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There is compelling evidence that the sebaceous gland is not
only a passive endocrine target organ that reacts to sex hormones
with well established responses but also plays an integral
and active part of various neuroendocrine/neuromediator axes
within the skin. In this review, our current knowledge on the
expression, regulation, and function of melanocortin peptides,
corticotropin-releasing hormone, endogenous opioids including
their receptors, and of other neuromediators, in normal and
diseased human sebocytes will be described. Understanding the
function of these newly recognized players in sebocyte biology
will extend our present pathogenetic concepts of acne and related
diseases. Moreover, these newly discovered mediators and their
receptors in human sebocytes form a rich basis for the future
design of neuroendocrine therapies for patients with sebaceous
gland disorders.

Introduction

The idea that the sebaceous gland is a direct target organ for
neurohormones, neuro-mediators and/or neurogenic stimuli is
a plausible concept.!? Clinical experience and wisdom has long
suggested that stress-related neurohormonal factors or media-
tors could be involved in stress-induced acne.>* However, only
recently, scientific evidence has emerged for such a stress-induced
impact on acne as demonstrated on university students undergoing
examination.’

Our current and now widely accepted concept that the skin
with its various cellular players is not only a target structure but
also a rich autonomous source of many neurohormones® further
supports the idea of the sebaceous gland as an active player within
the cutaneous neuroendocrine network.

In the following sections, the most recent data regarding the
expression, regulation and function of such neuroendocrine
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mediators in human sebocytes in vitro and in situ (i.e. in skin
of patients with acne and related disorders) will be summarized.
It should be noted that the term “neuroendocrine” was originally
reserved for hormones being produced within classical neuroen-
docrine organs such as the pituitary gland. As the skin with its
various cell types can likewise generate such factors,® the term
“neuroendocrine” may appear somewhat confusing if not historic.
However, the terms “neuroendocrine” and” neurohormones” still
will be used as umbrella terms in this article to emphasize that
virtually all components of the classical neuroendocrine axes are
installed within human sebocytes or sebaceous glands.

Corticotropin-Releasing Hormone (CRH) and CRH Receptors

Although not the first neurohormone identified as a neuroen-
docrine regulator of sebocytes, CRH is clearly the most upstream
player of the classical endocrine hypothalamic-pituitary-adrenal
axis (HPA).

Using laser-capture microdissection with RT-PCR, Kono et
al. were the first who detected mRNAs of CRH and the CRH
receptor (CRH-R) in captured human sebaceous glands in situ.”
When CRH and CRH-R expression was investigated in human
sebocytes growing in vitro, the immortalized sebocyte cell line
SZ95 was found to express CRH, CRH-binding protein (CRH-
BP) and CRH-R1 and 2 at the mRNA and protein level. CRH-R1
was more abundant than CRH-R in these cells.® In accordance
with the expression of CRH, CRH-Rs and CRH-BP in SZ95
sebocytes, CRH immunoreactivity was described in sebaceous
glands of healthy individuals as well as in those with alopecia
areata.” Most recently, immunoreactivity of CRH, CRH-R1/2
and CRH-BP was investigated by immunohistochemistry in acne.
Very strong positive immune reactions for CRH were seen in acne-
involved skin in all types of sebaceous gland cells, irrespective of
their differentiation stage. Sebaceous glands in noninvolved and
normal skin displayed weaker CRH staining depending on the
differentiation stage of the cells. Moreover, the most prominent
CRH-BP immunostaining in acne-involved sebaceous glands was
seen in differentiating sebocytes. !

