.nlm.nih.gov/pubmed/24382888
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3929113
http://intjcancermanag.com


Hashemian P et al.

13. Shaffer AD, Ball CL, Robbins MT, Ness TJ, Randich A. Effects of
acute adult and early-in-life bladder inflammation on bladder neu-
ropeptides in adult female rats. BMC urology. 2011;11(1):18. [PubMed:
21843346].

14. Fest S, Zenclussen AC, Joachim R, Hagen E, Demuth H-U, Hoffmann
T. Stress and Substance P but not the Substance P-metabolite SP5-11
trigger murine abortion by augmenting TNF-α levels at the feto–ma-
ternal interface. Scandinavian journal of immunology. 2006;63(1):42–9.
[PubMed: 16398700].

15. Menzies JR, McKee R, Corbett AD. Differential alterations in
tachykinin NK2 receptors in isolated colonic circular smooth
muscle in inflammatory bowel disease and idiopathic chronic
constipation. Regulatory peptides. 2001;99(2-3):151–6.

16. Mesnage V, Houeto JL, Bonnet AM, Clavier I, Arnulf I, Cattelin F, et
al. Neurokinin B, neurotensin, and cannabinoid receptor antagonists
and Parkinson disease. Clinical neuropharmacology. 2004;27(3):108–10.
[PubMed: 15190231].

17. Davoodian M, Boroumand N, Mehrabi Bahar M, Jafarian AH, Asadi M,
Hashemy SI. Evaluation of serum level of substance P and tissue distri-
bution of NK-1 receptor in breast cancer. Mol Biol Rep. 2019;46(1):1285–
93. doi: 10.1007/s11033-019-04599-9. [PubMed: 30684188].

18. Gharaee N, Pourali L, Jafarian AH, Hashemy SI. Evaluation of serum
level of substance P and tissue distribution of NK-1 receptor in en-
dometrial cancer. Mol Biol Rep. 2018;45(6):2257–62. doi: 10.1007/s11033-
018-4387-1. [PubMed: 30225581].

19. Orlando A, Russo F. RETRACTED ARTICLE: Intestinal Microbiota, Probi-
otics and Human Gastrointestinal Cancers. Journal of gastrointestinal
cancer. 2013;44(2):121–31. [PubMed: 23180023].

20. Muñoz M, Coveñas R. Neurokinin-1 receptor antagonists as antitu-
mor drugs in gastrointestinal cancer: A new approach. Saudi journal
of gastroenterology: official journal of the Saudi Gastroenterology Associ-
ation. 2016;22(4):260. [PubMed: 27488320].

21. Massano J, Regateiro FS, Januário G, Ferreira A. Oral squamous
cell carcinoma: review of prognostic and predictive factors. Oral
Surgery, Oral Medicine, Oral Pathology, Oral Radiology and Endodontics.
2006;102(1):67–76. [PubMed: 16831675].

22. Chiou S, Yu C, Huang C, Lin S, Liu C, Tsai T, et al. Positive correlations
of Oct-4 and Nanog in oral cancer stem-like cells and high-grade oral
squamous cell carcinoma. Clinical cancer research. 2008;14(13):4085–
95. [PubMed: 18593985].

23. Onaga T. Tachykinin: recent developments and novel roles in
health and disease. Biomolecular concepts. 2014;5(3):225–43. [PubMed:
25372755].

24. Gonzalez-Moles MA, Brener S, Ruiz-Avila I, Gil-Montoya JA, Tostes D,
Bravo M, et al. Substance P and NK-1R expression in oral precancerous
epithelium. Oncology reports. 2009;22(6):1325–31. [PubMed: 19885583].

25. Mehboob R, Tanvir I, Warraich RA, Perveen S, Yasmeen S, Ahmad FJ.
Role of neurotransmitter Substance P in progression of oral squa-
mous cell carcinoma. Pathology-Research and Practice. 2015;211(3):203–
7. [PubMed: 25433994].

26. Obata K, Shimo T, Okui T, Matsumoto K, Takada H, Takabatake K, et
al. Tachykinin receptor 3 distribution in human oral squamous cell
carcinoma. Anticancer Research. 2016;36(12):6335–41. doi: 10.21873/an-
ticanres.11230. [PubMed: 27919954].

27. Obata K, Shimo T, Okui T, Matsumoto K, Takada H, Takabatake K, et al.
Role of Neurokinin 3 Receptor Signaling in Oral Squamous Cell Carci-
noma. Anticancer research. 2017;37(11):6119–23.

