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findings and our data imply that IL-17 and IL-27 may have opposite effects in various in vivo situations. The significance of our
findings might be relevant to other systemic inflammatory diseases
that involve TNF-a, including Crohn’s disease and ulcerative colitis; both IL-17 and IL-27 are expressed in the affected mucosa,
and many chemokines are suggested to be involved in the pathogenesis (17–19).
In conclusion, we found that IL-17 and IL-27 exert opposite
effects on the TNF-a-mediated chemokine production in human
keratinocytes. This result suggests that lesional levels of IL-17 and
IL-27 may be involved in the recruitment of neutrophils, dendritic
cells, monocytes, T cells or NK cells, thereby affecting inflammation in skin diseases. Although further studies using other cells are
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needed, the paired effects of these two cytokines might be relevant
to other TNF-a-mediated inflammatory diseases.
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Abstract: The promise of mesotherapy is maintenance and ⁄ or
recovery of a youthful skin with a firm, bright and moisturized
texture. Currently applied medications employ microinjections of
hyaluronic acid, vitamins, minerals and amino acids into the
superficial layer of the skin. However, the molecular and cellular
processes underlying mesotherapy are still elusive. Here we
analysed the effect of five distinct medication formulas on pivotal
parameters involved in skin ageing, that is collagen expression, cell
proliferation and morphological changes using normal human
skin fibroblast cultures in vitro. Whereas in the presence of
hyaluronic acid, NCTF135 and NCTF135HA, cell proliferation
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was comparable to control cultures; however, with higher
expression of collagen type-1, matrix metalloproteinase-1 and
tissue inhibitor of matrix metalloproteinase-1, addition of
Soluvit N and Meso-BK led to apoptosis and ⁄ or necrosis of
human fibroblasts. The data indicate that bioactive reagents
currently applied for skin rejuvenation elicit strikingly divergent
physiological processes in human skin fibroblast in vitro.
Key words: collagen type 1 – hyaluronic acid – mesotherapy – skin
rejuvenation
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Background
Mesotherapy is a minimally invasive technique consisting of multiple epi- or intradermal injections of nutrients, hormones, vitamins, enzymes and other reagents. The aim of mesotherapy in
skin rejuvenation is maintenance or restoration of healthy and
youthful texture of skin (1–9). However, optimal protocols to
achieve this goal, that is the quality of medication formulas and
the mode of their application as well as the proof of concept,
including long-term efficiency, are still lacking (10–12). Injection
of hyaluronic acid is thought to promote skin rejuvenation by
increasing both hydration and fibroblast activation (13–17). In
fact, hyaluronic acid injected into the skin can stimulate fibroblasts to express collagen type-1 (Col-1), matrix metalloproteinase-1 (MMP-1) and tissue inhibitor of matrix metalloproteinase-1
(TIMP-1) (18). Moreover, hyaluronic acid was shown to participate in wound healing, modulation of inflammatory cells, interaction with proteoglycans of the extracellular matrix, and scavenging
of free radicals (19). Another study suggests that dermal injections
of vitamins result in stimulation of collagen production in skin
cells (20). It is also known that various dermatologic cosmetic
procedures, such as carbon dioxide laser resurfacing, microdermabrasion and electric stimulation, can alter gene expression and
protein synthesis, leading to collagen production in human skin
fibroblasts (HSF) (21–26).

Questions addressed
To elucidate the cellular and molecular processes underlying mesotherapy, we have now analysed the in vitro effect of five medication
formulas presently used in cosmetic medicine, that is hyaluronic
acid, NCTF135 (Filgora, Paris, France), NCTF135HA (Filgora),
Soluvit N (Baxter, Unterschleissheim, Germany) and Meso-BK on
HSF cultures, by monitoring putative parameters of skin ageing
such as morphological changes, cell proliferation and expression of
Col-1, MMP-1 and TIMP-1.