At the functional level, CRH induces lipidogenesis and
increases the expression of 3P-hydroxysteroid dehydrogenase/
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A>“isomerase, an enzyme converting dehydroepiandrosterone
to testosterone. Testosterone suppresses CRH-R1 and CRH-R2
mRNA expression in SZ95 sebocytes while growth hormone
switches CRH-R1 mRNA expression to CRH-R2.8 Interestingly,
CRH did not modulate IL-1f3-induced expression of the proinflam-
matory cytokine interleukin (IL)-8 in SZ95 sebocytes suggesting
that in contrast to a-melanocyte-stimulating hormone (a-MSH)!!
this neurohormone has no anti-inflammatory effects in sebocytes.
In fact, further studies revealed that CRH in vitro stimulated the
release of both IL-6 and IL-8 by SZ95 sebocytes supporting a
proinflammatory role of this peptide.!? In addition, CRH and the
structurally related CRH-like peptide urocortin inhibited SZ95
sebocyte proliferation.!?

These findings support the previously proposed role of CRH
as a master coordinator of the cutaneous stress response as already
suggested by A. Slominski.!3 Increased immunoreactivity of CRH
within the sebaceous gland, in particular, could indicate that a
locoregional “seboglandular” HPA-like stress axis is turned on in
patients with acne via CRH. Accordingly, CRH in concert with
other cofactors such as androgens may increase lipogenesis and
worsen the course of acne.

Future studies will have to clarify the precise roles of CRH and
its receptor in the pathogenesis and course of acne. As pointed out
above, CRH immunostaining is also stronger in sebaceous glands
of patients with alopecia areata. As there is usually no acne-like
disease or folliculitis in affected skin of patients with alopecia
areata, increased seboglandular CRH expression in these individ-
uals may point towards an unspecific or secondary phenomenon.

Regarding the clinical perspectives of CRH and its receptors in
acne and related disorders it should be noted that CRH-R antago-
nists could possibly emerge as future therapeutics. Interestingly,
it has been demonstrated that o-helical-CRE, a CRH antagonistic
peptide is capable of annulling the CRH effect on SZ95 sebocyte
proliferation and the release of both IL-6 and IL-8 from these
cells.!? Moreover, antalarmin, a non-peptide CRH-RI1-specific
CRH antagonist, suppressed the CRH-mediated upregulation of
neutral lipids in SZ95 sebocytes.!?

Natural Melanocortins, Melanocortin Receptors (MC-Rs)
and Melanocortin Peptide Derivatives

When reviewing the role of natural melanocortins in sebaceous
gland biology, credit must be given to the pioneering work
A. Thody. This scientist together with his co-workers extensively
studied the sebotrophic effects of both a-MSH and adrenocorti-
cotropin (ACTH) on the rat preputial gland in vitro and in vivo.
Both natural melanocortin peptides originally characterized as
classical neurohormones released from the rat pituitary gland
and pars intermedia, respectively, were found to increase sebum
secretion in this model.1%1>

However, only recently, functional effects of a-MSH were
identified in human sebocytes. It could be demonstrated that
the neuropeptide both in absence and presence of IL-1f dose-
dependently inhibits secretion of IL-8, a chemokine crucially
involved in the pathogenesis of acne vulgaris.!! Subsequent studies
investigating the effect of ACTH and the superpotent MSH
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analogue [Nle4, D-Phe7]-a-MSH (NDP-a-MSH) confirmed
direct lipogenic effects of these melanocortin peptides, i.e. they
increased cytoplasmic lipid droplet formation at a level similar
to stimulation with bovine pituitary extract (containing natural
melanocortins). In addition, NDP-a-MSH increased squalene
synthesis in a dose-dependent manner with peak synthesis of
squalene at 10 nM. 10

The effects of these melanocortin peptides appear to be medi-
ated via MC-Rs. These are small heptahelical surface receptors
which belong to the superfamily of G protein-coupled receptors.
All so-far cloned MC-R subtypes, MC-1-5R, activate Gs resulting
in activation of adenylate cyclase and increase of intracellular
cAMP. In human sebocytes, expression of both MC-1Rs and
MC-5Rs was detected.!’:1619 Tnitial discrepancies regarding the
predominance of MC-5R over MC-1R or vice versa in human
sebocytes are probably related to technical difficulties with the
MC-R detection methodology or due to exclusive use of a partic-
ular in vitro model. Accordingly, SZ95 sebocytes, a sebocyte cell
line derived from human facial primary sebocytes, appear to have
lost MC-5R during the Simian virus-40 large T antigen-mediated
immortalization process.

