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Abstract: The adverse effects of tobacco on the skin are well known but
the role of nicotine is more controversial. Nicotinic receptors are
expressed in the skin, on keratinocytes, fibroblasts and blood vessels.
Nicotine induces vasoconstriction associated with local hyperaemia. It
inhibits inflammation through effects on central and peripheral nervous
system and through direct effect on immune cells. It delays wound healing
and accelerates skin aging. The role of nicotine on skin diseases remains
unclear. Therapeutic effects of nicotine could be possible and this a new

stimulating field of research.

The adverse effects of tobacco on the skin are well
known. Changes in the rheologic characteristics of
the blood, increased vasoconstriction, and damage
to the epithelial layer of the vessel play an import-
ant pathogenic role in impaired wound healing,
thromboangiitis obliterans, and peripheral arterial
obstructive diseases. Interactions with collagen
metabolism are of special significance in wound
healing and skin aging. The immunological effects,
such as the induction of an inflammation could
play a role in palmoplantar pustulosis, psoriasis,
atopic dermatitis, acne vulgaris, acne inversa,
thromboangiitis obliterans, and lupus erythemato-
sus. Tobacco consumption may contribute to the
pathogenesis of human papilloma-virus infections,
malignant melanoma, and epithelial tumors of the
skin and neighboring mucous membranes (1). But
tobacco is made of hundreds of substances. What
are the effects of nicotine on the skin?

Nicotinic receptors in the skin

Acetylcholine has two types of receptors: nicotinic
(nAChR) and muscarinic (mAChR). Nicotine is
an agonist of acetylcholine. Its effects are mediated
through nicotinic receptors (2). The nAChR is a
290kDa protein, initially described at the nerve-
muscle synapse but also expressed in the whole
peripheral and central nervous system and on
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non-neuronal cells (3). It consists of a ring of five
similar subunits («Byd¢), delineating through the
membrane a central pathway for the ions. Seven-
teen nAchR subunits have been identified and
termed al-a10, B1-B4, v, 6 and € (4,5). The differ-
ences in subunit composition of nAChR determine
the functional and pharmacologic characteristics
of the ion channels formed. Nicotine acts as an
agonist at all nAChR types, except for a9-made
channels (6). The subunit «10 fails to produce
functional receptors alone: it promotes robust
acetylcholine-evoked currents when co-injected
with «9. The presence of a10 modifies the physio-
logical and pharmacological properties of the
o9 receptor indicating that the two subunits
co-assemble in a single functional receptor (5).

In the skin, both mAChR and nAChR have
been reported (7,8). Obviously, electrophysiologi-
cal and immunohistochemical data indicate the
functional expression of nicotinic acetylcholine
receptors (composed of a3, a5, and p4 but not of
a4/B2 or of o7 subunits) on the axonal membrane of
unmyelinated human C fibers (9). But the expres-
sion of nAChR is not restrained to nerve endings.

Effects on keratinocytes

Human keratinocytes synthesize, secrete, and
degrade acetylcholine (10). Activity of acetylcholine
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is mediated by mAChR and nAChR (7,8). There
are approximately 35400 binding sites of nAChR
per cell on mature keratinocytes freshly isolated
from human neonatal foreskins (7). These receptors
contain o3, o4, ad, o7, o9, «10, B2, and B4 subunits
(5,7,11-13).

Nicotine increases cell-substrate and cell—cell
adherence of cultured keratinocytes and stimulates
their lateral migration (7). Thus, it appears as a
mediator for keratinocyte adhesion and motility.
Nicotine exerts inhibitory effects on keratinocyte
migration, and Ca™ ™ serves as a second messenger
in the signaling pathway (14). It could explain
deleterious effects of nicotine on wound
re-epithelialization and suggest that smoking may
delay wound healing via nicotinic receptor-
mediated pathway. The o3, o9, and M3 acetyl-
choline receptors play Key roles in regulating
cell adhesion in a synergistic mode keratinocyte
adhesion, most probably by modulating cadherin
and catenin levels and activities (15) and by regu-
lating desmosomal adhesion of keratinocytes by
altering the level of expression of both desmoglein
(Dsg) 1 and Dsg 3 and the phosphorylation status
of Dsg 3 (16).

