
[CANCER RESEARCH 32, 795-803, April 1972]

Nonspecific Stimulation of Tumor-associated Immunity by
Methanol-soluble Fraction of Mycobacterium butyricuml

Henry J. Esber, Florian F. Menninger, Jr., D. Jane Taylor, and Arthur E. Bogden

Department of Immunology, Mason Research Institute, Worcester, Massachusetts 01608 [H. J. E., F. F. M., A. E. B.J, and Endocrine Evaluation
Branch, General Laboratories and Clinics, National Cancer Institute, NIH, Bethesda, Maryland 20014 [D. J. T.]

SUMMARY

Treatment of inbred rats with a methanol-soluble fraction
of phenol-killed Mycobacterium butyricum (MSF-MB)
markedly enhanced their immunological response to
subsequent immunization with sheep red blood cells. Optimal
timing and dosage for MSF-MB treatment were determined.
Enhancement of the immune response by MSF-MB, at the
optimal dose level of 10 mg/rat, was reflected in peak
antibody titer 14 days after MSF-MB treatment. If MSF-MB
was administered 7 days prior to antigenic stimulus, peak titer
was attained on Day 7; MSF-MB administered simultaneous
with or 2 to 4 days after challenge resulted in peak titer on
Day 14. In addition to the heightened immunological
responsiveness, MSF-MB had the capability of maintaining the
immune response of the host at a high level for 4 weeks
following immunization, indicating a prolongation of antibody
systhesis in addition to an accelerated rate of synthesis.

Tumors resulting from grafts of two mammary
adenocarcinomas (13762 and R-35), a prostatic, squamous cell
carcinoma (11095) and an acute monocytic leukemia
(R3149), exerted an immunosuppressive effect on
heteroantibody response when the hosts were challenged with
sheep erythrocytes during the early or midlog phase of tumor
growth. MSF-MB administered to rats bearing the above
tumors 7 days prior to antigenic stimulation, at early or
midlog growth phase, not only completely abrogated the
immunosuppression of tumor growth but also significantly
enhanced the primary hemagglutinin response in the R-35 and
R3149 tumor systems. The effect of MSF-MB treatment on
the transplantation and growth of rat transplantable mammary
adenocarcinomas was variable and closely related to the time
of its administration. The use of the adjuvant during
chemotherapy and consequent oncolysis and tumor rÃ©sorption
appears to have nonspecifically enhanced host responses and
augmented the antitumor effects of chemotherapy.

INTRODUCTION

A number of substances used as immunological adjuvants,
including alum, bentonite, mineral oil, several gram-negative
and -positive microorganisms, and acid-fast bacilli, as well as
bacterial endotoxins or cell-wall components, are capable of

'This investigation was supported by Contract Ph43-63-1146 from
the Endocrine Evaluation Branch, National Cancer Institute, General
Laboratories and Clinics, NIH.

Received July 19, 1971; accepted January 12, 1972

inducing nonspecific enhancement of the immune response to
the challenge of an unrelated antigen (3, 9, 10, 15, 16).
Although some substances have been shown to evoke
lymphoid or reticuloendothelial hyperplasia while others
affect the functional activity of macrophages, it is yet unclear
as to how such materials activate the immune response
capability of the host (13). The nonspecific immunological
enhancing activity of the partially defatted MER2 of
phenol-treated, acetone-washed tubercle bacilli of the
attenuated BCG strain has been well investigated by Dr. D. W.
Weiss and his colleagues. They have reported that pretreatment
of laboratory animals with MER not only induces immunity to
various bacterial or viral pathogens (16) but also increases their
resistance to transplanted syngeneic tumors and to the
development of spontaneous mammary carcinomas (15). The
purpose of this communication is: (a) to report on the
immunosuppressive effect of various transplantable rat tumors
as reflected by the heteroantibody response to a single,
nonproliferating antigenic stimulus, sheep erythrocytes; and
(b) to demonstrate the immunological adjuvant activity of
MSF-MB on the primary immune response of rats and its
effect on tumor growth and in counteracting tumor-induced
immunosuppression.

