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Summary . The antitumor effect of Corynebacterium kutscheri was evaluated in mice
by the administration of formalin-killed whole cell (FK-CK) or subcellular fraction named
CKem (mitogen derived from C. kutscheri). In these studies, two systems of mouse vs
tumor cell (outbred ddY vs Ehrlich ascites carcinoma cell, inbred CDF, vs P 388 leukemia
cell) were used. Treatment of mice in the dose range of greater than 10°® bacterial cells or
20 ug of CK+m per mouse conferred substantial protection on both mice. The enhanced
cytotoxicity of peritoneal exudate cells played a leading role in the initial phase of
antitumor activity. The Winn assay disclosed that antitumor activity was attributable to
nonadherent splenocytes whose activity was impaired by treatment with anti-T cell anti-
body and complement. The fact that the generation of effector cells paralleled that of the
delayed-type hypersensitivity to this bacterium may suggest that the antitumor activity of
C. kutscheri is mediated in part by T cell.

The isolation and characterization of biological activities of the active component of C.
kutscheri were attempted. The antitumor activity was confined to the subcellular particle
fraction of this organism and associated with a molecule of glycoprotein nature (38,000
Dalton) isolated from this fraction by affinity chromatography with Concanavalin A-
Sepharose 4 B. This substance exerted mitogenic effect on C 3 H/He]J splenocytes and T
cells and further exhibited antitumor activity on P 388 leukemia cell in CDF, mice. The
Winn assay disclosed that the antitumor activity induced by this material was dependent on
L 3T 4T cells. Furthermore, both the mitogenic and antitumor activity of this moiety were
resistant to heating at 100°C for 30 min or RNase digestion, but sensitive to trypsin diges-
tion, low or high pH. These results indicate that the antitumor activity of C. kufscheri is
attributable to the heat-stable glycoprotein moiety which can directly stimulate T cells and
macrophages.
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CEEEE 2T & d O % Mfap 23 (Vibrogen,
Zelimihle, FRG)IC T # 5 = # F(0.3~0.5 mm ;
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Table 1. Antitumor effect of FK+CK against EAC and P388 cells

Numbers Antitumor effect*
of EAC vs. ddY mice P388 vs. CDF, mice
FK-CK - -
survival MST survival MST
rate, % days rate, % days
104 45 0 30.2
108 85 60 48.2
108 90 80 55.5
Control 0 0 11.1

* . Each group consisted of 20 mice (ddY) or 10 mice (CDF,), and mice were
challenged with 5 X 10° EAC cells (ddY mice) or with 10® P388 (CDF, mice),
immediately after treatrent. Mice were kept for 90 days (ddY mice) or 60 days
(CDF, mice). Data were obtained from two separate experiments and expressed

as the mean values of two experiments.

Table 2. Cellular responses in the peritoneal cavity

Ttime Total cell numbers, X 108/peritoneal cavity
ter g
inji.ction, 10° FK-CK 10° FK-CK + HBSS +
h 5X10° EAC 5X10¢ EAC
Ziwe T imvs - -
6 6.3+0.7 10.2+1.2 10.6£2.4
12 10.7+£0.6 16.2+2.4 12.5+3.2
24 11.8+0.4 16.4£3.6 . 16.7£2.3
48 12.2+2.2 12.9+1.4 31.5+4.2
72 13.0+2.1 13.5+2.4 37.3%5.1
96 12.7£2.3 12.9+1.1 46.8+6.3
120 11.5£0.9 11.6+1.3 59.6+8.4

Mice were injected intraperitoneally with 10° FK+CK, 10° FK+CK plus
5X10° EAC or HBSS plus 5X10° EAC, sacrificed at indicated times, and

peritoneal cells were obained by lavage.

