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Antitumor Activities of Polysaccharides of Human Type Mycobacterium
by Cytotoxic Effect and Collagenation on the Growth of Malignant
Melanoma Grafts

Tetsuo Kimoto, Yuko Hirao, Fuminori Hyodoh, Koji Nishitani,
Yoshito Sadahira and Kenzo Uehira*

We studied the antitumor effects of polysaccharides (SSM: Specific Sub-
stance, Maruyama) extracted from human mycobacterium tuberculosis (Aoyama
strain) on grafted malignant melanoma tumor cells. To prepare xenografts and
allogenic grafts, a human-derived cell line, G-361, was grafted onto athymic mice
(Balb/c nu-nu), and two mouse-derived cell lines, clone-M-3 and B-16, were
grafted onto athymic and thymic mice (Balb/c and C57BL/6), respectively. SSM
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0.5—100 pg was injected either subcutaneously or into tumors every other day.
Although all the cell lines exhibited a notable tumor angiogenesis, it was espe-
cially conspicuous in B-16.

An X-ray analysis of each cell line for copper (ceruloplasmin), which is a
well-known TAF, yielded negative results. Collagen production in normal thymic
mice was conspicuous both in vitro and in vivo in the thymic mice when compared
to the athymic mice, and collagenation and intense cicatrization were also obser-
ved. Fifty to one hundred micrograms of SSM induced a noticeable interstitial
reaction. One month after grafting, type IV collagen was found mainly in the
tumors and type II collagen in the original interstitium. Mast cells, macrophages,
and fibroblasts had greatly increased in number, and migration of neutrophils
was observed in B-16.

In contrast, SSM 100—200 ug had a marked cytotoxic effect on malignant
melanomas. Injection of high doses of SSM into tumors promoted extensive
necrosis and inhibited tumor growth. By grafting malignant melanoma cells onto
athymic and thymic mice, we were able to compare the interstitial reactions
following growth of the malignant tumors. The tumor confinement induced by
collagen proliferation suggests the importance of a normal immunological founda-
tion. (Accepted on February 10, 1989) Kawasaki Igakkaishi 15(2) : 217—241, 1989
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G-361ixH O U 3x 10" Mg L THAEL,
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DEREEMROBEETT - .
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TRG 3611 107 cells ¢t~ v A2 100 % K IE
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SSM 0.5 pg, 1.0 pg, 50.0 ug, 100.0 ug %,
MRaBE L B ¥ 7k 5 ~158%K, BT (S
Co FrEEA (. T.) CRBEHL .

RERENY:
athymic mouse & L % Balb/c nu-nu j

#t, thymic mouse % Balb/c nu/(+) RO
C57BL/6 MME# AV, athymic mouse (37]
BRI Ik & @, ATC L-4 Clean Rack
4mé/minx 0.3 g 99.97 % D.O.P. Ac 100V
50/60Hz (BA&7 v7HAEH) 2EHL TH
BL.
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IR DX o, AEBEY LO0EXVE
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EMEReERIEA O RAKE O BN X &
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EHR6E HC B-161XMEB ¥ & oL
TV I ETHBRT WA, B-16% 12U %
clone-M-3 13 $HECHEL - Bt v &E
Iz angiogenesis MHIC & - =D, angio-
genesis ZFRMW'HE (tumor angiogenesis fac-
tor: TAF) &L THBhTW5 copper
(celuroplasmin) o FEZED FET DT %
FERXBOERAA . MRAOMRE O K
Bk Dizsh, RD 3 HERRAK.

1. EEEHATOXHEIH:

i (clone-M-3, TRG 361) % 2.5 % gluta-
raldehyde (G. A) CHEE##, phosphate buf-
fered saline (PBS) T\, LATF o MI%
ﬁ 7.

1) 1 %Wt & 3 v A CHRET

2) 7ra—nafik

3) R R

4) H»—-RvEE

5) X#oHr

I. ZAEFETOXBIH:
MEO<Vv, F%2.5% G. A TEEE,
PBS Tk, RONEET- 1.

1) 1 %mmibr R 3 v A CTRESE

2) Tra—fhk

3) =HE* g

4) 0.2 pg Y ZHH

. Mz PBS Tk - EAER Hh—
RAEBELTHLFH:

TRG361 mesh CPD (3#fifa% = » # /L mesh
CEEL, BRAEIL (1) OFETT-1. ¥
tc75 A5y 2 CPD 3fifax 75 A5 » 7 iR
ETEERL, BIHE (1) st

75AFy 7 BREBOBE ML 75 2
F v 7 ETHREL, REIFGE (D KXot

plating efficiency (= & 3 SSM @ cyto-
toxicity :

TRG361, B-16, SSM 2 pg/ml » L& Tt
MEM, clone-M-3 ¢ % DMEM ~ £h Fh
10% FCS Z¥mig#ElL, SSM 2 pg/ml, 200
pg/ml AL /.

colony formation assay :