MATERIALS AND METHODS

Animals. Male and female Fischer 344/CRBL strain rats and
female ARS/Sprague-Dawley stock rats, 35 to 40 and 50 to 60
days of age, were used throughout this study following a week
of isolation at this laboratory. They were maintained on
Purina laboratory chow and tap water ad libitum.

Preparation of Adjuvants. The extraction procedure for the
preparation of MSF-MB was a modification of the method
used by Weiss and Wells (18) for the preparation of the
methanol extract of the BCG strain and/or its BCG extraction
residue, MER-BCG. However, the nonpathogenic M.
butyricum was used in this study in lieu of BCG. Briefly, 24 g
of desiccated phenol-killed M. butyricum (Difco Laboratories,
Inc., Detroit, Mich.) were continuously agitated with 900 ml
of anhydrous methyl alcohol (Mallinckrodt Chemical Works,
St. Louis, Mo.), spectrophotometric grade, at 55Â° over a

period of 12 days for 8 hr daily. The supernatant hot
methanol fraction was removed daily from the mixture by

'The abbreviations used are: MER, methanol extraction residue;
MSF-MB, methanol-soluble fraction of M. butyricum; MER-BCG, MER
of tubercle bacilli, BCG strain; SRBC, sheep red blood cells.
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filtration through a fine, fritted glass filter, and fresh
quantities of methanol were added to the bacterial residue for
repetitive extractions. Following concentration of the pooled
alcoholic extracts by flash evaporation, the MSF-MB fraction
was suspended at 20 mg/ml in 0.9% NaCl solution containing
Merthiolate (1:10,000) and was kept at 4Â°until used. The

remaining partially disrupted bacterial mass, i.e., MER-MB,
was lyophilized under vacuum and stored at 4Â°for later use.

Adjuvant Administration. MSF-MB was used in its original
suspension preparation and was injected i.p. at various
intervals prior to antigen administration.

SRBC. Blood from the same donor sheep was collected
periodically in Alsever's solution and kept at 4Â°. For

immunization, SRBC were washed 3 times in 0.9% NaCl
solution and adjusted to a 50% suspension in the same diluent.
For serological testing, SRBC were washed 3 times in
phosphate-buffered saline, pH 7.3 (Difco) and adjusted to 1%
suspension in the same buffer.

SRBC Immunization. The antigenic stimulus was produced
in all instances by an i.p. injection of 0.5 ml of a 50% SRBC
suspension.

Collection and Storage of Sera. Rats were bled from the tail,
when the procedure called for repeated samples, and from the
abdominal aorta at sacrifice. The sera were separated following
centrifugation and stored at â€”¿�20Â°until tested.

Hemagglutination Test. The hemagglutination assays were
performed in the microtiter system ("Cook Engineering Co.,

Alexandria, Va.), by the standard method. All sera were
inactivated at 56Â°for 30 min prior to testing. Individual sera

were serially diluted in phosphate-buffered saline, and an equal
volume of 1% SRBC was added to all dilutions. The plates
were allowed to shake gently on the Micromix (Cordis Corp..
Miami, Fla.) for 60 sec and were incubated at room
temperature for 2 hr before they were read. The highest serum
dilution showing definite hemagglutination was considered
positive.

Assay for 2-Mercaptoethanol Sensitivity. Mixtures of equal
volumes of serum and 0.2 M 2-mercaptoethanol were
incubated at 37Â° for 30 min and then were titered for

hemagglutinin activity.
Rat Tumors. The tumor systems investigated were the

mammary adenocarcinomas 13762, syngeneic with the Fischer
344 strain; the R-35, indigenous to and transplantable in the
outbred Sprague-Dawley stock rat; and the 11095 squamous

cell carcinoma of the prostate and the R3149 acute monocytic
leukemia, both syngeneic with the Fischer 344 strain.

