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Interactive Roles of Activin A in Epidermal Regeneration
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Dear Editor:

Recently, various stem cell lines have been widely used in
tissue engineering. Among them, the mesenchymal stem
cell (MSC) has been reported to stimulate wound healing.
In particular, the bone marrow mesenchymal stem cell
(BMSC) migrates directly towards a wound, differentiates
into various cells and provides a favorable environment
where other cells can regenerate quickly'. The adi-
pose-derived stem cell (ADSC) is another line that has fea-
tures of the MSC. Although these two types of MSCs have
great potential for treating wounds, few studies have in-
vestigated how they function in skin regeneration.

Activin A, a homodimer of two inhibin S A subunits
linked by a disulfide bond, is a cytokine produced by vari-
ous cell types including stem cells”. It participates in regu-
lation of stem cell maintenance’, and also plays an im-
portant role in the wound healing process®. Because the
mesenchymal-epithelial interaction is a critical process for
tissue regeneration, we focused on activin A as an im-
portant factor of dermal-epidermal interaction.

Recent studies have revealed that the epithelialization
process of living skin equivalent (LSE) was similar to that
occurring during the re-epithelialization process after
wounding’. Therefore, in our study, we compared three
different LSE models that were cultured with ADSC,
BMSC, and fibroblast. This study was approved by Seoul
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Fig. 1. Effects of the stem cells in the living skin equivalents
(LSE) reconstruction. Sections of LSE were stained for H&E (A,
B, and C), activin A (D, E, and F), integrin 81 (G, H and I;
white arrows indicating basement membrane), PCNA (J, K, and
L; yellow arrows indicating basal keratinocytes), and p63 (M
N and O; yellow arrows indicating basal keratinocytes). Original
magnification: x400 in (A~C) and x200 in (D~O). Fb: fibro-
blast, ADSC: adipose-derived stem cell, BMSC: bone marrow
mesenchymal stem, PCNA: proliferating cell nuclear antigen.
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National University Bundang Hospital Institutional Review
Board (IRB no. 1305/202-004 and 1207/164-003).

Three different LSE models (fibroblast-based LSE, BMSC-
based LSE, and ADSC-based LSE) were reconstructed ac-
cording to the methods described previously®. For re-
construction of the LSE models; ADSC, BMSC, and fibro-
blast were added as dermal cells to prepare the dermal
substitutes. After gelling of the dermal substitutes, the ker-
atinocytes were seeded. Human keratinocytes and dermal
fibroblasts then were isolated from foreskins obtained dur-
ing child circumcision, and human BMSCs (PT-2501) and
ADSCs (PT-5006) were purchased from Lonza, Inc.,
Walkersville, MD, USA.

To analyze the LSE, sections were stained with hematox-
ylin and eosin. The level of activin A (sc-166503; Santa
Cruz Biotechnology, Santa Cruz, CA, USA) expression
was evaluated by immunofluorescence and integrin 51
(sc-6622; Santa Cruz Biotechnology) was stained to identi-
fy the basement membrane. Proliferating cell nuclear anti-
gen (PCNA, sc-7907; Santa Cruz Biotechnology) and p63
(sc-8431; Santa Cruz Biotechnology) were stained to eval-
uate epidermal proliferation status. For the analysis, three
non-overlapping areas were digitally captured using the
same magnification, illumination and exposure time. To
quantify the level of protein expression, we analyzed the
signal intensity using Image Pro-Plus 6.0 (MediaCybernetics
Inc., Rockville, MD, USA). Finally, mRNA sequencing was
used to elucidate gene expression. A more than fourfold
ratio was considered a significant difference in gene
expression.

