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The Changes of Epidermal Lipid and Calcium in the Lesion of Skin

Tumor and Non-tumor of Hairless Mice Induced by Vinyl Carbamate
Epoxide and TPA

Sung Ku Ahn, M.D., Hana Bak, M.D., Seung Hyun Chun, M.D., Soo Young Jeon, M.D.,
Eung Ho Choi, M.D., Sang Joo Lee, M.D.*, Seung Hun Lee, M.D.*

Department of Dermatology, Yonsei University Wonju College of Medicine, Wonju, Korea,
Department of Dermatology, Yonsei University College of Medicine, Seoul, Korea*

Background: Chemically induced epidermal carcinogenesis is usually divided into two stages, the
initiation and promotion. The initiation involves conversion of some epidermal cells into latent neop-
lastic cells and the promotion is proliferation of the transformed cells. Ethyl carbamate (EC) has
been identified at low microgram quantities in various fermented beverages, distilled products and
tobacco smoke. It has been known as a initiator of tumor. Oxidation of the ethyl group of EC is
followed by dehydration to yield the carcinogen vinyl carbamate (VC). This is further oxidized to
vinyl carbamate epoxide (VCO). VC and VCO proved to be much more carcinogenic than EC.

Object: This study is attemped to investigate the skin tumor and non-skin tumor in hairless mice
induced by application of 12-O-tetradecanoyl-phorbol-13-acetate (TPA) on the skin initiated with VCO
and its relationship with calcium gradient and epidermal lipid.

Methods: In this experiment, the tumor induction was performed by painting the mouse skin once
a week for five weeks with VCO solution, and then 12-O-tetradecanoyl-phobol-13-acetate (TPA) was
treated in the same manner twice a week for 40 weeks. We biopsied the skin at 5, 10, 25, 30, 35
and 40 weeks and stained the specimens with hematoxylin-eosin, Ru04 postfixation and ion capture
cytochemistry for calcium staining.

Results: The results are summerized as follows

1. Cellular proliferation, hyperkeratosis and dysplasia of the epidermis were more prominent .in
skin tumors than non-skin tumors. Papillomas were developed at 8 weeks after application of VCO-
TPA but not TPA alone. The occurrence of keratoacanthoma and squamous cell carcinoma was 33
and 39 weeks, respectively.

2. Calcium gradient was distorted in the only TPA treatment group but normal in the control
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group. Calcium deposition was increased through all layers of epidermis and the calcium gradient
was disappeared in the epidermis of tumors in the VCO-TPA treatment group. These findings were
similar to papilloma, keratoacanthoma and squamous cell carcinoma.

3. Fragmented, incomplete lipid bilayer formation, dilated intercellular spaces and multiple lacunar
domains were prominent in the VCO-TPA and TPA treatment groups but not in the control group.
The VCO-TPA treatment group has shown more epidermal lipid damage than that of the only TPA

treatment group.

4. Diploid DNA histogram patterns were observed in all the control and TPA treatment groups.
But aneuploidy was observed in 1 of 3 keratoacanthomas and 3 of 3 squamous cell carcinomas.

Conclusion: From the above results, it is concluded that various skin tumors, such as papilloma,
keratoacanthoma and squamous cell carcinoma or non-skin tumor were produced by VCO. Skin

tumors showed various, distinctive light microscopic or electron microscopic changes compared to the
non-skin tumor. It is thought that intercellular lipid change and calcium gradient disappearance in the
epidermis have an important role in the carcinogenesis. (Korean J Dermatol 2004;42(10):1304~1312)
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2) Calcium ion-capture cytochemical X=X

Z4-E 42 FA) 2% glutaraldehyde, 2% formaldehyde,
90mM potassium oxalate (Sigma, St. Louis, U.S.A), 1.4%
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Fig. 1. Skin tumors were developed in the group of
VCO-TPA application (A). But any skin tumors were not
developed in TPA (B) and acetone treated (control, C) group.

