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Abstract:



It has been recently demonstrated that substance P (SP) and neurokinin-1 (NK-1) receptor antagonists induce cell proliferation and cell inhibition in human melanoma cells, respectively. However, the antitumor action of the NK-1 receptor antagonist L-732,138 on such cells is unknown. The aim of this study was to demonstrate an antitumor action of L-732,138 against three human melanoma cell lines (COLO 858, MEL HO, COLO 679). We found that L-732,138 elicits cell growth inhibition in a concentration dependent manner in the melanoma cells studied. Moreover, L-732,138 blocks SP mitogen stimulation. The specific antitumor action of L-732,138 occurred through the NK-1 receptor and melanoma cell death was by apoptosis. These findings indicate that the NK-1 receptor antagonist L-732,138 could be a new antitumor agent in the treatment of human melanoma.
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1. Introduction


Melanoma is a neoplasm originating from melanocytes, which are derived from the neural crest. It represents 1% of cancers and it accounts for approximately 65% of skin cancer deaths. Melanoma now accounts for approximately 4% of all cancers diagnosed in the United States [1]. Presently, primary cutaneous malignant melanoma can be effectively managed with surgical treatment, obtaining high survival rates after five years follow-up. However, survival dramatically decreases in stages III and IV of this tumor. In these stages, an effective treatment does not exist. The last two decades have seen no significant progress in extending the survival of patients with distant metastases, despite multiple trials of cytotoxic chemotherapy agents. Therefore, there is an urgent need to improve therapy in melanoma patients.



Substance P (SP) is an undecapeptide that belongs to the tachykinin family of peptides. It is known that SP, neurokinin A (NKA), neuropeptide K and neuropeptide Gamma (the two latter elongated forms of NKA) are derived from the preprotachykinin A gene, whereas neurokinin B (NKB) is derived from the preprotachykinin B gene. The biological actions of SP, NKA and NKB are mediated by three receptors, named neurokinin (NK)-1, NK-2 and NK-3; the NK-1 receptor showing preferential affinity for SP. After binding to the NK-1 receptor, SP regulates many biological functions [2,3] and this neuropeptide has also been implicated in neurogenic inflammation, pain and depression [4] as well as in tumor cell proliferation, neoangiogenesis and metastasis [5,6]. In addition, the expression of SP in primary invasive malignant melanomas, metastatic melanomas, melanomas in situ, atypical (dysplastic) nevi, and spindle and epithelioid cell (Spitz) nevi has been described, but it was not detected in any acquired benign melanocytic nevi [7]. Moreover, it was recently reported that human malignant melanoma cell lines and melanoma samples express NK-1 receptors [8]. It has also been demonstrated that the activation of the NK-1 receptor by SP induces mitogenesis in several melanoma cell lines [9,10,11] and in other tumor cell lines [12,13,14,15,16,17,18,19,20]. In addition, it is known that SP is a main mediator of capillary vessel growth in vivo and of the proliferation of cultured endothelial cells in vitro, and that SP also induces neoangiogenesis [21]. Moreover, the active migration of tumor cells, a crucial requirement for invasion and metastasis development, is regulated by SP signals [22].



The NK-1 receptor antagonist L-733,060 (a piperidine derivative) showed a high affinity for the human NK-1 receptor in vitro [23]. We have also demonstrated that L-733,060 shows antitumor activity against human malignant melanoma cell lines [10] and against neuroblastoma, glioma, retinoblastoma, pancreas, larynx, gastric and colon carcinoma cell lines [10,15,16,19,20]. Furthermore, it has been recently reported that the NK-1 receptor antagonist aprepitant (a morpholine derivative) is a broad spectrum antitumor drug [24] and exerts an antitumor action against human malignant melanoma cell lines [8]. Additionally, the NK-1 receptor antagonist L-732,138 (an L-tryptophan derivative) showed a competitive and selective antagonism for the NK-1 receptor. It is approximately 1,000-fold more potent in cloned human NK-1 receptors than in cloned human NK-2 and NK-3 receptors; and approximately 200-fold more potent in human NK-1 receptors than in rat NK-1 receptors [25]. It is known that the administration of L-732,138 exerts an attenuation of hyperalgesia [26] and it has been also described that L-732,138 is able to antagonize H(3) antagonist-induced skin vascular permeability [27]. In addition, antitumor activity against glioma, neuroblastoma, retinoblastoma and larynx carcinoma was shown [17,18,19,28]. However, to our knowledge it is unknown whether the antitumor action of the NK-1 receptor antagonist L-732,138 is exerted, or not, on human malignant melanomas. Thus, the aims of this study are: (1) To demonstrate, using a MTS colorimetric method to evaluate cell viability, the antitumor action of the NK-1 receptor antagonist L-732,138 against human melanoma COLO 858, MEL HO, and COLO 679 cell lines, and to show that this antitumor action occurs through the NK-1 receptor; and (2) To investigate whether the NK-1 receptor antagonist L-732,138 produces apoptosis in the three melanoma cell lines studied.