Histologically, epidermal stratification was present in all
of the LSE models. Interestingly, we observed that
MSC-based LSEs showed more cuboidal shaped keratino-
cytes along the basal layer of the LSE (Fig. TA~C). When
comparing the level of expression by image analysis, the
difference of the means of signal intensity among the LSE
models were statistically significant for all proteins (Table
1). Activin A was strongly expressed in the epidermis and

dermis of the MSC-based LSEs (Fig. 1E, F) compared to fi-
broblast-based LSEs (Fig. 1D). In addition, MSC-based LSEs
showed stronger integrin 81 expressions with a thick
basement membrane compared to the fibroblast-based
LSEs (Fig. 1G~1). These features were especially prom-
inent in the ADSC-based LSE. The pattern of PCNA and
p63 expression were very interesting in that both were
low in the fibroblast-based LSE. However, the opposite
pattern of expression was observed in the remaining two
types of LSEs (Fig. 1)~ Q). In the ADSC-based LSE, most of
basal cells were positive for p63 but not PCNA. Most of
basal cells, however, were negative for p63 but were pos-
itive for PCNA in the BMSC-based LSEs. Previously we re-
ported similar patterns of PCNA and p63 expression in the
ADSC-based LSE and hypothesized that these cells may
not be in the state of proliferation although the potential of
proliferation was maintained’. Our new results replicated
the results from previous independent experiments sug-
gesting that the ADSC has regulatory effects on stem cell
characteristics of basal keratinocytes. Furthermore, by pro-
viding an optimal niche intra-cellular environment, strong
expression of integrin £ 1 was highly correlated with
number of p63 cells. On the other hand, the BMSC-based
LSE showed a completely different pattern that suggests al-
most all basal cells were in the state of proliferation.
Among the three models, the BMSC-based model showed
the thickest epidermis and highest number of PCNA pos-
itive cells that was consistent with the histological
features. Different functional roles suggest these cells
could be used in clinical application.

To analyze the expression of these cells, mRNA sequenc-
ing revealed that the inhibin A A gene was up-regulated
(10.7-fold increase for BMSC and 8.5-fold increase for
ADSC) but other genes in the activin subunits were not
differentially expressed compared to fibroblasts. Kyoto
Encyclopedia of Genes and Genomes pathway analysis al-
so revealed that the gene activin A was the only up-regu-
lated gene among the other activin subunits.

Table 1. Comparison of the level of protein expression by image analysis

Signal intensity

Protein p-value Main location
Fb-based LSE ADSC-based LSE BMSC-based LSE
Activin A 26.7+12.9 137.5+35.4 112.8+33.9 0.002 E
Activin A 2.742.0 16.8+6.7 20.9+8.1 0.006 D
Integrin A1 31.0+10.2 128.0+45.6 70.8+28.9 0.002 BM
PCNA 16.7+7.6 N/D 43.94+12.2 0.000 BL
p63 5.1+3.2 35.6+10.1 N/D 0.000 BL

Values are presented as mean + standard deviation. The Kruskal-Wallis test was used to compare the signal intensity among the three
LSE models. Fb: fibroblast, LSE: living skin equivalent, ADSC: adipose-derived stem cell, BMSC: bone marrow mesenchymal stem,
PCNA: proliferating cell nuclear antigen, E: epidermis, D: dermis, BM: basement membrane, BL: basal layer, N/D: not detected.
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In the study, we used LSE models to investigate the effects
of MSCs during skin regeneration. The results showed that
epidermal proliferation and basement membrane for-
mation were improved by the presence of these cells. This
improvement can be explained by the paracrine effects of
stem cells and their derivatives to secrete various factors
including antioxidant mediators and cytokines®. Among
them, we postulated that activin A could be an important
factor in the wound healing process. In a mouse model,
activin A promoted healthy granular tissue formation, re-
generated epidermal keratinocytes, and influenced kerati-
nocyte migration®. In hair follicles, this pathway is also re-
lated to the hair regeneration cycle’. Previous reports and
our findings suggest that activin A serves an important
function for maintaining homeostasis of skin tissue.

Activin A is mainly produced in keratinocytes and the
MSC'®, and we also verified that activin A was largely ex-
pressed in both epidermal and dermal layers of the LSE. It
seems that activin A produced from the MSCs in the der-
mis affects the basal keratinocytes through paracrine ef-
fects, and contributes to epidermal proliferation and kera-
tinocyte migration.

In summary, it was concluded that activin A may have an
important role in wound healing as a mediator in der-
mal-epidermal interaction.
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