Fig. 3. Histopathologic finding of normal looking skin of
acetone treated (control) group (A), TPA treated group (B)
of 30 weeks, papilloma (C), keratoacanthoma (D) and
squamous cell carcinoma (E)

Z 77 5o, HEAESS 369 E AR st #etd
oA FFe FAFE Sume] FAZ 2~3% A} A}
/3190t WA histoclearE o] &3l etHE A A
100%, 95%, 70%, R 50% olgt&o GAAC 2 A ejstd
A4k A AT Aeste] viA R wAR FHFA AT
A WYY o]F 0.5% pepsing NS Hrsle] 37C
oA B Az WAt GAdAME RH{FAE Ao
olg1gt 2oz dojd @Y ME F-HUL phosphatate
buffered # saline (PBS, pH 7.2)2.2 Mg & AX 5

Fig. 2. Gross finding of papilloma (A), keratoacanthoma
(B) and squamous cell carcinoma (C) The number and size
of lesion were increased in relation to the duration of TPA
application after initiation with VCO.

Fig. 4. The changes of epidermal calcium gradient. The
epidermis treated only with acetone (control group) showed
normal calcium gradient (A). However the epidermis treated
with TPA (B) and papilloma (C) showed increased calcium
ions within whole epidermis including stratum corneum (SC:
stratum corneum, SG: stratum granulosum, SS: stratum
spinosum).

108 M Z/ml =8 A8} Propidium iodide &&
H7kste] A5t RNAased Al8-3to] RNAS A7 3
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Fig. 5. The changes of stratum corneum lipid layers. The
stratum corneum intercelluar lipid layers of acetone treated
(control) group (A) showed relatively normal in appearance.
TPA treated group (B) and papilloma (C) showed remar-
kable changes including wide seperation, incomplete lipid
bilayer and dilatation of intercellular space.

. Gl & AERFAES YA Foz AR F ¥
Mol Zojzkth, ¥ Aie] A4 7]1A% FACStar (Becton
Dickson Immunocytometry System, Mountain View, U.S.A))
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Fig. 6. The results of DNA histogram of acetone
treated(control) group (A), papilloma (B), keratoacanthoma
(C) and squamous cell carcinoma (D). Control group and
papilloma specimens showed diploid pattern but keratoa-
canthoma and squamous cell carcinoma specimen showed an
aneuploidy.
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hEAQ 2 A= 12-O-tetradecanoyl-phorbol-13-acetate
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of T BAAE AT Aol Sk Aoz AzAn.

a £

VCOE AF 9 e AAMA & & TPAE BVt =
¥t FUE FUA WA TP Dge] W)
& Ha 24 Ade g8 2

L #9Ade] #sle FEA4 #wo] vFIA W
Hgle] A Aup ol weh, B¢ W ojxw, dF ¥
o] & dAsA.

2. Zg Wisle T WRlo] vFULA W Hsho
Ey Aed A4 Awzdloz Zrld GAAS BReoh

ol del ANE FH3A & w T4 W A 74A
AEZF AAotel 3l g w3 Afolo B} v
FF HEA vusdE W dAG 2olE Yt
THY WHE ps3, FAEGRA AE, E9F54%, DNA
el 58 AR JdAAYE Bolrg ZAAMNET A
Astel Fdl Zael Wse AREFRPEA A A F
2% gQloz 2838 Hoz AlgdHT)

o

8!

2 1023

1. Yuspa SH. Cutaneous chemical carcinogenesis. J Am
Acad Dermatol 1986;15:1031-1044

2. Bicker DR, Lowy DR. Carcinogenesis: a fifty-year histo-
rical perspective. J Invest Dermatol 1989;92:121-131

3. Stenback F. Characteristics of neoplastic progression and
tumor behavior in skin carcinogenesis by different me-
thods: an experimental study. Oncology 1980;37:163-168

4. Fossa AA, Baird WM, Carlson GP. Distribution of ure-
thane and its binding to DNA, RNA and protein in
SENCAR and BALB/c mice following oral and dermal
administration. J Toxicol Environ Health 1985;15:635-654



10.