Nicotine is also involved in keratinocyte
differentiation by stimulating calcium influx and
enhancing the number of cells forming cornified
envelope and expressing keratin 10, transgluta-
minase 1, involucrin, and filaggrin (17). ACh
signaling through o7 nAChR channels controls
late stages of keratinocyte development in the
epidermis by regulating expression of the cell-
cycle progression, apoptosis, and terminal differ-
entiation genes. These effects are mediated, in part,
by alterations in transmembrane Ca*™ influx (13).
Nicotine, at concentrations up to 100 pug/ml, is not
an irritant but induces cornification of the skin
(18). It induces squamatization (6,17-19).

Elimination of the a7 component of nicotinergic
signaling in keratinocytes decreased relative
amounts of the pro-apoptotic Bad and Bax at
both the mRNA and the protein levels, suggesting
that o7 nAChR is coupled to stimulation of kera-
tinocyte apoptosis (20). Terminally differentiated
keratinocytes exert an apoptotic secretion
upon secretagouge action of acetylcholine. A com-
bination of a cholinergic nicotinic agonist and a
muscarinic antagonist is required to trigger the
apoptotic secretion. Analysis of the relative
amounts of cholinergic enzymes and receptors
expressed by keratinocytes capable of secretion
and the pharmacological profiles of secretion regu-
lation reveals an upward concentration gradient
of free acetylcholine in epidermis which may pro-
vide for its unopposed secretagogue action via the
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m1l muscarinic and the o7 and a9 nicotinic recep-
tor types expressed by keratinocytes at the latest
stage of their development in the epidermis (21).

In summary, nicotine enhances keratinocyte
adhesion, differentiation, and apoptosis and
inhibits keratinocyte migration.

The effects of nicotine on keratinocytes through
nAChR are not limited to the skin but are also
observed in the mouth. Thus, some pathobiologic
effects of tobacco products in oral tissues may
stem from nicotine-induced alterations of the
structure and function of keratinocyte nAChRs
responsible for the physiologic regulation of the
cell cycle by the cytotransmitter acetylcholine (22).

Effects on fibroblasts

Specific nAChRs are expressed by fibroblasts: a3,
a5, a7, B2, and 4 nAChR subunits are detected in
human fibroblasts (23). Exposure of these cells to
nicotine increases mRNA and protein levels of the
cell-cycle regulators p2l1, cyclin D1, Ki-67, and
PCNA and increases apoptosis regulators Bcl-2
and caspase 3 (23). Nicotine exposure also
up-regulates expression of the dermal matrix proteins
collagen type I ol and elastin as well as matrix
metalloproteinase-1 (23). In a3 nAChR knockout
mice, there are alterations in fibroblast growth and
function that are opposite to those observed in
fibroblasts treated with nicotine (23). The skin of
o7 knockout mice feature decreased amounts of
the extracellular matrix proteins collagen 1 and
elastin as well as the metalloproteinase-1 (20).
Thus, some of the pathobiologic effects of tobacco
products on extracellular matrix turnover in the
skin may stem from nicotine-induced alterations
in the physiologic control of the unfolding of the
genetically determined program of growth and
the tissue-remodeling function of fibroblasts as
well as alterations in the structure and function of
fibroblast nAChRs.