28. Botterweck AA, Schouten LJ, Volovics A, Dorant E, van den Brandt PA.
Trends in incidence of adenocarcinoma of the oesophagus and gas-
tric cardia in ten European countries. International journal of epidemi-
ology. 2000;29(4):645–54. [PubMed: 10922340].

29. Lam AKY. Molecular biology of esophageal squamous cell carcinoma.
Critical reviews in oncology/hematology. 2000;33(2):71–90.

30. Li J, Ying J, Wang X, Wang Z, Tao Q, Li L. Promoter methylation of tu-
mor suppressor genes in esophageal squamous cell carcinoma. Chi-
nese journal of cancer. 2013;32(1):3. [PubMed: 22572016].

31. Morice AH. Gastro-oesophageal reflux and tachykinins in
asthma and chronic cough. Thorax. 2007;62(6):468–9. doi:
10.1136/thx.2006.070607. [PubMed: 17536026].

32. Huber O, Bertrand C, Bunnett NW, Pellegrini CA, Nadel JA, Nakazato
P, et al. Tachykinins mediate concentration on the human lower
esophageal sphincter in vitro via activation of NK2 receptors. Euro-
pean Journal of Pharmacology. 1993;239(1-3):103–9.

33. O’Connor TM, O’Connell J, O’Brien DI, Goode T, Bredin CP, Shanahan
F. The role of substance P in inflammatory disease. Journal of cellular
physiology. 2004;201(2):167–80. [PubMed: 15334652].

34. Kovac JR, Chrones T, Preiksaitis HG, Sims SM. Tachykinin receptor ex-
pression and function in human esophageal smooth muscle. Jour-
nal of Pharmacology and Experimental Therapeutics. 2006;318(2):513–20.
[PubMed: 16714401].

35. Zhang K, Chen QT, Li JH, Geng X, Liu JF, Li HF, et al. The expression of
tachykinin receptors in the human lower esophageal sphincter. Eur J
Pharmacol. 2016;774:144–9. doi: 10.1016/j.ejphar.2016.02.014. [PubMed:
26852958].

36. Denadai-Souza A, Camargo Lde L, Ribela MT, Keeble JE, Costa SK, Mus-
cara MN. Participation of peripheral tachykinin NK1 receptors in the
carrageenan-induced inflammation of the rat temporomandibular
joint. Eur J Pain. 2009;13(8):812–9. doi: 10.1016/j.ejpain.2008.09.012.
[PubMed: 18976941].

37. De Swert KO, Bracke KR, Demoor T, Brusselle GG, Joos GF. Role
of the tachykinin NK1 receptor in a murine model of cigarette
smoke-induced pulmonary inflammation. Respir Res. 2009;10:37.
doi: 10.1186/1465-9921-10-37. [PubMed: 19445658]. [PubMed Central:
PMC2689186].

38. Nascimento RD, Martins PR, de Souza Lisboa A, Adad SJ, Morais da
Silveira AB, Reis D. An imbalance between substance P and vasoactive
intestinal polypeptide might contribute to the immunopathology
of megaesophagus after Trypanosoma cruzi infection. Hum Pathol.
2013;44(2):269–76. doi: 10.1016/j.humpath.2012.05.020. [PubMed:
22995328].

39. Javid H, Asadi J, Avval FZ, Afshari AR, Hashemy SI. The role of substance
P/neurokinin 1 receptor in the pathogenesis of esophageal squamous
cell carcinoma through constitutively active PI3K/Akt/NF-κB signal
transduction pathways. Molecular Biology Reports. 2020:1–11. [PubMed:
32072401].

40. Dong J, Feng F, Xu G, Zhang H, Hong L, Yang J. Elevated SP/NK-
1R in esophageal carcinoma promotes esophageal carcinoma
cell proliferation and migration. Gene. 2015;560(2):205–10. doi:
10.1016/j.gene.2015.02.002. [PubMed: 25659767].

41. Wang F, Liu S, Liu J, Feng F, Guo Y, Zhang W, et al. SP promotes cell
proliferation in esophageal squamous cell carcinoma through the
NK1R/Hes1 axis. Biochemical and biophysical research communications.
2019;514(4):1210–6. [PubMed: 31109645].