11.

12.

13.

14.

15.

16.

17.

QEA T - sl o] R AJFH oA vinyl carbamate epoxide®t TPAE

. Park KK, Surh YJ, Stewart BC, Miller JA. Synthesis

and properties of vinyl carbamate epoxide, a possible ul-
timate electrophilic and carcinogenic metabolite of vinyl
carbamate and ethyl carbamate. Biochem Biophys Res
Commun 1990 29;169:1094-1098

. Park KK, Liem A, Stewart BC, Miller JA. Vinyl carba-

mate epoxide, a major strong electrophilic, mutagenic
and carcinogenic metabolite of vinyl carbamate and ethyl
carbamate (urethane). Carcinogenesis 1999;14: 441-450

. Raick AN, Thumm K, Chivers BR. Early effect of 12-

O-tetradecanoyl-phorbol-13-acetate on the incorporation of
tritiated precursor into DNA and the thickness of the
interfollicular epidermis and their relation to tumor pro-
motion in mouse skin, Cancer Res 1972;32:1562-1568

. Ough CS. Ethyl carbamate in fermented beverages and

foods. J Agric Food Chem 1976;24:323-328

. Hennings H, Michael D, Patterson E. Enhancement of

skin tumorigenesis by a single application of croton oil
before or soon after initiation by urethane, Cancer Res
1973;33:3130-3134

Miller JA. The need for epidermiological studies of the
medical exposures of Japanese patients to the carcinogen
ethyl carbamate (urethane) from 1950 to 197S. Jpn J
Cancer Res 1991;82:1323-1324

Dahl GA, Miller JA, Miller EC. Vinyl carbamate as a
promutagen and a more carcinogenic analog of ethyl
carbamate. Cancer Res 1978;38:3793-3804

Dahl GA, Miller EC, Miller JA. Comparative carcino-
genecities and mutagenecities of vinyl carbamate, ethyl
carbamate and ethyl N-hydroxy carbamate. Cancer Res
1980;40:1194-1203

Feingold KR. The regulation and role of epidermal lipid
synthesis. Adv Lipid Res 1991;24:57-82

Menon GK, Feingold KR, Elias PM. Lamellar body
secretory response to barrier disruption. J Invest Derma-
tol 1992;98:279-289
AR, AT, ol
AL T Ege
389-401

Lee SH, Choi EH, Feingold KR, Jiang S, Ahn SK. Ton-
tophoresis itself on the hairless mouse skin induces the

®y Zgr)er) @asr 7
m A 938 eA] 2001;39:

loss of the epidermal calcium gradient without skin ba-
rrier impairment. J Invest Dermatol 1998;111:39-43

Lee SH, Elias PM, Proksch E, Menon GK, Man MQ,
Feingild KR. Calcium and potassium are important regu-
lators of barrier homeostasis in murine epidermis. J Clin

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

—1311 -

e TS N FS Bue BoxA 9 gge] ¥

Invest 1992;89:530-538

Yamagiwa K, Ichikawa K. Experimental study of patho-
genesis of carcinoma. J Cancer Res 1918;3:1-29

A<, diedd, o|F, Q. 7,12-dimethylbenzath-
racene® 2 fHHE A3 FFHe FAA Wahel Lange-
thans A & 4=¢) W%, i8] s3] A] 1993;27:590-604
Grubaver G, Elias PM, Feingold KR. Transepidermal
water loss: the signal for recovery of barrier structure
and function. J Lipid Res 1989;30:323-333

Elias PM, Menon GK. Structural and lipid biochemical
correlates of the epidermal permeability barrier. Adv
Lipid Res 1991;24:1-26

Downing DT. Lipid and protein structures in the per-
meability barrier of mammalian epidermis. J Lipid Res
1992;33:301-313

Feingold KR. The regulation and role of epidrmal lipid
synthesis. Adv Lipid Res 1991;24:57-82

