
   43

8. Literaturverzeichnis 
 
1. Wright J P, Potter P: Psyche and Soma: Physicians and Metaphysiks on Mind-Body Problem 

from Antiquity to Enlightenment. Oxford, University Press, 2000 

2. Bräutigam W, Christian P, von Rad M: Psychosomatische Medizin. Stuttgart, Georg Thieme, 
1997 

3. Kiecolt-Glaser J K, McGuire L, Robles T F, Glaser R. Psychoneuroimmunology and 
psychosomatic medicine: back to the future. Psychosom Med 2002: 64: 15-28. 

4. Fleshner M, Laudenslager M L. Psychoneuroimmunology: then and now. Behav Cogn Neurosci 
Rev 2004: 3: 114-130. 

5. Dantzer R. Somatization: A psychoneuroimmune perspective. Psychoneuroendocrinology 2005: 
7: 7. 

6. Koblenzer C S. Psychosomatic concepts in dermatology. A dermatologist-psychoanalyst's 
viewpoint. Arch Dermatol 1983: 119: 501-512. 

7. Panconesi E, Hautmann G. Psychophysiology of stress in dermatology. The psychobiologic 
pattern of psychosomatics. Dermatol Clin 1996: 14: 399-421. 

8. Black P H. Stress and the inflammatory response: A review of neurogenic inflammation. Brain 
Behav Immun 2002: 16: 622-653. 

9. Carrasco G A, Van de Kar L D. Neuroendocrine pharmacology of stress. Eur J Pharmacol 2003: 
463: 235-272. 

10. Levin D M, Solomon G F. The discursive formation of the body in the history of medicine. J Med 
Philos 1990: 15: 515-537. 

11. Elenkov I J, Wilder R L, Chrousos G P, Vizi E S. The sympathetic nerve--an integrative interface 
between two supersystems: the brain and the immune system. Pharmacol Rev 2000: 52: 595-
638. 

12. Frieri M. Neuroimmunology and inflammation: implications for therapy of allergic and 
autoimmune diseases. Ann Allergy Asthma Immunol 2003: 90: 34-40. 

13. Lotti T, Hautmann G, Panconesi E. Neuropeptides in skin. J Am Acad Dermatol 1995: 33: 482-
496. 

14. Ansel J C, Kaynard A H, Armstrong C A, Olerud J, Bunnett N, Payan D. Skin-nervous system 
interactions. J Invest Dermatol 1996: 106: 198-204. 

15. Levi-Montalcini R, Skaper S D, Dal Toso R, Petrelli L, Leon A. Nerve growth factor: from 
neurotrophin to neurokine. Trends Neurosci 1996: 19: 514-520. 

16. Baluk P. Neurogenic inflammation in skin and airways. J Investig Dermatol Symp Proc 1997: 2: 
76-81. 

17. Paus R, Peters E M, Eichmüller S, Botchkarev V A. Neural mechanisms of hair growth control. J 
Investig Dermatol Symp Proc 1997: 2: 61-68. 

18. Scholzen T, Armstrong C A, Bunnett N W, Luger T A, Olerud J E, Ansel J C. Neuropeptides in 
the skin: interactions between the neuroendocrine and the skin immune systems. Exp Dermatol 
1998: 7: 81-96. 

19. Bauer O, Razin E. Mast Cell-Nerve Interactions. News Physiol Sci 2000: 15: 213-218. 

20. Levite M. Nerve-driven immunity. The direct effects of neurotransmitters on T-cell function. Ann 
N Y Acad Sci 2000: 917: 307-321. 

21. Slominski A, Wortsman J. Neuroendocrinology of the skin. Endocr Rev 2000: 21: 457-487. 

22. Ansel J C. Neuromediators and inflammation. Exp Dermatol 2001: 10: 352-353. 

23. Steinhoff M, Stander S, Seeliger S, Ansel J C, Schmelz M, Luger T. Modern aspects of 
cutaneous neurogenic inflammation. Arch Dermatol 2003: 139: 1479-1488. 



   44

24. Alleva E, Santucci D. Psychosocial vs. "physical" stress situations in rodents and humans: role 
of neurotrophins. Physiol Behav 2001: 73: 313-320. 

25. Blalock J E. The syntax of immune-neuroendocrine communication. Immunol Today 1994: 15: 
504-511. 

26. Misery L. Skin, immunity and the nervous system. Br J Dermatol 1997: 137: 843-850. 

27. Arck P C. Stress and pregnancy loss: role of immune mediators, hormones and 
neurotransmitters. Am J Reprod Immunol 2001: 46: 117-123. 

28. Peters E M J, Arck P C, Paus R. Review Article: Hair growth inhibition by psychoemotional 
stress: a model for neural mechanisms in hair growth control. Exp Dermatol 2005: (in press). 

29. Henz B M, Kerl H, Sterry W: Dermatologie Und Venerologie. Berlin, Walter de Gruyter GmbH & 
Co.KG, 1997 

30. Buhk H, Muthny F A. [Psychophysiologic and psychoneuroimmunologic studies in 
neurodermatitis. Overview and critical evaluation]. Hautarzt 1997: 48: 5-11. 

31. Buske-Kirschbaum A, Hellhammer D H. Endocrine and immune responses to stress in chronic 
inflammatory skin disorders. Ann N Y Acad Sci 2003: 992: 231-240. 

32. Tobin D J, Paus R. Graying: gerontobiology of the hair follicle pigmentary unit. Exp Gerontol 
2001: 36: 29-54. 

33. Bahmer F A. [The phenomen of sudden graying of the hair in the poem "Die Fusse im Feuer" by 
Conrad Ferdinand Meyer]. Hautarzt 2002: 53: 492-494. 

34. Botchkarev V A, Eichmüller S, Johansson O, Paus R. Hair cycle-dependent plasticity of skin 
and hair follicle innervation in normal murine skin. J Comp Neurol 1997: 386: 379-395. 

35. Müller-Röver S, Handjiski B, van der Veen C, Eichmuller S, Foitzik K, McKay I A, Stenn K S, 
Paus R. A comprehensive guide for the accurate classification of murine hair follicles in distinct 
hair cycle stages. J Invest Dermatol 2001: 117: 3-15. 