42. Afshari AR, Mollazadeh H, Mohtashami E, Soltani A, Soukhtanloo M,
Hosseini A, et al. Protective Role of Natural Products in Glioblastoma
Multiforme: A Focus on Nitric Oxide Pathway. Current Medicinal Chem-
istry. 2020. [PubMed: 32000638].

43. Herman JG, Baylin SB. Gene silencing in cancer in association
with promoter hypermethylation. New England Journal of Medicine.
2003;349(21):2042–54. [PubMed: 14627790].

44. Esteller M. Epigenetic lesions causing genetic lesions in human can-
cer: promoter hypermethylation of DNA repair genes. European jour-
nal of cancer. 2000;36(18):2294–300.

45. Misawa K, Kanazawa T, Misawa Y, Imai A, Uehara T, Mochizuki D, et al.
Frequent promoter hypermethylation of tachykinin-1 and tachykinin
receptor type 1 is a potential biomarker for head and neck can-
cer. Journal of cancer research and clinical oncology. 2013;139(5):879–89.
[PubMed: 23420374].

46. Jin Z, Olaru A, Yang J, Sato F, Cheng Y, Kan T, et al. Hypermethylation
of tachykinin-1 is a potential biomarker in human esophageal can-
cer. Clin Cancer Res. 2007;13(21):6293–300. doi: 10.1158/1078-0432.ccr-

Int J Cancer Manag. 2020; 13(5):e100717. 7

http://www.ncbi.nlm.nih.gov/pubmed/21843346
http://www.ncbi.nlm.nih.gov/pubmed/16398700
http://www.ncbi.nlm.nih.gov/pubmed/15190231
http://dx.doi.org/10.1007/s11033-019-04599-9
http://www.ncbi.nlm.nih.gov/pubmed/30684188
http://dx.doi.org/10.1007/s11033-018-4387-1
http://dx.doi.org/10.1007/s11033-018-4387-1
http://www.ncbi.nlm.nih.gov/pubmed/30225581
http://www.ncbi.nlm.nih.gov/pubmed/23180023
http://www.ncbi.nlm.nih.gov/pubmed/27488320
http://www.ncbi.nlm.nih.gov/pubmed/16831675
http://www.ncbi.nlm.nih.gov/pubmed/18593985
http://www.ncbi.nlm.nih.gov/pubmed/25372755
http://www.ncbi.nlm.nih.gov/pubmed/19885583
http://www.ncbi.nlm.nih.gov/pubmed/25433994
http://dx.doi.org/10.21873/anticanres.11230
http://dx.doi.org/10.21873/anticanres.11230
http://www.ncbi.nlm.nih.gov/pubmed/27919954
http://www.ncbi.nlm.nih.gov/pubmed/10922340
http://www.ncbi.nlm.nih.gov/pubmed/22572016
http://dx.doi.org/10.1136/thx.2006.070607
http://www.ncbi.nlm.nih.gov/pubmed/17536026
http://www.ncbi.nlm.nih.gov/pubmed/15334652
http://www.ncbi.nlm.nih.gov/pubmed/16714401
http://dx.doi.org/10.1016/j.ejphar.2016.02.014
http://www.ncbi.nlm.nih.gov/pubmed/26852958
http://dx.doi.org/10.1016/j.ejpain.2008.09.012
http://www.ncbi.nlm.nih.gov/pubmed/18976941
http://dx.doi.org/10.1186/1465-9921-10-37
http://www.ncbi.nlm.nih.gov/pubmed/19445658
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2689186
http://dx.doi.org/10.1016/j.humpath.2012.05.020
http://www.ncbi.nlm.nih.gov/pubmed/22995328
http://www.ncbi.nlm.nih.gov/pubmed/32072401
http://dx.doi.org/10.1016/j.gene.2015.02.002
http://www.ncbi.nlm.nih.gov/pubmed/25659767
http://www.ncbi.nlm.nih.gov/pubmed/31109645
http://www.ncbi.nlm.nih.gov/pubmed/32000638
http://www.ncbi.nlm.nih.gov/pubmed/14627790
http://www.ncbi.nlm.nih.gov/pubmed/23420374
http://dx.doi.org/10.1158/1078-0432.ccr-07-0818
http://dx.doi.org/10.1158/1078-0432.ccr-07-0818
http://intjcancermanag.com
http://dx.doi.org/10.1158/1078-0432.ccr-07-0818


Hashemian P et al.

