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Background: Acne is a chronic inflammatory disorder of the pilosebaceous unit
(PSU). The PSU is an immunocompetent organ, and the sebaceous gland (SG)
exhibits an independent peripheral endocrine function and expresses receptors
for neuropeptides (NP). The presence of a complete corticotrophin—releasing
hormone (CRH)/CRH receptor (CRHR) system in human sebocytes has also
been confirmed. The capability of hypothalamic CRH to induce lipid synthesis,
steroidogenesis and to interact with testosterone and growth hormone impli-
cates a possibility of CRH involvement in the clinical development of acne. The
purpose of this study was to make cartography of CRH expression in acne,
especially in SG in comparison with physiologically normal non-acne-prone
skin and skin from persons without acne and to identify a possible CRH
involvement in acne pathogenesis.

Materials and Methods: 33 patients with acne and 8 age-matched volun-
teers without acne participated in the study. Skin biopsies were obtained from
the acne-involved face, non-involved thigh skin of the same patients with acne
and from normal human skin. Expression of CRH was analyzed by immuno-
histochemistry.

Results: A very strong positive reaction to CRH was observed in all types
of SG cells in acne skin. All control and normal skin SGs demonstrated a weaker
staining depending on the differentiation stage of SG cells.

Conclusions: CRH is abundant in acne-involved SG and possibly through
the CRH-Rs activated pathway can affect immune and inflammatory processes
leading to the development and stress-induced exacerbation of acne.
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INTRODUCTION

also scientifically proved (1). Like the still unknown
pathogenesis of acne, also the mechanism of spontaneous

The major type of acne, acne vulgaris, is a chronic
inflammatory skin disorder of the PSU. Sebaceous hyper-
plasia and increased sebum production, follicular hyper-
keratinization that plugs the follicle and induces micro-
comedo formation, colonization of Propionibacterium
acnes (P. acnes) and perifollicular inflammation are the
well-known characteristics of acne. The role of androgen
metabolism in SGs function and acne development is
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comedo formation is yet unclear. Although the major
mechanism involved is inflammation, it is still unclear
whether bacteria or their products initiate follicular inflam-
mation. P. acnes is found both in acne and normal PSU,
and, despite initial proposals, free fatty acids in sebum
are also unlikely to be bacterial products (2). The nature
of the relation between acne and psychical stress remains
to be elucidated, too.

In recent years, a dynamic interaction between the
nervous, immune and endocrine systems is receiving
increasing attention. This communication linked by neuro-
peptides (NP), hormones and cytokines is essential for
biological homeostasis and responses to external and
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internal challenges (3). Activation of the hypothalamic—
pituitary—adrenal (HPA) axis is the main adaptive response
to chronic systemic stress. This process involves
production and release of CRH, followed by production
and secretion of the anterior pituitary-derived proopio-
melanocortin (POMC) peptides. Adrenocorticotropic
hormone (ACTH) induces production and secretion of the
powerful anti-inflammatory factor cortisol, which termi-
nates the stress response and buffers tissue damage (4).

NP genes have been detected not only in the central
and peripheral nervous systems but also in most peripheral
tissues, including skin (5). Participation of NP in response
to cutaneous stress and imbalances in the skin stress
response system or functional dysregulation of NP is
clinically associated with a number of pathologic cutaneous
conditions (3, 6, 7). The SG is the organ conferring the
skin an independent peripheral endocrine function and,
together with sweat glands, accounts for the vast majority
of androgen metabolism in skin (6). The PSU is an immuno-
competent organ (8) and also seems to be involved
in responses to stress. Facial skin of acne patients is
characterized by rich innervation, by increased numbers
of substance P-containing nerves and mast cells, and by
a strong expression of neutral endopeptidase in SG
compared with normal skin (9). SGs express receptors for
B-endorphin, CRH, urocortin, proopiomelanocortins
(POMC), vasoactive intestinal polypeptide (VIP), neuro-
peptide Y (NPY), calcitonin gene-related peptide (CGRP)
(7, 9, 10). The presence of a complete CRH/CRH-receptor
system in human sebocytes has also been confirmed (7).