2. Material and Methods


2.1. Cell Culture


We used COLO 858 (ICLC Interlab Cell Line Collection-CBA-Genova), MEL HO and COLO 679 (DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen) human melanoma cell lines. These cell lines were incubated at 37 ºC in a humidified atmosphere of 95% air/5% CO2, according to the manufacturer’s instruction.




2.2. Drug Treatments


The NK-1 receptor antagonist N-acetyl-L-tryptophan 3, 5-bis (trifluoromethyl) benzyl ester, molecular weight 472.39 (L-732,138) (Sigma-Aldrich, Madrid, Spain), was dissolved in distilled water containing 0.2% dimethylsulphoxide (DMSO) before sample treatment. In order to determine the IC50, different concentrations (10 to 100 µM) of L-732,138 were evaluated. SP, acetate salt (Sigma-Aldrich, Madrid, Spain), was dissolved in distilled water and different concentrations of SP (5, 10, 50, 100 and 500 nM) were used. The most mitogenic nanomolar SP concentration for each cell line was incubated 1 h before the addition of L-732,138.




2.3. Proliferation Assays


Cell proliferation was evaluated using the tetrazolium compound 3-(4, 5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)2-(4-sulfophenyl)-2H-tetrazolium, inner salt (MTS), according to the manufacturer’s instructions (CellTiter 96 Aqueous One Solution Cell Proliferation Assay, Promega Corp., Madison, USA). Cell numbers were quantified using a Coulter counter. The plate included blank wells (0 cells/0.1 mL), control wells (104 cells/0.1 mL), control wells with DMSO, control wells treated with L-732,138 and control wells treated with the most effective SP concentration and L-732,138. The plates were inoculated with L-732,138 (10-100 µM for tumor cell lines) and were incubated for the first doubling time specific for each tumor cell line. Moreover, control wells were treated with different concentrations of SP. For the proliferation assay, 20 µL of the MTS reagent was added to each well 90 min before reading the samples on a multiscanner microplate reader (TECAN Spectra classic, Barcelona, Spain) at 492 nm. Each experimental condition was assayed in duplicate and all experiments were performed at least three times.




2.4. Statistical Analyses


Data were expressed as means ± SD. Statistical analysis was performed with SPPS statistical software for Microsoft Windows, release 14.0 (Professional Statistic, Chicago, IL). The homogeneity of the variance was tested using the Levene test. If the variances were homogeneous, the data were analyzed by using the one-way ANOVA test with Bonferroni’s correction for multiple comparisons. For data sets with non-homogeneous variances, the ANOVA test with T3 Dunnett posthoc analysis was applied. The criterion for significance was P < 0.05 for all comparisons.




2.5. DAPI Staining


In order to determine whether apoptosis was induced by the NK-1 receptor antagonist L-732,138, DAPI staining was performed. Briefly, after treatment with L-732,138 for their first doubling time approximately, the cells were fixed in 4% paraformaldehyde. Following a second wash in PBS, cells were incubated in 1 μg/mL DAPI solution (Sigma-Aldrich) for 30 min in the dark. The cells were then observed under a fluorescence microscope (Zeiss, Oberkochen, Germany). Apoptotic cells were defined by the chromatin condensation and nuclear fragmentation. We counted the number of apoptotic cells. In each case, the count was repeated in three different slides. Finally, in each slide, we counted the number of apoptotic cells located in five different sequentially fields.





3. Results


3.1. Antitumor Action of L-732,138


After the administration of increasing concentrations of L-732,138, we observed growth inhibition in all the melanoma cell lines studied (Figure 1). Moreover, treatment of the melanoma cell lines with L-732,138 resulted in a concentration-dependent cytotoxicity (see Figure 1). The IC50 and IC100 growth inhibition concentration of L-732,138 on melanoma cell lines are shown in Table 1. Maximum inhibition was observed when the drug was present at a concentration of 100 µM during the culture periods. At the first doubling time, a strong decrease in the number of cells in the cell lines studied here was found at intermediate concentrations and no living or very few cells were observed at the maximal concentration. A lower inhibition of growth of the melanoma cell lines was observed in the presence of low doses of L-732,138. There were no significant differences between the control wells and the control wells-DMSO (data not shown).


Figure 1. Percentage of growth inhibition of COLO 858, MEL HO and COLO 679 human melanoma cells at first doubling time in in vitro cultures following the addition of increasing concentrations (10 to 100 μM) of L-732,138. Level of significance: * p ≤ 0.05.



[image: Cancers 02 00611 g001]






Table 1. Half inhibition (IC50) and maximum inhibition (IC100) of melanoma cell lines after administration of the NK-1 receptor antagonist L-732,138.