07-0818. [PubMed: 17975140].
47. Zheng L, Wang L, Ajani J, Xie K. Molecular basis of gastric cancer de-

velopment and progression. Gastric cancer. 2004;7(2):61–77. [PubMed:
15224192].

48. Rugge M, Fassan M, Graham DY. Epidemiology of gastric cancer. Gas-
tric Cancer. Germany: Springer; 2015. p. 23–34.

49. David S, Kan T, Cheng Y, Agarwal R, Jin Z, Mori Y. Aberrant si-
lencing of the endocrine peptide gene tachykinin-1 in gastric
cancer. Biochem Biophys Res Commun. 2009;378(3):605–9. doi:
10.1016/j.bbrc.2008.11.078. [PubMed: 19046942].

50. Munoz M, Rosso M, Carranza A, Covenas R. Increased nuclear localiza-
tion of substance P in human gastric tumor cells. Acta histochemica.
2017;119:337–42. [PubMed: 28325510].

51. Feng F, Yang J, Tong L, Yuan S, Tian Y, Hong L, et al. Substance P im-
munoreactive nerve fibres are related to gastric cancer differentia-
tion status and could promote proliferation and migration of gastric
cancer cells. Cell Biol Int. 2011;35(6):623–9. doi: 10.1042/cbi20100229.
[PubMed: 21091434].

52. Rosso M, Robles-Frias MJ, Covenas R, Salinas-Martin MV, Munoz M.
The NK-1 receptor is expressed in human primary gastric and colon
adenocarcinomas and is involved in the antitumor action of L-
733,060 and the mitogenic action of substance P on human gas-
trointestinal cancer cell lines. Tumour Biol. 2008;29(4):245–54. doi:
10.1159/000152942. [PubMed: 18781096].

53. Murray GI, Duncan ME, O’Neil P, Melvin WT, Fothergill JE. Matrix met-
alloproteinase–1 is associated with poor prognosis in colorectal can-
cer. Nature medicine. 1996;2(4):461–2. [PubMed: 8597958].

54. Jalili-Nik M, Soltani A, Moussavi S, Ghayour-Mobarhan M, Ferns GA,
Hassanian SM, et al. Current status and future prospective of Cur-
cumin as a potential therapeutic agent in the treatment of colorectal
cancer. J Cell Physiol. 2017. doi: 10.1002/jcp.26368. [PubMed: 29219177].

55. Bretthauer M. Colorectal cancer screening. Journal of internal
medicine. 2011;270(2):87–98. [PubMed: 21575082].

56. Labianca R, Beretta GD, Mosconi S, Milesi L, Pessi MA. Colorec-
tal cancer: screening. Annals of oncology. 2005;16(suppl_2):ii127–32.
[PubMed: 15958442].

57. Liu Y, Tham CK, Ong SYK, Ho KS, Lim JF, Chew MH, et al. Serum methy-
lation levels of TAC1. SEPT9 and EYA4 as diagnostic markers for early
colorectal cancers: A pilot study. Biomarkers. 2013;18(5):399–405. doi:
10.3109/1354750X.2013.798745. [PubMed: 23862763].

58. Yu Y, Pan Y, Jin M, Zhang M, Zhang S, Li Q, et al. Association of genetic
variants in tachykinins pathway genes with colorectal cancer risk.
Int J Colorectal Dis. 2012;27(11):1429–36. doi: 10.1007/s00384-012-1478-7.
[PubMed: 22733436].

59. Zain SNDM, Omar WAW. The effect of Phyllanthus debilis methanolic
extract on DNA methylation of TAC1 gene in colorectal cancer cell line.
Pharmacognosy Magazine. 2020;16(67):57.

60. Tham C, Chew M, Soong R, Lim J, Ang M, Tang C, et al. Postoperative
serum methylation levels of TAC1 and SEPT9 are independent pre-
dictors of recurrence and survival of patients with colorectal can-
cer. Cancer. 2014;120(20):3131–41. doi: 10.1002/cncr.28802. [PubMed:
24925595].

61. Pagan B, Isidro AA, Coppola D, Chen Z, Ren Y, Wu J, et al. Effect of a
neurokinin-1 receptor antagonist in a rat model of colitis-associated
colon cancer. Anticancer Res. 2010;30(9):3345–53. [PubMed: 20944107].
[PubMed Central: PMC3733557].

62. Gao X, Wang Z. Difference in expression of two neurokinin1 recep-
tors in adenoma and carcinoma from patients that underwent radi-
cal surgery for colorectal carcinoma. Oncology letters. 2017;14(3):3729–
33. [PubMed: 28927139].