The CRH, a 41-amino acid polypeptide, its binding
protein (CRH-BP) and receptors (CRH-R) act as a central
regulatory system of the HPA axis (10). CRH is an
important autocrine hormone in this cell type with a
homeostatic pro-differentiation activity. Independently of
the HPA axis, it directly induces lipid synthesis and
steroidogenesis. Testosterone and growth hormone (GH),
which also enhance sebaceous lipid synthesis, were found
to antagonize CRH activity and expression of its receptors.
These findings implicate involvement of CRH in the
clinical development of acne, seborrhea and any other
skin disease associated with alterations in the formation
of sebaceous lipids (7).

In light of the confirmed facts as outlined above, we
set out to explore the expression of CRH in lesional skin
from patients with acne vulgaris. The purpose of the
current study was to detect changes of the key neuro-
peptide CRH expression in acne lesions vs normal skin,
especially in the SG based on the immunohistochemistry,
and to identify a possible CRH involvement in acne
pathogenesis.

MATERIALS AND METHODS

Patients and healthy controls. 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 Clinics of the “Segkinés Polik-
linika” and the Centre of Dermatovenerology (Santariskiy
klinikos Hospital, Vilnius, Lithuania), as well as from
seven age-matched healthy individuals undergoing routine
plastic or post-traumatic surgery. Acne patients did not
receive topical treatment for 2 weeks or systemic treat-
ment for 1 month prior to biopsy. Written informed consent
was obtained from all subjects enrolled in this study,
which was conducted according to the ethical standards
of the Lithuanian Bioethics Committee for studies
involving human subjects (authorization # 78, protocol
# 1, version # 1).

Materials. Primary antibody to CRH was from Santa
Cruz Biotechnology Inc., Santa Cruz, CA (CRF (C-20) —
goat polyclonal IgG). Secondary rabbit/anti-goat immuno-
globulins biotin, the antibody diluent, the alkaline
phosphatase anti-alkaline phosphatase complex, the
streptavidine enzyme conjugate and the diaminobenzidine
tetrachloride reagent (En-Vision System Kit) were from
Dako (Hamburg, Germany). Other supplements and reagents
were from Biochrom (Berlin, Germany) and Sigma (Deisen-
hofen, Germany).

Immunohistochemistry. After deparaffinization the
tissue specimens were incubated with diluted 1:50 primary
antibodies in a humidified chamber for 30 min at room
temperature without retrieval procedure. The optimal
concentration of both the primary and secondary anti-
bodies was predetermined by a titration assay. The
negative controls consisted of tissues incubated with
Antibody Diluent instead of the primary antiserum. Sub-
sequently the specimens were incubated with a
biotynilated secondary antibody (diluted 1-500) for 15 min
and then with a streptavidine enzyme conjugate for
10 min. Finally, the specimens reacted with a Fuchsin
Substrate—Chromogen System for 5-10 min 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 BXS51, Japan) was used.
Tissues showing membrane or cytoplasmic staining of
any cells were assessed as positive.

Statistical analysis

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

RESULTS

There were many differences between intensity of anti-
body staining inside skin organoids including SG compar-
ing acne, control and normal skin samples (Fig. 1). Immu-
nohistochemical analysis of acne skin biopsies revealed
an intensive expression of the CRH gene in cutaneous
adnexa, especially in SG. Very strong positive reaction for
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Fig. 1. Semiquantitative expression of IHC signals of the CRH
gene in the sebaceous gland of acne-involved and acne-uninvolved
skin of acne patients and in healthy controls (scale of 0 to 3:
0, negative; 0.5, barely discernible; 1, moderate intensive;
2, strong staining; 3, very strong uniform immunostaining)

CRH was observed in all types of sebocytes — basal,
differentiating and mature cells in acne skin. These struc-
tures were the most intense stained structures together
with nerves bundles in acne skin samples. Even in
apoptotic sebocytes, keratinocytes and epithelium of SG
strong positivity for this antibody was observed. Sweat
glands and hair follicles demonstrated less intense than
SG but sufficiently strong staining for CRH, too. Rather
distinct immunostaining was noted in all layers of the
epidermis, except the basal membrane and corneal layer
that reveal no reactivity for CRH (Figs. 2, 3).

