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Background: Central or peripheral stress may induce the
development of clinical inflammation in the pilosebaceous unit
(PSU) leading to the development or to exacerbation of pre-
existing acne. The presence of a complete corticotropin-releasing
hormone (CRH) system has been confirmed in human sebocytes
in vitro. CRH is capable to induce lipid synthesis, steroido-
genesis and interact with testosterone and growth hormone.
a-Melanocyte-stimulating hormone (a-MSH) and its receptors
can regulate melanogenesis as well as affect inflammation, apop-
tosis and sebogenesis.

Objectives: The purpose of the study was to investigate by
immunohistochemistry if changes of CRH/CRH-binding protein
(CRHBP)/CRH receptors (CRHR) as well as melanocortin-1
receptor (MC-1R) expression are detectable in acne lesions vs.
normal skin, especially in the sebaceous gland (SG).

Results: Very strong expression of CRH was observed in
acne-involved skin in SG cells comparing with weaker expression
in non-involved and normal skin SG. The strongest reaction for
CRHBP in acne-involved SG was in differentiating sebocytes.
CRHR-1 and -2 exhibited the strongest expression in sweat
glands and SG, respectively. Sebocytes and cells of the ductus
seboglandularis (DSG) of acne-involved and non-involved skin
showed very intense MC-1R expression in contrast to less intense
scattered immunoreactivity in normal skin samples.

Methods: 33 patients with acne vulgaris and 8 age-matched
volunteers without acne participated in the study. Skin biopsies
were taken from acne-involved face, the non-involved thigh skin
of the same patients and from normal human skin.

Conclusions: These data suggest that NP, such as the
complete CRH system and MC-1R, are involved in the patho-

genesis of acne.
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Introduction

Along with eczema and psoriasis, acne vulgaris is one of the
most commonly seen chronic inflammatory skin diseases. The
classical aspects of multifactorial acne pathogenesis encompasses
abnormal follicular differentiation and increased cornification,
androgen-mediated enhanced sebaceous gland (SG) activity and
seborrhea, bacterial hypercolonization, inflammation and immu-
nological host reaction like being the major contributors.!*> Acne
patients are not endocrine misfits. The SG is the organ confer-
ring on the skin an independent peripheral endocrine function.?
While androgens have a proliferative effect on cultured human
sebocytes, they have only a minimal effect on differentiation of
sebocytes in culture, and this effect pales beside that of peroxisome
proliferator-activated receptors agonists. Insulin growth factor and
insulin, glucocorticoids, estrogen and thyroid hormone play roles
in pilosebaceous unit (PSU) growth and development, but their
exact roles remain to be elucidated.*”

Increased sebum production may propagate an inflammatory
tissue response of the PSU involving the release of proinflamma-
tory cytokines including interleukin (IL)-1c, IL-18 and tumor
necrosis factor-a®? as well as pro-inflammatory mediators, such as
leukotrienes and prostaglandins.'®

Psychoemotional stress, which may induce the develop-
ment of clinical inflammation in the PSU is one of recently
confirmed pathogenetic aspect in acne vulgaris.'’1? Activation
of the hypothalamic-pituitary-adrenal (HPA) axis with release of
stress neuropeptides (NP) is essential for biological homeostasis
and responses to external and internal challenges.!®!% Tt has
been confirmed that facial skin from acne patients is character-
ized by increased numbers of substance P-containing nerves and
mast cells, and by strong expression of neutral endopeptidase
in SG compared with normal skin.'> SG expresses receptors for
B-endorphin, corticotrophin-releasing factor (CRH), urocortin,
propiomelanocortin, vasoactive intestinal polypeptide, neuropep-
tide Y, calcitonin gene-related peptide. After ligand binding, NP
receptors modulate the production of inflammatory cytokines,
proliferation, differentiation, lipogenesis and androgen metabolism
in sebocytes. By means of their autocrine, paracrine and endocrine
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actions, these neuroendocrine factors appear to mediate centrally
and topically induced stress towards the SG, ultimately affecting
the clinical course of acne.!>18