63. Niu X, Hou J, Li J. The NK1 receptor antagonist NKP608 inhibits prolif-
eration of human colorectal cancer cells via Wnt signaling pathway.
Biological research. 2018;51. [PubMed: 29843798].

64. Matusiak D, Glover S, Nathaniel R, Matkowskyj K, Yang J, Benya RV.
Neuromedin B and its receptor are mitogens in both normal and ma-
lignant epithelial cells lining the colon. Am J Physiol Gastrointest Liver

Physiol. 2005;288(4):G718–28. doi: 10.1152/ajpgi.00156.2004. [PubMed:
15528253].

65. Chen X, Ru G, Ma Y, Xie J, Chen W, Wang H, et al. High expression of
substance P and its receptor neurokinin-1 receptor in colorectal can-
cer is associated with tumor progression and prognosis. OncoTargets
and therapy. 2016;9:3595. [PubMed: 27366097].

66. Bruix J, Sherman M, Llovet JM, Beaugrand M, Lencioni R, Burroughs
AK, et al. Clinical management of hepatocellular carcinoma. Conclu-
sions of the Barcelona-2000 EASL conference. Journal of hepatology.
2001;35(3):421–30.

67. Bruix J, Sherman M. Management of hepatocellular carcinoma: an
update. Hepatology. 2011;53(3):1020–2. [PubMed: 21374666].

68. Berger M, Neth O, Ilmer M, Garnier A, Salinas-Martin MV, de Agustin
Asencio JC, et al. Hepatoblastoma cells express truncated neurokinin-
1 receptor and can be growth inhibited by aprepitant in vitro and
in vivo. J Hepatol. 2014;60(5):985–94. doi: 10.1016/j.jhep.2013.12.024.
[PubMed: 24412605].

69. Garnier A, Ilmer M, Becker K, Häberle B, Schweinitz DV, Kappler R, et
al. Truncated neurokinin1 receptor is an ubiquitous antitumor target
in hepatoblastoma, and its expression is independent of tumor biol-
ogy and stage. Oncology letters. 2016;11(1):870–8. [PubMed: 26870298].

70. Ilmer M, Garnier A, Vykoukal J, Alt E, von Schweinitz D, Kappler R, et
al. Targeting the Neurokinin-1 Receptor Compromises Canonical Wnt
Signaling in Hepatoblastoma. Mol Cancer Ther. 2015;14(12):2712–21. doi:
10.1158/1535-7163.mct-15-0206. [PubMed: 26516161].

71. Lorente L, Rodriguez ST, Sanz P, Pérez-Cejas A, Padilla J, Díaz D, et
al. Patients with high serum substance P levels previously to liver
transplantation for hepatocellular carcinoma have higher risk of
one-year liver transplantation mortality. Oncotarget. 2018;9(30):21552.
[PubMed: 29765559].

72. Wan Y, Meng F, Wu N, Zhou T, Venter J, Francis H, et al. Substance
P increases liver fibrosis by differential changes in senescence of
cholangiocytes and hepatic stellate cells. Hepatology. 2017. [PubMed:
28256736].

73. Parker SL, Tong T, Bolden S, Wingo PA. Cancer statistics, 1996. CA: A can-
cer journal for clinicians. 1996;46(1):5–27. [PubMed: 8548526].

74. Glaser SS, Meng F, Venter J, Han Y, White M, Alpini G. Decreased neutral
endopeptidase expression regulates the autocrine proliferative effects of
substance P on cholangiocarcinoma growth. AACR; 2012. Contract No.:
0008-5472.

75. Hall C, Sato K, Wu N, Zhou T, Kyritsi K, Meng F, et al. Regula-
tors of cholangiocyte proliferation. Gene expression. 2017;17(2):155–71.
[PubMed: 27412505].

76. Deng X, Tang S, Wu P, Li Q, Ge X, Xu B, et al. SP/NK-1R promotes gall-
bladder cancer cell proliferation and migration. Journal of cellular and
molecular medicine. 2019;23(12):7961–73. [PubMed: 30903649].

77. Horsthemke B, Schulz M, Bauer K. Degradation of substance P by neu-
rones and glial cells. Biochemical and biophysical research communica-
tions. 1984;125(2):728–33.