Experimental design
In the light of the clinical practice, to employ undiluted formulations for intradermal injection for optimal results within some
days, the five bioactive medication formulas (Table SI) were added
to HSF isolated from a skin biopsy of a healthy donor at different
concentrations (15–80% v ⁄ v) in Eagle’s minimum essential medium supplemented with 10% foetal bovine serum and 1% glutamine for up to 11 days. Morphological changes of HSF as well as
their replicative potential were monitored. In addition, expression
Col-I, MMP-1 and TIMP-1 mRNA was analysed by PCR.

Results
When incubated in the presence of either hyaluronic acid or vitamin cocktails, such as NCTF135 or NCTF135HA, HSF retain
their typical elongated spindle shape (Fig. 1), with proliferation
rates similar to that of control cultures (Fig. S1). In addition, HSF
showed distinct mRNA expression patterns for MMP-1, TIMP-1,
Col-1 and beta-2-microglobulin (b2m) at 15 min, and up to 24 h
post inoculation (p.i.), when incubated with either hyaluronic
acid, NCTF135, NCTF135HA or medium (Fig. 2). Expression
of MMP-1, TIMP-1 and Col-1 was detectable for up to 11 days
p.i. (Fig. S2).
In contrast, treatment of HSF with vitamin solutions Soluvit
N and Meso-BK led to a significant reduction in their replication potential, accompanied by cell shrinking, the appearance of
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Figure 1. Phase-contrast microscopic pictures (100· magnification) of HSF
cultured in the presence of the following formulations: hyaluronic acid (50%),
NCTF135 (50%), NCTF135HA (50%), Soluvit N (15%) and Meso-BK (50%).

vacuole-like structures in the cytoplasm and finally pro-apoptotic and ⁄ or necrotic cell death (Fig. S1). Note the high numbers
of cell debris in the respective cell cultures (Fig. 1). In HSF
treated with Soluvit N, expression of MMP-1, Col-1 and b2m
was only observed at 15 min, 1 h and 4 h but not at 24 h,
whereas TIMP expression was seen at all time points, at least to
some extend. In the presence of Meso-BK, expression of MMP1, TIMP-1 and b2m in HSF was detectable at all time points
tested, whereas Col-1 was drastically reduced at 24 h (Fig. 2).
At day 8 p.i., expression of MMP-1, TIMP-1 and Col-1 was
undetectable in HSF cultures with either Soluvit N and MesoBK. Lastly, a comprehensive analysis of the pH of culture media
in the initial stage of 11 days of cultivation revealed normal pH
values of 7.0–7.5, independent on the addition of any of the
five formulations.

Discussion
It is generally assumed that many formulations used in mesotherapy
improve the appearance of skin by increasing the biosynthetic capacity of HSF. Here we show that hyaluronic acid alone or combined
with vitamin cocktails, for example NCTF135 and NCTF135HA,
maintain cell proliferation and induce enhanced mRNA expression
of Col-1, MMP-1 and TIMP-1 in HSF for at least 11 days in culture.
In contrast, the two vitamin formulations Soluvit N and Meso-BK
elicit pro-apoptotic processes and ⁄ or necrosis in HSF accompanied
by impaired gene expression. These data suggest that the putative
efficiency of the five formulations used in mesotherapy is achieved
via the induction of divergent processes in HSF.
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could thus be speculated that sensitization of HSF by hyaluronic
acid is elicited via interaction through various cellular receptors,
including CD44 (28). Moreover, the induction of collagen degradation by MMP-1 could be counteracted by the concomitant
expression of TIMP-1 allowing sustained Col-1 production.
Soluvit N and Meso-BK are considered to stimulate wound
repair-like mechanisms as previously shown for several dermatologic cosmetic procedures in vivo, for example microdermabrasion
(29). The early stages of wound repair are characterized by inflammation and dermal collagen degradation by MMPs, followed by
de novo synthesis of collagen (30). The present finding that Soluvit N and Meso-BK induce apoptosis and ⁄ or necrosis in HSF in
vitro support the notion that cytotoxic substances in general can
induce, indirectly, tissue reconstruction by mechanisms similar to
that observed in wound repair (31).
In conclusion, the present data demonstrate that distinct formulations currently used in mesotherapy induce strikingly divergent molecular and cellular processes in HSF in vitro. However,
more detailed studies are warranted to elucidate whether and how
the cellular and molecular processes by the five medication formulas in HSF in vitro, as described herein, are involved in facial skin
rejuvenation in vivo, and whether these processes are similarly efficient, independent of the age of the recipients.
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The data support and extend previous findings suggesting that
hyaluronic acid can induce Col-1 production in HSF (27). It
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Abstract: Lipo-PGE1 [EGLANDIN ; a lipid microsphere-