CRH, its binding protein (CRHBP) and CRH receptors
(CRHR) act as a central regulatory system of the HPA axis.!” CRH
is a 41-amino acid polypeptide.?? The biological effect of CRH
and related peptides involves interactions with membrane-bound
CRH receptors CRHR-1 and CRHR-2 and can be modified by
CRHBP on the central, local or systemic levels.?!*> CRH/CRHR
system can be involved in the clinical development of acne.?> CRH
is an important autocrine hormone in sebocytes with a homeo-
static pro-differentiation activity. It directly, independently from
the HPA axis, induces lipid synthesis and steroidogenesis.!?-23-25
The presence of a complete CRH/CRH-receptor system in human
sebocytes has also been confirmed.?3

Alpha-melanocyte stimulating hormone (a-MSH), was evalu-
ated not only as a sebotropin and pigmentation hormone but also
as a modulator of inflammatory and immune tissue responses
within the PSU.2628 The effects of o-MSH is mediated via
binding to MC receptors (MC-R) on the cell surface of target cells.
These receptors belong to the superfamily of G-protein coupled
receptors.”? Recently, the presence of MC-Rs in human sebocyte
cultures established from facial skin as well as in the immortal-
ized human sebocyte cell line SZ95 was reported.?®3* In SZ95
sebocytes, 0-MSH partially abrogated the inductive effect of
IL-1p on the secretion of IL-8, an important chemokine directing
neutrophils to sites of inflammation including the SG.2°

In comparison with a variety of immunohistochemical investi-
gations in case of other inflammatory skin diseases, there are only
few studies in the field of acne. We have evaluated the expression
of CRH system and MC-1R in SG of acne-involved facial skin,
in comparison with the non-involved skin of the same patients
with acne and with normal human skin suggesting that CRH
system and MC-1R are involved in acne pathogenesis.

Results

CRH/CRHR system. In acne-involved skin, sebocytes in all
differentiation stages showed very strong positive reaction for
CRH. Keratinocytes of ductus seboglandulares exhibited strong
CRH positivity. The staining within SGs in acne non-involved
and normal skin was dependent on the sebocyte differentiating
stage. While basal and differentiating sebocytes demonstrated a
strong immunoreaction to CRH, mature sebocytes and ductal
keratinocytes revealed a weak and apoptotic sebocytes a barely
discernible staining. Differentiating sebocytes showed the most
distinct reaction for CRH binding protein (CRHBP) within SG in
acne-involved skin. Keratinocytes of ductus seboglandulares showed
no or a very week, homogeneous staining. SGs of acne-uninvolved
and normal skin were stained homogeneously for CRHBP
When comparing CRHBP staining in differentiating sebaceous
cells, acne-involved skin showed a stronger signal than acne-
uninvolved and normal skin. Eccrine sweat glands revealed for
CRHR-1 a strong homogeneous immunostaining, which repre-
sented the most intense labeling in all sample groups. The most
intensive very strong CRHR-2 expression was detected within

SG in all sample groups (Fig. 1).
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MC-1R. SGs of acne-involved and uninvolved skin appeared
to express very strong and strong staining of MC-1R in almost all,
except apoptotic cells. In SGs of normal skin immunoreactivity
of MC-1R was less intense than in the biopsies of acne patients.
Keratinocytes of the ductus seboglandulares showed very intense
MC-1R immunostaining in acne-involved as well in uninvolved
skin in contrast to the scattered reactivity in normal skin samples

(Fig. 1).
Discussion

In the light of the underlying biological basis of acne we have
tried to come more close to characteristics of multifactorial acne
pathogenesis which stays questionable and intriguing until now.
In the present study we have extended the existing immunohis-
tochemical investigations and have confirmed for the first time the
presumptions that NPs of HPA axis like the CRH/CRHR system
and a-MSH, can be active in SGs and can be involved directly in
the clinical development of acne vulgaris, a disease that obviously
exacerbates under the stress.