	
Melanoma cell line

	
L-732,138




	
IC50 μM

	
IC100 μM






	
COLO 858

	
44.6

	
97.6




	
MEL-H0

	
76.3

	
140.6




	
COLO 679

	
64.2

	
124.7














After the administration of different doses of SP, our group has previously reported an increase in the growth of the three melanoma cell lines studied here [9]. In order to examine whether the NK-1 receptor antagonist L-732,138 inhibited melanoma cell proliferation via an interaction with its receptor, we used the specific NK-1 receptor agonist SP in competition experiments (Figure 2). Here, the cellular concentration at IC50 µM of L-732,138 and nM of SP was lower than that observed with different doses of SP alone for the melanoma cell lines studied here. These results indicate that L-732,138 blocks SP mitogen stimulation. Moreover, L-732,138-induced growth inhibition was partially reversed by the administration of the most mitogenic nanomolar dose of exogenous SP. These data indicate the specificity of the NK-1 receptor activation in the growth of the melanoma cell lines by SP, since an increase in the cellular concentration was observed in the cell lines studied with respect to the values found when the antagonist was administered alone (Figure 2).


Figure 2. Induction of cell proliferation of COLO 858, MEL HO and COLO 679 human melanoma cells by SP at several nanomolar concentrations (5, 10, 50, 100 and 500 nM) according to the cell line studied. The NK-1 receptor antagonist L-732,138 was added in the presence (the most mitogenic exogenous SP nM concentration) or absence (none) of SP during the first doubling time. In both cases, L-732,138 inhibited cell proliferation. Using the ANOVA test, a significant difference between each group and the control group (none-none) was found. Level of significance: ** p ≤ 0.05 and # and x p ≤ 0.05. Vertical bars indicate SD.
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3.2. Apoptosis


After administration of L-732,138, a large number of apoptotic cells were found in COLO 858, MEL HO and COLO 679 melanoma cell lines (Figure 3). In DAPI-stained cultures, at IC50 concentration we observed a mean of 43.6 ± 2.6 (SD)% apoptotic cells for the three melanoma cell lines, whereas at IC100 concentration we found 51.4 ± 4.5 (SD)% apoptotic cells. Conversely, in control melanoma cells (not treated with L-732,138) we observed a mean of 0.1 ± 0.2 (SD)% apoptotic cells for the three melanoma cell lines.


Figure 3. Culture of COLO 858 melanoma cells not treated (A) or treated with the NK-1 receptor antagonist L-732,138 (B). (C) High power magnification of the region delimited by the yellow rectangle in B. Note the apoptotic figures. Chromatin condensation and nuclear fragmentation are observed.
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4. Discussion


We have demonstrated for the first time the antitumor action of the NK-1 receptor antagonist L-732,138 in human melanoma COLO 858, MEL HO and COLO 679 cell lines. We have also demonstrated that the cell death observed in this study was due to a specific toxic effect of L-732,138 and not to a non-specific action of this drug. In our competition experiments, exogenous SP cell proliferation was partially reversed by the administration of L-732,138, suggesting the specificity of the NK-1 receptor blocking by L-732,138. Moreover, it has been reported that the above-mentioned melanoma cell lines express several isoforms of the NK-1 receptor [8]. Thus, the antitumor action on these melanoma cell lines by L-732,138 is probably related to the ability of this antagonist to block the NK-1 receptors expressed by the melanoma cell lines studied here. In addition, the findings of the present study demonstrate that treatment of COLO 858, MEL HO and COLO 679 cell lines with L-732,138 results in cell death and that such death occurs by apoptosis. This is in agreement with previous in vitro studies carried out in lung cancer [29], rhabdomyosarcoma [11], neuroblastoma, retinoblastoma, larynx, gastric and colon carcinoma cell lines [18,19,20,28]. It is also in agreement with previous studies reported by our group, in which the NK-1 receptor antagonists L-733,060/L-732,138 and the drug aprepitant exerted an antitumor action on glioma, neuroblastoma, melanoma, retinoblastoma, pancreas, larynx, gastric and colon carcinoma cell lines [9,10,15,16,17,18,19,20,24,28]. In addition, it has been recently demonstrated that aprepitant exerted an antitumoral action on human maligant melanomas [8]. Moreover, SP analogue antagonists (synonymous of NK-1 receptor antagonists) inhibited, both in vitro and in vivo, the growth of small cell lung cancer [3], as well as it is known that other NK-1 receptor antagonists inhibited in vivo the growth of glioma and breast carcinoma cells [30,31].