In contrast to the acne skin samples, in all the control
and normal skin structures a weak intensity of CRH

Fig. 2. Localization of ITHC signals of the CRH gene in acne
skin. Intensive expression of the CRH gene in cutaneous adnexa,
especially in sebaceous glands. THC. Mayer’s hematoxylin.
x 400

Fig. 3. Localization of IHC signals of the CRH gene in

sebaceous gland of acne skin. Very strong positive reaction for
CRH in all types of sebocytes — basal, differentiating and
mature cells, and in nerve bundles. IHC. Mayer’s hematoxylin.
x 400
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expression was rather significant. The staining within
SGs was dependent on the sebocyte differentiating stage.
While most of basal and differentiating sebocytes still
demonstrated a strong immunoreaction to the CRH gene,
mature sebocytes, epithelium and ductal keratinocytes
showed only a weak staining and apoptotic sebocytes
demonstrated barely discernible staining (Fig. 1). All
layers of the epidermis showed a homogeneous weak
expression of this antibody, except the basal membrane
and stratum corneum where no staining was detected
(Fig. 4A, 4B). Most of sweat glands underwent a weak
and nerve bundles a strong immunoreaction. Only in the
staining of hair follicles negligible differences were noted
(not shown).

Fig. 4. Localization of IHC signals of the CRH gene in acne-unin-
volved skin of acne patients (A) and in healthy controls (B).
Significant weaker immunoreaction of sebaceous gland dependent
upon sebocyte differentiation stage in control acne-uninvolved
skin of acne patients and in normal skin. IHC. Mayer’s
hematoxylin. x 400

DISCUSSION

In light of the confirmed presence of a complete
CRH/CRH-R system in human sebocytes in vitro (7) and
the potent immunomodulatory actions of these NPs (10, 11),
our data, for the first time, suggest that the CRH is
involved in the pathogenesis of this inflammatory skin
disorder. Data from different experimental models have
verified that CRH influences steroidogenesis indepen-
dently of the HPA axis. It directly induces lipid synthesis

and enhances mRNA expression of A5-3f3-hydroxysteroid
dehydrogenase, the enzyme that converts dehydro-
epiandrosterone to testosterone in human sebocytes (12).
Testosterone and the growth hormone (GH), which also
enhance sebaceous lipid synthesis (13), were found to
antagonize CRH by downregulating or modifying CRH-R
expression, respectively. Immunohistochemical analysis
of CRH in acne skin in comparison with control, non-
involved skin of acne patients and normal skin in the
current study has demonstrated that CRH is widely spread
throughout the skin. Nevertheless, we found significant
diversities and differences between the intensity of anti-
body staining inside various skin structures comparing
acne, non-involved and normal skin samples that indi-
cate participation of the CRH in the pathogenesis of
acne. The results of our study showed a very strong
positive reaction for CRH in all types of sebocytes. In
contrast to the acne skin, SGs of all non-involved and
normal skin demonstrated a weaker immunoreaction which
was dependent upon the sebocyte differentiation stage.
These findings are also important, because CRH activity
in skin has been shown to depend on the cellular target.
CRH can modify the vascular reaction, act as a local
growth factor, or induce cell differentiation. CRH (exog-
enous and produced locally) can modify the human
keratinocyte phenotype through a receptor-mediated
pathway (14).