Effects on blood vessels

Smoking a single cigarette decreases the cutaneous
blood flow in habitual smoker as well as in
non-smoker subjects. Moreover, the slower recov-
ery phase of smokers suggests that their micro-
circulation becomes inured to smoke (24). The
damaging effects of smoking on the skin vascula-
ture and on oxygenation have been documented in
both human and animal models. Nicotine does not
appear as the only one factor of vasoconstriction
and hypoxemia (25). Nonetheless, the blood vessel
network is under control of cholinergic system.
NACHR are expressed on muscles and endothelial



cells, (26) and acetylcholine is released in synapses.
Nicotine induces vasoconstriction, higher in skin
than in gingiva, associated with local hyperaemia
(27). Acetylcholine and nicotine seem to exert
effects on endothelial cells, like a small facilitatory
effect on the expression of intracellular adhesion
molecule-1 (28). Acute exposure of human skin
vasculature to nicotine has deleterious effects on
endothelial function: amplification of norepine-
phrin-induced skin vasoconstriction and impairment
of endothelium-dependent skin vasorelaxation (29).

Effects on inflammation

Nicotine inhibits inflammation through effects on
central (30) and peripheral nervous system. In vitro
studies have shown nicotine to be chemoattractant
to neutrophils and in lower concentration (as in
the plasma of smokers) to enhance the response to
chemotactic peptides (31). Nicotine inhibits
enzyme release from neutrophils and superoxide
production (32), which has implications for
defense against infection as well as antitumor
activity. The nAchR o7 subunit is required for
acetylcholine inhibition of macrophage tumor
necrosis factor (TNF) release. Electrical stimula-
tion of the vagus nerve inhibits TNF synthesis in
wild-type mice but fails to inhibit TNF synthesis in
o7-deficient mice. Thus, the nAchR a7 subunit is
essential for inhibiting cytokine synthesis by the
cholinergic anti-inflammatory pathway (33). Nico-
tine also alters immune responses by directly inter-
acting with T cells (34).

After transdermal application of nicotine
(patches), the response to sodium lauryl sulfate is
diminished, as well as the erythema response to
UVB (35). But no effect on cutaneous blood flow
is demonstrated, suggesting that they are related to
other compounds of tobacco (36). These studies
raise the possibility that transdermal nicotine
could be used in inflammatory skin disease.

Nonetheless, inflammation of the buccal
mucosa, gingiva, and periodontal tissues is a sig-
nificant problem in users of nicotine. Nicotinic
agents, acting at nAChRs contained on primary
sensory neurons, could be capable of directly
modulating the stimulated release of calcitonin
gene-related peptide (CGRP) (37). This modula-
tion could contribute to inflammatory processes
within the oral cavity. But CGRP is also known
for inhibiting antigen presentation (38). A better
explanation could be the activation of COX-2
expression by nicotine, associated with a nicotine-
induced cytotoxicity not directly via the induction
of COX-2 expression (39). Nicotine treatment
significantly increased IL-1 o concentrations in
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cultured keratinocytes; however, PGE2 synthesis
was not altered (40). Nicotine has different regio-
nal effects on small bowel and colonic cytokine
mucosal levels, which might explain some of its
opposite effects on small bowel and colonic
inflammation (41). Such a differential effect could
also be observed with mouth and skin.

Effects on skin aging and cutaneous homeostasis

Topical application of nicotine, by activating the
calcium channel in neurons, delays the barrier
repair after tape stripping (42). Light microscopy
and electron microscopy observation shows delay
of the exocytosis from keratinocytes. Nicotine
exerts inhibitory effects on keratinocyte migration,
Ca™™ serving as a second messenger. These results
also explain deleterious effects of nicotine on
wound re-epithelialization (14). Nicotine stimu-
lates calcium influx and enhances cell differenti-
ation (17). The subunit o7 appears especially
involved in Ca*™" influx regulation (13). Like the
nervous system, influx of calcium into epidermal
keratinocytes through ionotropic receptors plays a
crucial role in cutaneous barrier homeostasis.

Tobacco is known to accelerate skin aging.
Nicotine exerts a specific role in this phenomenon.
Changes in the rheologic characteristics of the
blood, increased vasoconstriction, and damage to
the epithelial layer of the vessel are probably
involved. Interactions with collagen metabolism
and keratinocyte differentiation and migration
are also probably implied in skin aging.

