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Abstract: After binding to the neurokinin-1 (NK-1) receptor, substance P (SP) induces tumor cell proliferation, 
angiogenesis, and the migration of tumor cells for invasion and metastasis. After binding to NK-1 receptors, NK-1 
receptor antagonists inhibit tumor cell proliferation, angiogenesis and the migration of tumor cells. These antagonists are 
broad-spectrum antitumor drugs. In addition, in the host they display beneficial effects: anxiolytic, antiemetic, 
neuroprotector, nephroprotector, hepatoprotector, antiinflammatory and analgesic. In combination therapy with classic 
cytostatics, NK-1 receptor antagonists have synergic effects and minimize the side-effects of these classic drugs. Thus, 
NK-1 receptor antagonists could offer a new and promising generation of anticancer drugs. 
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INTRODUCTION 

 There is a considerable body of data suggesting that the 
substance P (SP)/neurokinin (NK)-1 receptor system plays 
an important role in cancer: the presence of SP and NK-1 
receptors has been reported in a wide variety of tumors; SP , 
through the NK-1 receptor, induces tumor proliferation; NK-
1 receptors are involved in the viability of tumor cells (Fig. 
1), and the tachykinin 1 (TAC1R) gene is overexpressed in 
tumor cells [1-23]. It is not only SP that is associated with 
cancer; other peptidergic systems are also involved. 
Receptors for several peptides (e.g., galanin, somatostatin) 
have been described in many types of tumor [24, 25]. 
However, it should be remarked that glioblastoma and 
astrocytoma tumors expressing the most malignant 
phenotypes show an increased percentage of NK-1 receptor 
expression and that normal human cells express a lower 
number of NK-1 receptors than tumoral human cells (e.g., 
mRNA NK-1 receptor expression is increased in malignant 
tissues in comparison with benign tissues) [13, 26-28]. Thus, 
advanced tumor stages could exhibit significantly higher 
NK-1 receptor levels and the expression of NK-1 receptors 
could be correlated with the degree of malignancy. This 
means that the SP/NK-1 receptor system is a good candidate 
to test the action of NK-1 receptor antagonists as antitumoral 
agents and that the NK-1 receptor could be a new target in 
cancer treatment aimed at blocking tumor growth [3, 7, 22]. 
The overexpression of NK-1 receptors by tumor cells also 
suggests a specific treatment against these cells using NK-1 
receptor antagonists, in this case considerably decreasing the 
possible side-effects of the treatment. This is quite important, 
since one of the goals of cancer therapy should be to cure the 
disease with none or fewer side-effects than the side-effects 
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exerted by cytostatic drugs. These drugs used in 
chemotherapy show a very low safety profile and induce 
very severe clinical side-effects because they are not specific 
against tumor cells. The overall contribution of curative and 
adjuvant cytotoxic chemotherapy to 5-year survival in adults 
was respectively estimated to be 2.3% and 2.1% in Australia 
and in the USA [29]. That is, the short-medium-term 
perspectives are not very promising for oncologic patients 
and hence new pathways must be opened up since the 
discoveries in certain fields of enquiry (e.g., stem cell 
research, the search for new cytostatic agents) have not been 
fully successful. Thus, NK-1 receptor antagonists represent 
an important opportunity for exploitation as a new, 
promising generation of broad-spectrum anticancer drugs [1-
9, 15-17, 19, 30] (Fig. (1); Table 1). 

SUBSTANCE P AND THE NEUROKININ-1 RECEP-
TOR PROMOTE CANCER  

 SP is an undecapeptide belonging to the tachykinin 
family of peptides. SP and NK-1 receptors have a 
widespread distribution throughout the body; SP is derived 
from the preprotachykinin A gene and the biological actions 
of SP are preferentially mediated by the NK-1 receptor [31-
36]. SP has been implicated in a wide range of biological 
functions, such as the regulation of the cardiovascular 
system, gastric motility, inflammation, immunological 
action, stress, emesis, pain and depression [35, 37-45].  