30~60mm dish 2\ 5% CO,, 37°C,
7 HiE B5E®R, =27 =—~H% FHEL, cloning
efficiency | XEMENEREY 100 % & L THRE
L.

collagen type Dk {L¥HRE

indirect-immuno-peroxidase method :
10 %+xr~=Y YERE, <774 v (4pm)
R,

Bi 25 %, WIEEM peroxidase 3k Dl
0.3% H:0, &% methanol T/EL 7=. PBS
(pH 7.4) TH, 0.5% by 7> v (PBS &
W)TMEEL 7z. PBS T¥E - /o, non-specific
binding % f <7 IEFFIMFE T 304/ incu-
bation L7z, &\ T, RO—®KHiE% 60 BF
B,

1. fibronectin (PAESEL GmbH) FE k&
%, e b+ fibronectin & 4 F§ifk (affinity
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purified)

2. collagen type I ® [T &L, vvEHRE
H3E collagen type I-v v F¥ifk (Advance
i)

3. collagen type M ORECIY, v EREH
sk collagen type M-v % ¥ #i & (Advance
#H)

4. collagen type WORIEWIL, ik t pla-
centa collagen IV v % ¥$ifk (Medac Gesell-
shaft; FRG)

5. Laminin FEi, 3 <w A EHS @3k
F 3 = v-v 4 FHifk (affinity purified) (FH:
B EUBEEL Y DV EE) ¥ thZTh{fH
L.

B PBS TV, ki (peroxidase
conjugated affinity purified goat anti-Rabbit
IgG; Cappel, PA, USA) #fEA ¥,

X 51T PBS €Ly, 0.2 mg/ml EBED 3.3-
diaminobenzidine tetrahydrochloride &
0.005 % H,0, % PBS FCHREHBI ¥,

~= hFV Y VOB .

fibroblast & EME@EMAID in vitro co-
culture [C k&% collagen fiber 74

AR 1 L F L <, 60 mm dish iz thymic
mouse (Balb/c) fibroblast, % ¥ athymic
mouse Balb/c nu-nu embryo fibroblasts %
* X, clone-M-3 & co-culture L. Z£DF
BEREEERALCTHS. 3~4w % pap #EE
%L, collagen fiber production DF A
WREFHICBIZEL o,

£ B B R

thymic mouse, athymic mouse [C35(+3

BUHRGEHEEICKRET SSM OFR

clone-M-3 grafts SREREf

thymic mouse (Balb/c nu/(+)) (80 &)
L athymic mouse (Balb/c nu-nu) (80 5§)
o grafts THOWTHEL. WTFho~<v R
WCHAERLERRBEESY LD TREERYE
BiC\ I TR T & .

(3E15% 25 1989)

thymic mouse grafts ([CD\\T:

clone 1x 10" BHET50H ¥ CEHE A (40X
40 mm) § %A% SSM 50 ug S. C. DA, Bl
LR ECIOR AR EST 2B AL, BHE
BSH TR TA2HEE LEN LALLM, B
BEHCIERIIHARL /e HE cell death
L cicatrization 23 L, 80 H A% CHFE % {5 1E
T 5 {E~A D - 7 (Figs. 1 a,b, ¢, 2).
#riz, SSM 50 ug L T. {4 < [EE © fUE

Fig. 1. Effect of injection of SSM on inhibi-
tion of tumor proliferation in clone-M-3
cell (6x10¢ and 107) grafts.

a. Transplanted Balb/c 440-1 8. 107 cells.
SSM 0.5 pg was injected S.C. every
other day for 107 days. The grafts
grew, but were cicatrized.

b. Balb/c 334-1 2.

The tumor underwent necrotic ulcera-
tion, was cicatrized and dropped off
after SSM 100 ug was injected S. C.
every other day for 76 days.

c. Nude 117-5 2,

SSM 100 pg was injected S.C. every
other day for 61 days after trans-
plantation of clone-M-3 cells (6 x 108).
The tumor grew and finally caused
remarkable cicatrization.
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Fig. 2. Balb/c 673-1 8. 107 clone-M-3 cells was transplanted.

The mice were sacrificed 44 days after injection of SSM 100 pg. Synthetic
resin was infused from the left side of the heart. The tumor proliferated
in close association with the formation of new capillaries. The arrow in-
dicates the region of the tumor that dropped off due to necrosis.

Fig. 3. Nude mice with a transplanted B-16
melanoma.

a. Nude 520-1 &.
5x10 cells were transplanted for 22
days. Untreated control.

b. Nude 478-1 8.
2.5x 108 cells were transplanted. SSM
100 g was injected I. T. every other
day for 77 days. The tumor caused
remarkable cicatrization.
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WCBRIA L 7o DIX50H R T cicatrization D{g
#Er3 A bR, 1508 LR © MRl 2 &5
ni.