Peritoneal cells yields are

presented as means = SD for 5 mice per time point.
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ADBERERNES 1T - THEEEE L 72 PEC © RIEM X
R IR U 120 RefEi#8 1213 FK-CK D Zp#H-# 0
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BV AR TEELCERLEABEOELYRL, KAL
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3) = v REMa D MiE S

CDF,= v A D #I# & % \~ 1% PEC © NK & M 11
YAC-1 fifa %Ry & L ClIE L. Fig. 2 wmdmng,
PEC /o> NK {E#I1L5 BHETEY — 7 1K &L, T DHEKE
CRAT B30 BB S 2 7n ) Ol EFRD 5

6 12
Hours

24
~ Days
. Differential cell counts of host cells in the
peritoneal cavity after injection of 5 X10¢
EAC cells following 10° FK-.CK treatment.
The data are presented as PMN (@—@)/
mouse X 10, mean = SD for 5 mice/time
point, and as macrophages (O—O)/mouse X
108, mean =+ SD for 5 mice/time point. PMN
- (@---®) and macrophages (O-+-O) in control
mice receiving HBSS and 5 X 10° EAC cells.
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ddY = v 10 3> D fEIEAN I 5X10%E O EAC % #
B, BREBRCITAEROES OERELHIRPICE
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100 ug/= v ADFEE L W ERU LD~y ABRERL
MST % 2 f5LA Bicghn L. CW B4 % 250 ug/< v A
OFEI X h MST 2MEHE LIcic e ¥ D, SSESIIT

T EHUEBM DR IIRD Dt o T,

Percent specific lysis

Days after treatment

Fig. 2. Cytotoxic activity of PEC obtained from 10°
FK-CK-treated mice to P388 (O) or YAC-1
(@) cells as determined by the 4-hour 3'Cr
release assay (E: T ratio=50:1). Data were
obtained from three different experiments
and expressed as mean £ SD for triplicate
cultures. Cytotoxicity of HBSS-induced PEC
in control mice:4.8 £ 0.2% to YAC-1 cells,
5.4+ 1.1% to P388 cells.

Table 3. Measurement of P388 growth in PEC obtained from mice
inoculated with FK+<CK and P388 cells

PEC obtained®
from mice

Incorporation of (*HJTdR, mean cpm * SD/culture

injected with 24h

48h 72h 120h

FK-CK and P388 (10°)
HBSS and P388 (10%)
FK-CK

HBSS

14,500£3,720°
22,250+6,730
920+ 340
756+ 214

9,240+1,780°

28,600£7,400
2,040+ 870

840+ 180

6,240+1,080°
32,500+9,480
3,180+1,260

715+ 220

4,200 1,120¢
41,50012,400
4,020+ 1,850

780+ 190

P388 (104/well)

46,500+=12,300

a. Mice were challenged with 10° P388 tumor cells intraperitoneally and peritoneal cells were obtained by lavage at
indicated times. Peritoneal cells (10*/well) were cultured at 37°C in 5% CO, for 18 h and pulsed with 1xCi *H)TdR
during the last 6 h. Culture of P388 tumor cells (10*/well) served as positive control. Data were obtained from three
different experiments and expressed as mean + SD for triplicate cultures.

b. Different from control (HBSS and P388-injected) ; P<0.05.

c. Different from control (HBSS and P388-injected) ; P<0.01.
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Table 4. NK activity of splenic nonadherent
(NA) cells of 10° FK+CK-treated mice?

H T

5

Table 5. Antitumor effect of each fraction after
inoculation of 5X10% EAC cells

Percent of
Dﬁgzciifgir Treatment cytotoxicity
to YAC-1
— 1 (control) — 4.8%0.2
1 — 6.2+1.3
3 — 14.5+2.3¢
5 — 18.4+3.4
7 — 36.5+2.9
9 — 44.6£2.7
C alone 43.2+3.1
anti-asialo-GM, +C® 2.7£0.8