Many data confirmed the ability of CRH to modulate
inflammation when secreted in inflammatory sites. Its
direct paracrine effects are pro-inflammatory (15). In CNS,
cytokines regulate CRH expression; tumor necrosis
factor (TNF), interleukin-1 (IL-1), and IL-6 stimulate CRH
secretion. IL-1, IL-1ca, IL-1p and TNF-o are present at
multiple sites in normal skin, including the SGs (16). The
detected strong expression of CRH in inflammatory lesions
versus normal skin also proposed that pro-inflammatory
cytokines stimulate CRH expression in the epidermis (11).
However, a stronger expression of CRH in the acne SG
and other skin organoids compared with control and
normal skin in our study also suggests that CRH may
interact with inflammatory mediators and immune factors
in acne. This correlation becomes especially evident taking
into account that PSU is both an immunocompetent organ
and an organ involved in responses to stress, and free
fatty acid cascade with metabolites that are critical for
numerous biologic processes, including inflammation and
immunologic function, also have a special role in acne
pathogenesis (17).

In conclusion, the above—mentioned facts and the
results of the present investigation provide a novel
evidence that CRH, the most proximal element of the
HPA axis, which acts as a central coordinator for neuro-
endocrine and behavioral responses to stress, can affect
immune and inflammatory processes and underlies the
development and stress-induced exacerbation of acne.
Therefore, it is likely that peptidergic systems may be
targets for novel therapeutic strategies of acne vulgaris.
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NAUJI ACNE VULGARIS PATOGENEZES ASPEKTAI

Santrauka

Paprastieji spuogai — acne vulgaris — tai 1étinis uzdegiminis
odos plauko folikulo ir riebalinés liaukos komplekso (PRK) su-
sirgimas. PRK — tai imunokompetentiné odos struktiira, o rie-
baliné liauka (RL) pasizymi nepriklausomomis periferinémis en-
dokrininémis funkcijomis ir rySkiais neuropeptidy receptoriais.
Siuo metu jau moksliskai patvirtinta, kad mogaus sebocituo-
se funkcionuoja visaverté kortikotroping iSlaisvinané¢io hormo-
no ir jo receptoriy sistema (KIH/KIH-R). Hipotaliamo KIH
sugebéjimas indukuoti lipidy sintezg, steroidy genezg ir savei-
kauti su testosteronu bei augimo hormonu leidzia daryti i§va-
da, kad KIH gali dalyvauti atsirandant acne klinikai. Sios
mokslinés studijos tikslas buvo atlikti KIH raiskos odoje,
ypa¢ RL, kartografini vaizda, palyginti acne pazeista veido
oda, acne nepazeista ty paciy pacienty su paprastaisiais spuo-
gais oda bei sveiky zmoniy, neserganéiy acne vulgaris, oda ir
nustatyti galima KIH dalyvavima Sios ligos patogenezéje.

MedZiagos ir metodai. Studijoje dalyvavo 33 pacientai,
sergantys acne vulgaris, bei 8 panasaus amziaus sveiki sava-
noriai. Odos biopsijos buvo paimtos i§ acne pazeistos veido
odos, acne nepazeistos ty paciy pacienty Slaunies odos (kon-
troliné¢) bei normalios zmogaus odos. KIH raiska odoje buvo
tyrinéjama imunohistochemijos buidu.

Rezultatai. Acne pazeistos odos visose RL lastelése pastebéta
labai stipri teigiama imuniné reakcija. Kontrolinés bei normalios
odos pavyzdziai imunohistochemiskai nusidazé daug silpniau, o
jo intensyvumas priklausé nuo sebocity diferenciacijos laipsnio.

ISvados. Acne pazeistos odos riebalinéje liaukoje gausu
KIH, kuris, tikétina, per KIH receptoriu aktyvuota kelig suge-
ba paveikti imuninius ir uzdegiminius procesus, todél atsiranda
paprastieji spuogai ar patiméja §i 1étiné odos liga.