The distribution of MC-1R and MC-5R immunoreactivity was
found to be different in human sebaceous glands in situ. MC-5R
immunostaining was mainly detected in terminally differentiated
cells while MC-1R immunoreactivity was most accentuated in
the peripheral, non-differentiated cells of the sebaceous acini.!»18
It was therefore suggested that MC-5R is involved in terminal
differentiation of sebocytes. In accordance with this hypothesis,
MC-5R mRNA expression was only detected in primary human
sebocytes at the onset of differentiation and in fully differentiated
cells containing lipid granules.!® In a recent study of 33 patients
with acne vulgaris and seven age-matched volunteers, MC-1R
expression was further investigated by immunohistochemistry.?
Sebocytes and keratinocytes of the ductus seboglandularis of
acne-involved and non-involved skin showed very intense MC-1R
expression in contrast to less intense scattered immunoreactivity
in normal skin samples. These findings point towards a role of the
MC-1R in the pathogenesis of acne. One possibility is that MC-1R
overexpression in sebaceous glands of acne patients is induced by
seboglandular stress, perhaps by the most upstream stress coordi-
nator CRH. Other stressors, especially IL-1, may likewise increase
MC-1R expression in the context of the inflammatory process
of the pilosebaceous during acne. It needs to be shown whether
increased expression of MC-1R in sebocytes in acne vulgaris is a
common epiphenomenon in other skin diseases in which no aber-
rant function of the sebaceous glands exist.

In light of the well-documented role of a-MSH and its
receptor MC-1R in the context of immunomodulation,?!
possible that the MC-1R expressed by human sebocytes is more
involved in immunoregulation than MC-5R. The latter may be
more concerned with lipogenesis in sebocytes. Of note, transgenic
mice with targeted disruption of MC-5R displayed reduced sebum
secretion, lack of NDP-MSH radiolabelling of the preputial glands
and loss of NDP-MSH-induced cAMP increase in membrane frac-
tions from these glands.?? In situ expression of MC-5R could be

it is
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demonstrated in secretory epithelia in both the preputial gland as
well as sebaceous glands in the skin of normal mice. However, we
still do not know whether mice with targeted disruption or signal
deficiency of MC-1R display impaired sebum production.

Whether human sebocytes in vitro or in vivo autonomously
generate melanocortins is incompletely investigated. Artificial
cAMP inducers such as forskolin and choleratoxin were found
to induce POMC mRNA expression in primary human facial
sebocytes according to preliminary data.?> POMC mRNA has
also been detected by RT-PCR in laser capture microdissected
human sebaceous glands.” More recently, immunostaining of both
a-MSH and ACTH was found in hair follicle epithelia and in
secretory epithelia of sebaceous glands in patients with alopecia
areata and control patients.>* Immunostaining of o-MSH in the
sebaceous glands was more accentuated in lesional skin of patients
with alopecia areata suggesting induction of the cutaneous HPA
axis by disease stress.

Regarding a translational research approach on MC-Rs in
human sebocytes, the situation appears to be complex for the
treatment of patients with acne vulgaris and related disorders.
Given the proposed role of MC-5R as a pro-differentiating and
sebotrophic receptor, antagonism of the MC-5R may be a novel
therapeutic strategy in patients with acne. Clinical trials with a
novel MC-5R antagonist have been initiated in patients with acne
vulgaris (Johnson & Johnson, personal communication).

An alternative new strategy may be the use of truncated MSH
peptides/derivatives not containing the central pharmacophor
(amino acids 6-9 of a-MSH) which mediates the melanotropic
effect of natural melanocortins.?! Such truncated small peptides
are the tripeptides KPV [a-MSH (11-13)] and the a-MSH
derivative KdPT, the latter exhibiting potent in vitro and in vivo
anti-inflammatory effects (Mastrofrancesco & Béhm, submitted).