Doses Survival rates, %*
ng/mouse CW P ) S
250 10 (33.8) 85 (52.3) 0(17.3)
200 0 (28.6) 80 (46.7) 0(16.8)
100 0(@22.4) 65 (34.8) 0 (16.6)
50 0(20.3) 30 (28.6) 0(6.4)
10 0Q7.4 0(20.4) 0 (16.6)

a. Splenic nonadherent cells enriched by nylon wool
columns (were mixed with 5'Cr-labeled P388 tumor
cells (E: T ratio=50:1). Cytotoxicity was measured
by the 4 hour Cr release assay. Data was obtained
from three different experiments and expressed as
mean * SD for three cultures.

b. Theé number of effectors was adjusted to achieve the
E: T ratio of 50:1 after cells were treated with anti
-asialo-GM, and complement.

c. Statistically significant (P<0.01) by Student’s t test,
as compared with controls.

a
200
.0 1 20
20 r
[ 100 4
15 80
60
E 104 1o o 40
g 8
5 )
8 5 E 20
c 3 (]
< « °
g g
T 2
£ 0.0 o= = 10
0
Fraction
Fig. 3. a. Chromatographic separa- Fig. 3.

tion of the ammonium-sulfate-
precipitated P fraction on a
column (2 X 55 cm) of Sepha-
cryl S-300 preequilibrated
with Tris-buffer containing
10 mM MgCl,. A 5-ml frac-
tion was collected, and the
optical density at 280 nm (O),
and mitogenic activ-ity on C3
H/HeJ splenocytes (@) were
measured.

Data were obtained from two separate experiments and
expressed as the mean value of two experiments. Statisti-
cally not significant when survival rate was 15% or less
by Fisher’s test for 2X2 tables. Numbers in parentheses
indicate MST. Survival rate of untreated control groups
was 0%, and MST was 16.2 days.

a. Groups of 10 mice (ddY) were challenged intraper-
itoneally with 5 X 10° EAC cells and immediately
injected intravenously with graded doses of each frac-
tion. Mice were kept for 60 days.

w @ p-Amylase

1.0 1.5 2.0
Ve /Vo

b. The molecular

weight of the second
peak was estimated
using the kit for
molecular-weight
marker (Sigma) ; 8-
amylase (200,000,
bovine serum albumin
(BSA ;66,000) cyto-
chrome C (Cyt C;
12,400). Ve=Elution
volume (75ml) ; Vo=
void volume (48 ml).

MW x 10°

66 -

45 -

31-

24 -

Fig. 3. c. 10% SDS-PAGE of
CKem in the presence
of 2ME. The molecu-
lar weight was esti-
mated using the stan-
dard molecular
markers.
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4. P-EHOHEE FE

P-E 5 b O G E XL 45 E & Sephacryl S-300
DFENAEBIZ L » TT o 7o TTnbh b e 40 %EaFio
5% Tris-B.c#E L Tris-B. &M L 72 H¥K % Sepha-
cryl S-300 @+ 7 A (2X55 cm) & EB@E 27,

Fig. 3alwm$0< 280 nm OBRHEE L h 3 oD

O T cells (10%mi)
60 @ splenocytes (106/ml)
Con A-activated

E 50 + splenocytes

o

= Con A-activated

B 40{ Tecells

® J

8 30

g 4

- 20

T ]

F 10

I 4

= oK N :
1 10 50 100 05 1 2 5 10

ng/ml po/ml
Concentrations of CK- m

Fig. 4. Blastogenic responses of splenocytes and
splenic T cells (C3 H/He]) to graded doses
of CKem. Cells (2 X 10° in 100 g/ of com-
plete medium were stimulated with an equal
volume of CK+m solution at 37°C in a 5% CO,
incubator for 72h. Each point represents the
mean value of five cultures.