36. Stenn K S, Paus R. Controls of hair follicle cycling. Physiol Rev 2001: 81: 449-494. 

37. Peters E M J, Botchkarev V A, Moll I, Arck P, Paus R: Neurobiology of the Murine Pelage Hair 
Follicle. In: (eds.) K I Baumann, Z Halata , I Moll: The Merkel cell - structure - development - 
function - and Merkel cell carcinoma. Proceedings of the International Merkel Cell Symposium 
Hamburg 2002. , Springer-Verlag, Berlin, Heidelberg, New York, Barcelona, Hong Kong, 
London, Milan, Paris, Tokyo, 2003, pp 79-86 

38. Takahashi K, Nakanishi S, Imamura S. Direct effects of cutaneous neuropeptides on adenylyl 
cyclase activity and proliferation in a keratinocyte cell line: stimulation of cyclic AMP formation 
by CGRP and VIP/PHM, and inhibition by NPY through G protein-coupled receptors. J Invest 
Dermatol 1993: 101: 646-651. 

39. Paus R, Heinzelmann T, Robicsek S, Czarnetzki B M, Maurer M. Substance P stimulates 
murine epidermal keratinocyte proliferation and dermal mast cell degranulation in situ. Arch 
Dermatol Res 1995: 287: 500-502. 

40. Schallreuter K U, Lemke K R, Pittelkow M R, Wood J H, Korner C, Malik R. Catecholamines in 
human keratinocyte differentiation. J Invest Dermatol 1995: 104: 953-957. 

41. Bothwell M. Neurotrophin function in skin. J Investig Dermatol Symp Proc 1997: 2: 27-30. 

42. Grando S A. Biological functions of keratinocyte cholinergic receptors. J Invest Dermatol Symp 
Proc 1997: 2: 41-48. 

43. Huang I T, Lin W M, Shun C T, Hsieh S T. Influence of cutaneous nerves on keratinocyte 
proliferation and epidermal thickness in mice. Neuroscience 1999: 94: 965-973. 

44. Pincelli C, Marconi A. Autocrine nerve growth factor in human keratinocytes. J Dermatol Sci 
2000: 22: 71-79. 

45. Kurzen H, Schallreuter K U. Novel aspects in cutaneous biology of acetylcholine synthesis and 
acetylcholine receptors. Exp Dermatol 2004: 4: 27-30. 

46. Ibanez C F. Jekyll-Hyde neurotrophins: the story of proNGF. Trends Neurosci 2002: 25: 284-
286. 



   45

47. Botchkarev V A, Botchkareva N V, Peters E M, Paus R. Epithelial growth control by 
neurotrophins: leads and lessons from the hair follicle. Prog Brain Res 2004: 146: 493-513. 

48. Donaldson D J, Mahan J T. Influence of catecholamines on epidermal cell migration during 
wound closure in adult newts. Comp Biochem Physiol C 1984: 78: 267-270. 

49. Parenti A, Amerini S, Ledda F, Maggi C A, Ziche M. The tachykinin NK1 receptor mediates the 
migration-promoting effect of substance P on human skin fibroblasts in culture. Naunyn 
Schmiedebergs Arch Pharmacol 1996: 353: 475-481. 

50. Springer J, Geppetti P, Fischer A, Groneberg D A. Calcitonin gene-related peptide as 
inflammatory mediator. Pulm Pharmacol Ther 2003: 16: 121-130. 

51. Chernyavsky A I, Arredondo J, Marubio L M, Grando S A. Differential regulation of keratinocyte 
chemokinesis and chemotaxis through distinct nicotinic receptor subtypes. J Cell Sci 2004: 117: 
5665-5679. 

52. Pascual D W, Bost K L, Xu-Amano J, Kiyono H, McGhee J R. The cytokine-like action of 
substance P upon B cell differentiation. Reg Immunol 1992: 4: 100-104. 

53. Luger T A. Neuromediators--a crucial component of the skin immune system. J Dermatol Sci 
2002: 30: 87-93. 

54. Toyoda M, Nakamura M, Morohashi M. Neuropeptides and sebaceous glands. Eur J Dermatol 
2002: 12: 422-427. 

55. Granothab R, Fridkinb M, Rubinrautb S, Gozesa I. VIP-derived sequences modified by N-
terminal stearyl moiety induce cell death: the human keratinocyte as a model. FEBS Lett 2000: 
475: 71-77. 

56. Del Rey A, Kabiersch A, Petzoldt S, Besedovsky H O. Sympathetic abnormalities during 
autoimmune processes: potential relevance of noradrenaline-induced apoptosis. Ann N Y Acad 
Sci 2003: 992: 158-167. 

57. Santoni G, Amantini C, Lucciarini R, Perfumi M, Pompei P, Piccoli M. Neonatal capsaicin 
treatment affects rat thymocyte proliferation and cell death by modulating substance P and 
neurokinin-1 receptor expression. Neuroimmunomodulation 2004: 11: 160-172. 

58. Schallreuter K U. Epidermal adrenergic signal transduction as part of the neuronal network in 
the human epidermis. J Investig Dermatol Symp Proc 1997: 2: 37-40. 

59. Bae S, Matsunaga Y, Tanaka Y, Katayama I. Autocrine induction of substance P mRNA and 
peptide in cultured normal human keratinocytes. Biochem Biophys Res Commun 1999: 263: 
327-333. 

60. Peters E M, Handjiski B, Kuhlmei A, Hagen E, Bielas H, Braun A, Klapp B F, Paus R, Arck P C. 
Neurogenic inflammation in stress-induced termination of murine hair growth is promoted by 
nerve growth factor. Am J Pathol 2004: 165: 259-271. 

61. Peters E M J, Ericson M, Hosoi J, Seiffert K, Hordinsky M, Ansel J C, Paus R, Scholzen T E. 
Neuropeptidergic controls in cutaneous biology: Physiological and clinical significance. J Invest 
Dermatol 2005: (invited review, in preparation). 

62. Ising H, Braun C. Acute and chronic endocrine effects of noise: Review of the research 
conducted at the Institute for Water, Soil and Air Hygiene. Noise Health 2000: 2: 7-24. 

63. Kimata H. Enhancement of allergic skin wheal responses in patients with atopic 
eczema/dermatitis syndrome by playing video games or by a frequently ringing mobile phone. 
Eur J Clin Invest 2003: 33: 513-517. 