Effects on wound healing

Tissue repair and remodeling are altered by
tobacco, mainly through the effects of tobacco
on structure and function of fibroblasts (43,44).
Through its specific receptors, the role of nicotine
appears central (20,23). The association between
cigarette smoking and delayed wound healing is
well recognized (45). Nicotine is a vasoconstrictor
that reduces nutritional blood flow to the skin,
resulting in tissue ischemia and impaired healing
of injured tissue. Nicotine also increases
platelet adhesiveness, raising the risk of thrombotic
microvascular occlusion and tissue ischemia. In
addition, proliferation of red blood cells, fibro-
blasts, and macrophages is reduced by nicotine.
Nicotine is also involved in wound healing by
inhibiting keratinocyte migration and differenti-
ation, i.e. the second phase of wound healing:
re-epithelization (7,14,17). Nonetheless, a recent
article brings contradictory results. Through an
activation of angiogenesis mediated by endothelial
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nAChRs, nicotine would accelerate wound healing
in genetically diabetic mice (46).

Effects of transdermal application of nicotine

Nicotine is brought not only by tobacco, but also
by chewing gums or transdermal patches used for
stopping tobacco consummation. Transdermal
patches of nicotine are usually well-tolerated. The
most frequently reported adverse effects are skin
reactions, which include erythema, edema, pruri-
tis, and burning sensation at application site
(47,48). Most of these reactions are mild and
short-lived and may be minimized to a great extent
by changing the site of application daily. Nicotine,
however, can act as a hapten and behave like a full
antigen when bound to the proteins in the cuta-
neous tissue, and it can induce some sensitization
reactions in a small number of patients, like
urticaria (49) or contact allergic dermatitis (48).

Effects on skin diseases

Tobacco appears as an aggravating factor for dis-
eases such as psoriasis, atopic dermatitis, acne,
lichen, or lupus (1,50-52). But the role of nicotine
is less clear.

Immunosuppression caused by nicotine con-
sumption may contribute to the pathogenesis of
human papilloma-virus infections, malignant
melanoma, and epithelial tumors of the skin and
neighboring mucous membranes (1). The carcin-
ogenic role of nicotine is not demonstrated but
nicotine facilitates tumor growth (53).

The induction of reactivation of herpes after
systemic exposure to nicotine in rabbits has been
demonstrated (54). On the contrary (55), the preva-
lence of recurrent herpes labialis in a general adult
Swedish population during a period of 2 years was
significantly lower among smokers, and especially
among pipe smokers, compared to people with no
tobacco habit. Is there a link with nicotine?

Considerable teratogenic effects of nicotine were
observed histologically on newborn rat skin:
increased mitotic activity in the basal cells, induction
of hypertrophic epithelial cells in the epidermis (56).

A suggested role for nicotine in the pathogenesis
of palmoplantar pustulosis (PPP) has been dis-
cussed. The target for the inflammation in PPP is
the acrosyringium. In healthy controls, both
nAChR o3 and o7 subtypes show stronger
immunoreactivity in the eccrine glands and ducts
than in the epidermis. The papillary endothelium
was positive for both subtypes. Epidermal o3
staining was stronger and that of the coil and
dermal ducts weaker in healthy smokers than
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in healthy non-smokers. In involved PPP skin,
granulocytes displayed strong o3 immunoreactiv-
ity. The normal epidermal o7 staining pattern
was abolished in PPP skin and was replaced by
strong mesh-like surface staining, most markedly
adjacent to the acrosyringium, which in controls
was intensely o7 positive at this level. Endothelial
o7 staining was stronger in PPP skin than in the
controls. Hence, smoking can influence nAChR
expression (57). The altered nAChR staining
pattern in PPP skin may indicate a possible role
for nicotine in the pathogenesis of PPP.

Some inflammatory diseases of the skin such as
rosacea and severe acne have been found to be
more prevalent in non-smoking subjects (35). It
seems possible that smoking has complex pharma-
cological and immune modulating effects, but the
mechanisms by which cigarette smoking alters
the expression of quite different diseases remains
largely unknown.