Endogenous Opioids and Their Receptors

Another group of POMC-derived neuropeptides in addition
to the melanocortins are the endogenous opioids. Among them,
especially B-endorphin (B-ED) has attracted most attention as
a prototypical stress-responsive neurohormone. In fact, several
proinflammatory conditions of the skin such as psoriasis, scle-
roderma and atopic eczema exhibit increased peripheral blood
levels of this neuropeptide.?® Preliminary data from our laboratory
also indicate that patients with severe acne vulgaris, hidradenitis
suppurativa, and acne conglobata have also increased plasma levels
of B-ED (Bshm et al., manuscript in preparation). However, there
is currently no evidence that B-ED is produced in the human
sebaceous gland itself.?® This is in contrast to several rodent
species, e.g. in the mouse in which B-ED is expressed in a hair
follicle cycle-dependent manner in the pilosebaceous unit.?”

Recently, we have addressed the possible role of B-ED as a
modulator of sebocyte function in sebocytes in vitro (Bshm et
al., manuscript in preparation). Treatment of SZ95 sebocytes with
B-ED induced cytoplasmic lipid droplet formation and suppressed
cell proliferation induced by epidermal growth factor. These find-
ings suggested a pro-differentiating effect of B-ED in sebocyte
biology. More detailed lipid analysis revealed that $-ED specifically
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increased the amount of various fatty acids but not of squalene like
melanocortin peptides. In order to elucidate the mechanism of
this effect of B-ED in human sebocytes, expression analysis of the
u-opioid receptor (MOR) and §-OR (DOR), both of which bind
B-ED with high affinity, were studied. RT-PCR analysis, western
immunoblotting and immunocytochemical studies disclosed the
presence of the MOR in both SZ95 sebocytes as well as in the
human sebaceous gland of healthy volunteers while DOR was
undetectable.

The above data add another player to the growing list of
neuroendocrine mediators influencing sebocyte function. The
action of B-ED in human sebocytes suggests a role of this peptide
as a novel “sebotrophin” with possible implication in the patho-
genesis of acne and related disorders. Currently, the expression
of MORs in the skin of patients with acne is under investigation
in our laboratory. The idea behind is that the MOR expressed by
sebocytes could become a novel molecular target for acne treat-
ment, e.g. by using MOR antagonistic agents. On the other hand,
MOR agonists could be useful for the future treatment of dry
skin.

Other Neuroendocrine Mediators

A number of reports indicate that human sebocytes are also
integrated in so-called neurogenic stress axes. Neurogenic neuro-
mediators are classically released by nerve fibers and exert pro-
inflammatory responses on cells of the immune system and/or on
resident cells of many peripheral tissues including the skin.?82

A prototypical mediator of neurogenic inflammation is
substance P (SP). It was shown that SP can alter the morphology
and ultrastructure of sebaceous glands in skin organ cultures.?
SP promoted the development of cytoplasmic organelles, stimu-
lated sebaceous germinative cells, and increased the size of the
sebaceous glands. More recently, it was reported that SP in primary
human sebocytes increases the mRNA expression levels of IL-6,
IL-8, TNF-a and peroxisome proliferators activated receptor-y,
the latter a nuclear hormone receptor involved in lipogenesis.!
These effects of SP were associated with increased immunoreac-
tivity of the above molecules. Since the number of SP-containing
nerve fibers around sebaceous glands appear to be increased in
acne patients compared to healthy subjects®? these findings would
suggest a pathogenic role of SP as a potential mediator of neuro-
genic inflammation in acne.? It will be highly interesting to prove
the proposed role of SP in acne by treating acne patients with SP
antagonists such as apprepitant.