Four groups of rats (15/group) were implanted s.c.,
unilaterally, with different tumor grafts, according to the
protocol illustrated in Table 1. All groups, including the
control animals, were injected with 0.5 ml of SRBC during
early or midlog phase of tumor growth (Chart 1). Eight days
after SRBC injection, all groups were exsanguinated, and their
sera were tested for hemagglutinating activity. Body weights
and caliper measurements of tumor size were performed on all
experimental animals 3 times per week.

Effect of MSF-MB Treatment on Tumor Growth. The
primary aim of these studies was to determine whether
pretreatment or simultaneous treatment with MSF-MB would
effect the growth of the 13762 and R-35 rat mammary
adenocarcinomas. Administration of MSF-MB at varying time
intervals with reference to tumor implantation was based upon
the time intervals investigated earlier (Tables 2 and 3). Body
weights, tumor size measurements (obtained thrice weekly),
and survival times were the end points.

Effect of Chemotherapy and MSF-MB Treatment on Tumor
Growth. Forty-five Fischer 344/CRBL female rats, 35 to 40
days old, were divided into 3 groups of 15. Animals of 1 group
were implanted s.c. with the syngeneic 13762 mammary
adenocarcinoma on Day 1. Treatment with phenesterin (14), a
steroidal alkylating agent, 10 mg/kg, p.o., 3 times weekly for 3
weeks, was initiated on Day 23 following tumor implantation.
MSF-MB (10 mg/rat) was administered i.p. on Day 33. The
other 2 groups served as controls: following tumor
implantation, one was treated with phenesterin but received
no adjuvant therapy and the other received 0.9% NaCl solution
only. Body weights and tumor sizes were determined 3 times
weekly.

RESULTS

Optimal MSF-MB Dose. The objective of this first study was
primarily to determine whether MSF-MB would have an
enhancing effect on the primary immune response to an
antigenic stimulus in the rat and, secondarily, to determine the
optimal dose necessary to induce such an enhancement. Seven
groups of animals (10 rats/group) received i.p. injections on
Day 1 of doses of MSF-MB ranging from 0.625 to 40 mg/rat at

Table 1
Experimental protocol for determining the immunosuppressive activity of tumor growth

Group"12

34

5Strain

and sex
ofanimalsFischer

344/CRBL;FSprague-Dawley;

F
Fischer 344/CRBL;FFischer

344/CRBL; F
Fischer 344/CRBL;Tumor

systeminvestigatedMammary

adenocarcinoma(13762)Mammary

adenocarcinoma (R-35)
Prostatic squamous cell carcinoma

(11095)
Acute monocytic leukemia (R3149)Type

and time Time of SRBC Time of
of implantation injection (day) exsanguination(day)1

piece (1 -2 cu mm) by
trocar s.c., Day 1

1 stadie slice, s.c., Day 1
Cell suspension (9 X 10s)

cells, s.c., Day 1
Day 12210

101

13018

1888

M&F
Sprague-Dawley ; F

" Groups 1, 2, 3, and 4 were inoculated i.p. with MSF-MB, 10 mg/rat, 7 days prior to SRBC injection in this same protocol, when testing for
adjuvant activity in counteracting immunosuppression.
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Chart 1. Normal growth curves of the experimental tumor system.

Table 2
Effect ofMSF-MB treatment on the transplantation and growth of the R-35 mammary adenocarcinoma

The significance of the differences between groups [as to lag phase (p value) and survival time (p value), respectively] is as follows: between
Groups A and B, > 0.1 and > 0.1 ; between Groups A and C, > 0.1 and > 0.1 ; and between Groups B and C, < 0.05 and < 0.1.