IR LT, thymic mouse 455t
#E (2080) 1L 10" BAET 100H T 40~50 % 50
mm ZIHE L BIRL DB EE A B s o .

athymic mouse grafts i3 f& UL R
(208H) T3 10" B CT40H © 35x 30 mm (i
AL BHRBROE XL Ab e -1,

KL T, SSM 50~100 pg 10" BHE &
FRp LT g (1588 721z S.C. 5 (15
D) 13, EEOREIEI 2 2 5 cicatrization
AR U FHRAEA~EFTL 7. SSM 1.0 pg (30 1)
T B 10H LI dE48BRA L 7 BETEE
DR Zbh, e LT. o BEZEy
3507'12.

B-16 graft &R

thymic mouse (C57 black/6 nu/(+)) [T
2WT:

B-16(2x 107) BHEDBE, [EEIXE W

o

Fig. 4. Two cellular morphologies of the clone-M-3-transplanted tumor.

(BB15% 2% 1989)

KAEFRL, 400 T40x30 mm iZBik, UL
HFREE (153 Tk &< BRI A bhic
ot (Fig. 3a). SSM 1.0 ug~50 ug S. C.
g (308) &, 108 DALBEMA TXELA o
23, L T.3st (1088) ik cell death ok
% necrosis 2 <, BRI & WA O HIHIL
Z bt (Fig. 3b).

B A 2.5~5x 108 I 5 L T grafts #
ED, B L RMICH S L7284, SSM 1.0ug
S.C.o (108, LT. (08D HacRIIM4R
D b DD HZRIHEFEIHIN B tch’, FErhhiis
Mmote. SSM 50 pg L T. (1030 &4 8K
ERIRFCBAtE L 7o a, HMIEOHHEH AR BR,
30T 20x 15 mm BED $ DL h 5 e,

athymic mouse (Balb/c nu-nu) [CD\T:
B-16(2.5x10%) BfE T, SSM 1.0ug S. C.
(1080) HESCIEBE e »7ens, B LT,
B4 (1088) TiX60 H LISHR LS 2Rk L 7e.
fib 75, SSM 50 ug S.C. 4 (1058) TiifE
Bk A0B AL F CTHWART S (45 x40 mm) A3, 70
H S EEIc R Ls SR abhic. fig,
LT. @4 (1050 Tk 60H LIk &R a2 &4

a. Fusiform pattern (fibrous). H.E. stain, x200.
b. Adenomatous pattern (epithelial cellular). H.E. stain, x200.
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SSM {E4f 1 grafts {EHLER [y GO b D
ESNH D, SSM 50 ug S.C. @4+ (108H),
LT @4 (108) T, #AL RKHC 70HLL
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75, SSM 1.0 pg S.C. F/cik I T. @4 (10
B OBE L, FEESO L D60 H DIBHIR
{b & HWHEIH L b i,

B-16 BffEE©, thymic, athymic mouse
EHICA0H FCREBOMARE AL DL, T0H
LIS CILEHA7e cicatrization A&, 4T,
50~100 pg FEFPITESHECIL FRr A bR,

TRG 361 grafts EEREE

10" BHEC, *HRBHEE(4088) 1370 H 2T 30 X
3I0mm i E L, HABED HEIX Abhlk
iy

107 B 5 B LR ©50 pg S. C. 4 (20
) T, EEOBEEALERR LR,
B & FFpic SSM 50~100 pg (2080) % iESF
L7ch ok, 50H LItk #EE E1EL, 80HLL
#% 10~28x 20 mm TEET FEIL~EA .
SSM 1.0 pg S (405 1%, 50~100 pg Tt
LT cicatrization #4734 BENI-H, EFRD
Bl Eifc L T2 ~ 3 fFIERL 7o,

clone-M-3 allogenic grafts QTR :

2.5x108~6 x 10° cells [T %4 < 100 % 4=
EL 37 ATEBIBIPRCEL . AR
A 2 EE A RS b, —2ik
RO AR o EERAEME (fibroblastic
type) (Fig. 4a) T, 44—k BER < BRE
B Feix e €y bEBRL 5 ERRE
% 72 1% adenoma-like type (Fig. 4b) o
b DT, HBETE HERIGE BEDH <
DTHL, MFET2 T~y VBHITIZ LA EAR
Bhignay, B TSR BERIC L b i
I 57 Mallory g collagen fiber (X
Mg om, HMlls pap HEERM =7 - v

Fig. 5.

Nude 223-2 2.

Clone-M-3 (6 x 108)-transplanted tumor. Untreated control mouse at 41 days.
Tumor cells proliferated in association with new capillaries, but its natural
cell death was remarkable. H. E. stain, x200.
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(reticular fibers) N BIEHE S H B kb
HREEC A bhf. collagen IV type I —F
L7z

EER E MR B 3 T AR angiogenesis
DBEWT, BRI ThEhFEnE & EE R

Fig. 6. Nude 428-3 .

a. Sacrificed 12 days after clone-M-3 (107) transplantation.
Angiogenesis (B.V) was remarkable at the periphery and inside the
tumor. Mallory impregnation, x200.

b. Nude 336-5 5.
Sacrificed 7 days after clone-M-3 (107) transplantation. The structure of
the reticular fibers in the tumor was already completed, surrounding

intermixing with tumor cells (m).

pregnation, X 400.

