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The effect of stretch stimuli on human skin equivalents

Hasegawa, Kenjiro
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Laminin 5, Collagen 1V/ VII
Lamina densa

In this study, we developed systems that enable application of stretch
stimuli to HSEs during formation. Consequently, we found that in the ST group, the epidermal layer
is thicker than NST group. Furthermore, synthesis of basement membrane proteins and deposition in
the basal layer are increased; therefore, a more developed basement membrane is formed. Further
research using this system may elucidate effects of stretching on skin properties and wound healing.

In addition, application to an in vitro model of a hypertrophic scar is also expected.
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in vitro 37
HSEs

Normal human dermal fibroblast (NB1RGB)
Riken Cell Bank (Tsukuba, Japan)

Normal human epidermal keratinocyte
(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

Stretching chamber (Fig.1)
HSE

Menicon, Aichi, Japan

1 mm 3
“ (gutter)”
1 20 mm x 10 mm length x width
2 20 mm x 4 mm length x

width
TSE3032; GE Toshiba Silicones, Tokyo,
Japan “ K
4 mm

YHS-R; SAKIGAKE-Semiconductor, Kyoto,
Japan 90

Fig. Stretching chamber and stretch
device

(left) Over and side view of the chamber.
(right) Overhead view of the stretch
device. Arrow shows the stretching
direction.

Human skin equivalents (HSES)

Chamber  NBIRGB (1.0 x 10° cells/ml)
0.2%Type-1 collagen
Cellmatrix®; Nitta Gelatin, Osaka,
Japan 600 nl Co,

37 30



chamber 10 FBS

37 5 Co, 3

chamber MEM-a
HuMedia-KG2 3

MEM-a

chamber
HuMedia-KG2 “ "
NHEK (1.0 x
10° cellls/ml) HuMedia-KG2 100
ul 5 NHEK
Humedia-KG2
24
chamber MEM- o
HuMedia-KG2 1:1 5% FBS
1.8 mM Ca* 50 ug / ml  ascorbic acid
(3-D culture medium)
48 3-D culture medium

chamber

24

HSEs
Chamber HSEs 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
1 3
chamber
HSEs  control
Non-stretch sample: NST

5 chamber HSEs
4 paraphormaldehyde
4.5 pm
hematoxylin and eosin
Immunofluorescence (IF) staining
HSEs (Tissue-Teke 0.C.T.
Compound; Sakura Finetek Japan, Tokyo,
Japan)
7 pm
primary antibodies: anti-type 1V
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)

Immunoblotting

HSEs 1 ml 1% protease inhibitor
cocktail (P2714; SIGMA-ALDRICH, St. Louis,
MO, USA) ice-cold TBS 1.5 ml
tube

4 , 6,000 x g (8,500 rpm) 5
1% protease

inhibitor lysis buffer (Pierce® RIPA

Buffer; Thermo  Fisher Scientific,

Rockford, IL, USA) 300 pl
cell lysate sonicator

(UX-050; MITSUI ELECTRIC, Chiba, Japan)
35 sonicate 4 , 18,500 x
g (15,000 rpm) 30
tube protein
assay kit (Pierce® BCA Protein Assay Kit;
Thermo Fisher Scientific) microplate
spectrophotometer (Multiskan™ GO; Thermo
Fisher Scientific)
10 pg/lane 7.5%
Tris-HCI SDS polyacrylamide gel
(Mini-PROTEAN® TGX™ Precast Gels; BI0-RAD
Laboratories, Hercules, CA, USA)
PVDF membrane (Trans-Blot® Turbo™
Mini PVDF Transfer Packs; BIO-RAD)
transfer membrane 5% skimmed
milk in TBS containing 0.05% Tween20
(TBS-T) primary
antibodies: anti-type IV  collagen
(ab6586; Abcam) anti-laminin5 (ab102539;
Abcam) anti-type VIl collagen (ab6312;
Abcam) incubate Secondary antibody
HRP-conjugated anti-rabbit 1gG
(sc-2004; Santa Cruz Biotechnology,
Monterey Bay, CA, USA) HRP-conjugated
anti-mouse 1IgG (sc-2005; Santa Cruz
Biotechnology)
chemiluminescence substrate (Luminata
Forte Western HRP Substrate; Millipore,
Bedford, MA, USA) western
blotting imager (C-DiGit™ Blot Scanner;
LI-COR, Lincoln, NE, USA)

™

(TEM)
HSEs 2% paraphormaldehyde containing
2% glutalaldehyde 4 1

1% osmium tetroxide
Graded concentrations of ethanol

100%)

(Oken Shoji, Tokyo, Japan)
ultramicrotome (EM UC6; Leica, Vienna,

Austria) (60-90 nm)
5% aqueous uranyl acetate and lead

(50 -
Epon 812

citrate transmission electron
microscopy (H-7650; Hitachi, Tokyo,
Japan) 80 kv
Static analysis
HSEs microscopical analysis
Immunoblotting assay mean
values £ SD NST ST



mean value Mann Whitney U test

p < 0.05
ST NST
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)
involucrin
HSEs
(Fig. 2)
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Fig. 2 Histologic analysis of HSEs. (A)
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
py 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. (E
and F) The expression of involurin was
significantly increased in the ST group.
Dotted lines indicate basement membrane.
Scale bar = 100pm.

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)

(Fig. 3)
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Fig. 3 Laminin 5 and collagen 1V/VII
expression  analysis of HSEs by
immunofluorescence staining. (A,B and C)
Non-stretch sample. (D, E and F) Stretched
sample. Scale bar = 500 pm.  (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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immunoblotting HSEs 1
laminin5 ST
control basal value (NST: 1.00 + 0.10,
mean + SD, n = 11) 1.22 + 0.12
times (mean £ SD, n = 11) (p < 0.0001),
Collagen 1V ST control
basal value (NST: 1.00 + 0.07, mean *
SD, n=11) 1.78 + 0.48 times (mean
+ SD, n=11) (p < 0.0001) Collagen VIl
ST control basal value
(NST: 1.00 + 0.24, mean + SD, n = 11)
2.00 + 0.67 times (mean + SD,
n=11) (p < 0.0001)

(Fig. 4)



HSEs

Laminin 5 Collagen IV Collagen VII
laoma—- . 200kDa =" - 250kDa—= -
NST ST NST ST NST ST
3 Laminin 5 3 Collagen IV 3 Collagen \:,l.l
% 2 2 T 2
31 1 1
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Fig.4) Semiquanatiative analysis of
Laminin 5 and collagen IV/VIl1 by
immunoblotting. The amounts of these

proteins in a sheet of HSEs significantly
increased in the ST group compared with NST
group. Error bars = SD, **p < 0.01.
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Fig. 5 TEM images of HSEs. (A) Non-stretch
sample. (B) Stretched sample. White arrow:
hemidesmosome. Black arrow: lamina densa.
Scale bar = 1 pm. (C, D) In the ST group,
the length of lamina densa and the number
of hemidesmosomes per 100 p m of a dermal
- epidermal junction were significantly
greater than in the NST group. **p < 0.01
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