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ABSTRACT

Purpose : To evaluate cultured human artificial skin as an experimental model for studying radiation effects in vitro.
Materials and Methods : The skin was constructed by culturing keratinocytes over collagen lattice which made by
culturing fibroblasts. Two groups were irradiated to gamma rays at single dose of 25 Gy with or without 3.5% of
DMSO. Ultrastructures were investigated by electron microscopy after irradiation. The number of epidermal layers
and expression of cytokeratin (CK) 14 & 10 were also seem by light microscopy.

Results : At 2 days after irradiation in experimental group without DMSO, necrotic cells were rarely found in the
spinosal layer and undercornified cells were visible in the horney layer. Similar findings were also found in
experimental group with DMSO but in mild form. The number of epidermal layers in experimental group without
DMSO were significantly fewer than other group. CK 14 expressed in all the layer excluding horney layer but CK
10 expressed over 3~ 4 basal layers. Such patterns of CK expression were similar to all groups. It is suggested that
structures of the keratinocytes and epidermal formation could be disturbed by irradiation in artificial skin and that
DMSO can protect these damages.

Conclusion : Therefore this work could be used as an organotypic experimental model in vitro using human cells
for studying radiation effect in skin. Furthermore structural findings provided in this study could be used as useful
basic data in further study using this model. (Korean J Oral Maxillofac Radiol 2002; 32 : 11-8)
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1. Ml ZHj

TAre T HS SARAE Ashed AL A7
¥ Dulbeco’s modified eagle media (DMEM. Gibco, USA)°1]
Yol Ao Az Az Susich FEAeely 3
B2 347} 277 phosphate buffered saline (PBS).2.
<2 | AH F IRgd 2AE £ed 7R s
z72+& Jo]A] dispase (Sigma, USA)E DMEMe]| 2.5
mg/ml FE2 3 &Yl 4°Col A ap5t A2kl of

o Flre sl AL o|gs] Az RE msg v
2)3kadnt. o] & 37°C trypsin (Gibco, USA) 8ol Yol 15
B ol Helsled st xzs 2elsldc N2E =3
g fllef], soybeam (Gibco, USA)S PBSo] 0.25 mg/ml &

F«?

=2l §4L trypsin §N 3 F3F AH7isted typsing
2445 FAAZ F AAE2] R A S0g2 1087
AR siode AR F ARG S W Y A=

o keratinocyte serum free media (Gibco, USA)E #7}3}o]
vl oFg7)oll wrel 37°C 5% CO,ulek7)o) A wiekaledct. o
2 Azrt A Aduifstel 283 A2rt 2=
S Qg Aol Aase

Aemazel vjeke eAAANA Ra)g) sjral zx)
& Z7 A=} fetal bovine serum (FBS. Gibco, USA)E 10%
= H7he DMEM o] o} COpl7IolA whokstal
9. AfeAzrt Aoz RE At Yo 2A4E AA
53 Al ket 2 AgdAe 5-6AWe] AREA
EE AHgstsln

2. o1Z2I| 8 M=t

33 m=zRE F53 YL 0.1% YAk %4
collagen €4 12mlel] 2u] 23t DMEM £ 8ml, FBS
24mlE % 0.1MNaOHZ pHE =43 & 2x

10%ml =2 AS{2AZE 2517 DMEM &9 1 ml&
A 7}sled 6 well platee]] welivd 3 ml¥ RF3}giot.

COliF7)oll A 1AI1ZE vioF & 13]3)8 collagenZ A&
FBS7} 10%2 #3715l DMEM 4o =2 ujcksigde) 4~5
o & ol AX collagen AR/} 53w uwjokA-E& AA
St3 7 glel 2% 107/ml 28] ZASN L2 S0y B
shd}. 1A 7HEqE COialrlell Yol AAsilzs &
AN F s Rl AR 37t wiokstg el ol =) ul
okl A= DMEM# F-12(Gibco, USA)E 1:1 10188 23§
332 oJ7)e 5pug/ml2] insulin (Sigma, USA), 0.5 nug/mi2]
hydrocortisone (Sigma, USA), 72| 37 adenine (Sigma, USA)
€ 18%x10* M2 AH7}slgl o™ antimycotic-antibiotics
(Gibco, USAYE 1%=,FBSE 10%= Hr}sled ALR-5g]
o}.

39 & QlZI|XRZ stainless mesh 9Jof] 32 & t}A]
stainless AAtare) o] Ggiet. 71E2) wiokd & A AS S
s pejopel BE A3 B9w 7= Wrhshe] wAAE
B0 wFHET eick olu ALgT 3ol
g ofel] Al S5k} DMEM= F-12¢] w]&3k 3:12
23T Wl Algshic.

