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Mechanical stretch on Human skin equivalents with a new peptide scaffold

Tokuyama, Eijiro
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In this study, we tried to make human skin equivalents (HSEs) with a new peptide
scaffold. But it is very difficult to stretch the ones due to the low mechanical strenght. Thus we
changed the scaffold to collagen Type-1 gel, and have established a system that allows application of
stretch stimuli to HSEs. After 5-day stimulation with stretching, HSEs were analyzed histologically and
immunohistologically. Stretch-stimulated HSEs had a thicker epidermal layer and expressed significantly
greater levels of laminin 5 and collagen IV/VII compared with HSEs not subjected to stretch stimulation.
Transmission electron microscopy revealed that the structure of the basement membrane was more developed
in HSEs subjected to stretching.The system developed in this study enabled us to analyze the effect of a
stretch on the skin in a state similar to an in vivo systenm.
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Normal human dermal fibroblast (NB1RGB)
Riken Cell Bank (Tsukuba, Japan)

Normal human epidermal Kkeratinocyte
(NHEK) KURABO Industries (Osaka,
Japan) NBIRGB 10 FBS
MEM-a Wako Pure Chemical Industries,
Osaka, Japan 3-8

NHEK keratinocyte

growth medium HuMedia-KG2 (KURABO
Industries) 2-4
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Stretching chamber and stretch
device
(Above, left) Over and side view of the
chamber. (Above, right) Overhead view of
the stretch device. Yellow arrow shows the
stretching direction. (Below) Schema of
the chamber.
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scaffold

NBIRGB (1.0 x 105



cells/ml) 0.2%Type-1 collagen

Cellmatrix®; Nitta Gelatin, Osaka,
Japan 600 pl €02
37° C30
chamber 10 FBS MEM-a
37° C 5 C02 3
chamber MEM-a
HuMedia-KG2 3
NHEK (1.0 x 106 cellls/ml)
HuMedia-KG2 100 pl 5
NHEK
Humedia-KG2  chamber
24 chamber

MEM-a HuMedia-KG2 1:1

5% FBS 1.8mM Ca2+ 50pg/ml
ascorbic acid (3-D culture

medium) 48 3-D

culture medium

24

chamber
(STB-140; STREX, Osaka, Japan)
uniaxial
(Stretch rate 10%, Stretch and
return speed: 10%/sec, Hold time: 30 sec,
Waiting time before next stretch: 30 sec)
5 Stretched sample: ST
chamber
control
Non-stretch sample: NST

4
paraphormaldehyde
4.5 pm

eosin
Immunofluorescence (IF) staining
(Tissue-Teke
0.C.T. Compound; Sakura Finetek Japan,
Tokyo, Japan)

hematoxylin and

7 pm

primary antibodies: anti-type IV
collagen (ab6586; Abcam, Cambridge, UK)
anti-laminin 5  (abl102539;  Abcam),
anti-type VII collagen (NU-01-CO7; COSMO
BI0, Tokyo, Japan) incubate
Secondary antibody Alexa Fluor® 555
conjugated anti-rabbit 1gG  (A-21428;
Abcam) Alexa Fluor® 555 conjugated
anti-mouse 1gG (A-21427; Abcam)

Primary antibody Secondary

antibody incubate
negative control box type
fluorescence microscopy (FSX-100; Olympus,

Tokyo, Japan)

(TEM)

4 ° C overnight 2%
paraphormaldehyde containing 2%
glutalaldehyde 4° C 1

1% osmium tetroxide

Graded concentrations of ethanol (50 -
100%) Epon 812
(Oken Shoji, Tokyo, Japan)
ultramicrotome (EM UC6; Leica, Vienna,
Austria) (60-90 nm)

5% aqueous uranyl acetate and lead
citrate
(H-7650; Hitachi, Tokyo, Japan) 80 kv

mean values

+ SD NST ST mean value
Studen’ s t test p <0.05
ST NST
(
)
NST ST

Macroscopic view of the harvested
HSEs. (Left) Non-stretch sample. (Right)
Stretched sample. Stretched sample had a
thicker cuticle and reduced transparency
compared with the non-stretch sample.

H.E. dermal-epidermal junction
100pm 5
NST
8.50 + 1.83cells (mean £ SD, n=6)
ST 12.40 + 1.03cells (mean + SD,
n=28) (p < 0.001)
10
NST
27.2 = 5.94 ym (mean + SD, n=6)
ST 46.8+ 12.4 pm
(mean £ SD, n = 8)
(p <0.05)
HSEs
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Epidermal layer thickness (um)
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NST I ST NST ST
Histologic analysis of HSEs. (@)
Hematoxylin and eosin staining of the
non-stretch sample (b) and of the
stretched sample. Scale bar = 100 pm. (c
and d) The number of basal cells per 100
p m of a dermal-epidermal junction and the
thickness of the epidermal keratinized
layer showing a significant increase in
the ST group. **p < 0.01 and *p < 0.05.

laminin 5, collagen 1V/ VII

5
laminin 5
ST control basal value (NST: 1.00 +
0.30, mean = SD, n = 8) 1.45 +

0.09 times (mean + SD, n=10) (p<0.01),
Collagen 1V ST control basal value
(NST: 1.00 0.33, mean = SD, n = 10)
1.56 0.38times (mean = SD, n =
11) (p < 0.01) Collagen VII ST
control basal value (NST: 1.00 + 0.11,
mean £ SD, n = 6) 141 + 0.24
times (mean £ SD, n = 17) (p < 0.01)
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Laminin 5 Collagen IV Collagen VII
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Laminin 5 Collagen IV

Laminin 5 and collagen I1V/VII
expression  analysis of HSEs by
immunofluorescence staining. (a, b and c)
Non-stretch sample. (d, e and ) Stretched
sample. Scale bar = 500 pum (g
Fluorescence intensity of NST group was
taken as control and adjusted to the 1
value. Each histogram bar represents the
mean value of the normalized and adjusted
fluorescence  intensity. All  three
proteins of ST group were significantly
greater compared with NST group. **p <
0.01.
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TEM images of HSEs. (@) Non-stretch
sample. (b) Stretched sample. White arrow:
hemidesmosome. Black arrow: lamina densa.
Scale bar = 1 pym. (¢, d) In the ST group,
the length of lamina densa and the number
of hemidesmosomes per 100 pm of a
dermal-epidermal junction were
significantly greater than in the NST

group. **p < 0.01

1) Gauvin R. et al., (2011) Acta Biomater,
7(9), 3294-3301
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