The immunoexpression for CRH gene in human SG of acne-
involved, non-involved and normal skin is in accordance with the
previous detection of CRH and CRHBP genes in situ,?! CRH,
CRHBP and CRHR expression in SZ95 sebocytes in vitro.?? It is
interesting that a strong CRH immunoreaction in sebocytes was
irrespective of their differentiation stage in acne-involved skin,
while the weaker CRH expression in acne non-involved and normal
skin was dependent upon the sebocyte differentiation stage. CRH
directly induces lipid synthesis and enhances mRNA expression of
A5-3B-hydroxysteroid dehydrogenase, the enzyme that converts
dehydroepiandrosterone to testosterone in human sebocytes.?3-23
Testosterone and growth hormone, which upregulates sebaceous
differentiation,?? were found to antagonize CRH by modifying
CRHR mRNA levels.?? It has been also confirmed the property of
CRH to modulate inflammation when secreted in inflammatory
sites with direct pro-inflammatory paracrine effects, exerted via
degranulation of the mast cells, a major immune target of CRH.34
In central nervous system, cytokines regulate expression of CRH.
The stronger immunoexpression of CRH in the SG in acne skin
samples compared to acne non-involved and normal skin in our
study suggests that CRH may interact with inflammatory media-
tors and immune factors in acne, especially, taking in to account
the PSU as an immunocompetent organ and an organ involved in
responses to stress.'0

Investigations with CRHBP have revealed a secondary buffering
system role for this peptide, which exhibits a negative regulation of
the local availability of CRH, prevents it from entering systemic
circulation, becoming inactive and unable to bind it receptors.>®
The most distinct CRHBP immunoexpression was in acne-
involved skin within differentiating sebocytes, which are the most
active sebaceous cells in sebogenesis. If pituitary CRHBP mRNA
levels increase in response to acute restraint stress, an intense
CRHBP expression in differentiating sebocytes of acne-involved
skin may be indicative of a local stress reaction in acne.

CRHR-1 has important role in skin physiology and pathology,
most likely through the regulation of local pigmentary, epidermal,
adnexal, secretory, vascular and dermal activity.’® Our findings
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Figure 1 (See previous page). Detection of CRH system (CRH, CRHBP, CRHR-1, CRHR-2) and MCR1 in the different compartments of the human skin.
(A) acne-involved skin; (B) uninvolved skin of acne patients (C) skin of healthy controls. Immunohistochemistry was performed as described in Materials
and Methods. Mayer’s hematoxylin. CRH: All types of sebocytes and keratinocytes of ductus seboglandularis in acne skin show very intensive immunoex-
pression (A); significant weaker and dependent upon sebocytes differentiation stage immunoreaction of sebaceous gland in acne-uninvolved skin of acne
patients (B) and normal skin (C). CRHBP: The most distinct and stronger than in acne-uninvolved and normal skin reaction of differentiating sebocytes,
moderate to weak staining of basal and mature sebocytes and faint reaction of apoptotic sebocytes within sebaceous gland in acne-involved skin; no or
very weak homogeneous staining of keratinocytes of ductus seboglandularis in acne-involved skin (A). Independent from sebocyte differentiation stage,
homogeneous staining of sebaceous gland of acne-uninvolved (B) and normal skin (C). CRHR-1: Eccrine sweat glands exhibit the most intense labeling
in all sample groups (A-C); the as very strong and strong assessed immunostaining within basal and differentiating sebocytes in acne-involved skin
is weaker that the one detected in eccrine glands (A); strong reaction within mature sebocytes in acne-involved skin (A) and a weak reaction in acne
non-involved (B) and normal (C) skin; barely discernible or negative staining of apoptotic sebocytes in all groups (A-C). CRHR-2: All sebocytes, except
apoptotic ones reveal very strong immunoreaction in all sample groups (A-C); the faintest positive immunoexpression in sweat glands among all skin
appendages in all sample groups (A-C). MC-1R: Very strong and strong reaction in almost all of the cells of sebaceous gland in acne-involved (A) and
acne-uninvolved (B) skin; reactivity is most prominent in basal and differentiating peripheral sebocytes with less intense staining of mature cells; apoptotic
sebocytes are not labeled; less intense immunoreactivity in sebaceous gland of normal skin (C). Very strong immunostaining in keratinocytes of ductus
seboglandularis of acne-involved (A) and acne-uninvolved (B) skin is observed in contrast to a scattered reactivity of cells in ductus seboglandularis of

normal skin samples (C).