This suggests that NK-1 receptor antagonists block the NK-1 receptors expressed by tumor cells and that the structurally very different molecules piperidine (L-733,060), L-tryptophan (L-732,138) and morpholine (aprepitant) exert the same antitumor action (these molecules only have their specificity for the NK-1 receptor in common). In this sense, it seems that the antitumor action of the NK-1 receptor antagonists is related to stereochemical features and no to the chemical structure of the molecules. In sum, the data suggest the possibility of a common mechanism for cancer cell proliferation mediated by SP and NK-1 receptors. Were this the case, it would mean that NK-1 receptor antagonists L-732,138 could inhibit a large number of tumor cell types in which both SP and NK-1 receptors are expressed [18,20,32,33,34,35]. Moreover, it has been demonstrated that the NK-1 receptor expression is increased 25-36-fold in human pancreatic cancer cell lines in comparison with normal controls, and that tumors samples of patients with advanced tumor stages exhibit significantly higher NK-1 receptor levels [33]. Thus, NK-1 receptor visualization, after using immunohistochemical methods, will facilitate the identification of tumors with a sufficient NK-1 receptor overexpression for diagnostic and therapeutic intervention administrating NK-1 receptor antagonists [36]. In addition, it is known that melanoma tissues expressed NK-1 receptors, as well as human maligant melanomas [8]. Furthermore, it is known that the activation of the NK-1 receptor by SP, at nanomolar concentrations, induces mitogenesis in human malignant melanoma cell lines [9] and in other cancer cell lines [18,19,20,28], and that SP is expressed in primary invasive malignant melanomas and metastatic melanomas [37].



Moreover, it has been reported the effect of SP, a main mediator of neurogenic inflammation, on the growth of capillary vessels in vivo, and on the proliferation of cultured endothelial cells in vitro, as well as it has been demonstrated that NK-1 receptor agonists also induced neoangiogenesis probably through induction of endothelial cell proliferation, and this response is blocked specifically by NK-1 receptor antagonists [38]. Furthermore, neoangiogenesis is a sequential process, starting with early endothelial proliferation followed by new vessel formation and increased blood flow, then with maturation of endogenous neurovascular regulatory systems occurring later in this process in inflamed tissues [39,40]. Also, it has been associated with increased tissue innervations and expression of NK-1 receptors [34]. In the great majority of the investigate tumors, NK-1 receptors were found on intra- and peritumoral blood vessels [32]. In fact, NK-1 receptors were observed in smooth muscle cells of the small- and medium-caliber blood vessels, which were located in the peritumoral area and, occasionally such receptors were also observed in the endothelial cells of these vessels in the melanoma samples [8]. Additionally, one of the known functions of SP is to mediate the release of histamine from mast cells, frequently concentrate in the connective tissue surrounding many tumors including melanomas, and do so prior to the development of neoangiogenesis. By contrary, SP analogue antagonists (synonymous of the NK-1 receptor antagonists) inhibit tumor growth in pancreatic cancer via a dual mechanism that involves both antiproliferative and antiangiogenic properties [41]. Moreover, the active migration of tumor cells is a crucial requirement for metastasis development and cancer progression. It is known that SP induces the migration of tumor cells to specific organs by binding to the NK-1 receptor in cancer cells, where it can be blocked by NK-1 receptor antagonists [22]. These data suggest that SP and NK-1 receptors could play an important role in the development of invasion and metastasis. Additionally, some alarming signs of the malignization of nevi are: pain, pruritus, inflammation and increased size. These signs could be due to an increase of SP in the perilesional zone of the skin, produced by the different mechanisms involved in the neurogenic inflammation. In fact, the release of SP from the peripheral sensory fibres could produce vasodilatation, increases in vascular permeability, plasma extravasation and the release of histamine (pruritus) from skin mast cells. In addition, melanoma cells releasing SP could produce tumor proliferation.



All the data mentioned above suggest that the treatment of melanoma cell lines (expressing NK-1 receptors) with the NK-1 receptor antagonist L-732,138 could improve melanoma treatment, because it exerts an antitumor action through three mechanisms: (1) An antiproliferative effect due to the inhibition of tumor cell growth, inducing cell death by apoptosis; (2) An inhibition of angiogenesis in the tumor mass; and (3) An inhibition of the migration of tumor cells (invasion and metastasis). Moreover, it has been reported that a NK-1 receptor antagonist (the drug aprepitant) was used in a placebo-controlled trial in patients with depression, showing that the safety and the tolerability of this drug were generally similar to placebo [42]. Recently, we have also reported the safety of aprepitant against human fibroblast cells; thus, the IC50 for fibroblast cells was approximately three times more than the IC50 of the tumor cells [24]. Moreover, it is known that the NK-1 receptor antagonists in the host present/display other beneficial effects such as: anti-inflammatory [43], analgesic [44], anxyolitic [45], antidepressant [42], antiemetic [46], hepatoprotector [43], and neuroprotector [47].




5. Conclusions


We describe for the first time the antitumor action of the NK-1 receptor antagonist L-732,138 on MEL HO, COLO 858 and COLO 679 human malignant melanoma cell lines. Also, we have demonstrated that the antitumor action of L-732,138 is through the NK-1 receptor, and finally, that L-732,138 induces apoptosis in melanoma cell lines. All these observations suggest that the NK-1 receptor antagonist L-732,138 could be a novel and promising antitumor agent in the treatment of human melanoma.







