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The effects of various tumor-inhibitory antibiotics on immunological re-
sponses were investigated, using serum antibody production against human
gamma globulin and sheep red cells in mice, development of tuberculin
hypersensitivity in guinea pigs, and skin allograft reaction in mice. The
effects on antibody-forming cells in the mouse spleen were observed by
Jerne’s method. Of the antibiotics examined, pluramycin significantly sup-
pressed the immunological responses. The responses of cellular antibodies
were more markedly affected than those of circulating antibodies. By the
method employed, bleomycin, phenomycin, angustmycins A and C did not
exhibit any significant activity of immunosuppression. The skin allograft
reaction was not significantly modified by formycins A and B. Pluramycin
was observed to inhibit the growth of plasmocytoma in mice.

Some mitotic poisons, including methotrexate, 6-mercaptopurine, azathioprine, and
cyclophosphamide, exhibit an immunosuppressive activity as well as a tumor-inhibitory
activity. It indicates that the immunological responses, i.e. the production of circu-
lating and cellular antibodies, are produced by rapidly proliferating cells.

Immunosuppression is an urgent problem for the prolongation of allograft survival
in transplantation and treatment of allergic and autoimmune diseases. On the contrary,
the immunosuppressive activity of antitumor drugs seems to be generally unfavorable
for the treatment of malignant neoplasma. From these points of view, the effects of
several tumor-inhibitory antibiotics on various forms of immunological responses
were investigated. The results are presented in this publication. Furthermore, the

activity against growth of plasmocytoma was examined.
Materials and Methods

Angustmycin A (decoyinine) and angustmycin C (psicofuranine) were obtained through
the courtesy of Dr. G. B. WuitrieLp, the Upjohn Company, Kalamazoo, Michigan, U. S. A.
Phenomycin was supplied by Dr. S. Nakamura, Institute of Applied Microbiology, Uni-
versity of Tokyo, Tokyo. Methotrexate, 6-mercaptopurine, and cyclophosphamide were
products of Lederle Laboratories, Kokoku Rayon and Pulp Co., and Shionogi Co. respec-
tively. Pluramycin, bleomycin A, and formycins A and B were from Institute of Microbial
Chemistry.

Antibody responses to sheep erythrocytes in mice : Male mice of the DDD strain,
weighing 20~25g, were employed. Groups of 5 to 10 mice were immunized with 2x 10®

The abbreviations of drugs used are : Ang»X,W angustimr;(:rirrlr A; A;g C, angustmycin C; BLM,
bleomycin; CY, cyclophosphamide; FM-A, formycin A; FM-B, formycin B; 6MP, 6-mercaptopurine;
MTX, methotrexate; PC, Penicillin; PhM, phenomycin; PLM, pluramycin; SM, streptomycin.
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washed sheep red cells intravenously via the tail vein. Drugs were administered intra-
peritoneally for 4 successive days immediately or 2 days after immunization. Antisera
were pooled together in each group. The hemagglutination test was performed in serial
two—fold dilutions of 0.5ml in pH 7.2 buffered saline, containing 1/100 normal rabbit
serum, to which 0.3 ml of 0.3 % washed sheep red cells were added. The hemagglutinin
titers were expressed by the final dilution of antiserum. The tubes were shaken and
allowed to stand for 4 hours at room temperature. The antibody activity of serum was
fractionated into 7S and 19 S antibodies by 0.1 M 2-mercaptoethanol treatment?.

The hemolytic plaque test of antibody-forming cells was carried out according to the
method of JernE et al.¥.

Antibody production for human gamma globulin in mice: DDD male mice, weighing
20~25g, were used. Groups of 5 to 10 mice were injected with human gamma globulin
(2 mg/kg) subcutaneously in the inguinal region, and sera were collected on the 17 th day.
In the case of the secondary response, human gamma globulin (2 mg/kg) was injected once
more 4 weeks after the primary stimulus. The animals were bled 8 days later. Antibody
titers were determined by the passive hemagglutination test of Boypen®?.