1001 O EAC vs. ddY
@ P388 vs. CDF1

] 20 pg
50 7 60
R £ 10 g
7 = 401
8 g
g7 £ 0] b P388vs. CDF1
3
® — 7]
% N %% 20 40 60
a Days after inoculation
/,
0 T T T 7,
119 10ug 20 ug 10019
Doses/mouse

Fig. 5. Antitumor effect of CK+*m. Groups of 10 mice
were injected intravenously with indicated
doses of CKem immediately after intraper-
itoneal inoculation of 5 X 10° EAC cells to
ddY mouse or 10° P388 cells to CDF, mouse.
Survival rate was determined at 60 days after
inoculation. The survival curves of CDF,
mice inoculated intravenously with 10 P388
for 10 #g and 20 ug are shown in the middle.
The curve for 10 ug was compared to the
control curve (P<0.05). Each group consist-
ed of 10 mice.
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-7 @B B, CIH/He] =~ v 20K T %
mitogen {EMEIFE 2 D — 7 BB B i, ZOWHD
SFEE, FAEROREREEES v s BEorhEll
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DFENVEBIC YL s TZDOE — 7 REDEREL T Con A-
Sepharose(Pharmacia) # 7 A IC®%& X, 0.3M a-
methyl-D-mannoside % X 08 0.15 M galactose TH&H
L. ZOBHEREZRDKCENT LEERELb0%
CK+m (C. kutscheri B13R D mitogen) L& L. ZD
CKem % & 512 SDS*PAGE®IL X h pFEZHEEL
L 2 A Fig. 3ciem3 < #38,000Da.TH 5T &b
B2 & Tn o T,

5. CK » m @ mitogen ;&4

CK * m ® mitogen & 1 Fig. 4 =30 C3H/
He] o filads & O T Mo TR Lic k&, 1
23 LTIk 10 ng/mi B3R HA 900 ng/m! Thim
EEZRL, BECR L TZThERh50ng 8L 2 ug T
ot TEALEOHREMEIZENFh Con A2ug/mi
LT 5 & & DSBS T T o fe. —7F B MR LT
BEFRAEBE LIkt

6. CK + m OHIIEEEM

D CK +m oR#5 1 & 3 HEFE

CKem 0EZZEEL T~ v ADBIRNES 2TV, [
R ddY ~ v 212 EAC5X 10%E %, CDF, ~ ¥ R I
P388 10 zh o~ ADERRNIEEL, 60
HEBEL CroEBREYHE LR, Figbhlwrd L)
A~ v 2(ddY & EAC), B& ~ v 2A(CDF,% P
388) & b1z 20 ug/= v AD CK «m & X b HAKDFHHIAE

Table 6. Generation of thé antitumor effect in
splenocytes from CDF,; mice treated with

CKem :

Days after Antitumor effect?
treatment survival rate, % MST
— 1 (control) 0 10.7
2 10 14.6
4 55° 20.8
6 80° 25.6
12 85 27.4

a. CDF, mice were intravenously-injected with 20 ug of
CK+m, and splenocytes were obtained at indicated days.
Groups of 10 mice received intraperitoneally the admix
~ture of 107 splenocytes and 10° P388 cells. Data are
presented as the mean survival rate of mice at 60 days
after inoculation and also as MST of mice dying of
tumor growth. Results are expressed as average value
of two separate experiments.

b. Different from control ; P<0.05.

c. Different from control ; P<0.01.
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DD BT, )

2) CK - m &5 X 2 EEFRABBRCET AR

CDF,= v A D#RMAIZ 20 ug/~< v A D CK » m % #
5.1, Table 6 IZR3 B 0%, B2 R L £ 0 107
1 & P 388 10°@ % {E& L T CDF,~ v = 0 JE e 1o 8
L 60 BRIBIER L CAEBER L O MST ¥ EE L. &
AT BHEL, CKem 05 6 BRIz oM SIS
BROMBEFEBEOREN, LB~V ALK HEFERD
ERBIOMST OERICL » THERINL