Acknowledgements


This work was supported by the Consejería de Innovacion, Ciencia y Empresa of the Junta de Andalucía (CTS-2247, Spain).




References


	1. 
Desantis, C.; Siogel, R.; Jemal, A. Cancer Facts and Figures 2007-2008; American Cancer Society: Atlanta, GA, USA, 2007; pp. 1–36. [Google Scholar]

	2. 
Hökfelt, T.; Pernow, B.; Wahren, J. Substance P: a pioneer amongst neuropeptides. J. Intern. Med. 2001, 249, 27–40. [Google Scholar]

	3. 
Seckl, M.J.; Higgins, T.; Wildmer, F.; Rozengurt, E. [D-Arg1, D-Trp5,7,9, Leu11] Substance P: a novel potent inhibitor of signal transduction and growth in vitro and in vivo in small cell lung cancer cells. Cancer Res. 1997, 57, 51–54. [Google Scholar]

	4. 
Harrison, S.; Geppetti, P. Substance P. Int. J. Biochem. Cell Biol. 2001, 33, 555–576. [Google Scholar] [CrossRef]

	5. 
Muñoz, M.; Rosso, M.; Coveñas, R. A new frontier in the treatment of cancer: NK-1 receptor antagonists. Curr. Med. Chem. 2010, 17, 504–513. [Google Scholar] [CrossRef]

	6. 
Muñoz, M.; Rosso, M.; Robles-Frías, M.J.; Coveñas, R.; Salinas-Martín, M.V. Immunolocalization of the neurokinin-1 receptor: a new target in the treatment of the human primary retinoblastoma. In Eye Cancer Research Progress; Bospene, E.B., Ed.; Nova Science Publishers: New York, NY, USA, 2008; pp. 157–178. [Google Scholar]

	7. 
Khare, V.K.; Albino, A.P.; Reed, J.A. The neuropeptide/mast cell secretagogue substance P is expressed in cutaneus melanocytic lesions. J. Cutan. Pathol. 1998, 25, 2–10. [Google Scholar] [CrossRef]

	8. 
Muñoz, M.; Rosso, M.; Robles-Frías, M.J.; Salinas-Martín, M.V.; Rosso, R.; González, A.; Coveñas, R. The NK-1 receptor is expressed in human melanoma and is involved in the antitumor action of the NK-1 receptor antagonist aprepitant on melanoma cell lines. Lab. Invest. 2010, in press. [Google Scholar]

	9. 
Muñoz, M.; Pérez, A.; Rosso, M.; Zamarriego, C.; Rosso, R. Antitumoural action of NK-1 receptor antagonist L-733,060 on human melanoma cell lines. Melanoma Res. 2004, 14, 183–188. [Google Scholar] [CrossRef]

	10. 
Muñoz, M.; Pérez, A.; Coveñas, R.; Rosso, M.; Castro, E. Antitumoural action of L-733,060 on neuroblastoma and glioma cell lines. Arch. Ital. Biol. 2004, 142, 105–112. [Google Scholar]

	11. 
Esteban, F.; Muñoz, M.; González-Moles, M.A.; Rosso, M. A role for substance P in cancer promotion and progression: a mechanism to counteract intracellular death signals following oncogene activation or DNA damage. Cancer Metast. Rev. 2006, 25, 137–145. [Google Scholar] [CrossRef]

	12. 
Luo, W.; Sharif, T.R.; Sharif, M. Substance P-induced mitogenesis in human astrocytoma cells correlates with activation of the mitogen-activated protein kinase signaling pathway. Cancer Res. 1995, 56, 4983–4991. [Google Scholar]

	13. 
Palma, C.; Nardelli, F.; Manzini, S.; Maggi, C.A. Substance P activates responses correlated with tumor growth in human glioma cells line bearing tachykinin NK-1 receptors. Br. J. Cancer 1999, 79, 236–243. [Google Scholar] [CrossRef]

	14. 
Muñoz, M.; Rosso, M.; Pérez, A.; Coveñas, R.; Zamarriego, C.; Piruat, J.I. The NK-1 receptor is involved in the antitumoural action of L-733,060 and in the mitogenic action of substance P on neuroblastoma and glioma cell lines. Neuropeptides 2005, 39, 427–432. [Google Scholar] [CrossRef]

	15. 
Muñoz, M.; Rosso, M.; Pérez, A.; Coveñas, R.; Rosso, R.; Zamarriego, C:; Soult, J.A.; Montero, I. Antitumoural action of the neurokinin-1- receptor antagonist L-733,060 and mitogenic action of substance P on human retinoblastoma cell lines. Invest. Ophthalmol. Vis. Sci. 2005, 46, 2567–2570. [Google Scholar] [CrossRef]