Ll
e

(BB15% 252%5 1989)

OCHEL THFEL, NERIEE T, NER
LR N TRB AL O WA A 5 MRS D
W L 2 FEWREREBR A BERL, FWRE
HEEIEC b\ o7 (Fig. 5). Btk 1 EH
SHOWTHEBEBSFIER T2, 4FTHREL

Untreated control.

Collagen IV type. Pap silver im-
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L3t SSM AL OXf <
o AT S > B0
BARBIEA - e,

SSM LB %, EiEE (50~
1001g) D% DIEE collagena-
tion AL, FRCIEE IS

SR T HoTo b, KTH
4 (1.0~100 pg) T & KM
DERADOHEL AR T H - 7.
SSM Iz X % in vitro coO &
EE IR D34 cytotoxic effect
BHEBLNBDT, BEENESC
L % cytotoxic effect 3 #x
bhant, BRELE OB
T Hort. LaL, SSM
E4we X v A0HE X » FE:
reticular fiber o B4 25 % 4
WA &, cicatrization A3ZEHRH
R L 7o, e, thymic
mouse TH SSM &4t col-
lagenation D{EH 2% FRE T,
SSM 0.5 pg KT ST,
athymic mouse I b 3, ZE8/c

Fig. 1.

a. Balb/c nu/+ 421-4 &.

Clone-M-3 (2 x 10")-transplanted at 140 days. Untreated
control.

The tumor proliferated, centering on the blood vessels
(B. V), caused necrosis and exhibited residual argyro-
philic collagen fibers. Pap silver impregnation, x 200.

. Balb/c 408-1 8.

Clone-M-3 (107) was transplanted, and, concurrently,
SSM 0.5 pg injected S. C. every other day for 40 days.
Remarkable proliferation of argyrophilic fibers was
observed at the periphery of the blood vessels remain-
ing in the tumor necrotic lesion. (One of the centers
of collagen proliferation or reproduction.) Pap silver
impregnation, x200.
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collagenation g
& EA N AbR
7o, BEIXEE, K
¥ collagenation o
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#* fg = L7z (Figs.
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BRI, EWe
% F 3k D collagen
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B OGEIL, BiE
#90H T {, collagen
TR THS D o
7.

B-16 allografts
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mic mouse(C57BL/
6 %3, angio-
genesis (¥, =¥
D5HLDORLFHT
(Fig. 10), &= #
B O\ EETH B
TEEPIEST W
5. BHEME A H0
& L 7o collagena-
tion RO ARDHE
2B D collagen B4
3 30H AN Tidrs
B 55\ A, B
200 CRIBIXZEM
EgxwmmL (Fig.
11), SSM 0.5~2
ng EHH T fibro-
blasto B/ HEFE A
RHE X Nz, clone-
M-3 o%iE &L R LT

JI R % 4 R (B815% 2% 1989)

Fig. 8.

a. Balb/c nu/+ 422-3 8.
Clone-M-3 (107) was transplanted,and concurrently, SSM 0.5 ug was
injected S. C. every other day for 53 days. Collagen proliferation,
centering on the blood vessels (B.V), accelerated and cicatrization
of the tumor advanced.

b. Balb/c nu/+ 334-1 8.
Clone-M-3 (10%) was transplanted, and concurrently, SSM 100 pg
was injected 1. T. every other day for 148 days. Melanoma cells
(m) were contained due to the remarkable proliferation of retic-
ular fibers in the tumor. Pap silver impregnation, x 200.
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Fig. 9.

Balb/c nu/+ 425-5 &.

Clone-M-3 (107) was transplanted, and concurrently, SSM 50 ug was in-
jected 1. T. every other day for 162 days. The tumor was cicatrized and
healed. Tumor cells (T) were contained due to the remarkable collage-
nation of the interstitium, which caused degenerative necrosis. Pap
silver impregnation, x 200.

Balb/c nu/+ 440-6 8.

Clone-M-3 (107) was transplanted, and concurrently, SSM 0.5 pg was in-
jected S.C. every other day for 229 days. The tumor caused cicatriza-
tion due to remarkable collagenation, and healed with cicatrization.
Melanoma cells (m) were contained due to the proliferation of collagens
and disappeared after undergoing vacuolation and necrosis. Pap silver
impregnation, x40. :
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Fig. 10. Nude 476-2 &.
B-16 (5 x108) was transplanted, and concurrently, SSM 0.5 pg was injected I. T.

every other day for 21 days. There was remarkable angiogenesis. Mallory
impregnation, x100.

Fig. 11. Nude 450-1 8.