78. Glaser S, Gaudio E, Renzi A, Mancinelli R, Ueno Y, Venter J, et al.
Knockout of the neurokinin-1 receptor reduces cholangiocyte pro-
liferation in bile duct-ligated mice. American Journal of Physiology-
Gastrointestinal and Liver Physiology. 2011;301(2):G297–305. [PubMed:
21596993].

79. Sun J. Pancreatic neuroendocrine tumors. Intractable and Rare Dis-
eases Research. 2017;6(1):21–8. doi: 10.5582/irdr.2017.01007. [PubMed:
28357177].

80. De Araujo EB, Pujatti PB, Mengatti J. Radiolabeling of substance P
with lutetium-177 and biodistribution study in rat pancreatic tumor
xenografted nude mice. Cell Mol Biol (Noisy-le-grand). 2010;56(2):12–7.
[PubMed: 20525453].

81. Guha S, Eibl G, Kisfalvi K, Fan RS, Burdick M, Reber H, et al. Broad-
spectrum G protein–coupled receptor antagonist,[D-Arg1, D-Trp5, 7, 9,
Leu11] SP: a dual inhibitor of growth and angiogenesis in pancreatic
cancer. Cancer research. 2005;65(7):2738–45. [PubMed: 15805273].

8 Int J Cancer Manag. 2020; 13(5):e100717.

http://dx.doi.org/10.1158/1078-0432.ccr-07-0818
http://dx.doi.org/10.1158/1078-0432.ccr-07-0818
http://www.ncbi.nlm.nih.gov/pubmed/17975140
http://www.ncbi.nlm.nih.gov/pubmed/15224192
http://dx.doi.org/10.1016/j.bbrc.2008.11.078
http://www.ncbi.nlm.nih.gov/pubmed/19046942
http://www.ncbi.nlm.nih.gov/pubmed/28325510
http://dx.doi.org/10.1042/cbi20100229
http://www.ncbi.nlm.nih.gov/pubmed/21091434
http://dx.doi.org/10.1159/000152942
http://www.ncbi.nlm.nih.gov/pubmed/18781096
http://www.ncbi.nlm.nih.gov/pubmed/8597958
http://dx.doi.org/10.1002/jcp.26368
http://www.ncbi.nlm.nih.gov/pubmed/29219177
http://www.ncbi.nlm.nih.gov/pubmed/21575082
http://www.ncbi.nlm.nih.gov/pubmed/15958442
http://dx.doi.org/10.3109/1354750X.2013.798745
http://www.ncbi.nlm.nih.gov/pubmed/23862763
http://dx.doi.org/10.1007/s00384-012-1478-7
http://www.ncbi.nlm.nih.gov/pubmed/22733436
http://dx.doi.org/10.1002/cncr.28802
http://www.ncbi.nlm.nih.gov/pubmed/24925595
http://www.ncbi.nlm.nih.gov/pubmed/20944107
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3733557
http://www.ncbi.nlm.nih.gov/pubmed/28927139
http://www.ncbi.nlm.nih.gov/pubmed/29843798
http://dx.doi.org/10.1152/ajpgi.00156.2004
http://www.ncbi.nlm.nih.gov/pubmed/15528253
http://www.ncbi.nlm.nih.gov/pubmed/27366097
http://www.ncbi.nlm.nih.gov/pubmed/21374666
http://dx.doi.org/10.1016/j.jhep.2013.12.024
http://www.ncbi.nlm.nih.gov/pubmed/24412605
http://www.ncbi.nlm.nih.gov/pubmed/26870298
http://dx.doi.org/10.1158/1535-7163.mct-15-0206
http://www.ncbi.nlm.nih.gov/pubmed/26516161
http://www.ncbi.nlm.nih.gov/pubmed/29765559
http://www.ncbi.nlm.nih.gov/pubmed/28256736
http://www.ncbi.nlm.nih.gov/pubmed/8548526
http://www.ncbi.nlm.nih.gov/pubmed/27412505
http://www.ncbi.nlm.nih.gov/pubmed/30903649
http://www.ncbi.nlm.nih.gov/pubmed/21596993
http://dx.doi.org/10.5582/irdr.2017.01007
http://www.ncbi.nlm.nih.gov/pubmed/28357177
http://www.ncbi.nlm.nih.gov/pubmed/20525453
http://www.ncbi.nlm.nih.gov/pubmed/15805273
http://intjcancermanag.com


Hashemian P et al.