	16. 
Muñoz, M.; Rosso, M.; Coveñas, R. The NK-1 receptor is involved in the antitumoural action of L-733,060 and in the mitogenic action of substance P on human pancreatic cancer cell lines. Lett. Drug Des. Discov. 2006, 3, 323–329. [Google Scholar] [CrossRef]

	17. 
Muñoz, M.; Rosso, M.; Coveñas, R.; Soult, J.A. Antitumoural action of neurokinin-1 receptor antagonists on human brain cancer cell lines. In Brain Cancer: Therapy and Surgical Intervention; Yang, A.V., Ed.; Nova Science Publishers: New York, NY, USA, 2006; pp. 45–75. [Google Scholar]

	18. 
Muñoz, M.; Rosso, M.; Coveñas, R. NK-1 receptor antagonists as new anti-tumoural agents: action on human neuroblastoma cell lines. In Focus on Neuroblastoma Research; Fernandes, J.A., Ed.; Nova Science Publishers: New York, NY, USA, 2007; pp. 31–56. [Google Scholar]

	19. 
Muñoz, M.; Rosso, M.; Aguilar, F.J.; González-Moles, M.A.; Redondo, M.; Esteban, F. NK-1 receptor antagonists induce apoptosis and counteract substance P-related mitogenesis in human laryngeal cancer cell line HEp-2. Investig. New Drugs 2008, 26, 111–118. [Google Scholar] [CrossRef]

	20. 
Rosso, M.; Robles-Frías, M.J.; Coveñas, R.; Salinas-Martín, M.V.; Muñoz, 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 gastrointestinal cancer cell lines. Tumor Biol. 2008, 29, 245–254. [Google Scholar] [CrossRef]

	21. 
Ziche, M.; Morbidelli, L.; Pacini, M.; Geppetti, P.; Alessandri, G.; Maggi, C.A. Substance P stimulates neovascularization in vivo and proliferation of cultured endothelial cells. Microvasc. Res. 1990, 40, 264–278. [Google Scholar] [CrossRef]

	22. 
Lang, K.; Drell, T.L.; Lindecke, A.; Niggemann, B.; Kaltschmidt, C; Zaenker, K.S.; Entschladen, F. Induction of a metastatogenic tumor cell type by neurotransmitters and its pharmacological inhibition by established drugs. Int. J. Cancer 2004, 112, 231–238. [Google Scholar] [CrossRef]

	23. 
Harrison, T.; Willians, B.J.; Swain, C.J.; Ball, R.G. Piperidine-ether based hNK1 antagonists 1: determination of the relative and absolute stereochemical requirements. Bioorg. Med. Chem. Lett. 1994, 4, 2545–2550. [Google Scholar] [CrossRef]

	24. 
Muñoz, M.; Rosso, M. The NK-1 receptor antagonist aprepitant as a broad spectrum antitumor drug. Invest. New Drugs 2010, 28, 187–193. [Google Scholar] [CrossRef]

	25. 
MacLeod, A.M.; Merchant, K.J.; Brookfield, F.; Kelleher, F.; Stevenson, G.; Owens, A.P.; Swain, C.J.; Cascieri, M.A.; Sadowski, S.; Ber, E.; Strader, C.D.; Fong, T.M. Identification of L-tryptophan derivatives with potent and selective antagonist activity at the NK1 receptor. J. Med. Chem. 1994, 37, 1269–1274. [Google Scholar] [CrossRef]

	26. 
Cahill, C.M.; Coderre, T.J. Attenuation of hyperalgesia in a rat model of neuropathic pain after intrathecal pre- or post-treatment with a neurokinin-1 antagonist. Pain 2002, 95, 277–285. [Google Scholar] [CrossRef]

	27. 
Hossen, M.A.; Fujii, Y.; Sugimoto, Y.; Kayasuga, R.; Kamei, C. Histamine H3 receptors regulate vascular permeability changes in the skin of mast cell-deficient mice. Int. Immunopharmacol. 2003, 3, 1563–1568. [Google Scholar] [CrossRef]

	28. 
Muñoz, M., Rosso; Montero, I.; González-Moles, M.A.; Robles, M.J. Neurokinin-1 receptors located in human retinoblastoma cell lines: antitumor action of its antagonist, L-732,138. Invest. Ophthalmol. Vis. Sci. 2007, 48, 2775–2781. [Google Scholar]

	29. 
Reeve, J.G.; Bleehen, N.M. [D-Arg1-D-Phe5, D-Trp7,9, Leu11] Substance P induces apoptosis in lung cancer cell lines in vitro. Biochem. Bioph. Res. Com. 1994, 199, 1313–1319. [Google Scholar] [CrossRef]