are in agreement with the reported detection of CRHR-1 and
expression of functional CRHR-1 in SG and cultured sebocytes.??
Noteworthy we noticed that CRHR-1 exhibits the most inten-
sive expression in the secretory part of eccrine sweat glands in all
(acne, non-acne and normal) skin samples studied. Knowing that
eccrine glands are under the regulation of stress hormones we can
presume that CRHR-1 is an important receptor for the eccrine
sweat glands and may have a direct role in the regulation of local
dermal secretory activity. The finding of a stronger immunoexhi-
bition of CRHR-1 in keratinocytes of ductus seboglandularis in
acne-involved then in non-involved or normal skin can also be
attributed to a stress response system in the skin. In further agree-
ment our findings correlate with data suggesting that CRHR-1
is the major coordinator of the stress response at the central
and local level, while CRHR-2 only plays a modulatory role.
Our study detected the most significant immunoexpression for
CRHR-2 within the SG in all sebocytes, except apoptotic cells in
all skin samples of acne-involved, non-involved and normal skin.
A much more distinct expression of this peptide within kerati-
nocytes of DSG was detected in acne-involved skin compared
with non-involved and normal skin. It is possible that, similarly,
to the responsibility of CRH-2 receptor in hair growth,3° it can
locally regulate SG functions and have a direct influence on sebum
production. It seems likely that CRHR-2 can be the most impor-
tant receptor for SG biological response to CRH. These findings
correlate with the investigations of the expression of CRHR in
SZ95 sebocytes in vitro, whereas SZ95 sebocytes express mRNA
levels for both CRH receptors.?3

In accordance with previous data on healthy skin?¢-37-38

adnexal
structures in both involved and uninvolved skin of acne patients
expressed prominent immune signals for MC-1R. In the present
study, MC-1R immunoreaction was more accentuated in the SG
of involved and non-involved skin from acne patients than in SG
from healthy individuals. Moreover, the reactivity of MC-1R was
most distinct in basal and differentiating peripheral sebocytes,
which are the biologically most active cells of the SG. Several
explanations may account for the increased in situ expression of
MC-1R in SGs of acne patients. Firstly, MC-1R expression has
been shown to be upregulated by proinflammatory signals.? Since

proinflammatory cytokines are upregulated in acne lesions,*
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sebocytes may respond to these signals with increased MC-1R
expression thereby generating a negative feedback mechanism
for a-MSH, which exerts direct anti-inflammatory actions.26
Preliminary findings suggest that IL-1 increases MC-1R expression
and the number of detectable a-MSH binding sites in SZ95 sebo-
cytes, respectively (Bohm and Schiéth, unpublished). Secondly,
a-MSH itself can upregulate its own receptor.*! Therefore, aber-
rant 0-MSH levels may induce increased MC-1R expression in
SGs under situations of increased systemic or cutaneous stress of
acne patients. Expression of CRH, a key regulator of the pituitary
and cutaneous propiomelanocortin system, in acne skin in our
study and in SZ95 sebocytes!”>18:23 indicates an increased synthesis
of a-MSH and upregulation of MC-1R in patients with acne.
In addition to mediating anti-inflammatory actions, increased
MC-1R expression by sebocytes in acne may confer cytoprotection
from harmful cytotoxic stimuli released during inflammation.4%43
The relevance of increased MC-1R expression in sebocytes of
acne patients may not only be a negative feedback mechanism.
Recent studies confirmed a lipogenic effect of a-MSH and related
peptides in primary cultures of human sebocytes derived from
facial skin.3® There are very surprising and interesting differences
of MC-1R immunoreactivity in the PSU between acne patients
and healthy individuals in the ductus seboglandularis, the anatom-
ical structure which play a crucial role in the pathogenesis of acne
due to increased cellular turnover or keratinization.*4 In contrast
to SZ95 sebocytes in which a-MSH does not augment prolif-
eration,® this NP can increase the metabolic activity in HaCaT
keratinocytes.“® Benign and malignant adnexal neoplasms of the
skin display prominent MC-1R immunoreactivity independently
of their apocrine, eccrine, sebaceous or follicular differentiation
as well as a non-neoplastic hyperproliferative skin disease, acan-
thosis nigricans, characterized by increased keratinocyte turnover
and excessive hyperkeratosis, which supports the potential role of
MC-1R as a mediator of increased cellular turnover of the cells
situated in the ductus seboglandularis of acne patients.347 These
findings suggest an intimate relation between keratinocyte prolif-
eration, differentiation and the a-MSH/MC-1R system.