Nicotine patches could be treatment for
psoriasis because it could induce keratinocyte
differentiation (17), but this concept needs to be
confirmed by clinical studies. Traditional remedy
for eczema in Bangladesh contains high amounts
of nicotine (58).

Pemphigus vulgaris is an auto-immune disease.
Antibodies against desmosomal proteins are
responsible for the occurrence of blisters. But
these lesions could be associated with autoanti-
bodies to keratinocyte cholinergic o9 receptors
(12), which are known to regulate cell adhesion
(59). Pyridostigmine bromide, an analogue of
nicotine, seems to be able to keep this disease
in control (60,61). Hence, the improvement of
pemphigus by cigarette smoking (62) is probably
due to a direct effect of nicotine.

Some inflammatory skin diseases have been suc-
cessfully treated by nicotine. But all these case
reports remain anecdotal. A patient with malig-
nant atrophic papulosis was successfully treated
with nicotine patches (63). Skin disorders with
prominent eosinophilic infiltration, such as
Kimura’s disease and erythema nodosum, could
be treated by nicotine chewing gum (64). Other
cases of healing with nicotine are reported in
neutrophilic dermatoses, like pyoderma gangreno-
sum (65) and Behget’s disease (66).

Aphthous disease is known to be less frequent in
smokers (67). Bittoun (68) investigated the effect
of nicotine in the form of Nicorette®™ tablets on
aphthous ulcers in three non-smoking patients.
Lesions healed and new ulcers did not form during
1 month of nicotine therapy, although two of the
three patients relapsed after having been weaned
from the tablets.



Due to the presence of acetylcholine receptors
on lice, nicotine is an effective adjunct to other
insecticidal therapy for head lice (69).

Conclusions

In the skin, nicotine mimics effects of acetylcholine
(6). The effects of nicotine on skin are ambivalent and
often unclear (with contradictory results). They
appear more negative than positive. They are nega-
tive on keratinocyte homeostasis, skin aging, wound
healing, and in some dermatological diseases. Quit-
ting of smoking and protection against nicotine and
tobacco effects are necessary. Nonetheless, revealing
the benefits of nicotine containing products (espe-
cially effects of nicotine on inflammation) is not
intended to encourage people to smoke nor to spare
them from the pressure to discontinue their habit.
Studying the therapeutic effects of these products on
skin diseases, however, is important as it might lead
to a better understanding of their cause and patho-
genesis. It might provide the seed from which new
alternative treatments will grow in the future.

Acknowledgements

This work was helped by a grant from BioRecept Laboratories.

References

1. Krug M, Wunsche A, Blum A. Addiction to tobacco
and the consequences for the skin. Hautarzt 2004: 55:
301-315.

2. Kelley A E. Nicotinic receptors: addiction’s smoking
gun? Nat Med 2002: 8: 447-449.

3. Unwin N. Acetylcholine receptor channel imaged in
the open state. Nature 1995: 373: 37-43.

4. MacGehee D S, Role L W. Physiological diversity of
nicotinic acetylcholine receptors expressed by verte-
brate neurons. Annu Rev Physiol 1995: 57: 521-546.

5. Sgard F, Charpantier E, Bertrand S et al. A novel
human nicotinic receptor subunit, alphal0, that con-
fers functionality to the alpha9-subunit. Mol Pharma-
col 2002: 61: 150-159.

6. Grando S A. Receptor-mediated action of nicotine in
human skin. Int J Dermatol 2001: 40: 691-693.

7. Grando S A, Horton R M, Pereira E F R et al. A
nicotinic acetylcholine receptor regulating cell adhe-
sion and motility is expressed on human keratinocytes.
J Invest Dermatol 1995: 105: 774-781.

8. Grando S A, Zelickson B D, Kist D A et al. Keratino-
cyte muscarinic acetylcholine receptors: immuno-
localization and partial characterization. J Invest
Dermatol 1995: 104: 95-100.