Another well established player in neurogenic inflammation is
nerve growth factor (NGF). Immunoreactivity for NGF and its
high affinity receptor, tyrosine kinase A (TrkA) was detected in
both sebaceous glands of skin from healthy volunteers** and in
sebaceous glands of skin from acne patients.’®> The concomitant
expression of NGF and TrkA by sebocytes would suggest an auto-
crine or paracrine mode of action of this neuromediator. However,
since IL-6 induced NGF expression in sebocytes of human
facial organ cultures, this finding was interpreted as a potential
mechanism of increased periglandular innervation and possibly

neurogenic inflammation in acne Vulgaris.33
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In another study, the neurotransmitter serotonin was detected
by immunohistochemistry within the cytoplasm of the sebaceous
glands of patients with chronic eczema.?> The functional role of
serotonin in sebaceous glands and sebocytes remains to be deter-
mined but it should be noted that most skin cells harbour the full
enzymatic capacity to synthesize serotonin.3

Two other immunohistochemical studies indicated that human
sebaceous glands are targets for somatostatin and for vanilloids.
Accordingly, in situ expression of all five somatostatin receptor
subtypes was detected in sebaceous glands of normal human
skin.” So far, the effect of somatostatin on sebocytes however is
unknown.

Moreover, the vanilloid receptor subtype 1 (VR1/TRPV1) was
detected in both cutaneous sensory nerve fibers and in various
resident skin cells including the sebaceous gland. In the seba-
ceous gland, VR1 immunoreactivity was most accentuated in
differentiated sebocytes whereas the undifferentiated cells were
largely negative.?® In accordance with these data it was shown that
SZ95 sebocytes likewise express TRPV1. Using the non-selective
cation channel vanilloid alkaloid capsaicin it was further demon-
strated that this agent selectively inhibits basal and arachidonic
acid-induced lipid synthesis in a dose-, time-, and extracellular
calcium-dependent and a TRPVI-specific manner. Low-dose
capsaicin stimulated SZ95 sebocyte proliferation via TRPV1,
whereas higher concentrations inhibited sebocyte growth and
induced cell death independent of TRPV1. In addition, capsaicin
suppressed the expression of genes involved in lipid homeostasis
and of selected proinflammatory cytokines. The above findings
introduced a previously unreported player in human sebocyte
biology and identified TRPVI as a new target in the clinical
management of inflammatory disorders of the sebaceous gland.??

Summary

There is now clear-cut evidence that the human sebaceous
gland is both a prominent source and target structure for various
neurohormones and neuromediators previously detected only in
classical neuroendocrine organs or in nerve fibers. In addition to
providing fascinating new insight into the regulation of sebocyte
function, these findings will help to explain long-suspected func-
tional interactions between “stress” and the course of acne. Most
interesting for the clinician, however, are the highly promising
uture directions based on the described functional activities o
future direct based the d bed functional activities of
neuromediators in human sebocytes. It is strongly hoped that such
neuroendocrine treatment strategies as outlined above will find
their way into clinical routine to enrich our daily management of
patients with inflammatory disorders of the sebaceous gland.

References

1. Bshm M, Luger TA. Neurobiology of sebaceous glands. In: Neuroimmunology of the

Skin: Basic Science and Clinical Relevance. Granstein, R.D., Luger, T.A. (Edt.), Springer,
Heidelberg, 2008, 159-66.
2. Zouboulis CC, BsShm M. Neuroendocrine regulation of sebocytes—a pathogenetic link

between stress and acne. Exp Dermatol 2004; 13:31-5.

3. Baldwin HE. The interaction between acne vulgaris and the psyche. Cutis 2002;
70:133-9.

4. Koo JY, Smith LL. Psychologic aspects of acne. Pediatr Dermatol 1991; 8:185-8.

5. Chiu A, Chon SY, Kimball AB. The response of skin disease to stress: changes in
the severity of acne vulgaris as affected by examination stress. Arch Dermatol 2003;
139:897-900.

www.landesbioscience.com

6.

7.

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Slominski A, Wortsman J. Neuroendocrinology of the skin. Endocr Rev 2000; 21:457-
87.