64. Ising H, Kruppa B. Health effects caused by noise: evidence in the literature from the past 25 
years. Noise Health 2004: 6: 5-13. 

65. Hebert S, Beland R, Dionne-Fournelle O, Crete M, Lupien S J. Physiological stress response to 
video-game playing: the contribution of built-in music. Life Sci 2005: 76: 2371-2380. 

66. Niemann H, Maschke C, Hecht K. [Noise induced annoyance and morbidity. Results from the 
pan European LARES-survey]. Bundesgesundheitsblatt Gesundheitsforschung 
Gesundheitsschutz 2005: 48: 315-328. 

67. Evans G W. The built environment and mental health. J Urban Health 2003: 80: 536-555. 



   46

68. Melamed S, Fried Y, Froom P. The joint effect of noise exposure and job complexity on distress 
and injury risk among men and women: the cardiovascular occupational risk factors 
determination in Israel study. J Occup Environ Med 2004: 46: 1023-1032. 

69. Schulz C, Babisch W, Becker K, Durkop J, Rosskamp E, Seiwert M, Steiner M, Szewzyk R, 
Ullrich D, Englert N, Seifert B, Eis D. [Environmental Survey for Children-- the environmental 
module of KiGGS. I. Design and research program]. Bundesgesundheitsblatt 
Gesundheitsforschung Gesundheitsschutz 2004: 47: 1066-1072. 

70. Maslach C, Schaufeli W B, Leiter M P. Job burnout. Annu Rev Psychol 2001: 52: 397-422. 

71. McVicar A. Workplace stress in nursing: a literature review. J Adv Nurs 2003: 44: 633-642. 

72. Vezina M, Bourbonnais R, Brisson C, Trudel L. Workplace prevention and promotion strategies. 
Healthc Pap 2004: 5: 32-44. 

73. Selye H: The Stress of Life. New York, McGraw-Hill, 1976 

74. Mechiel Korte S, De Boer S F. A robust animal model of state anxiety: fear-potentiated 
behaviour in the elevated plus-maze. Eur J Pharmacol 2003: 463: 163-175. 

75. Levine S. Developmental determinants of sensitivity and resistance to stress. 
Psychoneuroendocrinology 2005: 13: 13. 

76. Bracha H S. Freeze, flight, fight, fright, faint: adaptationist perspectives on the acute stress 
response spectrum. CNS Spectr 2004: 9: 679-685. 

77. Herman J P, Figueiredo H, Mueller N K, Ulrich-Lai Y, Ostrander M M, Choi D C, Cullinan W E. 
Central mechanisms of stress integration: hierarchical circuitry controlling hypothalamo-pituitary-
adrenocortical responsiveness. Front Neuroendocrinol 2003: 24: 151-180. 

78. De Kloet E R. Hormones and the stressed brain. Ann N Y Acad Sci 2004: 1-15. 

79. Singh L K, Pang X, Alexacos N, Letourneau R, Theoharides T C. Acute immobilization stress 
triggers skin mast cell degranulation via corticotropin releasing hormone, neurotensin, and 
substance P: A link to neurogenic skin disorders. Brain Behav Immun 1999: 13: 225-239. 

80. Hosoi J, Tanida M, Tsuchiya T. Regulation of skin mast cells by stress and odorant. J Invest 
Dermatol 2002: to be published in Juli: (abstract). 

81. Eskandari F, Sternberg E M. Neural-immune interactions in health and disease. Ann N Y Acad 
Sci 2002: 966: 20-27. 

82. Dhabhar F S. Stress, leukocyte trafficking, and the augmentation of skin immune function. Ann 
N Y Acad Sci 2003: 992: 205-217. 

83. Dhabhar F S, Satoskar A R, Bluethmann H, David J R, McEwen B S. Stress-induced 
enhancement of skin immune function: A role for gamma interferon. Proc Natl Acad Sci U S A 
2000: 97: 2846-2851. 

84. Li T, Harada M, Tamada K, Abe K, Nomoto K. Repeated restraint stress impairs the antitumor T 
cell response through its suppressive effect on Th1-type CD4+ T cells. Anticancer Res 1997: 
17: 4259-4268. 

85. Iwakabe K, Shimada M, Ohta A, Yahata T, Ohmi Y, Habu S, Nishimura T. The restraint stress 
drives a shift in Th1/Th2 balance toward Th2-dominant immunity in mice. Immunol Lett 1998: 
62: 39-43. 

86. Buske-Kirschbaum A, Geiben A, Hollig H, Morschhauser E, Hellhammer D. Altered 
responsiveness of the hypothalamus-pituitary-adrenal axis and the sympathetic 
adrenomedullary system to stress in patients with atopic dermatitis. J Clin Endocrinol Metab 
2002: 87: 4245-4251. 

87. Buske-Kirschbaum A, Jobst S, Hellhammer D H. Altered reactivity of the hypothalamus-
pituitary-adrenal axis in patients with atopic dermatitis: pathologic factor or symptom? Ann N Y 
Acad Sci 1998: 840: 747-754. 

88. Buske-Kirschbaum A, Fischbach S, Rauh W, Hanker J, Hellhammer D. Increased 
responsiveness of the hypothalamus-pituitary-adrenal (HPA) axis to stress in newborns with 
atopic disposition. Psychoneuroendocrinology 2004: 29: 705-711. 



   47

89. Mantyh P W. Neurobiology of substance P and the NK1 receptor. J Clin Psychiatry 2002: 11: 6-
10. 

90. Duffy R A. Potential therapeutic targets for neurokinin-1 receptor antagonists. Expert Opin 
Emerg Drugs 2004: 9: 9-21. 

91. McLean S. Do substance P and the NK1 receptor have a role in depression and anxiety? Curr 
Pharm Des 2005: 11: 1529-1547. 

92. Seidah N G, Benjannet S, Pareek S, Savaria D, Hamelin J, Goulet B, Laliberte J, Lazure C, 
Chretien M, Murphy R A. Cellular processing of the nerve growth factor precursor by the 
mammalian pro-protein convertases. Biochem J 1996: 314: 951-960. 

93. Cheng L, Khan M, Mudge A W. Calcitonin gene-related peptide promotes Schwann cell 
proliferation. J Cell Biol 1995: 129: 789-796. 

94. O'Connor T M, O'Connell J, O'Brien D I, Goode T, Bredin C P, Shanahan F. The role of 
substance P in inflammatory disease. J Cell Physiol 2004: 201: 167-180. 