B-16 (5x10%) was transplanted, and concurrently, SSM 0.5 pg was injected
I. T. every other day for 29 days. The interstitium had a double structure: a
new stromal layer mainly composed of the original interstitial proliferation
(Sa) and newly generated capillary vessels in the layer in -contact with the
tumor. Pap silver impregnation, x 200.
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EMRE L LT EEN TL MERE pap £5 X, EWHLSEAMBROER & ER, BHEE
@iEM: D reticular fibers OWFEIN b b 0B LI & B e (Fig. 12a).
(collagen type IV). B|E/LZ &iX, MEO SSMEH T L b, EAEORBECILL,
HEESEC, FCBEEE-RBERERONET ZhoDEBEME L ZE L < {R#L reticular

Fig. 12. Remarkable interstitial reaction in a tumor transplanted onto athymic
mice.

a. Nude 474-1 8.
B-16 (2.5x108) was transplanted, and concurrently, SSM 1.0 pg was
injected. S.C. every other day for 16 days. There was remarkable
migration of neutrophils into the interstitium. Mallory impregnation,
% 200.

b. Nude 450-2 &.
B-16 (5x10%) was transplanted, and concurrently, SSM 100 ug was injected
S.C. for 39 days. Remarkable macrophage (m) proliferation can be seen
in progress: in the interstitium, collagen proliferation and lymphocyte
infiltration can be observed. Mallory impregnation, x 200.
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fiber DWFE 1T FH T, IMEMPED collagen
fiber X, MESFHTEREUE © BIER < fHR
L, BEEE S Abhic (Fig. 13). &R
iz collagenation |XfE/E A collagen T type

S WS L

Fig. 13. Remarkable interstitial reaction caused by SSM in a tumor transplanted

into a thymic mouse.
a. C57 BL 617-1 8.

(GB15% 25 1989)

By

LEB LI, CEAMWCHE L. SSM
50~100 pg o BHENES TlL ShbHDOFTRD
EMIC, 30~40HT~ 2 r 7 5 —COMELE
B¢, ZHIZH®FIL T collagenation 3, fEHEH

o

SSM 0.5 pg was injected S.C. every other day for 21 days from 3 days
after transplantation of B-16 (3x108). There was remarkable prolifera-
tion (S) of interstitial collagen at the periphery of the transplanted
tumor (T). Mallory impregnation, X 100.

b. Magnification of the topical region.

Proliferation of fibroblasts and collagen was accompanied by remarkable
macrophage proliferation at the periphery of the tumer (T). Mallory

impregnation, x200.
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BRMTEWT, KCEEEACSARMEL b, BIEOERE LB hbOMERIE
7o (Figs. 12b, 13). DFzdIT collagenation & {REEX R, HEHE
B-16 [EE MR O A D TR 2, i 50 B (2 [EFEHEHE © ML Sh, BB
B SSM o [BEE NS T cytotoxic effect 4 BUZ L cicatrization 23 L1, Z0B& D

=

Fig. 14. Cicatrization caused by SSM injection.

a. Nude 457-4 2.

B-16 (5x10%) was transplanted, and concurrently, SSM 1.0 g was injected I. T.
for 48 days. The tumor healed with cicatrization. Old cicatrization (red) and
new collagenation (blue) were observed. Mallory impregnation, x 40.
b. Nude 462-3 8.

B-16 (5x108) was transplanted, and concurrently, SSM 100 ug was injected S.C.
every other day for 55 days. Tumor cells, which caused vacuolation and necrosis,
were observed between remarkable tumor cicatrization (c) and collagen pro-
liferation. Remarkable collagen proliferation and necrotic tumor cells were
also observed in the interstitium (b). Pap silver impregnation, x 400.
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nude mouse (Fig. 14a,b) X b { thymic
mouse ¢ collagenation [3BEZE TH -7z

TRG361 xenografts OEFTR:

v FESRTH B, 1x 107 EHOBMET 100 %
nude mouse Z4AFL, 34 A TEIPKTE
L.

angiogenesis 3, B-16 (% & CiX. 7z \ A% clone-
M-3 L ABRECL bR, BEHOHA S HBHE

(#15% H25 1989

\». collagen ¥ [ e 0T Y A VIRD HFE
NEIICHZSRDH, Oy %wHiic SSM
HHHC L b collagen BAFEII{EAEL T < % (Fig.
15a).

TRG361 #fao et clone-M-3 LFT
IO HBEBRSERTH DL, W x -V
L L Cix/h3EM: (epithelial type) (Fig. 15a)
g sanpa®l (fibroblastic type) o 2 D <

TRG 361 (107) was transplanted. Untreated control in 88 days.
a. Ribbon-like collagen proliferation was observed, centering on the capil-
laries. Pap silver impregnation, x 200.
b. Nude 347-3 2.
TRG 361 (107) transplanted. Untreated. 185 days. Collagen type IV was
seen reticularly in the tumor. Pap enzyme-antibody method, x200.
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— VR DH B RIc. collagen i¥, EMETIT

t%iﬁybi:}e% {,185H ClEEMNIC IV type (Fig.
15b) 28, kLT HEROI, I type DOHHE
N&R BB, fibronectin (135 Th 528
BEENTRD B, EUETIL collagen D

WEREVLE B Tl o,
JEE AN~ (50~100 ug) SSM yESFL 7o
&, BEEMBEZIL mast cells o5, macro-
phage DA L FEWIC ALK, HFPEROERD
FRES LR,

Fig. 16. Remarkable collagenation caused by SSM injection.