82. Munoz M, Rosso M, Covenas R. The NK-1 receptor is involved in the
antitumoural action of L-733,060 and in the mitogenic action of sub-
stance P on human pancreatic cancer cell lines. Letters in Drug Design
& Discovery. 2006;3(5):323–9.

83. Maekawa H, Ito T, Orita H, Kushida T, Sakurada M, Sato K, et al. Anal-
ysis of the methylation of CpG islands in the CDO1, TAC1 and CHFR
genes in pancreatic ductal cancer. Oncology Letters. 2020;19(3):2197–
204. [PubMed: 32194717].

84. Sinha S, Fu Y, Grimont A, Ketcham M, Lafaro KJ, Saglimbeni JA, et
al. PanIN neuroendocrine cells promote tumorigenesis via neuronal
crosstalk. Cancer research. 2017:canres. 0899.2016.

85. Tamizhselvi R, Manickam V. Menadione (vitamin K3) inhibits hydro-
gen sulfide and substance P via NF-B pathway in caerulein-induced
acute pancreatitis and associated lung injury in mice. Pancreatology.
2019;19(2):266–73. [PubMed: 30685119].

86. Friess H, Zhu Z, Liard V, Shi X, Shrikhande SV, Wang L, et al.
Neurokinin-1 receptor expression and its potential effects on tumor
growth in human pancreatic cancer. Lab Invest. 2003;83(5):731–42.
[PubMed: 12746482].

87. Ma J, Yuan S, Cheng J, Kang S, Zhao W, Zhang J. Substance P promotes
the progression of endometrial adenocarcinoma. International Jour-

nal of Gynecologic Cancer. 2016;26(5):845–50. [PubMed: 27051050].
88. Li X, Ma G, Ma Q, Li W, Liu J, Han L, et al. Neurotransmitter sub-

stance P mediates pancreatic cancer perineural invasion via NK-1R
in cancer cells. Molecular cancer research. 2013;11(3):294–302. [PubMed:
23345604].

89. Ozturk O, Aki-Yalcin E, Ertan-Bolelli T, Bolelli K, Nur-Hidayat A, Bingol-
Ozakpinar O, et al. Possible mechanism of action of neurokinin-1 re-
ceptors (NK1R) antagonists. Journal of Pharmacy and Pharmacology.
2017;5:787–97.

90. Rosso M, Munoz M, Berger M. The role of neurokinin-1 receptor in the
microenvironment of inflammation and cancer. The Scientific World
Journal. 2012;2012. [PubMed: 22545017].

91. Zhang Y, Li X, Yuan G, Hu H, Song X, Li J, et al. β-Arrestin 1 has an es-
sential role in neurokinin-1 receptor-mediated glioblastoma cell pro-
liferation and G2/M phase transition. Journal of Biological Chemistry.
2017;292(21):8933–47. [PubMed: 28341744].

92. Munoz M, Coveñas R. Glioma and neurokinin-1 receptor antago-
nists: a new therapeutic approach. Anti-Cancer Agents in Medicinal
Chemistry (Formerly Current Medicinal Chemistry-Anti-Cancer Agents).
2019;19(1):92–100. [PubMed: 29692265].

Int J Cancer Manag. 2020; 13(5):e100717. 9

http://www.ncbi.nlm.nih.gov/pubmed/32194717
http://www.ncbi.nlm.nih.gov/pubmed/30685119
http://www.ncbi.nlm.nih.gov/pubmed/12746482
http://www.ncbi.nlm.nih.gov/pubmed/27051050
http://www.ncbi.nlm.nih.gov/pubmed/23345604
http://www.ncbi.nlm.nih.gov/pubmed/22545017
http://www.ncbi.nlm.nih.gov/pubmed/28341744
http://www.ncbi.nlm.nih.gov/pubmed/29692265
http://intjcancermanag.com

	Abstract
	1. Context
	Figure 1

	2. Evidence Acquisition
	3. Results
	3.1. TKs and Oral Squamous Cell Carcinoma
	3.2. TKs and Esophageal Squamous Cell Carcinoma
	3.3. TKs and Gastric Cancer
	3.4. TKs and Colorectal Cancer
	3.5. TKs and Hepatocellular Carcinoma
	3.6. TKs and Cholangiocarcinoma
	3.7. Tks and Pancreatic Cancer
	3.8. Anti-Carcinogenic Properties of TK Receptor (TKR) Antagonists Against Human Tumors

	4. Conclusions
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Funding/Support: 

	References