95. Steinhoff M, Buddenkotte J, Shpacovitch V, Rattenholl A, Moormann C, Vergnolle N, Luger T A, 
Hollenberg M D. Proteinase-activated receptors: transducers of proteinase-mediated signaling 
in inflammation and immune response. Endocr Rev 2005: 26: 1-43. 

96. Ziche M, Parenti A, Amerini S, Zawieja D, Maggi C A, Ledda F. Effect of the non-peptide blocker 
(+/-) CP 96,345 on the cellular mechanism involved in the response to NK1 receptor stimulation 
in human skin fibroblasts. Neuropeptides 1996: 30: 345-354. 

97. Lindsey K Q, Caughman S W, Olerud J E, Bunnett N W, Armstrong C A, Ansel J C. Neural 
regulation of endothelial cell-mediated inflammation. J Investig Dermatol Symp Proc 2000: 5: 
74-78. 

98. Quinlan K L, Naik S M, Cannon G, Armstrong C A, Bunnett N W, Ansel J C, Caughman S W. 
Substance P activates coincident NF-AT- and NF-kappa B-dependent adhesion molecule gene 
expression in microvascular endothelial cells through intracellular calcium mobilization. J 
Immunol 1999: 163: 5656-5665. 

99. Fuller R W, Conradson T B, Dixon C M, Crossman D C, Barnes P J. Sensory neuropeptide 
effects in human skin. Br J Pharmacol 1987: 92: 781-788. 

100. Ansel J C, Armstrong C A, Song I, Quinlan K L, Olerud J E, Caughman S W, Bunnett N W. 
Interactions of the skin and nervous system. J Investig Dermatol Symp Proc 1997: 2: 23-26. 

101. Wallengren J. Vasoactive peptides in the skin. J Investig Dermatol Symp Proc 1997: 2: 49-55. 

102. Carlton S M, Zhou S, Coggeshall R E. Localization and activation of substance P receptors in 
unmyelinated axons of rat glabrous skin. Brain Res 1996: 734: 103-108. 

103. Andoh T, Nagasawa T, Satoh M, Kuraishi Y. Substance P induction of itch-associated response 
mediated by cutaneous NK1 tachykinin receptors in mice. J Pharmacol Exp Ther 1998: 286: 
1140-1145. 

104. Heyer G R, Hornstein O P. Recent studies of cutaneous nociception in atopic and non-atopic 
subjects. J Dermatol 1999: 26: 77-86. 

105. Yamamoto T, Sakashita Y. The role of the spinal opioid receptor like1 receptor, the NK-1 
receptor, and cyclooxygenase-2 in maintaining postoperative pain in the rat. Anesth Analg 1999: 
89: 1203-1208. 

106. Payan D G, Brewster D R, Missirian-Bastian A, Goetzl E J. Substance P recognition by a subset 
of human T lymphocytes. J Clin Invest 1984: 74: 1532-1539. 

107. Tanaka T, Danno K, Ikai K, Imamura S. Effects of substance P and substance K on the growth 
of cultured keratinocytes. J Invest Dermatol 1988: 90: 399-401. 

108. Pincelli C, Fantini F, Romualdi P, Sevignani C, Lesa G, Benassi L, Giannetti A. Substance P is 
diminished and vasoactive intestinal peptide is augmented in psoriatic lesions and these 
peptides exert disparate effects on the proliferation of cultured human keratinocytes. J Invest 
Dermatol 1992: 98: 421-427. 

109. Morbidelli L, Maggi C A, Ziche M. Effect of selective tachykinin receptor antagonists on the 
growth of human skin fibroblasts. Neuropeptides 1993: 24: 335-341. 



   48

110. Kahler C M, Sitte B A, Reinisch N, Wiedermann C J. Stimulation of the chemotactic migration of 
human fibroblasts by substance P. Eur J Pharmacol 1993: 249: 281-286. 

111. Feistritzer C, Clausen J, Sturn D H, Djanani A, Gunsilius E, Wiedermann C J, Kahler C M. 
Natural killer cell functions mediated by the neuropeptide substance P. Regul Pept 2003: 116: 
119-126. 

112. 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. 

113. 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. 

114. Lowman M A, Benyon R C, Church M K. Characterization of neuropeptide-induced histamine 
release from human dispersed skin mast cells. Br J Pharmacol 1988: 95: 121-130. 

115. Church M K, Lowman M A, Robinson C, Holgate S T, Benyon R C. Interaction of neuropeptides 
with human mast cells. Int Arch Allergy Appl Immunol 1989: 88: 70-78. 

116. Calvo C F, Chavanel G, Senik A. Substance P enhances IL-2 expression in activated human T 
cells. J Immunol 1992: 148: 3498-3504. 

117. Marriott I, Bost K L. IL-4 and IFN-gamma up-regulate substance P receptor expression in 
murine peritoneal macrophages. J Immunol 2000: 165: 182-191. 

118. Marriott I, Bost K L. Substance P receptor mediated macrophage responses. Adv Exp Med Biol 
2001: 493: 247-254. 

119. Viac J, Gueniche A, Doutremepuich J D, Reichert U, Claudy A, Schmitt D. Substance P and 
keratinocyte activation markers: an in vitro approach. Arch Dermatol Res 1996: 288: 85-90. 

120. Quinlan K L, Song I S, Naik S M, Letran E L, Olerud J E, Bunnett N W, Armstrong C A, 
Caughman S W, Ansel J C. VCAM-1 expression on human dermal microvascular endothelial 
cells is directly and specifically up-regulated by substance P. J Immunol 1999: 162: 1656-1661. 

121. Kang B N, Kim H J, Jeong K S, Park S J, Kim S H, Kim S R, Kim T H, Ryu S Y. Regulation of 
leukocyte function-associated antigen 1-mediated adhesion by somatostatin and substance P in 
mouse spleen cells. Neuroimmunomodulation 2004: 11: 84-92. 

122. Quinlan K L, Song I S, Bunnett N W, Letran E, Steinhoff M, Harten B, Olerud J E, Armstrong C 
A, Wright Caughman S, Ansel J C. Neuropeptide regulation of human dermal microvascular 
endothelial cell ICAM-1 expression and function. Am J Physiol 1998: 275: C1580-1590. 