Tuberculin reaction in guinea pigs®”: Albino guinea pigs of the Hartley strain,
weighing 270~320 g, were sensitized by intramuscular injection of liquid paraffin Bayol F
with 15 % Arlacel, containing 100 ug of autoclaved dry bacilli of Mycobacterium tuber-
culosis Aoyama B. Drugs were administered intraperitoneally 5 times within the 4th to
the 5th week. Animals were tested intradermally on the back with 2 ug/0.1 ml of PPD,
a tuberculoprotein. The reactions were observed and areas of erythema were measured at
12, 24, 48, 72 and 96 hours. PPD was kindly supplied by Dr. N. Asami, National Institute
of Health, Tokyo.

Skin grafting procedure® : DDD mice were used as recipients, and F; hybrids between
DDD and C3H/He as donors. Skin grafts were performed according to the technique of
Brimveuaam and Mepawar®. The grafts were followed by visual and tactile inspection
until graft destruction was 50 %, and the median survival time of the grafts at 50 %
destruction was assessed with determination of standard error in a group of 10 recipient
mice. Drugs were injected intraperitoneally for 2 weeks after skin grafting.

Transplantation of mouse plasmocytoma X5563!? : C3H/He male mice were inoculated
intraperitoneally with 3x10° plasmocytoma X5563 cells and treated once daily for 7 days
by intraperitoneal adminitsration of drugs, starting 6 hours after the inoculation of tumor
cells.

Results

Effects of Antibiotics on Primary and Secondary Responeses

to Human Gamma Globulin

The hemagglutinin titer of control animals was 1:320 in the primary response 16
days after the injection of antigen and 1:6,400 in the secondary response 8 days after
the second antigen stimulus. Pluramycin suppressed antibody formation with a titer
of 1:160 in the primary response and 1:3,200 in the secondary response by the
intraperitoneal administration of daily 8 mg/kg for 4 days. It inhibited the produc-
tion of 2-mercaptoethanol sensitive antibody, but not that of 2-mercaptoethanol
resistant antibody. Bleomycin at a dosage of 20 mg/kg/day did not exhibit significant
effects on the antibody responses. Methotrexate, cyclophosphamide, and 6-mercapto-

purine showed more marked suppression than pluramycin. The results are summarized
in Table 1.
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Table 1. Effects of drugs on primary and secondary responses to human gamma globulin

Primary response Secondary response
Drugs Antibody titer (ratio) Tog(icity Drugs Antibody Togicity
mg/kcg/day tbody| Z-ME resist- | (1SS T B S
‘Total antibody! ant antibody survived) (ratio) survived)
Control 320 (1) 160 (1) 5/5 Control 6,400 (1) 10/10
6MP 80x4 160 (1/2) 80 (1/2) 5/5 6MP 80x4 | 3,200 (1/2) 10/10
CY 50x4 80 (1/4) 40 (1/4) 5/5 CY 50x4 400 (1/16) 10/10
MTX 2x4 160 (1/2) 160 (1) 5/5 MTX 2x4 | 3,200 (1/2) 10/10
PLM 8x4 160 (1/2) 160 (1) 5/5 PLM 8x4 |3,200 (1/2) 10/10
BLM 20x4 320 (1) 160 (1) 5/5 BLM 20x4 6,400 (1) 10/10

The antigen was subcutaneously injected and the drugs were intraperitoneally administered.
Antibody titer was determined by Boypen’s method. Figures in brackets represent relative titers.
Effects of Antibiotics on the Response of Serum Antibody
to Sheep Red Cells

The response of serum antibody to sheep red cells was inhibited by pluramycin.
A single dose of 8 mg/kg gave 16 or 32 times lower titers than the control. By the method
employed, no significant effects were observed with bleomycin, angustmycins A and C,
and phenomycin. Significant inhibition was demonstrated with 6-mercaptopurine,
cyclophosphamide, and methotrexate. The results are shown in Table 2.

