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impaiz EDTA THAL, EnFEHTERLL. ZAThOMBRROEELET 53FHH
B LU HMBAOERSBRERES ATEHE N-a-(tosyl)-L-arginine [*H methyl ester
HCl1 CH-TAME) 2B V0 TRIEL. BASBRBROELGERME (KMS-6) [T~
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Production of proteolytic enzymes by human fibroblasts in the process of
transformation was investigated. The cells used were normal human fibroblasts
(KSM-6) and their in vitro counterparts transformed by treatment with Co
gamma rays (KMST-6). Cells seeded by treatment with EDTA were cultured in
a serum free medium. Proteolytic enzymes in the culture medium of cells were
assayed using a synthetic substrate, N-a—(p-tosyl)-L-arginine (®*H)methyl ester
hydrochloride. The transformed cells (KMST-6) produced a larger amount of
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enzymes than normal cells (KMS-6). The enzyme production in both cell lines

was high in the exponential growth stage and then decreased as the cells reached

confluency. The proteolytic enzymes produced by these cells were trypsin—- and
thrombin-like enzymes. Cell growth of KMST-6 or KMS-6 was not inhibited by
the addition of protease inhibitors to the culture medium.
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MHE & HE

1) ML HEE
ifar e BB HSRIER MM (KMS-
6) & FhE “Coy TR L THEENTHEL

Li-fifg (KMST-6) txfH L. ChbD
Mz MEM (HKBIZ) @ 10% 406 2 iMmE %
WML icEa A, FI575AF 5775 A
2T & B BEREERIC X b R Lc.
BANBEROEEY AL DI, 0.02%
EDTA T 48k Lic M MEFrsstuc iE L 35
mm vy — U3 1~2x10° 2 filar B X RAA
73, 24BRRAt% Z DEEMA, DMEM (HZKHE)
EF12(AKEIE) L4 1 ICREALICL DI
0.1% bovine serum albumin(BSA : Sigma,
St. Louis, MO), 10 pg/ml transferrin (Col-
laborative Research, Walthan, MA), 1 xg/ml
insulin (Sigma), 10 pg/ml oleic acid (Sigma)

CERIRIUCE BT 5. TOK, 3HIL

WCEEHiAacH L, FIRRIC MR & B, B X
O, MifaAE Y 2k — M ROBRASMEERENE
ZRE L. HELL BT 700g, 10 4fEE
DEO EETHW. filgh ey 25— bhD
RESEIEM: |2 WIf % PBS T3 E%HL, T
KV A<V THEL, 1mlp0.1M Tris-HCl
(pH 8.0) 1 0.5% Triton x-100 » & A CE
ReBE L, 4°C, 1RRHIEE L fiax aige,
1000g 5 fmOL 0 EEXEIEL . M
¥130.2% + v 7+ v (Difco, Detroit, MI, 1:
250) T4EL, 0.05% crystal violet THufs
e, MIRGHEBCIHAL .

/R B SR R A O Ml D A Rz 38
Bz WA BT, B 10 pg/ml bovine
pancreas trypsin inhibitor (BPTI: Sigma),
0.1 Inh. U/ml antithrombin III (AT III:
Boehringer Mannheim, West Germany),
1 pg/ml esteratin (B4 L BFFEAT H M &
L ) WML TREL, Miaks
DNA AL a~.
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2) EBASBREHORIE

EBANSREEDOPIE L KA LD L™ i
U7z, 50 pl o3kl e 10 pl o A THEE 10 uCi/
ml N-a—(p-tosyl)-L-arginine [*H] methyl
ester hydrochloride ((H-TAME, specific
activity 1mCi/m mole, Amersham, England)
LERBENTRAL, 37°C 30/MRIGIE
5. RIS TH, 50 ul OREE IR (BRL :
0.02M TAME :1:1) &#mL, EHic6ml
YVFU—va v s TAR Mz I5BIREL
fo. Fo, 700g, 1045EEOL, EEO *H-
methanol # &L v VF Vv —Ya vV HhIZT L
Sml # ¢ ¥k vFUV—va VATV E—
(Aloka, Model LSC-700) THizE L 7=.

MRaD FEA LT BEDBEERD R & R
BledICEANREFEER L LT 10 pg/ml
BPTI, 10 Inh.U/ml AT III, 1 ug/ml estera-
tin, 0.5 mM diisopropyl fluorophosphate
(DFP: Sigma) % G < I x A 2 R EESR
HEEORHE AR,

3) DNA &l

DNA & 3¥ *H-Thymidine (specific ac-
tivity 5 Ci/mmole, Amersham) © & h AR T
WE L. ¥3%3, 6 HAK 0.5 Ci/ml *H-
thymidine % pnz, 37°C, 1RGRAKEERL o, &
F46, 5H1 5 % trichloroacetic acid JERT
SEOBGHES ARG v FVv—Ya VATV
& —THIEL .