123. Levite M, Cahalon L, Hershkoviz R, Steinman L, Lider O. Neuropeptides, via specific receptors, 
regulate T cell adhesion to fibronectin. J Immunol 1998: 160: 993-1000. 

124. Peters E M, Botchkarev V A, Botchkareva N V, Tobin D J, Paus R. Hair-cycle-associated 
remodeling of the peptidergic innervation of murine skin, and hair growth modulation by 
neuropeptides. J Invest Dermatol 2001: 116: 236-245. 

125. Iumatov E A, Poppai M, Ratsak R. [Changes in the substance P content of the blood and 
hypothalamus during experimental emotional stress]. Biull Eksp Biol Med 1985: 99: 397-399. 

126. Culman J, Unger T. Central tachykinins: mediators of defence reaction and stress reactions. 
Can J Physiol Pharmacol 1995: 73: 885-891. 

127. Chancellor-Freeland C, Zhu G F, Kage R, Beller D I, Leeman S E, Black P H. Substance P and 
stress-induced changes in macrophages. Ann N Y Acad Sci 1995: 771: 472-484. 

128. Arck P C, Handjiski B, Peters E M, Peter A S, Hagen E, Fischer A, Klapp B F, Paus R. Stress 
inhibits hair growth in mice by induction of premature catagen development and deleterious 
perifollicular inflammatory events via neuropeptide substance P-dependent pathways. Am J 
Pathol 2003: 162: 803-814. 

129. Peters E M, Kuhlmei A, Tobin D J, Muller-Rover S, Klapp B F, Arck P C. Stress exposure 
modulates peptidergic innervation and degranulates mast cells in murine skin. Brain Behav 
Immun 2005: 19: 252-262. 



   49

130. Tobin D J, Nabarro G, Baart de la Faille H, van Vloten W A, van der Putte S C, Schuurman H J. 
Increased number of immunoreactive nerve fibers in atopic dermatitis. J Allergy Clin Immunol 
1992: 90: 613-622. 

131. Scholzen T E, Steinhoff M, Bonaccorsi P, Klein R, Amadesi S, Geppetti P, Lu B, Gerard N P, 
Olerud J E, Luger T A, Bunnett N W, Grady E F, Armstrong C A, Ansel J C. Neutral 
endopeptidase terminates substance P-induced inflammation in allergic contact dermatitis. J 
Immunol 2001: 166: 1285-1291. 

132. Toyoda M, Nakamura M, Makino T, Hino T, Kagoura M, Morohashi M. Nerve growth factor and 
substance P are useful plasma markers of disease activity in atopic dermatitis. Br J Dermatol 
2002: 147: 71-79. 

133. Huang C H, Kuo I C, Xu H, Lee Y S, Chua K Y. Mite allergen induces allergic dermatitis with 
concomitant neurogenic inflammation in mouse. J Invest Dermatol 2003: 121: 289-293. 

134. Jarvikallio A, Harvima I T, Naukkarinen A. Mast cells, nerves and neuropeptides in atopic 
dermatitis and nummular eczema. Arch Dermatol Res 2003: 295: 2-7. 

135. Ohmura T, Tsunenari I, Hayashi T, Satoh Y, Konomi A, Nanri H, Kawachi M, Morikawa M, 
Kadota T, Satoh H. Role of Substance P in an NC/Nga Mouse Model of Atopic Dermatitis-Like 
Disease. Int Arch Allergy Immunol 2004: 133: 389-397. 

136. Weigent D A, Carr D J, Blalock J E. Bidirectional communication between the neuroendocrine 
and immune systems. Common hormones and hormone receptors. Ann N Y Acad Sci 1990: 
579: 17-27. 

137. Gordon D J, Ostlere L S, Holden C A. Neuropeptide modulation of Th1 and Th2 cytokines in 
peripheral blood mononuclear leucocytes in atopic dermatitis and non-atopic controls. Br J 
Dermatol 1997: 137: 921-927. 

138. Lambrecht B N, Germonpre P R, Everaert E G, Carro-Muino I, De Veerman M, de Felipe C, 
Hunt S P, Thielemans K, Joos G F, Pauwels R A. Endogenously produced substance P 
contributes to lymphocyte proliferation induced by dendritic cells and direct TCR ligation. Eur J 
Immunol 1999: 29: 3815-3825. 

139. Lambrecht B N. Immunologists getting nervous: neuropeptides, dendritic cells and T cell 
activation. Respir Res 2001: 2: 133-138. 

140. Arck P C, Handjiski B, Kuhlmei A, Peters E M, Knackstedt M, Peter A, Hunt S P, Klapp B F, 
Paus R. Mast cell deficient and neurokinin-1 receptor knockout mice are protected from stress-
induced hair growth inhibition. J Mol Med 2005: 10: 10. 

141. Paus R, Luftl M, Czarnetzki B M. Nerve growth factor modulates keratinocyte proliferation in 
murine skin organ culture. Br J Dermatol 1994: 130: 174-180. 

142. Muller Y, Tangre K, Clos J. Autocrine regulation of apoptosis and bcl-2 expression by nerve 
growth factor in early differentiating cerebellar granule neurons involves low affinity neurotrophin 
receptor [In Process Citation]. Neurochem Int 1997: 31: 177-191. 

143. Virdee K, Xue L, Hemmings B A, Goemans C, Heumann R, Tolkovsky A M. Nerve growth 
factor-induced PKB/Akt activity is sustained by phosphoinositide 3-kinase dependent and 
independent signals in sympathetic neurons. Brain Res 1999: 837: 127-142. 

144. Edstrom A, Ekstrom P A. Role of phosphatidylinositol 3-kinase in neuronal survival and axonal 
outgrowth of adult mouse dorsal root ganglia explants. J Neurosci Res 2003: 74: 726-735. 

145. Huang E J, Reichardt L F. Trk receptors: roles in neuronal signal transduction. Annu Rev 
Biochem 2003: 72: 609-642. 

146. Segal R A. Selectivity in neurotrophin signaling: theme and variations. Annu Rev Neurosci 2003: 
26: 299-330. 

147. Teng K K, Hempstead B L. Neurotrophins and their receptors: signaling trios in complex 
biological systems. Cell Mol Life Sci 2004: 61: 35-48. 

148. Roux P P, Barker P A. Neurotrophin signaling through the p75 neurotrophin receptor. Prog 
Neurobiol 2002: 67: 203-233. 