 In breast cancer, an increased expression of 
preprotachykinin A in comparison with normal mammary 
epithelial cells has been observed [26]. The expression of SP 
has been reported in metastatic neuroblastoma cells, 
malignant glioma/retinoblastoma, metastatic melanomas, 
primary invasive malignant melanomas, in situ melanomas, 
keratocystic odontogenic tumors, and in oral squamous cell 
and larynx carcinomas [2, 10-12, 30, 46, 47] (Fig. 1). In the 
three latter tumors, SP-immunoreactivity was found in both 
the cytoplasm and in the nucleus of tumor cells (the 
involvement of SP as a transcription factor should be 
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addressed in the future) [10-12]. SP has been observed in 
both the peritumoral tissues and the tumor mass, and the 
peptide exerts a mitogenic action on endothelial cells, 
stimulating vessel growth [27, 30, 48]. It has also been 
reported that SP-containing nerve fibers in human gastric 
cancer are related to gastric cancer differentiation; that SP 
could promote the proliferation, migration and invasion of 
MKN45 cells in vitro, and that after SP stimulation the 
intracellular calcium level of MKN45 cells is increased [49]. 

 NK-1 receptors have been demonstrated in human 
primary tumors and neoplastic cells, in human cancer cell 
lines and in intra- and peritumoral blood vessels (e.g., 
smooth muscle cells, endothelial cells) of most of the tumors 
investigated [2, 6, 7, 9, 14-17, 27, 50]. In oral squamous cell 
and larynx carcinomas, primary retinoblastoma, gastric and 
colon adenocarcinomas, primary invasive malignant 
melanoma, and in metastatic melanoma tissues, NK-1 
receptors were located in the cytoplasm of the tumor cells [2, 
9-12]. Moreover, immunoreactive NK-1

 
receptors were 

confined to the plasma membrane of tumor cells [9, 17]. The 
presence of NK-1 receptors in the cytoplasm of tumor cells 
can be explained in terms of the notion that after the binding 
of SP to the NK-1 receptor, both are internalized into early 
endosomes; then, SP is degraded and the NK-1 receptor is 
recycled to the cell surface [51, 52]. It should be remarked 
that keratinocytes of the thorny and granular strata of the 
supratumoral epidermis (melanoma) show evident nuclear 
immunoreactivity, suggesting that NK-1 receptors are 
present in the nuclei of such cells [9]. Thus by using 
immunohistochemical methods, NK-1 receptor visualization 

should facilitate the identification of tumors overexpressing 
NK-1 receptors for diagnostic and therapeutic intervention 
(e.g., the administration of NK-1 receptor antagonists). Four 
isoforms (75, 54-58, 46, 33-38 kDa) of the NK-1 receptor 
have been reported in human tumor cell lines (e.g. 
melanoma) [2, 6, 9, 13, 16, 17], but their functional roles are 
currently unknown. It is possible that these isoforms may be 
of different functional significance [see 35]. 

 After binding to NK-1 receptors, SP stimulates 
mitogenesis in normal and tumor cells [1-7, 9, 14-18, 53, 
54]. It seems that the increase in DNA synthesis and 
mitogenesis by SP is regulated by the mitogen-activated 
protein kinase (MAPK) pathway, including extracellular 
signal-regulated kinases 1 and 2 (ERK1/2) [18]. Once 
activated, ERK1/2 is translocated into the nucleus, inducing 
proliferation and protecting the cell from apoptosis [see 7] 
(Fig. 1). 

 SP can be secreted from tumor cells exerting an autocrine 
and paracrine (e.g., acting as a mitogen on endothelial cells 
and promoting angiogenesis) mechanism; the peptide can be 
released from nerve terminals (a direct interaction between 
the nervous system and tumor cells occurs) and/or it can 
arrive from the blood stream (an endocrine mechanism 
related to emotional behavior) [see 7]. Through these four 
pathways, SP can induce not only the growth of the tumor 
(Fig. 1), but also the peptide could induce the migration and 
spreading of tumor cells (metastasis development and cancer 
progression) [49, 55]. This is of huge importance since the 
prevention of the development of metastases is one of the 
major goals in the treatment of cancer. It is known that SP 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. (1). Involvement of the SP/NK-1 receptor system in human cancer. 
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induces changes in cellular shape (including blebbing) and 
that membrane blebbing is an important event in cell 
movement and spreading, cancer cell invasion and metastasis 
[56, 57]. SP and NK-1 receptors have been located in both 
intra- and peri-tumoral blood vessels and it is known that SP, 
by increasing endothelial cell proliferation (inside and 
around the tumor), stimulates vessel growth (angiogenesis) 
and hence tumor development by increasing tumoral blood 
flow and by fostering stromal development [13, 26, 27, 48] 
(Fig. 1). 