= #

d I FEESHIC VSR L b Y Y v EREAL T
R L HE, Mo BRECHMALT
200 pg * CEHMIC *H-methanol o BjnH
Hohte (Fig. ). ZO&ET1HHC 1eg
» TAME %@+ 5iEM% lunit &35,
FY 7o v 1ng (1 0.8unit YT 5.
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Fig. 1. Dose dependent TAME hydrolysis
of trypsin (bovine pancreas trypsin, Sig-
ma type I, 10,500 BAEE units/mg pro-
tein).
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Fig. 2. Relationship between cell growth
and proteolytic activity in culture me-
dium.
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Table 1. Studies on protease activities of
culture media of KMST-6 cells in log-
arithmic growth stage and in stationary
growth stage

Proteolytic activity

Culture medium (m Units/ml)

on day 3 (logarithmic stage) 0.11
on day 9 (stationary stage) 0.18
on day 34+ on day 9(1:1) 0.15

~ Table 2. Proteolytic activities in cell

homogenates
Proteolytic activity
Cell culture days (m Uuits/108 cells)
0.13
KMS-6
0.30
0.09
KMST-6
0.52
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Fig. 3. Inhibition of proteolytic activity in
culture medium by protease inhibitors.

[ control, EZCTIBPTI (10 wg/ml), WZZAAT 111

(10 Inh.U/m1), [EZJ esteratin (1 ng/ml),

S BPT1 (10 pg/ml) + AT IIT (10 Inh.li/m1)

+ esteratin (1 pg/m1), HEEE DFP (0.5 mM)

£ 5k (11 445 1985)

fodic, BERIEMEC RIETEE o REE RAEH]
DEBEH R, EEINICEASBRER
BPTI, AT III, Esteratin, DFP 2 X » #\/H9
CREEI R,

KMST-6 #ifam 4T 2EADBEREN T
DD IECES L T B0 E 5 hii<5b1
@iz, BPTI, AT III, Esteratin # & {55 T
KMST-6 % B#&L Milao MEERL /7.
T DR, BEEAOMEBHEEER L mx Tb
KMST-6 o #iERICE( 1L 7sh» 7o (Table
3.

Tabel 3. Effects of protease inhibitors on
DNA synthesis of KMST-6 cells

SH-Thymidine incorporation
Inhibitors* (dpm/dish)
on day 3 on day 6
- 33030 16281
+ 29839 16959

* Ten pg/ml BPTI, 0.1Inh.U/ml AT III, and
1 ug/ml esteratin were added together to
the culture medium.
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ALTW5.

HIRaBETE & B BB R ES L DB Y 4 5
&, BEFEATMRO S BOSEIIC S < EFH
TS ORTE T L., SDZEhbEE
ShIcEANRER S MO BB BT 5
TREMED D B. LT, ZDOERANBERIEE
IR FTELC T 5 B E O RAE A A BT in
%2, KMST-6 OBEROE(LE T/ . £D
FER, FHEHIZ Nz 7o C o HMIERIL IER 5
MU HAREE B ds»te. 20T &R EE I E
LI EAN BRI MRO B RET 5
I ET W ERRLTWS, BB
1%, TAME % #H & L CER L HIEE TR
H ST oD BR 9 R EE R0 B oD SRR B
FRL T B2 d Ltk

Carney KHik,*® polystyren &= — FL
fobmvE VR Y I VRHIAICA BT L
Th=v bV BRHEFHBROMEY{RET S &
AHEL T\ 5. Ffz, Schneble 5%, 1%
HUZ Fsin L e ZBA S B RAEH] ovomucoid
< trasylol 2%, SV40 CE L L% 3T3 fija%,

X

Goety »i3,'> BPTI % Soybean trypsin
inhibitor (SBTI) 2%~ & & & — SEHRAD HEHE
T ERBRELTWB. ThboHEg
IR O REE R D BETEIC A BT @ T
B ERRLTNT, bbb OBEED KR
FETH. Larl, HEHOERIMBYEARL
BEmaxEAL TR, MEFOHEERTFOME
FHERTME T B ATEEREL D D, OO
BLbhbhOREE X BT 52 Lixidh
L. :

EFEMaE RREEAS B R TUEYT S &
V7 F VI X AEED B, filaEo
CAMP v =1 D 42,2 LETS BHO K
D0 EEREOWMERFICH T2 v 4—D
L, in EORFRMRCELT 2B AR 5
CENBEINRTVS., Licdis T, KMST-6
D EET HEREA SRR T O MR L B
fi L CHIRRD BETE B T B ATEEME D B D
T, BNz fo B A o R R ER L e
BB+ 2 EABREROIER 2 IHIT &
Mo ICAJREMEDID B .