Kono M, Nagata H, Umemura S, Kawana S, Yoshiyuki R. In situ expression of corti-
cotropin-releasing hormone (CRH) and proopiomelanocortin (POMC) genes in human
skin. FASEB J 2001; 15:2297-9.

. Zouboulis CC, Seltmann H, Hiroi N, Chen WC, Young M, Oeff M, et al. Corticotropin

releasing hormone: an autocrine hormone that promotes lipogenesis in human sebocytes.

Proc Natl Acad Sci USA 2002; 99:7148-53.

. Kim HS, Cho DH, Kim H]J, Lee JY, Cho BK, Park HJ. Immunoreactivity of corticotro-

pin-releasing hormone, adrenocorticotropin and a-melanocyte-stimulating hormone in
alopecia areata. Exp Dermatol 2006; 15:515-22.

Ganceviciene R, Graziene V, Fimmel S, Zouboulis CC. Involvement of the corticotro-
pin-releasing hormone system in the pathogenesis of acne vulgaris. Br ] Dermatol 2009;
160:345-52.

. Bohm M, Schiller M, Stinder S, Seltmann H, Li Z, Brzoska T, et al. Evidence for

expression of melanocortin-1 receptor in human sebocytes in vitro and in situ. J Invest
Dermatol 2002; 118:533-45.

Krause K, Schnitger A, Fimmel S, Glass E, Zouboulis CC. Corticotropin-releasing hor-
mone skin signaling is receptor-mediated and is predominant in the sebaceous glands.
Horm Metab Res 2007; 166-70.

Slominski A, Wortman J, Luger T, Paus R, Solomon S. Corticotropin releasing hormone
and proopiomelanocortin involvement in the cutaneous response to stress. Physiol Rev
2000; 80:979-1020.

Thody AJ, Cooper ME Bowden PE, Meddis D, Shuster S. Effect of a-melanocyte-
stimulating hormone and testosterone on cutaneous and modified sebaceous glands in
the rat. ] Endocrinol 1976; 71:279-88.

Thody AJ, Shuster S. Control of sebum secretion by the posterior pituitary. Nature 1972;
237:346-7.

Zhang L, Anthonavage M, Huang Q, Li WH, Eisinger M. Proopiomelanocortin pep-
tides and sebogenesis. Ann N'Y Acad Sci 2003; 994:154-61.

Hatta N, Dixon C, Ray AJ, Phillips SR, Cunliffe WJ, Dale M, Todd C, Meggit S,
Birch-MacHin MA, Rees JL. Expression, candidate gene, and population studies of the
melanocortin 5 receptor. ] Invest Dermatol 2001: 116:564-70.

Zhang L, Li W-H, Anthonavage M, Eisinger M. Melanocortin-5 receptor: a marker of
human sebocyte differentiation. Peptides 2006; 27:413-20.

Thiboutot D, Sivarajah A, Gilliland K, Cong Z, Clawson G. The melanocortin 5 recep-
tor is expressed in human sebaceous glands and rat preputial cells. J Invest Dermatol
2001: 115:614-9.

Ganceviciene R, Graziene V, Bshm M, Zouboulis CC. Increased in situ expression of
melanocortin-1 receptor in lesional skin of patients with acne vulgaris. Exp Dermatol
2007, 16:547-52.

Brzoska T, Luger TA, Maaser C, Abels C, Bshm M. a-Melanocyte-stimulating hormone
and related tripeptides. Biochemistry, anti-inflammatory effects in vitro and in vivo,
and future implications for the treatment of immune-mediated inflammatory diseases.
Endocr Rev 2008; 29:581-602.

Chen W, Kelly MA, Opitz-Araya X, Thomas RE, Low M]J, Cone RD. Exocrine gland
dysfunction in MC5-R-deficient mice: evidence for coordinated regulation of exocrine
gland function by melanocortin peptides. Cell 1997; 91:789-98.