NEUROKININ-1 RECEPTOR ANTAGONISTS: ANTI-
TUMOR ACTION 

 All the above-mentioned data suggest that NK-1 receptor 
antagonists could exert antiproliferative, antiangiogenic and 
antimigration actions, and could also exert a selective action 
(contrary to classic cytostatics) against tumor cells, since 
they overexpress the NK-1 receptor (Fig. (1); Table 1) [3, 7, 
9, 13, 22, 26, 27, 48]. NK-1 receptor antagonists can be 
divided in two groups: peptide NK-1 receptor antagonists 
and non-peptide NK-1 receptor antagonists (L-733,060 
(benzylether piperidines); RP-67,580 (perhydroiso-
indolones); WIN- 51,708 (steroid); L-732,138 (tryptophan-
based); CP-99,994 (benzylamino piperidines); CP-96,345 
(benzylamino and benzylether quinuclidine)) [34, 45, 58-65]. 
The binding sites for non-peptide NK-1 receptor antagonists, 
SP and peptide NK-1 receptor antagonists are different. SP 
and peptide NK-1 receptor antagonists bind to the 
extracellular ends of the transmembrane helices and 
especially to the extracellular loops of the receptor, whereas 
non-peptide NK-1 receptor antagonists bind more deeply 
between the transmembrane segments. After binding to NK-
1 receptor, NK-1 receptor antagonists could block the effect 
of SP (e.g., mitogenesis, angigenesis, and the migration of 
tumor cells). NK-1 receptor antagonists attenuate pain, with 

reduced tolerance, pelvic pain and mechanical allodynia and 
they also produce anxiolytic-like, antiinflammatory, 
antimigraine, neuroprotective, anticonvulsant and 
hepatoprotective effects [40, 65-72] (Fig. (1); Table 1). In an 
animal model of colitis-associated colon cancer, the NK-1 
receptor antagonist SR-140,333 significantly decreased the 
incidence of inflammatory bowel disease [73]. It is known 
that cancer-related visceral pain originates from post-
synaptic dorsal column neurons placed in the spinal cord and 
that these neurons start to express NK-1 receptors after 
visceral stimulation [74]. These data suggest a new target for 
the development of pharmacological strategies (e.g., NK-1 
receptor antagonists) to control cancer-related visceral pain. 

 It should be noted that although many NK-1 receptor 
antagonists have been tested in clinical trials they showed a 
lack of effectiveness [60]. Currently, aprepitant (EMEND) 
and fosaprepitant are the only NK-1 receptor antagonists 
available for clinical use. These antagonists are indicated for 
the treatment of acute and delayed chemotherapy-induced 
nausea and vomiting [60, 75, 76]. Chemotherapy induces the 
release of SP and aprepitant blocks the unwanted actions 
exerted by SP on the central nervous system [75]. The water-
soluble injectable form of aprepitant, called fosaprepitant 
dimeglumine, is also used in clinical practice for the 
prevention of postoperative nausea and vomiting and for 
inhibiting chemotherapy-induced nausea and vomiting [58]. 
It has been reported that aprepitant exerts antipruritic effects 
(SP is a major mediator of pruritus), but these results must be 
confirmed in future randomized, controlled clinical trials 
[77]. 

Antiproliferation and Apoptotic Effects on Tumor Cells 

 Many works have demonstrated that NK-1 receptor 
antagonists (e.g., L-733,060 (piperidine), L-732,138 (L-
tryptophan), aprepitant (morpholine)…) exert a dose-

Table 1. Cytostatic Actions Versus NK-1 Receptor Antagonist Actions 

Organ/Site Classic Cytostatics NK-1 Receptor Antagonists 

Cell specificity - Non-specific cytotoxicity  - Specific cytotoxicity  

  against tumor cells, through the NK-1 receptor  

Antitumor action - Mitogenesis inhibition 

- Cell death by necrosis 

- Mitogenesis inhibition 

- Cell death by apoptosis 
- Angiogenesis inhibition 
- Inhibition of the migration of tumor cells  