Nude 329-4 5.

TRG 361 (107) was transplanted, and concurrently, SSM 100 ug was injected
I. T. for 102 days. Diffuse collagen proliferation was also observed in the
interstitium and tumor, and confinement of the tumor cells began. Pap

silver impregnation, x 200.
Nude 343-5 ¢.

&

TRG 361 (10") was transplanted, and concurrently, SSM 100 pg was injected

I. T. every other day for 91 days.

pregnation, x 40.

Remarkable collagenation and confine-
ment of the tumor (T) (arrow-marks) were observed.

Pap silver im-
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Z OB T col-
lagen BAE S FHH & Vs
n, TI type collagen,
BERN IV type col-
lagen, JEE A fibro-
nectin 2% ¥ fn L,
I type & A&k D HE
IR R D bhic
(Fig. 16a,b).

EMEaEMmRBE
[CHIT2=_EBRHEDE
i

A 0 BEHE HE &
angiogenesisi X » T
FLLCcELEBME
Xy, BB ERM
BExHBR L. =D
MBI & & O Ha
P ACTHD. il
L, clone-M-3, B-16,
TRG361 & Eik: R fn
JEMf L R, RSy
b 3 M BE X
n 3 Tz 7 angio-
genesis #FEHKL 7.
ZDlkdic, BEME
A AT O
BHALDOERHEAED
WL .. 2B TID
SR BB -
T, o umbau AL

Fig. 17. Histological X-
ray analysis of lo-
calized copper.

(a-f): b,d, f are mag-
nified images of the
region where copper
was present. Na, P,
S, Cl and K (a, ¢, e)
were observed in

- , . melanoma cells, but

Fig. 17. ' no copper was de-

tected.




R I P B o 2%
2D, SRRSO I B o EERT AR = Table 1. Cloning efficiency of melanoma cells
D, BRI E REIEC KB\ o 7 treated with SSM.
(Figs. 5, 7). fcm@hobicsy  Cells  |SSMug/ml| ine | £ereent of | papibition
T L 7B D AR CLR YL RG361 0 48.2 70 5o
BEREAHE T 5 (Fig. 5). 200 14.3 29.7 70.3

LasL, MBI & 5 apg 0 10.0 —

ekl (Fig. 2), pidme o CloneM3) 2 67 6.7 53
FINTHEOBERE & AkDRH 5 5.8 ~
FHELCbMHIT, EEME X B-16 2 60.3 108.1 -8.1
iR L (Fig. 1D, Frch il L UL WL
b, EEME C B - MERY
VX, Bl D B £ - /- angiogenesis iZ i KHERAIN TS SSM A HMER) TIIRE

%% 7o 84 collagen ©, type IV collagen
BEERTH -l DN BEOREIAROREA
HETHY, BEEMEIHEEL MERKAY R
BLTWEE, TREEL T/ E
ez EhiboT, type M AEHET,
W\TIE collagen ¢, mallory [E#:E& ik
T, SSM 4T Z OB, MA&ER, mast
cell, macrophage DBFEI LS, HEME
DIEMERZ SR, ZhiC - T collagen 14
TEHRAEL 7.

tumor angiogenesis factor (TAF) &L
THOLATWBHBED X i8R

EEREEMC X % ¥ 7t angiogenesis
NabhiedT, TAF D—2L L TbhT
%48 (ceruloplasmin) Z&DHFELIC ST L
L7z,

<V y MZL % clone-M-3, B-16, TRG361
e SRR H 2 A AN B < T RTER O J5 ik CREE
#®, EEBRGME O BT EME (HU-12A)
TERELRAD, BNBXRoPi%E (EDAX
N %A > THW&AT o 7o, DFFERD S Cu-
Kajf (8,040 KeV) ix@d b h ¥, SHTpH S
Hich -7 (Fig. 17).

cytotoxic effect

Bkdp 5 L, SSM 23 Mg xtL Tit
Loz, Table 11/m3 X 5 ik BEEH
Jarz st L T\ cytocidal effect # /L T\ 5
TEThote. KT, SSM o 2 pg (BRIKER

BRBARI R Ie b 7223, 200 pg 2 EEc TRG—
361 & B-161%70%, clone-M-3 ¢ 100 %ic3F
WRMIRRIER Y &L oie. ZDHEFIL, SSM
A% collagen 1Af% (@M% & & & OfeCEM:
REBEMmcT 2 HEBERE L CEETH
5.