In summary, we can presume that stress response system
mechanisms are initiated in response to the inflammation and to
the altered tissue environment like to the local stress situation in
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Table 1 Characteristics of severity grade of acne in the
examined patients
Acne grade Frequeny Percent
2.0 6 18.2
3.0 8 24.2
4.0 16 48.5
5.0 3 9.1
Total 33 100.0
Table 2 Type characteristics of acne lesions in the
examined patients
Acne lesions Frequency Percent
Opened comedo 2 6.1
Closed comedo 4 12.1
Open inflamed comedo 12 36.4
Closed inflamed comedo 7 21.2
Inflamed papule 7 21.2
Pustule 1 3.0
Total 33 100.0

the PSU in acne. The results of this study provide evidence that
NP, such as the CRH system and MC-1R, emerge among the key
regulators of SG activity and are involved in the pathogenesis of
acne. Further studies will have to clarify the precise mechanism
of increased CRH and a-MSH/MC-1R systems expression in
sebocytes of patients with acne with a hope that these peptidergic
systems may represent targets for novel therapeutic strategies in
acne vulgaris.

Materials and Methods

Biopsies (3—5 mm) were obtained from acne lesions of the
facial (acne-involved skin) and the thigh (acne-uninvolved skin) of
33 patients with active acne (18 male and 15 female, aged 15-22
years) of the Outpatient Clinic “Seskines Poliklinika” and Centre
of Dermatovenereology, Vilnius University Hospital, Santariskiu
Clinics (Vilnius, Lithuania), as well as from 8 age-matched healthy
individuals undergoing routine plastic or post-traumatic surgery.
This study was conducted according to the ethical standards
of the Lithuanian Bioethical Committee for studies involving
human subjects (authorization # 78, protocol # 1, version # 1).
Characteristics of severity grade of acne and type characteristics of
acne lesions are shown in Tables 1 and 2.

Materials. IHC was performed with a commercially available
antibodies against CRH, CRHBP, CRHR-1, CRHR-2, MC-R1
(Table 3). Secondary anti-mouse, anti-rabbit, rabbit/anti-goat
immunoglobulins (depending on the origin of primary anti-
bodies), biotin, antibody diluent, alkaline phosphatase anti-alkaline
phosphatase complex, streptavidine enzyme conjugate and diamin-
obenzidine tetrachloride reagent (En-Vision System Kit) were from
Dako (Hamburg, Germany). Other supplements and reagents
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were from Biochrom (Berlin, Germany) or Sigma (Deisenhofen,
Germany).

Immunohistochemistry. After deparaffinization the tissue
slices were incubated with primary and secondary antibodies. The
optimal concentration of both the primary and secondary anti-
body was predetermined by titration assay. The antigen retrieval
(boiling with the high pressure in unmasking solution), blocking
and staining technique, incubation time and temperature was
choused considering the strongest specific antigen staining reac-
tion with the lowest non-specific background. The biotin/avidin
block in combination with a blocking protein solution (fetal
calf serum) was applied to tissue sections for the prevention of
non-specific bindings. The negative controls consisted of tissues
incubated with antibody diluent instead of the primary antiserum.
The specimens were incubated with a streptavidine enzyme conju-
gate, reacted with a fuchsine substrate-chromogen system and
were counterstained with Mayer’s hematoxylin. Immunostaining
of SG cells at different stages of differentiation was evaluated
semiquantitatively on a scale of 0 to 3: 0, negative; 0.5, barely
discernible; 1, moderate intensive; 2, strong staining; 3, very
strong uniform immunostaining. For evaluation of specific signals,
a microscopic view analyzing system (Olympus BX51, Japan) was
used. Tissues showing membrane or cytoplasmic staining of any
cells were assessed as positive.

Statistical analysis. Statistical significance of the results of the
immunohistological studies was calculated by the Mann-Whitney
U test. Mean differences were considered to be significant when
p < 0.05.
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