   50

149. Sachs M, Weidner K M, Brinkmann V, Walther I, Obermeier A, Ullrich A, Birchmeier W. 
Motogenic and morphogenic activity of epithelial receptor tyrosine kinases. J Cell Biol 1996: 
133: 1095-1107. 

150. Botchkarev V A, Yaar M, Botchkareva N V, Peters E M J, Marconi A, Raychaudhuri S P, 
Raychaudhuri S P, Paus R, Pincelli C. Neurotrophins in Skin Biology. J Invest Dermatol 2005:  
(invited review, under review). 

151. Barker P A. p75NTR is positively promiscuous: novel partners and new insights. Neuron 2004: 
42: 529-533. 

152. Dechant G, Barde Y A. The neurotrophin receptor p75(NTR): novel functions and implications 
for diseases of the nervous system. Nat Neurosci 2002: 5: 1131-1136. 

153. Peters E M J, Hansen M G, Liezman C, Overall R W, Nakamura M, Hagen E, Klapp B F, Arck P 
C, Paus P. p75 neurotrophin receptor-mediated signalling promotes human hair follicle 
regression (catagen). Am J Pathol 2005: (under review). 

154. Botchkarev V A, Eichmüller S, Peters E M, Pietsch P, Johansson O, Maurer M, Paus R. A 
simple immunofluorescence technique for simultaneous visualization of mast cells and nerve 
fibers reveals selectivity and hair cycle--dependent changes in mast cell--nerve fiber contacts in 
murine skin. Arch Dermatol Res 1997: 289: 292-302. 

155. Peters E M, Maurer M, Botchkarev V A, Gordon D S, Paus R. Hair growth-modulation by 
adrenergic drugs. Exp Dermatol 1999: 8: 274-281. 

156. Peters E M J, Botchkarev V A, Paus R: Neurotrophins act as regulators of hair follicle 
morphogenesis and cycling. In: (eds.) D Van Neste: Hair Science and Technology. , 
Skinterface, Tournai-Belgium, 2003, pp 353-366 

157. Peters E M, Hansen M G, Overall R W, Nakamura M, Pertile P, Klapp B F, Arck P C, Paus R. 
Control of human hair growth by neurotrophins: brain-derived neurotrophic factor inhibits hair 
shaft elongation, induces catagen, and stimulates follicular transforming growth factor beta2 
expression. J Invest Dermatol 2005: 124: 675-685. 

158. Peters E M J, Hendrix S, Gölz G, Klapp B F, Arck P C, Paus R. Nerve growth factor and its 
precursor regulate hair cycle progression in mice. J Histochem Cytochem 2005: (accepted). 

159. Arck P C, Handjiski B, Peters E M, Hagen E, Klapp B F, Paus R. Topical minoxidil counteracts 
stress-induced hair growth inhibition in mice. Exp Dermatol 2003: 12: 580-590. 

160. Peters E M J, Tobin D J, Hendrix S, Hagen E, Peter A S, Knackstedt M, Klapp B F, Arck P C. 
Neurogenic inflammation drives the worsening of peripheral inflammatory disease by stress. J 
Clin Invest 2005: (submitted). 

161. Huntley A, White A R, Ernst E. Relaxation therapies for asthma: a systematic review. Thorax 
2002: 57: 127-131. 

162. Peters E M, Botchkarev V A, Muller-Rover S, Moll I, Rice F L, Paus R. Developmental timing of 
hair follicle and dorsal skin innervation in mice. J Comp Neurol 2002: 448: 28-52. 

163. Ek L, Theodorsson E. Tachykinins and calcitonin gene-related peptide in oxazolone-induced 
allergic contact dermatitis in mice. J Invest Dermatol 1990: 94: 761-763. 

164. Holzer P. Neurogenic vasodilatation and plasma leakage in the skin. Gen Pharmacol 1998: 30: 
5-11. 

165. Caulfield J P, el Lati S, Thomas G, Church M K. Dissociated human foreskin mast cells 
degranulate in response to anti-IgE and substance P. Lab Invest 1990: 63: 502-510. 

166. Arck P C, Handjiski B, Hagen E, Joachim R, Klapp B F, Paus R. Indications for a 'brain-hair 
follicle axis (BHA)': inhibition of keratinocyte proliferation and up-regulation of keratinocyte 
apoptosis in telogen hair follicles by stress and substance P. Faseb J 2001: 15: 2536-2538. 

167. Hordinsky M, Ericson M, Snow D, Boeck C, Lee W S. Peribulbar innervation and substance P 
expression following nonpermanent injury to the human scalp hair follicle. J Investig Dermatol 
Symp Proc 1999: 4: 316-319. 

168. Schulze E, Witt M, Fink T, Hofer A, Funk R H. Immunohistochemical detection of human skin 
nerve fibers. Acta Histochem 1997: 99: 301-309. 



   51

169. Toyoda M, Makino T, Kagoura M, Morohashi M. Expression of neuropeptide-degrading 
enzymes in alopecia areata: an immunohistochemical study. Br J Dermatol 2001: 144: 46-54. 

170. Staniek V, Doutremepuich J, Schmitt D, Claudy A, Misery L. Expression of substance P 
receptors in normal and psoriatic skin. Pathobiology 1999: 67: 51-54. 

171. Kimata H. Laughter counteracts enhancement of plasma neurotrophin levels and allergic skin 
wheal responses by mobile phone-mediated stress. Behav Med 2004: 29: 149-152. 

172. Hordinsky M K, Kennedy W, Wendelschafer Crabb G, Lewis S. Structure and function of 
cutaneous nerves in alopecia areata. J Invest Dermatol 1995: 104: 28S-29S. 

173. Kimata H. Suckling reduces allergic skin responses and plasma levels of neuropeptide and 
neurotrophin in lactating women with atopic eczema/dermatitis syndrome. Int Arch Allergy 
Immunol 2003: 132: 380-383. 

174. Huntley A, White A R, Ernst E. Relaxation therapies for asthma: a systematic review. Thorax 
2002: 57: 127-131. 

175. Aboussafy D, Campbell T S, Lavoie K, Aboud F E, Ditto B. Airflow and autonomic responses to 
stress and relaxation in asthma: The impact of stressor type. Int J Psychophysiol 2005: 20: 20. 