in vitro collagen 7 4!5’

in vitro v, CH mouse fibroblasts Fo¥
Deteroit fibroblast (human) & B-16, clone-
M-3, G-361 o co-culture %47 7c. JEiifa
LT < co-culture 375 2 1T X » T ZEB 7
collagen fiber DEEA(RHEL L L NI, Hi,
T-cell kfno nude mouse (Balb/c nu-nu)
o fibroblast 7 & @ collagen @4 k b 3,
thymic mouse fibroblast (Balb/c F 1 C;H #
7oid C57BL/6 735 collagen a4 D J5238k
B oZWTH T, 2D in vitro OFFEIL,
fifg v~ ©¢ thymic Balb/c oY C57BL
mouse T ® clone-M-3, B-16 B EE <
athymic mouse X 9 4, ZEB§7c cicatrization
R LD &Rkl 7= (Fig. 18).

collagen, KU fibronectin DiEM{LS:

TR Rk e, EREaEE O
collagen, fibronectin DOFhAEIL, M IESHIRRE
(R—=F=vRA) Th, BERS~THTITT
BN T IV typeD A R Hh, BT
1% type I, RO'I A Z Ik ¥, fibronectin
LR EBNTY Abhie. SSM HESHE
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Fig. 18. Thymic mouse fibroblasts and clone-M-3 cells in an in vitro co-cul-
_ture. 4 weeks. Remarkable proliferation of collagen fibers was observed

around of melanoma cells (m).

T, BAK 100 B <H W b EHEE TO
collagen TI type DEFEMZEHHICHZ BRI, W
WCHEERN IV type, fibronectin, I type @
WL by, RERES ~v ACiwFhis
B 7 HEFE 2N B ute. collagen BARE LT IM A& ROy
HETH D2, BIEHES T BET S MEREDO
collagen IV DZRAF X b @ collagen HrAE X5
RSB CERG T2 ME L FL & L CBERGR
MEDBEFEZ X DWHRAL~DHET LR <, B
BIEHE DRI~ DT EBERAGORALE L T
BETH- 7o (Fig. 7).

z %

FE X, ANRREBE RS ARS © X
BEMRE & i & L HUBIER T DWW T
l%:5»'14) L’C%?f:jfi, BCGVY %) pa—F 1
PRI f v g~ T72m Y, fVE—R
,f * 716).21),22) %ﬁiﬁ‘ﬁ%éﬁklﬁﬁjf‘iéé el
EORE IR TV DT, BIfERDI R
FATTREI NBURS B (6 X 0 HlHS U 7o S WE IR R
(777 —=vrv) REBLTEREAA

Pap silver impregnation, x100.

1z, & [ElDEEETL, athymic mouse K ¥ thy-
mic mouse & %4 7JHE 7 clone-M-3, B-16
DBMEER ST, Fu#zul T-filaxk
mo<=y AL T-HlaxET5 EHE~Y ABH
JEEC 15 SSMZRA BT 52 Lh T
fo. ZOBEEENR LI, T-V) VABRE X
LTI WIER < v ATlk, BIHERTL,
Hifav <A Ccoin vitro ¢, thymic mouse
3k fibroblast o collagen pE4 1% athymic
mouse H¥ED L D X » & BEE T, collagen f
HEZK B SHIEL EWTH - Tc. DR
I Tit 4% collagen gene & ALMTE
BT OZE(LTHE S collagen PEAREIC D\ TH
(LRI R 21T 5 LB H 5.

&, Barsky 5 {EM:REAEEMR (B-
16) # C57BL/6 BHEL7c & &, & b DILE
&4 B b desmoplastic response DEFE T
% % myofibroblast & collagen DEFEAE 5
fibrotic response - AHZ LICEBRL, Z
o inhibitor t#% L-3, 4-dehydroproline
%45 HESP T+ 5 & collagen response 7370%

!
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inhibition % 5 iF, tumor o &3 & spon-
taneous pulmonary metastasis 2 E#EL 72
T &x kX, collagen H MR AL DR
H, BB CTEERHE»RL WS
ERIERHL TN 5.

753, B-16, clone-M-3 o #ifjaf:i& < i,
epithelial & fibroblastic type & 238 &bt
», B OB A R CHBE UGS 5 1o,
BoF B M 3 surface antigen 12 4,
& 3 < theterogeneityl?.20.20~30 45 7 = L
PREH ST %03, FTTIRBEG LK ST,
FEMARC 3 % BE S MR E T 5 0
T, surface antigen OMEIZ XL B Dn L o
Bigus,

SSM D fEM: BB R w345 BarEH
FEEC, LpfifadckoEfMa s BT,
#JR (100~200 pg) o SSM i, BBl
M Tk FBH7s cytotoxic effect # F35 &
LT Hot. Hig, clone-M-3 2 EBMDE
W B-1613FE L {FEXh- (Table 1), =
HRLPIT, EHREAEREYE T angio-
genesis 3> CHF T, BEBIMELHL T
ELWHIENAARDL N, & OBcoOMER G
FEETC, MBI e, col-
lagen T, I type DOH§HE S A7s v p3, collagen
IV type o grafts FI~DOHEFANFE L D AD
h, BESEBTI T EERCEIKSIHh
(Figs. 6, 15), SSM EHFEHIC X b E8 /s
FEN A B . Ogawa 530 4, soft tissue
tumor “T® collagen IV type o4z L 5
~, blood vessel tumors T {, ZFBEX R,