DMSOXE| & A TAL

APFoarx vl FARA] wjfde] DMSO (Sigma,
USA)E #7}8t DMSOAE#, DMSOE #7ishz] o o
AR E, 28 dEEos gk 2sk
o xZFAF|T 3¢ F DMSOA P Fel:= 3.5% DMSOZ
3% W3ujoke B2, QAP T T DMSOZ Z3)
A ke Spalgke Bz m@sielh 208 & “Coyile
1.67 Gy/min®] Ad&o=2 1587kl AA 25Gy A
J 2ol DMSOE Z3sha] @2 wjiujopel B2 wal
F oA 24 ST Ageln the zae 4R

= ;31_7]
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Zre] dlRct HIAMA ZA} 108 & DMSO7} A7hE=] o
2 y|Rujokl Bz 308 Aoz 23] mi wlokste
DMSOE AAslde}. o] %= &Ho] F7ld x3H=S
3}o] 29ulc}t ¥ Bufokel B2 w@3PHA] wloksisit.

F 247,29, 59 F oo $4 AE

].
o 2EE AR WPF

e

£ A S| B.2 PBSZ A
A3} t}-& 4% paraformaldehyde 2. 4°Colt At 2417k F<F 22
Astgda YEAAZIZ 4um FA AL A
dutd Ao g2 EAAMe] Bl o2 Hematoxylin-Eosin &
A sheiot.

Cytokeratin H g A 7} 2] & g3 71-1;]-_ ZATRE 5

2 Zo Yol JyEmAES NS £ 1.5% normal goat
serum3} 0.25% bovine serum albuming £33 Lo
2087} blocking Al 1218141 A F A Aakd wdd
Z24 A =2 anti-human cytokeratin 10 (Bio genex,
USA)#} anti-human cytokertin 14 (Novocastra, UK)S 27}
20:1 9 40:12 3M3le] AeA 127k Fb A2l
ot N)E 3 2x}8)4 9l FITC conjugate goat anti-mouse IgG
(Sigma, USA)E 1:1000.2 3|4ste] AlLe|A] 147} ¥
<A Z}. Propidium iodide® &% Wz G 3ste] 333
Boz fAdT

5. £3 AAB0IY E2AT

AR Z2AF F 24178 24,59 F owljoF Sl IR
£ Aol 2EE AT Wik FQ I
M2 & & 4% paraformaldehyde 2 308-7F 123 stgv). 1
A7} & 2.5% glutaraldehyde2 2A) 7 A 514 % o}-2- PBS
2 A#skela 1% osmium tetroxideZ 2417y F 1A 514
t}. 70, 80, 90, 95, 100%2] 413 % %9 cthanol2 w3}t
A& 7|13 % propylen oxideZ *]2+3}$3c}. Epon 812 (Poly
Science, USA) N ZEA] £2]o) AEAZ] & 60°Coll A 604
7+ 2ot ARG 289 blocke. = 80nm F7 HH
< A)2F3}ed uranyl acetate#} lead citrate 2 202 % 10£4
o} 93 A sled H-7000B (Hitachi, Japan) £} A8 w7 o
2 st

St} Azt W= b A TN mE|=
2] 5 ﬂ‘i’l‘:} HZ7F G AAREe 2 9)stT o] v
Ax Yz moks §A31T Y 222

FAqA AKct. 7 AP H2 ALY el mE =
g 240 WIS rtestE AT AYEZ Z7ME9
z}e) & ANOVA testz 7 A}shed o}
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29150 714 el FAMIE Holx $E Fol #
Helw ol AEs} AuEle) 77t moks FH3)
Ao 7 25 AR 7HHA sl A

AT 4 v (Fig. 4). AP Fol| o2 Aolze
F7F Aol BY ¥ o v o4 B
4 st

AlzbE g Al mE 2939 £ WH3l: Fig. 13}
et Wb 2A) 241704, & g1 =EAR F 3Y
o] A2 o BE Fo] 4= Az 225 AT
Azbo]l Aol whet mE AYFAM mIZFHE 9
A A Frhsk o™ (p<0.05) DMSOE AH7bshx] ¢
UG FAM FrhEe] A Mo 4 AR F
74EE 24 29 H 594 ] DMSOAE+H a2 &2
AUk Ateloll frolAde] AAH AT (P<0.05). DMSO
AL dzZic o oa F7hFe] Hglod §9
A& AAHA Gkt (p<0.05).
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Fig. 1. Bar graph showing the number of epidermal layers in arti-
ficial skin after expose to 25 Gy gamma ray with or without 3.5%
DMSO. Control was not exposed to radiation and DMSO. In-
creasing rate of three groups were analyzed by ANOVA test (p<
0.05). Significant differences are compared to -DMSO and control
or +DMSO ().