176. Lonne-Rahm S, Berg M, Marin P, Nordlind K. Atopic dermatitis, stinging, and effects of chronic 
stress: a pathocausal study. J Am Acad Dermatol 2004: 51: 899-905. 

177. El-Nour H, Lundeberg L, Boman A, Beck O, Harvima I T, Theodorsson E, Nordlind K. Study of 
innervation, sensory neuropeptides, and serotonin in murine contact allergic skin. 
Immunopharmacol Immunotoxicol 2005: 27: 67-76. 

178. Bigliardi-Qi M, Lipp B, Sumanovski L T, Buechner S A, Bigliardi P L. Changes of epidermal mu-
opiate receptor expression and nerve endings in chronic atopic dermatitis. Dermatology 2005: 
210: 91-99. 

179. Herbert M K, Holzer P. [Neurogenic inflammation. I. Basic mechanisms, physiology and 
pharmacology]. Anasthesiol Intensivmed Notfallmed Schmerzther 2002: 37: 314-325. 

180. Holzer P. Capsaicin as a tool for studying sensory neuron functions. Adv Exp Med Biol 1991: 
298: 3-16. 

181. Heyer G. Abnormal cutaneous neurosensitivity in atopic skin. Acta Derm Venereol Suppl 1992: 
176: 93-94. 

182. Pincelli C, Fantini F, Massimi P, Girolomoni G, Seidenari S, Giannetti A. Neuropeptides in skin 
from patients with atopic dermatitis: an immunohistochemical study. Br J Dermatol 1990: 122: 
745-750. 

183. Ostlere L S, Cowen T, Rustin M H. Neuropeptides in the skin of patients with atopic dermatitis. 
Clin Exp Dermatol 1995: 20: 462-467. 

184. Sugiura H, Omoto M, Hirota Y, Danno K, Uehara M. Density and fine structure of peripheral 
nerves in various skin lesions of atopic dermatitis. Arch Dermatol Res 1997: 289: 125-131. 

185. Urashima R, Mihara M. Cutaneous nerves in atopic dermatitis. A histological, 
immunohistochemical and electron microscopic study. Virchows Arch 1998: 432: 363-370. 

186. Toyoda M, Morohashi M. Morphological assessment of the effects of cyclosporin A on mast cell-
-nerve relationship in atopic dermatitis. Acta Derm Venereol 1998: 78: 321-325. 

187. Botchkarev V A, Sharov A A, Syska S, Maurer M, Gilchrest B A. Involvement of p53 and Fas in 
Hair Follicle Apoptosis in Human Skin/SCID Model for Chemotherapy-Induced Hair Loss. J 
Invest Dermatol 2002: 119: 286. 

188. Chatterjee A D, Raychaudhuri S P, Raychaudhuri S K, Farber E M. SCID mouse model of 
psoriasis: a unique tool to develop novel anti-inflammatory drugs. J Invest Dermatol 2002: to be 
published in Juli: (abstract). 

189. Gilhar A, Landau M, Assy B, Shalaginov R, Serafimovich S, Kalish R S. Mediation of Alopecia 
Areata by Cooperation Between CD4+ and CD8+ T Lymphocytes: Transfer to Human Scalp 
Explants on Prkdcscid Mice. Arch Dermatol 2002: 138: 916-922. 



   52

190. Raychaudhuri S P, Dutt S, Raychaudhuri S K, Sanyal M, Farber E M. Severe combined 
immunodeficiency mouse-human skin chimeras: a unique animal model for the study of 
psoriasis and cutaneous inflammation. Br J Dermatol 2001: 144: 931-939. 

191. Tsuboi H, Tanei R, Fujimura T, Ohta Y, Katsuoka K. Characterization of infiltrating T cells in 
human scalp explants from alopecia areata to SCID nude mice: possible role of the 
disappearance of CD8+ T lymphocytes in the process of hair regrowth. J Dermatol 1999: 26: 
797-802. 

192. Weinstock J V, Blum A, Metwali A, Elliott D, Arsenescu R. IL-18 and IL-12 signal through the 
NF-kappa B pathway to induce NK-1R expression on T cells. J Immunol 2003: 170: 5003-5007. 

193. Jeanjean A P, Moussaoui S M, Maloteaux J M, Laduron P M. Interleukin-1 beta induces long-
term increase of axonally transported opiate receptors and substance P. Neuroscience 1995: 
68: 151-157. 

194. Steinman L. Elaborate interactions between the immune and nervous systems. Nat Immunol 
2004: 5: 575-581. 

195. Ansel J C, Brown J R, Payan D G, Brown M A. Substance P selectively activates TNF-alpha 
gene expression in murine mast cells. J Immunol 1993: 150: 4478-4485. 

196. Saban M R, Saban R, Bjorling D, Haak-Frendscho M. Involvement of leukotrienes, TNF-alpha, 
and the LFA-1/ICAM-1 interaction in substance P-induced granulocyte infiltration. J Leukoc Biol 
1997: 61: 445-451. 

197. van der Kleij H P, Ma D, Redegeld F A, Kraneveld A D, Nijkamp F P, Bienenstock J. Functional 
expression of neurokinin 1 receptors on mast cells induced by IL-4 and stem cell factor. J 
Immunol 2003: 171: 2074-2079. 

198. Foster A P, Cunningham F M. Substance P induces activation, adherence and migration of 
equine eosinophils. J Vet Pharmacol Ther 2003: 26: 131-138. 

199. Gutwald J, Goebeler M, Sorg C. Neuropeptides enhance irritant and allergic contact dermatitis. 
J Invest Dermatol 1991: 96: 695-698. 

200. Goebeler M, Henseleit U, Roth J, Sorg C. Substance P and calcitonin gene-related peptide 
modulate leukocyte infiltration to mouse skin during allergic contact dermatitis. Arch Dermatol 
Res 1994: 286: 341-346. 

201. Schijns V E, Tangeras A. Vaccine adjuvant technology: from theoretical mechanisms to 
practical approaches. Dev Biol 2005: 121: 127-134. 

202. Matzinger P. The danger model: a renewed sense of self. Science 2002: 296: 301-305. 

203. Beresford L, Orange O, Bell E B, Miyan J A. Nerve fibres are required to evoke a contact 
sensitivity response in mice. Immunology 2004: 111: 118-125. 