“vascular pattern %3 ERAEL, Kart-
tunen,*® Natali’?® 3, laminin type IV col-
lagen®:3» 23 Hodgkin’s disease oM (A
Eofd 1l reticular fibers OFEE/: com-
ponents THbH L F - T\5. BEIVE col-
lagenic B L 7ciltiE & &\, %00 5 & SSM
(50~100 pg) DEEPITEHTE L\ cytotoxic
effect & & 4,1c, fi5ClL collagenation # ff

s BE OB MESh, DVt
LL\ cicatrization 23& 5 FH LU WIEGEIE M

Z bt (Figs. 9,14),

s T3, B-16 X U, clone-M-3 ©
angiogenesis (Figs. 6, 10) (33ZFH <, Fkim
Fa LI E L NEROBFER AR DR,
DATDHRICHE RS L &A40H < B TEE
R 52, HEEEDOFEMF LFRIC X S
R TS (umbaw) 2 X % D7 D
RPESR D, EREERCLD, WRLL
JESE D /INEER DRI R B A B SRR Z D,
SSM |z x 5 cytocidal effect 0% b JAHL
BN ALNRS. & D4, Ziche 53 0
ATF & LCHEEMHTS copper DFLET DN
TL BRI, Hx DT copper DFEE
I TE Lo

G-361 B ciT collagen fiber L1 U #HT
MR RO E L TY A VRO #E, B-16,
clone-M-3 T2 C collagenation D{EEIC
o TOE AMEDBFENERIC LD DA, X
JERECiXEs BB IR L 1o,

COBEBEERRELIEN (2 ©
SSM &g T, ¥icidBERCEST5 &, Uk
DB aEMA~D cytotoxic effect % B4k
L, ®iK collagenation OfEfT & & HICfEEIL
AR LA L 7 (Fig. 16). = o84, K FE
SOBETEBEH AT LI TR L4
bbielAd, 150H LIk Tl 2 L\ EEIHR)
R ERNALR, BENESTIE40HLD
WX DEFEL collagen WEFEANETL, Z DB
%1% athymic mouse 2%} % XL » § thymic
mouse TR\ Tilid -7, SSM 0.5~2.0 ug
DOEETL, thymic mouse DHBE 13 HHAM
DEHTE L WHIEEEA LS R, BFIHEA
A{EL, #7100t cicatrization s\ o 7.

Bolt, B-16 RUBC 17 BRAE [ pE 202940
DHBHENBREDLR TN BN, FADER
Tb, BHEEA0H CRES BRI E B i RER
EEEY DL, ZOX 5 MERIGE, SSM
EEE (100 pg) EEHESICH LR, REKO
R’ 1T mast cells, macrophage DH4JE 3
FEHc, ZOHBIK 5T ZDF Tk EWK
collagenation 234 bt (Figs. 12, 13).
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DX 5 IR OEN R ABEB R OMEX
Bk, oL FHE=HEY », BEEHEC
IAROEEHE L EEBHC L - THE IR
7z collagen BRALIHZ &L ZEHRL TV 5
2, FxOBHEERCESBOABEMROBEE
TIXEM (5 B) €& bh, EENHE T
BIROIFRBHEN A BN, type VIRX 23D
DEAF I LHFEONBECESICLDLEELLR
7o. EARME X, collagen type I, R\ TI
ELE 5B, FoOffi, fibronectin A b
Lbhi.

LlED X 5 SSM @R EESIO BE, B
B mEA T cytotoxic effect #F L,
iy, MBRIGERET S Z &rxbnb, Bk
BeBEoMEMECEI2>bDEELBRD.

SSM DIEHNES L, BEUEEME~
cytocidal effect & collagenation A {gs# L &l
EBRN IR a5 %, intradermal tumors
» regression & cicatrization I L .
21, B-16 #ifa% 11 U, malignant mela-
noma o cell cycle 1% 2. SErfEl <, JEAIfRCH

X

(%515% 25 1989)

LT <, BHEEEEOEIII0H <SHWT
WRIEA I E L. 2.0~100 pg HEH T X D
SSM ZhBIT BEFRIC BN D05, &< DHH
EE TR LU ai s cicatrization IZEHL»
7-. Rz, cicatrization O{gxEi%, 100 pg LI
EOmBED L OXEBENCIESL IS5 E
BoUHNEmRC AL, Zbar 5% HiEM:
BEfED ) v FiEB R EEE X 4R
HEWHLC, EEHEoMELHEL T3
7%, SSM &g B oS AESHIEIFER b 72 <,
3k = hb EE D regression & prevention
RSO DEELLNRS.

AR, JBERIKE 7r 22 7 b BI5EH 62—
603 0%, BRETFEIHS HEh&H) ot
7e¥s, SSM ik BABERIAR AIUTFHEL, ROEY
THENLOMBEE Y ZT s BB L EST. 2~
Fe=w Ak, RFEWRE v 2 — Jb EE,H B Ot
BrRSL .
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