Procksch E, Feingold KR, Elias PM. Epidermal HMG-
CoA reductase activity in essential fatty acid deficiency:
barrier requirements rather than eicosanoid generation
regulate cholesterol synthesis. J Invest Dermatol 1992;99:
216-220

Procksch E, Feingold KR, Man MQ, Elias PM. Barrier
function regulates epidermal DNA synthesis. J Clin In-
vest 1991,87:1668-1673

Menon GK. Gayson S, Elias PM. Ionic calcium reser-
viors in mammalian epidermis:ultrastructural localization
by ion-capture cytochemistry. J Invest Dermaol 1985;84:
508-512

Menon GK, Elias PM, Lee SH, Feingold KR. Locali-
zation of calcium in murine epidermis following disrup-
tion and repair of the permeability barrier. Cell Tissue
Res 1992;270:503-512

Menon GK, Elias PM, Feingold KR. Integrity of the
permeability barrier is crucial for maintenance of the
epidermal calcium gradient. Br J Dermatol 1994;130:
139-147

Hennings H, Michael D, Cheng C, Steinert P, Holbrook
K, Yuspa SH. Calcium regulation of growth and diff-
rentiation of mouse epidermal cells in culture. Cell 1980;
19:245-254

Lee SH, Elias PM, Procksch E, Menon GK, Mao-
Quiang M, Feingold KR. Calcium and potassium are
important regulators of batrier homeostasis in murine
epidermis. J Clin Invest 1992;89:530-538

Menon GK, Price LF, Bommanan B, Elias PM, Fein-



32.

33.

34.

35.

36.

o @b} i3} ek 2] 2] 4424

gold KR. Selective obliteration of the epidermal calcium
gradient leads to enhanced lamellar body secretion. J
Invest Dermatol 1994;102:789-795

Menon GK, Price LF, Bommanan B, Elias PM, Fein-
gold KR. Selective obliteration of epidermal calcium gra-
dient leads to enhanced lamellar body secretion. J Invest
Dermatol 1994;102:789-795

Lee SH, Elias PM, Feingol KR, Mauro T. A role for
ions in barrier recovery after acute perturbation. J Invest
Dermatol 1994;102:976-979

Elias PM, Ahn SK, Brown BE, Crumrine D, Feingol
KR. Origin of the epidermal calcium gradient: Regula-
tion by barrier status and role of active vs passive
mechanism. J Invest Dermatol 2002;119:1296-1274

Ahn SK, Whang SM, Jiang SJ, Choi EH, Lee SH. The
changes of epidermal calcium gradient and transitional
cells after prolonged occlusion following tape stripping
in the murine epidermis. J Invest Ddermatol 1999;113:
189-195

Lee SH, Choi EH, Feingold KR, Jiang SK, Ahn SK.

37.

38.

39.

40.

41.

—1312 —

A 10% 20043

Iontophoresis itself on hairless mouse skin induces the
loss of the epidermal calcium gradient without skin ba-
rrier impairment. J Invest Dermatol 1998;111:39-43
FAN, M, oled. By g r1EY] ¥t 74
AEAze] Elo vA= 4 F A 2001;39:
389-401

Barlogie B, Raber MN, Schumann J, Johnson TS,
Drewinko B, Swartzendruber DE, et al. Flow cytometry
in clinical cancer research. Cancer Res 1983;43:3982-
3997

Herzberg AJ, Kerns BI, Pollack SV, Kinney RB. DNA
image cytometry of keratoacanthoma and squamous cell
carcinoma. J Invest Dermatol 1991;97:495-500

Seckinger D, Sugarbaker E, Frankfurt O. DNA content
in human cancer. Application in pathology and clinical
medicine. Arch Pathol Lab Med 1989;113:619-626
Newton JA, Camplejohn RS, McGibbon DH. A flow
cytometric study of the significance of DNA aneuploidy
in cutaneous lesions. Br J Dermatol 1987;117:169-174