9. Lang P M, Burgstahler R, Sippel W et al. Character-
ization of neuronal nicotinic acetylcholine receptors in
the membrane of unmyelinated human C-fiber axons
by in vitro studies. J Neurophysiol 2003: 90: 3295-3303.

10. Grando S A, Kist D A, Qi M et al. Human keratino-
cytes synthesize, secrete and degrade acetylcholine.
J Invest Dermatol 1993: 101: 32-36.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Nicotine effects on skin

Zia S, Ndoye A, Nguyen V T et al. Nicotine enhances
expression of the alpha 3, alpha 4, alpha 5 and alpha 7
nicotinic receptors modultaing calcium metabolism
and regulating adhesion and motility of respiratory
epithelial cells. Res Commun Mol Pathol Pharmacol
1997: 97: 243-262.

Nguyen V T, Ndoye S A, Grando S A. Novel
human alpha 9 acetylcholine receptor regulating
keratinocyte adhesion is targeted by pemphigus
vulgaris autoimmunity. Am J Pathol 2000: 157:
1377-1391.

Arredondo J, Nguyen V T, Chernyavsky A I et al.
Central role of alpha 7 nicotinic receptor in differen-
tiation of the stratificatious squamous epithelium.
J Cell Biol 2002: 159: 325-336.

Zia S, Ndoye A, Lee T X et al. Receptor-mediated
inhibition of keratinocyte migration by nicotine
involves modulations of calcium influx and intracellu-
lar concentration. J Pharmacol Exp Ther 2000: 293:
973-981.

Nguyen V T, Chernyavsky A I, Arredondo J et al.
Synergistic control of keratinocyte adhesion through
muscarinic and nicotinic acetylcholine receptor sub-
types. Exp Cell Res 2004: 294: 534-549.

Nguyen V T, Arredondo J, Chernyavsky A I et al.
Keratinocyte acetylcholine receptors regulate cell
adhesion. Life Sci 2003: 72: 2081-2085.

Grando S A, Horton R M, Mauro T M et al. Activa-
tion of keratinocyte nicotinic cholinergic receptors
stimulates calcium influx and enhances cell differenti-
ation. J Invest Dermatol 1996: 107: 412-418.

Theilig C, Bernd A, Ramirez-Bosca A et al. Reactions
of human keratinocytes in vitro after application of
nicotine. Skin Pharmacol 1994: 7: 307-315.

Kwon O S, Chung J H, Cho K H. Nicotine-enhanced
epithelial differentiation in reconstructed human oral
mucosa in vitro. Skin Pharmacol Appl Skin Physiol
1999: 12: 227-234.

Arredondo J, Nguyen V T, Chernyavsky A I et al.
Functional role of alpha 7 nicotinic receptor in phy-
siological control of cutaneous homeostasis. Life Sci
2003: 72: 2063-2067.

Nguyen V T, Ndoye A, Hall L L et al. Programmed
cell death of keratinocytes culminates in apoptotic
secretion of a humectant upon secretagogue action of
acetylcholine. J Cell Sci 2001: 114: 1189—-1204.
Arredondo J, Nguyen V T, Chernyavsky A I et al. A
receptor-mediated mechanism of nicotine toxicity in
oral keratinocytes. Lab Invest 2001: 81: 1653—1668.
Arredondo J, Hall L L, Ndoye A et al. Central role of
fibroblast alpha3 nicotinic acetylcholine receptor in
mediating cutaneous effects of nicotine. Lab Invest
2003: 83: 207-225.

Monfrecola G, Riccio G, Savarese C et al. The acute
effect of smoking on cutaneous microcirculation blood
flow in habitual smokers and nonsmokers. Dermatol-
ogy 1998: 197: 115-118.

Leow Y H, Maibach H. Cigarette smoking, cutaneous
vasculature, and tissue oxygen. Clin Dermatol 1998:
16: 579-584.