The production of antibody-forming cells, demonstrated by JERNE’s method was
inhibited by pluramycin. In control animals, 2.1x10* hemolytic plaques on the
average were formed in the spleen. The number of hemolytic plaques was reduced
to 1.38x10* per spleen by a single injection of pluramycin (8 mg/kg) on the second day

after immunization. No significant suppression was observed with bleomycin, angust-

Table 2. Effects of drugs on antibody response Table 3. Effects of drugs on the anti-
to sheep erythrocytes body-forming activity of mouse spleen
... cells, observed by JErRNE’S method.
Drugs Hemagglutinin titers Mice
ke/d ived Drugs Plaque-
mg/kg/day I* = survive Cells/spleen| forming
mg/kg/day cells/spleen
Control 2,048 (1)**| 2,048 (1) 10/10
6MP 320x1 | 2,048 (1) 64 (1/32) 10/10 Control 1.52x107 210102
80x4 | 1,024 (1/2) 64 (1/32) 10/10 6MP 320%1| 2.54 78
CY 80x4 128 (1/16) 64 (1/32) 9/10 80x2| 1.38 79
MTX 8x4 64 (1/32) 128 (1/16) 10/10 Cy 80x2| 1.02 1
2%x4 512 (1/4) 1,024 (1/2) 10/10 MTX 8%x2| 1.65 65
PLM 8x1 64 (1/32) 128 (1/16) 10/10 2x2| 2.84 340
2x4 | 2,048 (1) 2,048 (1) 9/10 PLM 8x1| 0.75 138
BLM 50x1 | 2,048 (1) 2,048 (1) 10/10 2x2| 1.01 201
10x4 | 2,048 (1) 2,048 (1) 10/10 0.5x2| 2.57 819
Ang A 1000x4 | 2,048 (1) 2,048 (1) 10/10 BLM 50x1| 1.89 253
10x2| 1.66 364
Ang C 1000x4 | 2,048 (1) 2,048 (1) 10/10 Ang A 200x2| 1.39 048
PhM 0.5x4 | 2,048 (1) 2,048 (1) 10/10 ng X :
0.1x4 | 2,048 (1) 2,048 (1) 10/10 Ang C 200x2| 1.04 393
* The drug administration started immediately (co- Sheep red blood cells were intra-
lumn I) or 2 days (column II) after the injection venously injected and the drugs were
of sheep red cells. intraperitoneally administered, start-
#* The values represent hemagglutinin titers in the ing 2 days after immunization.

2nd week after the immunization, and the figures
in the brackets relative titers.
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mycins A and C. Marked suppression was Table 4. Effects of drugs on growth
i R of mouse plasmocytoma X 5563
demonstrated with 6-mercaptopurine, cyclophos- of ascitic. form
i ethotre . - Relative
pham1d.e, and methotrexate. The results are pre Drugs mg/kg/day taive
sented in Table 3. .
Control 1.00
th of
The Effect on Growth o 'Mouse 6MP 8010 3 68
Plasmocytoma X5563 of Ascitic Form 2010 2.62
Cy 20x 10 2.84
The effects of drugs were evaluated by the 5% 10 3,65
survival time of C3H/He mice bearing plasmo- MTX 0 %x}g %g%
.- . 5% .
cytoma X5563 of ascitic form. The mean survival 0.1x10 1.01
time of control animals was 14.84£0.9 days. PLM 8'?(?0 %gg
. . . X .
Pluramycin prolonged the survival time. The BLM 2%10 101
effect was observed to be less than 6-mercapto- 0.5x10 1.16
purine and cyclophosphamide, but higher than Ang A 200x10 1.41
Ang C 200x10 i 1.10

methotrexate. Bleomycin and angustmycins

Plasmocytoma X5563 cells were ino-
culated into the peritoneal cavity of
of ascitic form. The results are presented in C3H/He mice. The mean survival
time of controls was 14.8+0.9 days.

exhibited no significant activity on plasmocytoma

Table 4 and Fig. 1. The activity of antibiotics X ) o

A i . Drugs were intraperitoneally admini-
showed a certain parallelism to that on antibody stered, starting 6 hours after the ino-
formation culation, and the effects were evaluat-

ed by prolongation of survival time.