ik

1) Nicolson, G. L.: Trans-membrane control of the receptors on normal and tumor cells. IL
Surface changes associated with transformation and malignancy. Biochim. Biophys. Acta
458 : 172, 1976

2) Roblin, R., Chou, I. and Black, P. H.: Proteolytic enzymes, cell surface changes, and viral
transformation. Adv. Cancer Res. 28 : 203—252, 1975

3) Fidler, L. J., Gersten, D. M. and Hart, I. R.: The biology of cancer invasion and metastasis.
Adv. Cancer Res. 28 : 149—225, 1978

4) Troll, W., Klassen, A. and Janoff, A.: Tumorigenesis in mouse skin: Inhibition by synthe-
tic inhibitors of protein. Science 169 :1211—1213, 1978

5) Hozumi, M., Ogawa, M., Sugimura, T., Takeuchi, T. and Umezawa, H.: Inhibition of tumori-
genesis in mouse skin by leupeptin, a protease inhibitor from actinomycetes. Cancer Res.
32:1725—1728, 1972

6) Burger, M. M.: Proteolytic enzymes initiating cell division and escape from contact inhibi-
tion of growth. Nature 227 : 170—171, 1970

7) Sefton, B. M. and Rubin, H.: Release from density dependent growth inhibition by pro-
teolytic enzymes. Nature 227 : 843—845, 1970

8) Carney, D. H., Glenn, K. C. and Canningham, D.D.: Conditions which affect initiation of
animal cell division by trypsin and thrombin. J. cell. Physiol. 95: 13—22, 1978

9) Pohjanpelto, P.: Protease stimulate proliferation of human fibroblasts. J. cell. Physiol. 91:




448 g B 2 & 3% (5811 %45 1985)

387—392, 1977

10) Schnebli, H. P. and Burger, M. M.: Selective inhibition of growth of transformed cells by
protease inhibitors. Proc. Natl. Acad. Sci. U.S. A. 69 : 3825—3827, 1972

11) Goetz, I. E., Weinstein, C. and Roberts, E.: Effects of protease inhibitors on growth of
hamster tumor cells in culture. Cancer Res. 32:2469—2474, 1972

12) Namba, M., Nishitani, K., Hyodoh, F., Fukushima, F. and Kimoto, T.: Neoplastic transfor-
mation of human diploid fibroblasts (KMST-6) by treatment with %Co gamma rays. Int. J.
Cancer 35 : 275—280, 1985

13) AEET | EEOEEREO BREMBTERYE— L T serine §# D *H-TAME assay &2\ T, &
DHPHx 102 : 616—620, 1977

14) Carney, D. H. and Cunningham, D. D.: Transmembrane action of thrombin initiates chick
cell division. J. supramol. Struct. 9: 337—350, 1978

15) Carney, D. H. and Cunningham, D. D.: Initiation of chick cell division by trypsin action at
the cell surface. Nature 268 : 602—606, 1977

16) Burger, M. M.: A difference in the architecture of the surface membrane of normal and
virally transformed cells. Proc. Natl. Acad. Sci. U.S. A. 62:994—1001, 1969

17) Glynn, R.D., Thrash, C.R. and Cunningham, D.D.: Maximal concanavalin A-specific agglu-
tinability without loss of density-dependent growth control. Proc. Natl. Acad. Sci. U.S. A.
70 : 2676—2677, 1973

18) Cunningham, D.D. and Ho, T.: Effects of added proteases on concanavalin A specific agglu-
tinability and proliferation of quiescent fibroblasts. In Proteases and biological control, ed.
by Reich, E., Rifkin, D. B. and Shaw, E. Cold Spring Harbor Laboratory. 1975, pp. 795;806

19) Wilbingham, M.C. and Paston, I.: Cyclic AMP modulates microvillus formation and agglu-
tinability in transformed and normal mouse fibroblasts. Proc. Natl. Acad. Sci. U.S. A. 72:
1263—1267, 1975

20) Sheppard, J.R.: Difference in the cyclic adenosine 3, 5-monophosphate levels in normal
and transformed cells. Nature new Biol. 236 : 14—16, 1972

21) Hynes, R.O.: Alteration of cell surface proteins by viral transformation and by pro-
teolysis. Proc. Natl. Acad. Sci. U. S. A. 70: 3170—3174, 1973

22) Kano, T. and Barham, F. W.: The relationship between the insulin-binding capacity of fat
cells and the cellular response to insulin. J. biol. Chem. 246 : 6210—6216, 1971