Conti-Fine B M, Navaneetham D, Lei S et al. Neuro-
nal nicotinic receptors in non-neuronal cells: new med-
iators of tobacco toxicity? Eur J Pharmacol 2000: 393:
279-294.

Mavropoulos A, Aars H, Brodin P. Hyperaemic
response to cigarette smoking in healthy gingiva.
J Clin Periodontol 2003: 30: 214-221.

669



Misery

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Kirkpatrick C J, Bittinger F, Nozadze K et al. Expres-
sion and function of the non-neuronal cholinergic sys-
tem in endothelial cells. Life Sci 2003: 72: 2111-2116.
Black C E, Huang N, Neligan P C et al. Effect of
nicotine on vasoconstrictor and vasodilator responses
in human skin vasculature. Am J Physiol Regul Integr
Comp Physiol 2001: 281: 1097-1104.

Miao F J, Green P G, Benowitz N et al. Central terminals
of nociceptors are targets for nicotine suppression of
inflammation. Neuroscience 2004: 123: 777-784.

Lotti N, MacCusker E J, Campbell A. Nicotine is
chemotactic for neutrophils and enhances neutrophil
responsiveness to chemotactic peptides. Science 1984:
223: 169-171.

Sasagawa S, Suzuki K, Sakatain T. Effects of nicotine
on the functions of human polymorphonuclear leuko-
cytes in vitro. J Leukoc Biol 1985: 37: 493-502.

Wang H, Yu M, Ochani M et al. Nicotinic acetylcho-
line receptor alpha7 subunit is an essential regulator of
inflammation. Nature 2003: 421: 384-388.

Sopori M L, Kozak W, Savage S M et al. Effect of
nicotine on the immune system: possible regulation of
immune responses by central and peripheral mechan-
isms. Psychoneuroendocrinology 1998: 23: 189-204.
Mils C. Cigarette smoking, cutaneous immunity, and
inflammatory response. Clin Dermatol 1998: 16: 589—594.
Miiller P, Imhof P R, Mauli D. Human pharmacolo-
gical investigations of a transdermal nicotine system.
Method Find. Exp Clin Pharmacol 1989: 197-204.
Dussor G O, Leong A S, Gracia N B et al. Potentiation
of evoked calcitonin gene-related peptide release from
oral mucosa: a potential basis for the pro-inflamma-
tory effects of nicotine. Eur J Neurosci 2003: 18:
2515-2526.

Hosoi J, Murphy G F, Egan C L et al. Regulation of
Langerhans cell function by nerves containing calcito-
nin gene-related peptide. Nature 1993: 363: 159-163.
Chang Y C, Tsai C H, Yang S H et al. Induction of
cyclooxygenase-2 mRNA and protein expression in
human gingival fibroblasts stimulated with nicotine.
J Periodontol Res 2003: 38: 496-501.

Johnson G K, Organ C C. Prostaglandin E2 and inter-
leukin-1 concentrations in nicotine-exposed oral kera-
tinocyte cultures. J Periodontol Res 1997: 32: 447-454.
Eliakim R, Karmeli F. Divergent effects of nicotine
administration on cytokine levels in rat small bowel
mucosa, colonic mucosa, and blood. Isr Med Assoc J
2003: 5: 178-180.

Denda M, Fuziwara S, Inoue K. Influx of calcium and
chloride ions into epidermal keratinocytes regulates
exocytosis of epidermal lamellar bodies and skin per-
meability barrier homeostasis. J Invest Dermatol 2003:
121: 362-367.

Wong L S, Green H M, Feugate J E et al. Effects of
‘second-hand’ smoke on structure and function of
fibroblasts, cells that are critical for tissue repair and
remodeling. BMC Cell Biol 2004: 5: 13.

Campanile G, Hautmann G, Lotti T. Cigarette smok-
ing, wound healing, and face-lift. Clin Dermatol 1998:
16: 575-578.

Silverstein P. Smoking and wound healing. Am J Med
1992: 93: 22S-4S.