2. Cytokeratin 09242 AH

Cytokeratin (CK) 143 25 Ag oA} Zh3lZol] )23}
B HAARY o2 & A9z ui=E: 2 AR e 3
Fel= A 29 2E HzoA FslA whg-sled o (Fig. 2).
CK 102 ZE AgFAA vt sl 3k 3-43
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Fig. 4. Reconstructed skin of control group, 8days after exposure
to air-fluid interface. Keratinocytes stratified into multi layers
which resemble in vivo epiderdis. Bar represents 25 um.
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Fig. 2. Immunogenic stain for CK 14 at
5 days after irradiation. 6a: Irradiated
with 3.5% DMSQO. 6b: Irradiated without
DMSO. 6¢c: Not irradiated. Positive reac-
tions visible in all layers from basal to
sinous layer. Except the number layer,
there are no difference in expression pat-
tern among three groups. Bar represents
25 um.

Fig. 3. Immunogenic stain for CK 10 at
5 days after irradiation. 6a: Irradiated
with 3.5% DMSO. 6b: Irradiated DMSO.
6¢c: Not irradiated. Positive reactions vi-
sible above 3-4 basal layers. Except the
number layer, there are no difference in
expression pattern among three groups.
Bar represents 25 pm.

A7ige]l AR HelE: KRBT A (Fig. 5). =3t

4 A zolM ARAEAY 2AE FuhEE AHA 84
o] #AEF U (Fig. 6). 823t HH A AIE 94
g o2 N ZzAV|REAME 5HE HIE ART 5
At A FEe] AFEA2dME ARSI sAaL
Al ofrfe] ZAABAM Eol wE] AHA #AHAE #Rb
op el AFGARA L= A3 S A (Fig. 7).
DMSOAEZ 4 dxZoME HuE ojdaZie] #AH
A oksiet. bk ARHAl el AR [AHIE I
Aup wlu) gk $=250| 3l

FA} 294 AP TN XA S B F2 A
7t #EFFAS. g2 f3H AT FHE A x|
M A EL7)3he] FhEEo] QAT FHE e ofA]7}
7 27130 e K5t AN AHE M ZEALe]
yANYE S84 2u FA=e) UchFe. 8). £
HNEzA &3 I Ez=E FZHAY &7|HS BT
Az=e] Jelg FEL $ AT A8 M EAo) 9
REANA L FAFH U (Fig. 9). 3HAIGE o]2]dr Api
A Z8] 4= F3] Aol gt 7Hef AHolA & Al
3717 A godth 7S A geliME °“'4
(chromatin margination) 2-2 A 224 A
A=} 7% BAE A Fig. 10). ﬂi}—*—ﬂl s
A27)R-E AT G Al M E7E Q8 3 g e
AAFEHE7} ofF Bohrt. o] FollA] oA Zpstxe] HHY
A A ki, A Fust S Mol e M A
27} 94 2= (Fig. 11). DMSOA o M= 735}
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Fig. 5. Electron micrograph of keratino-
cytes in the lower spinous layer, 2 hours
after irradiation without DMSO. Lacunae
(¥) is visible in the cytoplasm. Chromatin
condensation (arrow) visible in lower cell
but not in upper cell. n; nucleus. Bar repre-
sents 1 um.

Fig. 6. Higher magnification of a cell near
the Fig. 9. Mitochondria are swollen and
cristae are disintegrated. Bar represents 1
um.

Fig. 7. Electron micrograph of dermal fi-
broblast in same group of Fig. 8. Markedly
swollen mitochondria (%) with periphe-
rally placed, disoriented and disintegrating
cristae. sER (vacant arrow) and rER (arrow)
are dilated. Bar represents 1 um.

Fig. 8. Electron micrograph of middle spin-
ous layer, 2 days after irradiation without
DMSO. A necrotic cell with karyolytic nu-
cleus is visible but desmosmes and organ-
ells in peripheral portion are not destroyed
yet. Box is higher magnification of the
arrow. Bar represents 1 wm.
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2 AR Frje] x=2H, A 9o s}
NEe F3¢ 431 A33L IS4 E AA

Fig. 9. Electron micrograph of the middle
spinous layer, 2 days after irradiation with-
out DMSO. A dead cell is visible. All or-
ganells are destroyed and cytoplasm is
highly condensed but some desmosome has
its integrity. Box is higher magnification of
the arrow. Bar represents 1 mm.

Fig. 10. Electron micrograph of a kerati-
nocyte in the upper spinous layer, 2 days
after irradiation without DMSQ. Chromatin
margination and small lacuna () are visi-
ble. n; nucleus. Bar represents 1 pum.

Fig. 11. Electron micrograph of the horney
layer, 2 days after irradiation without DM-
SO. There are uncornified cells found be-
tween flatten fully cornified cell layers.
These cells have chromatin marginated nu-
cleus. Bar represents 1 um.

Fig. 12. Electron micrograph of the horney
layer, 2 days after irradiation with DMSO.
Flatten cornitfied layers are relatively in re-
gular arranged. co; cornified layer. Bar re-
presents 1 um.
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