The Effects of Pluramycin on the Development of
Tuberculin Hypersensitivity in Guinea Pigs

As shown in Table 5, Table 5. Effects of pluramycin on the development of
delayed hypersensitivity in guinea pigs, inoculated

pluramycm was observed to with dry bacilli of Mpycobacterium tuberculosis

suppress the development of Aoyama B in mineral oil
tuberculin hypersensitivity in ‘ Skin reaction

. . . S . S '
guinea pigs, which had been Drug er}],)tfxster(&m> Degree of | Survival
injected with dry cells of 12 hr;"! 94 hrs |induration
Mycobacterium tuberculosis ;

. . . Control 16x15 | 17x15 +4+ 6/6

Aoyama B in mineral oil 6 : %?Xls %gXIg 4t
weeks before. In controls the | 17?%8 19§%7 iii

18x13 | 16x18 | +++

average diameter of erythema 16x17 | 18x16 | 44t
5 ; |

was 17.840.5 mm 24 hours ‘

. N PLM 0.5 kg x5 | 0 0 — 4/4
after the intradermal in jection meg/kgx5 | 0 0 _ /
N 1010 | 14x14 +
of 2 ug PPD, a tuberculopro 12512 10%13 i
tein. The skin reaction was PLM 0.1 mg/kgx5 10x10 | 10x10 + 4/4
| 10x 9 9% 9 +
reduced to 5.5+£2.2 mm by C o%10 | 1310 T
treatment with pluramycin in 10x10 | 10x10 +
the dose of 0.5 mg/kng and Pluramycin was intraperitoneally injected 5 time from the
10.0+0.2 . he d 30th to the 39th day (every other day) after the injection
to J£0.2 mm 1n the dose of tubercle bacilli in mineral oil. Tuberculin reactions were
of 0.1 mg/kgx5. observed 12 and 24 hours after the intradermal injection of

2 ug/0.1 ml of tuberculoprotein PPD.
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The Effects of Antibiotics on the Fig. 1. Effects of drugs on growth of
mouse plasmocytoma X5563 of ascitic
form. Percent survival after inocula-

Survival of Skin Allograft

The skin of F, hybrids of C3H/Hex tion of plasmocytoma cells.
DDD was transplanted in DDD mice. The o0} 20 30 40 50 Days
\ CY 5mg/kg/day
. . 80. b i T T
mean skin survival was 22.6+2.7 days. | N eveomaskasan
Pluramycin markedly prolonged the skin i

survival, and a survival of 40.74+3.7 days 0| \ CY 190 mg/ kg/ doy
i
Control

was observed, when the antibiotic was o-
administered daily in a dosage of 0.2 mg/kg

for 16 days, starting on the day of skin I;)Zr J Vi op eomg(k;/day
transplantation. A survival of 30.7+5.3 or 60t I'L___ﬂ‘

36.1+£5.0 days could be demonstrated with  “°of B
the dosage of 0.5 or 0.1 mg/kg/day when the 22‘ Control

treatment was started on the 4th day and

continued for 12 days. Methotrexate and 100
cyclophosphamide exhibited less prolonga- 8

tion of skin allograft survival in the simul- 50‘
. .. o }
taneous experiments. No significant effects 20! \____1PLM 01mg/ke/doy
were observed with 6-mercaptopurine, oL ' L
Table 6. Effects of anfibiotics on the survival Table 7. Effects of antibiotics on the survival
of skin allograft. I of skin allograft. II
Drugs Mean skin Mouse Drugs Mean skin Mouse
mg/kg/day survival time survived mg/kg/day survival time survived
Contral 22.642.7(100)  46/46 Control 22.642.7(100) | 46/46
6MP 80 23.0+1.7(103) 10/10
20 20.0+2.4( 85) 10/10 6MP 80 24.7+1.7(109) 10/10
CcY 100 28.2+2.2(125) 6/10 20 22.2+1.7( 98) 10/10
20 20.0+5.3( 85) 9/10 5 20.0+£2.5( 88) 10/10
MTX 2 38.0+4.5(168) 10/10 cy 100 336
.6+4.3(148) 8/10
0.5 | 21.743.0( 96) | 10/10 20 30.9+4.1(136) | 10/10
PLM 0.5 25.1+£2.2(112) 9/10 5 24.5+3.2(108) 10/10
0.2 40.7 +3.7(180) 10/10
0.1 30.0+3.3(132) 10/10 PLM 0.5 | 30.7+5.3(135) 9/10
0.05 | 23.0+3.1(102) 10/10 0.1 36.1+5.0(159) 10/10
Ang A 200 23.6+1.7(108) 10/10 0.05 | 21.7+2.9( 96) 10/10
>0 17.9£1.00 78) 10/10 Ang A 50 25.8+2.5(115) 10/10
Ang C 200 23.3+2.7(103) 10/10 ng 8£2.
50 22.2+2.4( 98) 10/10 5 16.0+1.7( 71) 10/10
BLM 10 15.94+1.2( 71) 7/10 Ang C 200 26.7+1.9(118) 10/10
2 20.342.8( 90) | 10/10 50 21.5+1.7( 95) 10/10
PhM 0.5 20.7+£1.0( 92) |  9/10
0.1 26.6+1.9(118)  10/10 BLM 10 29.7+3.7(131) 10/10
FM-A 50 22.3£2.1(94) | 8/10 2 31.6+3.8(140) 10/10
10 19.1£2.7( 81) | 10/10 PhM 0.5 | 16.1+1.4(71) | 10/10
FM-B 500 15.9+£1.6( 67) 7/10 0.1 30.1+3.1(133) 10/10
100 12.6+1.5( 53) 8/10
SM 20 21.3+3.0( 94) | 10/10 The skin of F; hybrid of C3H/He and DDD
PC 10 24.7+2.5(109) ‘ 10/10 was transplanted in DDD mice. Drugs were
administered daily for 12 days, starting on the