Jacobi J, Jang J J, Sundram U et al. Nicotine acceler-
ates angiogenesis and wound healing in genetically
diabetic mice. Am J Pathol 2002: 161: 97-104.
Anuradha V, Gore V, Chien Y W. The nicotine trans-
dermal system. Clin Dermatol 1998: 16: 599-615.

670

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Murphy M, Carmichael A J. Transdermal drug deliv-
ery systems and skin sensitivity reactions. Am J Clin
Dermatol 2000: 1: 361-368.

Lee I W, Ahn S K, Choi E H et al. Urticarial reaction
following the inhalation of nicotine in tobacco smok-
ing. Br J Dermatol 1998: 138: 486-488.

Kramer U, Lemmen C H, Behrendt H et al. The effect
of environmental tobacco smoke on eczema and aller-
gic sensitization in children. Br J Dermatol 2004: 150:
111-118.

Naldi L. Cigarette smoking and psoriasis. Clin Der-
matol 1998: 16: 571-574.

Rahier S, Piérard-Franchimont C, Pierard G E. La
peau du sujet tabagique. Rev Med Liege 1996: 51:
582-585.

Heeschen C, Jang J J, Weis M. Nicotine stimulates
angiogenesis and promotes tumor growth and athero-
sclerosis. Nat Med 2001: 7: 833-839.

Myles M E, Alack C, Manino P M et al. Nicotine
applied by transdermal patch induced HSV-1 reactiva-
tion and ocular shedding in latently infected rabbits.
J Ocul Pharmacol Ther 2003: 19: 121-133.

Axell T, Liedholm R. Occurrence of recurrent herpes
labialis in an adult Swedish population. Acta Odontol
Scand 1990: 48: 119-123.

Inaloz H S, Inaloz S S, Deveci E et al. Teratogenic
effects of nicotine on rat skin. Clin Exp Obstet Gyne-
col 2000: 27: 241-243.

Hagforsen E, Edvinsson M, Nordlind K et al. Expres-
sion of nicotinic receptors in the skin of patients with
palmoplantar pustulosis. Br J Dermatol 2002: 146:
383-391.

Davies P, Levy S, Pahari A et al. Acute nicotine poi-
soning associated with a traditional remedy for
eczema. Arch Dis Child 2001: 85: 500-502.

Grando S A. Autoimmunity to keratinocyte acetylcho-
line receptors in pemphigus. Dermatology 2000: 201:
290-295.

Grando S A. New approaches to the treatment of
pemphigus. J Investig Dermatol Symp Proc 2004: 9:
84-91.

Nguyen V T, Arredondo J, Chernyavsky A I et al.
Pemphigus vulgaris acantholysis ameliorated by choli-
nergic agonists. Arch Dermatol 2004: 140: 327-334.
Mehta J N, Martin A G. A case of pemphigus vulgaris
improved by cigarette smoking. Arch Dermatol 2000:
136: 15-17.

Kanekura T, Uchino Y, Kanzaki T. A case of
malignant atrophic papulosis successfully treated
with nicotine patches. Br J Dermatol 2003: 149:
660—662.

Kanekura T, Usuki K, Kanzaki T. Skin disorders with
prominent eosinophilic infiltration treated successfully
with nicotine. Report of two cases. Dermatology 2004:
208: 153-157.

Kanekura T, Usuki K, Kanzaki T. Nicotine for pyo-
derma gangrenosum. Lancet 1995: 345: 1058.
Kanekura T, Kanzaki T. Successful treatment of oro-
genital ulceration with transdermal nicotine patches.
Br J Dermatol 1999: 141: 1140-1141.

Wolf R, Wolf D, Ruocco V. The benefits of smoking in
skin diseases. Clin Dermatol 1998: 16: 641-647.
Bittoun R. Recurrent aphthous ulcers and nicotine.
Med J Aust 1991: 154: 471-472.

Burkhart C G, Burkhart C N. Use of topical nicotine
for treatment of Pediculus humanis capitis. J Med
Entomol 2000: 37: 170-171.