Huang Q, Anthonavage M, Li W, Eisinger M. The role of a-MSH in human sebaceous
lipogenesis. J Invest Dermatol 2002; 119:275.

Kim HS, Cho DH, Kim HJ, Lee JY, Cho BK, Park HJ. Immunoreactivity of corticotro-
pin-releasing hormone, adrenocorticotropin and a-melanocyte-stimulating hormone in
alopecia areata. Exp Dermatol 2006; 15:515-22.

Glinski W, Brodecka H, Glinska-Ferenz M, Kowalski D. Increased concentration of
beta-endorphin in sera of patients with psoriasis and other inflammatory dermatoses. Br
J Dermatol 1994; 131:260-4.

Slominski A, Wortsman J, Mazurkiewicz JE, Matsuoka L, Dietrich J, Lawrence K,
Gorbani A, Paus R. Detection of proopiomelanocortin-derived antigens in normal and
pathologic human skin. ] Lab Clin Med 1993; 122: 627-8.

Slominski A, Paus R, Mazurkiewicz J. Proopiomelanocortin expression in the skin during
hair growth in mice Experientia 1992; 48:50-4.

Roosterman D, Goerge T, Schneider SW, Bunnett NW, Steinhoff M. Neuronal con-
trol of skin function: the skin as a neuroimmunoendocrine organ. Physiol Rev 2006;
86:1309-79.

Peters EM, Ericson ME, Hosot J, Seiffert K, Hordinsky MK, Ansel JC, Paus R, Scholzen
TE. Neuropeptide control mechanisms in cutaneous biology: physiological and clinical
significance. J Invest Dermatol 2006; 126:1937-47.

Toyoda M, Morohashi M. Pathogenesis of acne. Med Electron Microsc 2001; 34:
29-40.

Lee WJ, Jung HD, Lee HJ, Kim BS, Lee SJ, Kim DW. Influence of substance-P on
cultured sebocytes. Arch Dermatol Res 2008; 300:311-6.

Toyoda M, Nakamura M, Makino T, Kagoura M, Morohashi M. Sebaceous glands in
acne patients express high levels of neutral endopeptidase. Exp Dermatol 2002; 11:241-
7.

Dermato-Endocrinology 139



33.

34.

35.

36.

37.

38.

39.

140

Neuroendocrine regulators in sebocyte physiology and pathophysiology

Toyoda M, Nakamura M, Morohashi M. Neuropeptides and sebaceous glands Eur J
Dermatol 2002; 12:422-7.

Adly MA, Assaf HA, Nada EA, Soliman M, Hussein M. Expression of nerve growth
factor and its high-affinity receptor, tyrosine kinase A proteins, in the human scalp skin.
J Cutan Pathol 2006; 33:559-68.

Huang J, Li G, Yin D, Chi R. Immunohistochemical study of serotonin in lesions of
chronic eczema. Int Dermatol 2004; 43:723-6.

Slominski A, Wortsman J, Tobin DJ. The cutaneous serotoninergic / melatoninergic
system: securing a place under the sun. FASEB J 2005; 19:176-94.

Hagstromer L, Emtestam L, Stridsberg M, Talme T. Expression pattern of somatostatin
receptor subtypes 1-5 in human skin: an immunohistochemical study of healthy subjects
and patients with psoriasis or atopic dermatitis. Exp Dermatol 2006; 15: 950-7.
Stinder S, Moormann C, Schumacher M, Buddenkotte J, Artuc M, Shpacovitch V, et al.
Expression of vanilloid receptor subtype 1 in cutaneous sensory nerve fibers, mast cells,
and epithelial cells of appendage structures. Exp Dermatol 2004; 13:129-39.

Téth BI, Géczy T, Griger Z, Dézsa A, Seltmann H, Kovécs L, et al. Transient receptor
potential vanilloid-1 signaling as a regulator of human sebocyte biology. Invest Dermatol
2009; 129: 329-39.

Dermato-Endocrinology

2009; Vol. 1 Issue 3