204. Weisshaar E, Heyer G, Forster C, Handwerker H O. Effect of topical capsaicin on the cutaneous 
reactions and itching to histamine in atopic eczema compared to healthy skin. Arch Dermatol 
Res 1998: 290: 306-311. 

205. Olivry T, Mueller R S. Evidence-based veterinary dermatology: a systematic review of the 
pharmacotherapy of canine atopic dermatitis. Vet Dermatol 2003: 14: 121-146. 

206. Hordinsky M, Ericson M. Autoimmunity: alopecia areata. J Investig Dermatol Symp Proc 2004: 
9: 73-78. 

207. Marsella R, Nicklin C F, Melloy C. The effects of capsaicin topical therapy in dogs with atopic 
dermatitis: a randomized, double-blinded, placebo-controlled, cross-over clinical trial. Vet 
Dermatol 2002: 13: 131-139. 

208. Takano N, Arai I, Hashimoto Y, Kurachi M. Evaluation of antipruritic effects of several agents on 
scratching behavior by NC/Nga mice. Eur J Pharmacol 2004: 495: 159-165. 

209. Hosoi J, Murphy G F, Egan C L, Lerner E A, Grabbe S, Asahina A, Granstein R D. Regulation of 
Langerhans cell function by nerves containing calcitonin gene-related peptide. Nature 1993: 
363: 159-163. 



   53

210. Kawaguchi Y, Okada T, Konishi H, Fujino M, Asai J, Ito M. Reduction of the DTH response is 
related to morphological changes of Langerhans cells in mice exposed to acute immobilization 
stress. Clin Exp Immunol 1997: 109: 397-401. 

211. Ahluwalia A, De Felipe C, O'Brien J, Hunt S P, Perretti M. Impaired IL-1beta-induced neutrophil 
accumulation in tachykinin NK1 receptor knockout mice. Br J Pharmacol 1998: 124: 1013-1015. 

212. Schuiling M, Zuidhof A B, Zaagsma J, Meurs H. Role of tachykinin NK1 and NK2 receptors in 
allergen-induced early and late asthmatic reactions, airway hyperresponsiveness, and airway 
inflammation in conscious, unrestrained guinea pigs. Clin Exp Allergy 1999: 2: 48-52. 

213. Castagliuolo I, Riegler M, Pasha A, Nikulasson S, Lu B, Gerard C, Gerard N P, Pothoulakis C. 
Neurokinin-1 (NK-1) receptor is required in Clostridium difficile- induced enteritis. J Clin Invest 
1998: 101: 1547-1550. 

214. Evangelista S, Meli A. Influence of capsaicin-sensitive fibres on experimentally-induced colitis in 
rats. J Pharm Pharmacol 1989: 41: 574-575. 

215. Wallengren J, Ekman R, Moller H. Capsaicin enhances allergic contact dermatitis in the guinea 
pig. Contact Dermatitis 1991: 24: 30-34. 

216. Reinshagen M, Flamig G, Ernst S, Geerling I, Wong H, Walsh J H, Eysselein V E, Adler G. 
Calcitonin gene-related peptide mediates the protective effect of sensory nerves in a model of 
colonic injury. J Pharmacol Exp Ther 1998: 286: 657-661. 

217. Zachariae H, Henningsen S J. Histamine and plasma kinins in delayed allergic skin reactions. 
Allerg Asthma 1970: 16: 9-14. 

218. McGillis J P, Organist M L, Payan D G. Substance P and immunoregulation. Fed Proc 1987: 46: 
196-199. 

219. Niizeki H, Kurimoto I, Streilein J W. A substance p agonist acts as an adjuvant to promote 
hapten-specific skin immunity. J Invest Dermatol 1999: 112: 437-442. 

220. Babu R J, Kikwai L, Jaiani L T, Kanikkannan N, Armstrong C A, Ansel J C, Singh M. 
Percutaneous absorption and anti-inflammatory effect of a substance P receptor antagonist: 
spantide II. Pharm Res 2004: 21: 108-113. 

221. Murozono M, Matsumoto S, Matsumoto E, Isshiki A, Watanabe Y. Neuroprotective and 
neurotoxic effects of cyclosporine A on transient focal ischemia in mdr1a knockout mice. Eur J 
Pharmacol 2004: 498: 115-118. 

222. Tachibana T, Shiiya N, Kunihara T, Wakamatsu Y, Kudo A F, Ooka T, Watanabe S, Yasuda K. 
Immunophilin ligands FK506 and cyclosporine A improve neurologic and histopathologic 
outcome after transient spinal cord ischemia in rabbits. J Thorac Cardiovasc Surg 2005: 129: 
123-128. 

223. Paus R, Stenn K S, Link R E. The induction of anagen hair growth in telogen mouse skin by 
cyclosporine A administration. Lab Invest 1989: 60: 365-369. 

224. Maurer M, Handjiski B, Paus R. Hair growth modulation by topical immunophilin ligands: 
induction of anagen, inhibition of massive catagen development, and relative protection from 
chemotherapy-induced alopecia. Am J Pathol 1997: 150: 1433-1441. 

225. Hart P H, Townley S L, Grimbaldeston M A, Khalil Z, Finlay-Jones J J. Mast cells, 
neuropeptides, histamine, and prostaglandins in UV-induced systemic immunosuppression. 
Methods 2002: 28: 79-89. 

226. Seiffert K, Granstein R D. Neuropeptides and neuroendocrine hormones in ultraviolet radiation-
induced immunosuppression. Methods 2002: 28: 97-103. 

227. Zhang H T, Wang Q, Greene M I, Murali R. New perspectives on anti-HER2/neu therapeutics. 
Drug News Perspect 2000: 13: 325-329. 

228. Kazlow Stern D, Tripp J M, Ho V C, Lebwohl M. The use of systemic immune moderators in 
dermatology: an update. Dermatol Clin 2005: 23: 259-300. 

229. Mease P J. Psoriatic arthritis therapy advances. Curr Opin Rheumatol 2005: 17: 426-432. 



   54

230. Orsal AS, Blois S, Labuz D, Peters EMJ, Schaefer M, Arck PC: The Progesterone derivative 
dydrogesterone down-regulates Neurokinin 1 receptor expression on lymphocytes, induces a 
TH2 skew and exerts hypoalgesic effects in mice. J Mol Med (accepted). 2005 