Central nervous system - Emesis 

- Anxiety 
- Seizure 
- Encephalopathy 

- Antiemetic 

- Anxiolytic 
- Anticonvulsant 
- Neuroprotector 

Peripheral nervous system - Polyneuropathy - Neuroprotector 

Liver - Hepatotoxicity - Hepatoprotector 

Kidney - Nephrotoxicity - Nephroprotector 

Systemic - Pain 
- Inflammatory 

- Analgesic 
- Antiinflammatory 
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dependent antitumor action against many human tumor cell 
lines expressing NK-1 receptors and that such antitumor 
action is caused by apoptosis [1-6, 9, 13, 15-17, 19, 20, 22, 
26, 30, 78, 79, 80-84] (Fig. 1). The antitumoral action of L-
733,060 against human cancer cell lines is more potent than 
that of aprepitant, and the antitumoral action of aprepitant is 
more potent than that of L-732,138 [5, 9, 21, 23]. The 
induction of apoptosis by NK-1 receptor antagonists could 
represent one of the most appropriate methods for cancer 
treatment, although this should be tested in future clinical 
trials. Currently, the mechanisms responsible for inducing 
apoptosis in tumor cells are unknown. It has been reported 
that NK-1 receptor antagonists could inhibit both DNA 
synthesis and cell proliferation through the MAPK pathway; 
that they could prevent the nuclear translocation of ERK1y2, 
inhibiting proliferation and inducing apoptosis, and that they 
decrease the basal phosphorylation of Akt and cause the 
proteolysis of poly-(ADP-ribose) polymerase and the 
cleavage of caspase-3 [18, 22, 83, 85]. It seems that the 
overexpression of NK-1 receptors by tumor cells renders 
these cells highly dependent upon the potent mitotic signal 
mediated by SP, which counteracts the death signal 
pathways activated in tumor cells by their own genetic 
damage, suppressor gene losses, oncogene activation, etc. 
Thus, by increasing the phenotypic expression of NK-1 
receptors tumor cells neutralize the pathways leading to cell 
death, since the different death signals are overridden by the 
SP-mediated mitotic stimulus. Accordingly, when the NK-1 
receptor is blocked by the NK-1 receptor antagonist the cell 
dies, because the balance inside the cell could be favorable to 
apoptotic/death signals [see 20, 22]. 

 The above data suggest that NK-1 receptor antagonists 
could be candidates for broad-spectrum antineoplastic drugs 
[86]. However, as previously mentioned, aprepitant and 
fosaprepitant are the only NK-1 receptor antagonists 
available for clinical use. The safety of aprepitant has been 
reported, as well as its safety against human fibroblast cells 
[75, 78, 87]. Thus, aprepitant is the main NK-1 receptor 
antagonist candidate for use in the treatment of cancer, since 
its possible evaluation as an antitumor agent could be easier 
or faster than for less investigated compounds, because many 
of the required safety and characterization studies have 
already been completed [60, 75].  

Antiangiogenic and Antimigration Actions 

 It has been reported that NK-1 receptor antagonists block 
the mitogenic action mediated by SP on endothelial cells, 
decreasing tumor-associated angiogenesis; that they block 
rapid SP-induced changes in cellular shape (including 
blebbing), and that L-733,060 inhibits the SP-mediated 
metastatic progression of cancer cells [56, 88, 89] (Fig. (1); 
Table 1). In patients with breast cancer the risk of recurrence 
or metastasis is reduced four-fold over a 2.5-4 year follow-
up period when surgery is associated with paravertebral 
anesthesia [90]. The SP/NK-1 receptor system could be 
involved in this process, since it has been suggested that 
paravertebral anesthesia blocks the SP-induced migration, 
invasion and metastasis of tumor cells [see 8]. This 
hypothesis is quite interesting, because the use of 
paravertebral anesthesia prior to cancer surgical intervention 
in cancer could reduce the number of recurrences and 

metastases in the surgical treatment of tumors and hence 
pretreatment with NK-1 receptor antagonists prior to surgical 
intervention could have synergic effects [see 8].  

 In sum, since tumor-cell migration is mediated by SP and 
is a prerequisite for invasion and metastasis and since the 
peptide is involved in angiogenesis, it seems that NK-1 
receptor antagonists could be used to inhibit the above 
processes (Fig. (1); Table 1). However, it should be 
remarked that most of the findings concerning the 
involvement of the SP/NK-1 receptor system in cancer were 
obtained from preclinical studies, and then most of them 
from in vitro studies. This means that in vivo studies must be 
carried out in experimental animal models in order to fully 
demonstrate the involvement of SP/NK-1 receptor/NK-1 
receptor antagonist in tumor growth, angiogenesis and the 
migration of tumor cells before developing clinical trials in 
humans (e.g., using aprepitant). It will be very important to 
investigate the cellular signaling pathways downstream from 
the NK-1 receptor, after the binding of SP or the NK-1 
receptor antagonist. 