incorporated prostaglandin E1 (PGE1)] stimulates angiogenesis
and promotes the healing of skin ulcers. Because the effects of
Lipo-PGE1 on cutaneous wound healing are not completely
understood, we investigated the ability of Lipo-PGE1 to affect in
vivo wound healing and regulate the migration of human dermal
fibroblasts (HDFs). In a murine wound model, Lipo-PGE1
reduced the wound size compared with control mice. Lipo-PGE1
significantly increased HDF migration in a dose- and timedependent manner. Lipo-PGE1 markedly increased the expression
of CXC chemokine receptor 4 (CXCR4), which controls the
migration of HDFs, at the mRNA and protein levels. Small

Background
Human dermal fibroblasts (HDFs), one of the major cell types of
the skin, play an important role in cutaneous wound repair as well
as in the pathophysiology of fibrotic diseases (1,2). CXC chemokine receptor 4 (CXCR4, also known as the SDF-1 receptor) is a G
protein-coupled receptor (GPCR) involved in the migration of
keratinocytes and fibroblasts (3). GPCRs regulate the mitogenactivated protein kinase (MAPK) signalling pathways, which
control cell proliferation and apoptosis. One of the MAPKs, c-Jun
N-terminal kinase (JNK), is essential for inflammation and cell
migration (4–6). It has been reported that prostaglandin E1
(PGE1) promotes the healing of skin ulcers and wounds (7–10). A
recent study showed that PGE1 increased the migratory activity of
progenitor cells by enhancing CXCR4 expression (11). Additionally, it was shown that PGE2, an eicosanoid-like PGE1, enhances
the homing of hematopoietic stem cells (HSCs) through the
induction of CXCR4 (12). Lipo-PGE1 (EGLANDIN; Mitsubishi
Tanabe Pharma Corporation, Hwaseong, Gyeonggi, Korea) is a
lipid emulsion of PGE1, which is used as a vasodilator in the
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interfering RNA (siRNA)-mediated knockdown of CXCR4
inhibited Lipo-PGE1–enhanced HDF migration. Moreover, LipoPGE1 directly induced the phosphorylation of c-Jun N-terminal
kinase (JNK), and the JNK-specific inhibitor Sp6000125 blocked
Lipo-PGE1–enhanced migration and CXCR4 expression of HDFs.
Our results demonstrate that Lipo-PGE1 accelerates wound
healing in vivo and increases the CXCR4-mediated migration of
HDFs through the JNK pathway.
Key words: CXC chemokine receptor 4 – human dermal fibroblasts
(HDFs) – Lipo-PGE1 – migration – wound healing
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treatment of peripheral vascular diseases. Although it is clear that
PGE1 and PGE2 can affect the function of HSCs and progenitor
cells by upregulating CXCR4, the effect of Lipo-PGE1 on HDF
function and wound healing have yet to be determined.

Questions addressed
The role of Lipo-PGE1 in wound healing is still not completely
understood. Therefore, we investigated the ability of Lipo-PGE1 to
regulate HDF migration in vitro and to directly affect wound
repair in vivo.

Experimental design
For Data S1, see Supporting information.

Results
To evaluate whether Lipo-PGE1 could be beneficial in wound
repair, excisional wound healing experiments were performed in
BALB ⁄ c-nude mice because of the advantage of their absence of hair
and further application of pressure ulcer as chronic wound model
(13). Lipo-PGE1 treatment promoted wound healing, as shown in
Fig. 1(a). Specifically, wound closure was accelerated in the LipoPGE1–treated group compared to the control group (wound area in
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