	30. 
Palma, C.; Bigioni, M.; Irrissuto, C.; Nardelli, F.; Maggi, C.A.; Manzini, S. Anti-tumor activity of tachykinin Nk1 receptor antagonists on human glioma U373 MG xenograft. Br. J. Cancer 2000, 82, 480–487. [Google Scholar] [CrossRef]

	31. 
Bigioni, M.; Benzo, A.; Irrissuto, C.; Maggi, C.A.; Goso, C. Role of NK-1 and NK-2 tachykinin receptor antagonism on the growth of human breast carcinoma cell line MDA-MB-231. Anticancer Drugs 2005, 16, 1083–1089. [Google Scholar] [CrossRef]

	32. 
Hennig, I.M.; Laissue, J.A.; Horisberger, U.; Reubi, J.C. Substance-P receptors in human primary neoplasms: tumoral and vascular localization. Int. J. Cancer 1995, 61, 786–792. [Google Scholar] [CrossRef]

	33. 
Friess, H.; Zhu, Z.; Liard, V.; Shi, X.; Shrikhande, S.V.; Wang, L.; Lieb, K.; Korc, M.; Palma, C.; Zimmermann, A.; Reubi, J.C.; Buchler, M.W. Neurokinin-1 receptor expression and its potential effects on tumor growth in human pancreatic cancer. Lab. Invest. 2003, 83, 731–742. [Google Scholar]

	34. 
Singh, D.; Joshi, D.D.; Hameed, M.; Qian, J.; Gascon, P.; Maloof, P.B.; Mosenthal, A.; Rameshwar, P. Increased expression of preprotachykinin-I and neurokinin receptors in human breast cancer cells: Implications for bone marrow metastasis. Proc. Natl. Acad. Sci. USA 2000, 97, 1388–1393. [Google Scholar]

	35. 
Esteban, F.; González-Moles, M.A.; Castro, D.; Martín-Jaén, M.M.; Redondo, M.; Ruiz-Avila, I.; Muñoz, M. Expression of substance P and neurokinin-1-receptor in laryngeal cancer: linking chronic inflammation to cancer promotion and progression. Histopathology 2009, 54, 258–260. [Google Scholar] [CrossRef]

	36. 
Schulz, S.; Stumm, R.; Röcken, C.; Mawrin, C.; Schulz, S. Immunolocalization of full-length NK1 tachykinin receptors in human tumors. J. Histochem. Cytochem. 2006, 54, 1015–1020. [Google Scholar] [CrossRef]

	37. 
Khare, V.K.; Albino, A.P.; Reed, J.A. The neuropeptide/mast cell secretagogue substance P is expressed in cutaneous melanocytic lesions. J. Cutan. Pathol. 1998, 25, 2–10. [Google Scholar] [CrossRef]

	38. 
Fan, T.P.; Hu, D.E.; Guard, S.; Gresham, G.A.; Watling, K.J. Stimulation of angiogenesis by substance P an interleukin-1 in the rat and its inhibition by NK-1 or interleukin-1 receptor antagonists. Br. J. Pharmacol. 1993, 110, 43–49. [Google Scholar] [CrossRef]

	39. 
Walsh, D.A.; Hu, D.E.; Mapp, P.I.; Polak, J.M.; Blake, D.R.; Fan, T.P. Innervation and neurokinin receptors during angiogenesis in the rat sponge granuloma. Histochem. J. 1996, 28, 759–769. [Google Scholar] [CrossRef]

	40. 
Seegers, H.C.; Hood, V.C.; Kidd, B.L.; Cruwys, S.C.; Walsh, D.A. Enhancement of angiogenesis by endogenous substance P release and neurokinin-1 receptors during neurogenic inflammation. J. Pharmacol. Exp. Ther. 2003, 306, 8–12. [Google Scholar] [CrossRef]

	41. 
Guha, S.; Eibl, G.; Kisfalvi, K.; Fan, R.S.; Burdick, M.; Reber, H.; Hines, O.J.; Strieter, R.; Rozengurt, E. Broad-spectrum G protein–coupled receptor antagonist, [D-Arg1, DTrp5,7,9, Leu11]SP: a dual inhibitor of growth and angiogenesis in pancreatic cancer. Cancer Res. 2005, 65, 2738–2745. [Google Scholar] [CrossRef]

	42. 
Kramer, M.S; Cutler, N.; Feighner, J.; Shrivastava, R.; Carman, J.; Sramek, J.J.; Reines, S.A.; Liu, G.; Snavely, D.; Wyatt-Knowles, E.; Hale, J.J.; Mills, S.G.; MacCoss, M; Swain, C.J.; Harrison, T.; Hill, R.G.; Hefti, F.; Scolnick, E.M.; Cascieri, M.A.; Chicchi, G.G.; Sadowski, S.; Williams, A.R.; Hewson, L.; Smith, D.; Carlsson, E.J.; Hargreaves, R.J.; Rupniak, N.M. Distinct mechanism for antidepressant activity by blockade of central substance P receptors. Science 1998, 81, 1640–1645. [Google Scholar]