The skin of F; hybrid of C3H/He and DDD
was transplanted in DDD mice. Drugs were
administered daily for 16 days, starting on
the day of skin transplantation.

4 th day after skin transplantation.
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augustmycins A and C, bleomycin, phenomycin, and formycins A and B. The results
are shown in Tables 6 and 7.

Discussion

Of the tumor-inhibitory antibiotics examined, pluramycin was observed to suppress
the immunological responses. The responses of cellular antibody, such as tuberculin
hypersensitivity and skin allograft reaction, were more markedly inhibited than the pro-
duction of circulating antibody. On the contrary, angustmycins A and C, bleomycin, and
phenomycin did not significantly influence the immunological responses. By the method
employed, formycins A and B exhibited no significant activity on skin allograft reaction.
The results indicate that these antitumor agents have different modes of action in their
immunosuppressive activity.

Pluramycin interacts with DNA, obtained from calf thymus, mouse plasmocytoma,
and other mammalian cells, as well as with bacterial DNA. It inhibits DNA and RNA
syntheses and secondarily affects protein synthesis in intact cells to a smaller extent!!>!?.
Compounds, such as pluramycin, methotrexate, cyclophosphamide, and 6-mercaptopurine,
reacting with DNA or inhibiting its synthesis suppress the immunological responses more
markedly than inhibitors of protein synthesis, such as phenomycin'®. This suggests that
they interfere with mitosis or cell division and differentiation of immunologically competent
cells and hence suppress immunological responses.

The primary action of bleomycin in neoplasmic cells seems to be its binding to
DNA® . Pluramycin and bleomycin show different modes of activity on immunological
responses, although both antibiotics exhibit antitumor activity by binding to DNA. Dif-
ferences in immunosuppressive activity of antitumor agents may depend on tissue distri-
bution and metabolism in vivo and their transport into the immunologically competent
cells, as well as on their activity on cell division and differentiation. The diverse immu-
nosuppressive activity of antitumor agents may be interpreted as a difference of transport
and metabolism in the body. The lacking of immunosuppressive effects from bleomycin
may be due to inactivation of this antibiotic in the cells concerning production of
circulating and cellular antibodies. It may be important in cancer chemotherapy that
bleomycin exhibits no significant immunosuppressive activity on either cellular or circulat-
ing antibody responses.

The differential inhibition by pluramycin of circulating and cellular antibody responses
seems to be related to different mechanisms or cells involved in these two types of anti-
body responses. The antibiotic suppresses both responses, although to a different extent.
This also suggests that DNA-dependent DNA and/or RNA syntheses, which are sensitive
to pluramycin, are involved in both forms of antibody responses.

The site of action of angustmycins and formycins seems to be in purine nucleotide de
novo synthesis'®'®.  These antibiotics lack immunosuppressive activity, although 6-mer-
captopurine, also an inhibitor of purine nucleotide biosynthesis, exbibits a marked immu-
nosuppressive activity. The difference in the activity may be due to the mechanism
discussed above.
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