3) HEE M BIE-3 % i

CK *m 20 ug #5410 H H © CDF,~ v = D
REERL, Table 7 WRTHEBEOIEE X OFEFNE
1T - Tt Winn RERiC X b BT o L EE S 1< B8
3 s larFE L. 3 /b bHE- AL o B
fa 108 & P 388 10°E%IEA LE B 1c CDF,~ v 2 I}
FEPIESH 1T\ 60 HEED = 7 A DABHHSH LI T4
E R T RS M D b B MDY effector cell TH -
7z,

7. CK - m O{L3EHER

Table 8 @/RTHIL, CKem DEMIZ MY T VAL
H, BRAEOQH2DHB\ETAH V) AEEH 1D X b
SE& I RIEL, —H RNase LE B 5 LB L E
(100°C 30 Z) W Vi T & - 7.

% =

P. acnes (C. paruvum)»35877 7z immunomodulator
THBHZ LRI ABRTNWBZ L THY, BxDBY
DEFZRCHT HIEEDHR, I HITEKRSHEL
THPERI TR T 51,

C. kutcheri X TR D HEBETTO <Y R
pseudotuberculosis Z#ETHREE & LT b T
WHBETHS. AHEECTAEIGHRE S i d,
ZOBEOEBESXI0ME R ERENEN LBETALR S
JREEME AR, e RES 2R 0 2 h 3 f ke MM & 58
CHIBLTCWRZEERTHIDTH .

EEDERICI\ T, FK.CK 0o#5ic X b ddY %
EAC & %\ % CDF, % P 388 D &R I I\ T 7x
EBEUARE Ihs 2 EEBHLMC LTS, ddY ~
v A FK «CK & EAC ZRRICIEEARESR LBE&D
PEC oL, 6K T PMN 2AAMaThHD 4 H
B x F DBARAYEE LT\ % 2 EAC o3 InEEEn 5
Nk oD L TEACDAZOES 4 H BIZRD B
nBPECOBEMIEITRCEACR L A3DTHD,
PNMb=A47r77—obldice{#inL T itn
o RBEND, ZTOMWHEBEIAMRCI D LR

t =

Table 7. Effector cells in the antitumor effect in-
duced by CK*m as determined by the Winn

- test
Treatfment Winn assay?®
0

splenocytes exp. 1 exp. 2
Anti-Lyt 2 Ab+C 7/10° 9/10
Anti-L3T 4 Ab+C 1/10 0/10
Anti-asialo GM, Ab+C 7/10 7/10
Anti-macrophages Ab+C 7/10 7/10

— 9/10 8/10
Control group 0/10 0/10

a. Winn assay expressed as number of survivors/number
of mice tested. Spleen cells obtained 10 days after
treatment with 20 ug of CK*m were treated with in-
dicated antibodies and complement;10° P388 tumor
cells were admixed with 107 treated effectors and imme-
diately injected intraperitoneally into naive CDF, mice
(10 mice/group). The number of survivors was deter-
mined at 60 days after inoculation.

b. P<0.01, as determined by Fisher’s test for 2 X 2
tables.

Table 8. Biochemical properties of the mitogenic
and antitumor activities of CK*m

Biological activities

Treatment mitogenicity® antitumor effect®
None 52,126+3,452 90 (56.4)
RNase 53,017+2,138 85 (50.6)
Trypsin 1,134+ 214 0 (16.8)
100°C, 30 min 47,378+2,649 80 (48.8)
pH?2 6,536+1,208 0(16.4)
pH 12 1,118+ 863 0 (5.5

a. As determined by incorporated (*HJTdR after a
72-hour-culture of C3 H/He] spenocytes (2 X 108/
well) - with 500 ng/ml of treated CKem. Data were
obtained from two separate experiments. Resulst are
expressed as mean = SE for 6 cultures. Cultures of
splenocytes with Con A (2 xg/ml: 53,426 = 4,635 ; cul-
tures of splenocytes without stimulated : 856 + 232).