CYTOSTATIC DRUGS AND NEUROKININ-1 
RECEPTOR ANTAGONISTS 

 In an in vitro study, it has been demonstrated that co-
administration of L-733,060/ vinblastine or microtubule-
destabilizing agents was synergistic for the inhibition of the 
growth of cancer cells expressing NK-1 receptors, but not for 
non-tumoral cells. It seems that L-733,060 reduces 
antiapoptotic NK-1 receptor signaling and hence enhances 
vinblastine-induced cell death. This strategy might be 
clinically useful for cancer chemotherapy [91]. Moreover, it 
has been reported that cyclophosphamide (an antineoplastic 
agent) and X-radiation induce neurogenic inflammation, this 
process being mediated by SP; that placlitaxel (a cytostatic) 
exerts adverse pulmonary actions, this also being mediated 
by SP, and that cisplatin impairs renal function. In all three 
cases, an improvement was observed when NK-1 receptor 
antagonists were administered [92-94]. These data suggest 
that these antagonists, in addition to exerting an antitumor 
action, should decrease the side-effects produced by 
chemotherapy and radiation treatments to a considerable 
extent [91-94]. 

THE SUBSTANCE P/NEUROKININ-1 RECEPTOR 
SYSTEM IN CANCER 

 This mini-review highlights the data published about the 
SP/NK-1 receptor system in cancer and the possible use of 
NK-1 receptor antagonists as new antitumoral agents, since 
it seems that these antagonists exert an antitumoral action 
(inducing apoptosis in tumor cells), an antiangiogenic action 
(by blocking endothelial cell proliferation) and the 
antimigration activity of tumor cells. NK-1 receptor 
antagonists counteract the physiological actions mediated by 
SP in cancer: tumor cell proliferation (SP seems to be a 
universal mitogen for tumor cells expressing/overexpressing 
NK-1 receptors), angiogenesis (SP stimulates the growth of 
endothelial cells) and the migration of tumor cells (SP 
activates the migration of tumor cells) (Fig. 1). Thus, 
summing up the data currently available concerning the 
involvement of the SP/NK-1 receptor system in cancer, the 
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following key points emerge (Fig. 1): 1) SP is expressed in 
cancer cells; 2) SP has been located in the nucleus and in the 
cytoplasm of tumor cells; 3) NK-1 receptors are 
overexpressed in cancer cells; 4) NK-1 receptors have been 
located in the cytoplasm, in the plasma membrane, and in the 
nucleus of the tumor cells; 5) Cancer cells have different 
NK-1 receptor complex isoforms (75, 54-58, 46, 33-38 kDa); 
6) The tachykinin 1 (TAC1R) gene is overexpressed in tumor 
cells; 7) The NK-1 receptor is involved in the viability of 
tumor cells; 8) SP induces tumor cell proliferation, after 
binding to the NK-1 receptor; 9) SP stimulates angiogenesis; 
10) SP and NK-1 receptors are located in intra- and 
peritumoral blood vessels; 11) SP induces the migration of 
tumor cells; 12) NK-1 receptor antagonists block the SP-
induced mitogen stimulation of tumor cells; 13) NK-1 
receptor antagonists inhibit SP-induced rapid changes in 
cellular shape; 14) NK-1 receptor antagonists inhibit SP-
mediated increased migratory activity of tumor cells; 15) 
NK-1 receptor antagonists exert an antiangiogenic action; 
16) NK-1 receptor antagonists inhibit tumor cell growth in a 
dose-dependent manner. They act as a broad-spectrum 
antitumor agent; 17) The specific antitumor action of the 
NK-1 receptor antagonists occurs through the NK-1 
receptor; and 18) Tumor cell death is due to apoptosis. 

CONCLUSIONS 

 All the data reported above suggest that the SP/NK-1 
receptor system could play an important role in cancer (NK-
1 receptor antagonists could be selective against tumor cells, 
since these cells overexpress NK-1 receptors); that the NK-1 
receptor could be a new target in cancer treatment, and that 
NK-1 receptor antagonists could offer a new and promising 
new generation of anticancer drugs. In coming years, the 
preclinical data mentioned in this review should be 
confirmed in experimental animal models and, later, in 
human trials. 
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