	43. 
Bang, R.; Sass, G.; Kiemer, A.K.; Vollmar, A.M.; Neuhuber, W.L.; Tiegs, G. Neurokinin-1 receptor antagonists CP-96,345 and L-733,060 protect mice from cytokine-mediated liver injury. J. Pharmacol. Exp. Ther. 2003, 305, 31–39. [Google Scholar] [CrossRef]

	44. 
Rupniak, N.M.; Carlson, E.; Boyce, S.; Webb, J.K.; Hill, R.G. Enantioselective inhibition of the formalin paw late phase by the NK1 receptor antagonist L-733,060 in gerbils. Pain 1996, 67, 189–195. [Google Scholar] [CrossRef]

	45. 
Varty, G.B.; Cohen-Williams, M.E.; Morgan, C.A.; Pylak, U.; Duffy, R.A.; Lachowicz, J.E.; Carey, G.J.; Coffin, V.L. The gerbil elevated plus-maze II: anxiolytic-like effects of selective neurokinin NK1 receptor antagonists. Neuropsychopharmacology 2002, 27, 371–379. [Google Scholar] [CrossRef]

	46. 
Tattersall, F.D.; Rycroft, W.; Cumberbatch, M.; Mason, G.; Tye, S.; Williamson, D.J.; Hale, J.J.; Mills, S.G.; Finke, P.E.; MacCoss, M.; Sadowski, S.; Ber, E.; Cascieri, M.; Hill, R.G.; MacIntyre, D.E.; Hargreaves, R.J. The novel NK-1 receptor antagonist MK-0869 (L-754,030) and its water soluble phosphoryl prodrug, L-758,298, inhibit acute and delayed cisplatin-induced emesis in ferrets. Neuropharmacology 2000, 39, 652–663. [Google Scholar] [CrossRef]

	47. 
Yu, J.; Cadet, J.L.; Angulo, J.A. Neurokinin-1 (NK-1) receptor antagonists abrogate methamphetamine-induced striatal dopaminergic neurotoxicity in the murine brain. J. Neurochem. 2002, 83, 613–622. [Google Scholar] [CrossRef]





© 2010 by the authors; licensee Molecular Diversity Preservation International, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution license (http://creativecommons.org/licenses/by/3.0/).







media/file4.png
% cell concentiation

“u cell concentration

% o=l concentraion

— .

COLO 858

= X
m Y o = = '
00 . L i
80 . N
60 - -
40 -
20 -
0
none 10 S0 100 none 10 nM SP
none none none none 30 30 Wt L-
732138
NEL-HO
140 -
120 + ’; ’:1; .
100 P
80 - %
60 - -
40 -
20 1
0
none a0 100 500 mne 0 nM SP
none none none none a0 a0 WM L-
732138
COLO 679
160 -
140 - = o
120 - ' X
100 = 0
a0 4 ' -
w -
q) 4
m -
0
none ) 10 S0 none 10 nM SP
none none none none 40 40 i L-

732,138





nav.xhtml


  cancers-02-00611


  
    		
      cancers-02-00611
    


  




  





media/file5.png





media/file3.png
% cell concentration

COLO 858

none

none

10 50

none

100 10 nM SP

WM L-
732138

none none

MEL-HO

LE

2

% o=l concentration

none

none

100

none

nM SP

UM L-
732138

none none

COLO 679

nM SP

M L-
732,138





media/file0.png





media/file1.png
% inhibition

% inhibition

% inhibition

FOLOOIR y = 0,9433x + 7,9282

R? = 0,9701

T T T T T 1

20 40 60 80 100 120
L-732,138 concentration (uM)

MEL HO y =0.7772x - 9.3132
R? = 0.9053

=

90 4
80
70 4
60

20 40 60 80 100 120
L-732,138 concentration (uM)

y = 0.8275x - 3.1488

coLoe79 R? = 0.9796

40 4
30
20 4
10

T T T T

20 40 60 80 100 120
L-732,138 concentration (uM)





media/file2.png
% inhibition

110 -
100 A
90 A
80 A
70
60 -

50 4------

40 -
30 4
20 -
10 -

COLO 858
y = 0,9433x + 7,9282

R? = 0,9701

50 -

% inhibition
I
o

1 | k: 1 I | '

20 40 60 80 100 120
L-732,138 concentration (uM)

MEL HO y =0.7772x - 9.3132
R? = 0.9053

90 -
80 -
70 -
60 -
50 -
40 -
30 -
20 -

% inhibition

20 40 60 80 100 120
L-732,138 concentration (uM)

y = 0.8275x - 3.1488
COLO&79 R? = 0.9796

L\l | I Ll 1 1

20 40 60 80 100 120
L-732,138 concentration (uM)





media/file6.png