b. As determined by the survival rates of ddY mice inject-
ed with 20 ug of treated CK+m after an intraperitoneal
inoculation of 5X10° EAC. Each group consisted of 10
mice. Data were obtained from two separate experi-
ments. Results are expressed as the mean of two experi-
ments. Numbers in parentheses indicate MST (days).

bbb, TDin vivo DFTREFFTLT, n vitro TH
FK+CK #L# % L% CDF,~ 7 2 ® PEC 1% P 388 D #45E
FHRIJCHEI LT b 2 AR &hic. EbI FK-CK
W3~ v 2 (CDF,) ®» PEC O fifazid P 388 iwxf L <
I8 RFHILAN T Y — 7 I L, DR A3 % 238
BRI 7R b OEMRERE L e, —J5 NKIEHIR 3
HEXD FRELSHEREY —2710EL, DBXKEHD
LTWab A2 —vnb&zx T, FKCKABIL-TH



Corynebacterium kutscheri DHEEM B3 5 o

feb®bhs PEC® P388 extT s filaEtorRix
PMN &% % b b, Christie & Bomfordiz X #uiE,
C. parvum X HPUEBEMR I~ 7 » 7 7 — D OiEM
ik b5dDThb, % Lichtenstein 5¥ic & % C.
parvum OPUEBFBOERILPMN TH5 &\ 5 i
5% 2 C, RO EE I TEBERAOERTHB &
Eibhd.

L LiedbEE DT -7 FK-CK A~ 7 2 DB
fzfER L WinmBRBROKER»LHE 2 ¢, EME
(x7m77-=2)k b, THREEEDORIGSEER
BFLELLIS. ILIBRRIGOHR (Fig. 6) L
BLTh T Mo oEERIRBS Wi,

EHILEEONEEEEYE TS5 C hutscheri DEE
X oEEWEOMBEYRA, EEEAEPHERESERL
T4, 90,000 g 2 B OMBRILIC X b B 7 M/ NERE
& (P-ES) MK LCHZE S E, Sephacryl S-300 i@
X % 7 B8, & 5Bz Con A-sepharose IZ & % affinity
chromatography #4735 = &ic X » CK » m &8s,

Con A-Sepharose 4B 7 A DB ED & — VI
X O 4« DBEROIE, BH B\ T v ) ME R X O
Bl EnbE 2T, CRem BB OBEELRBE L% 2
bha.

B

=]

1. C. kutscheri D<) vIEEEFEK <CK), »%
WIRABEKI D DML CK e m O EIL L D =Y R
MEEE LIRS T 5 2 LR,

2. MBS IZRE~ Y 2 ddY S=—1 ) v e FHKE
MBS 5\ ZFAR ~ v A CDF, % P 388 = ¥ [
Bo 2 >ORBERTRD bR

3. FK-CK 10%@® % & CKem 20 ug OFEI12 L b
W~ v 2 RS B B REL L e

4. PUEBHESEE O W < 28 KB H A o e s it
(BfifEs X O NK fifgic X 2)083F4EThH 52, Winn
BRBROMENOE L CT Mlar kL 3 5 IE4E MM
FLEETHS Z EHHB L.

5. CK-m OHIEEZE L% D mitogen iEM: & BIE3
55D THY, Con A-Sepharose 4 B # 5 & DRikE D
FER, X UBSRNE, BULES DR SWEWE R
EHOE (TR 38,000Da) B 2 b s,

Ao OBEE O—HEEE 17 Bl B AR aiia (FEHR
624, @FOR L OUHE 42 BB AMBEEXBEET RS
CPETE, MR EWTRELL.
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Fig. 6. Generation of DTH in mice treated with 10°
FK-+CK. Group of 5 mice were injected intra-
peritoneally with 10° FK.CK and delayed
footpad response to FK+CK antigens was
done at 2-days intervals. The data are
presented as mean = SD for 5 mice.
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