Lethaltakes/Time
of no. oftumorsGroupABCMSF-MB

treatmentDay

7 beforeimplantionAt
implantationNaCl

solution controlimplanted12/1414/1413/13"No"takes200Growthandregression000Lag

phase(days
Â±S.D.)15.3

Â±3.113.0Â±
2.513.2+3.1Tumor

size"Survival

time(days
Â±39.1

+38.lt34.5

Â±S.D.)13.56.38.8Day

136.3

Â±7.912.6
+7.511.7Â±

10.5Day36.6

Â±50.1
Â±45.3

+Tumorgrowtn

rate31
(logphase)027.47.010.51.682.081.81

" [(Length + width)/2] mm Â±S.E.
b Average daily increase in tumor size.
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Table 3
Effect ofMSF-MB treatment on the transplantation and growth of the 13762 N F mammary adenocarcinoma

The significance of the differences between groups [as to lag phase (p value) and survival time (p value), respectively] is as follows: between
Groups A and B, > 0.1 and > 0.1; between Groups A and C, > 0.1 and > 0.1; and between Groups B and C, < 0.05 and <0.1.

Tumor size"

Time of
Group MSF-MB treatmentno.A

Day 7 before implantation
B At implantation
C NaCl solution controlLethal

takes/ Lag phase
of tumors implanted (days Â±S.D.)15/15

15/15
15/1516.2

Â±2.9
15.2 Â±1.8
16.6 Â±1.9Survival

time
(days Â±S.D.)48.7

Â±8.0
52.1 Â±6.1
48.3 Â±5.0Tumor

growth rate
Day 16 Day 37 (logphase)610.2+2.2

37.1 Â±5.5
11.4 + 4.1 40.7 + 5.5
8.4 Â±6.4 39.1 + 3.61.28

1.40
1.46

0 [(Length + width)/2] mm Â±S.E.
b Average daily increase in tumor size.

2-fold intervals. Group 8 was injected with 0.9% NaCl
solution. Ten days later, all groups received 0.5 ml of sheep
erythrocytes and were bled at 7, 14, 21, and 28 days
post-SRBC injection.

The effect of pretreatment with MSF-MB on the anti-sheep
cell response in the rat is illustrated in Chart 2. Pretreatment
of rats with MSF-MB induced a significant enhancement of
antibody response to a single antigenic stimulus. The
hemagglutinin response paralleled MSF-MB dose increase,
reaching a maximal level at 10 mg/rat. This dose of MSF-MB
appears to be optimal, showing a sharply increased adjuvant
effect over that of other dose levels. Increased amounts of
MSF-MB, i.e., 20 and 40 mg/rat, although, producing an
enhanced response, were not as effective as the 10-mg dose.
The natural decline of serum hemagglutinin levels was retarded
in MSF-MB-treated animals; i.e., antibody synthesis was

prolonged as a result of this treatment.
Optimal Time for MSF-MB Administration. Having shown

that maximal enhancement of the primary immune response
was obtained with a 10-mg (per rat) dose of MSF-MB
administered 10 days prior to antigenic challenge, the effect of
varying pretreatment times in reference to time of antigen
injection was investigated.

Three groups of rats (6 rats/group) were administered
MSF-MB (10 mg/rat), i.p., 21, 14, and 7 days prior to SRBC
inoculation. The control group received only 0.9% NaCl
solution 7 days prior to antigen injection. All animals were
bled at 7,14, 21, and 28 days post-SRBC challenge.

The hemagglutinin antibody response of the various groups
is illustrated in Chart 3. It would appear that, regardless of the
time of MSF-MB pretreatment in relation to SRBC challenge,
all groups demonstrated some heightened antibody response as
compared with the 0.9% NaCl solution-treated controls.
However, MSF-MB, administered 7 days prior to SRBC
injection, induced the greatest enhancement, peak titer being
reached 7 days post-SRBC injection. Also the closer was the
time of MSF-MB treatment to the time of SRBC administra
tion, i.e., up to 7 days prior to antigenic stimulus, the better
was the circulating antibody response at Day 7 postantigenic
stimulus.

Effect of Simultaneous and Posttreatment with MSF-MB.
Thirty-two rats were divided equally into 4 groups and treated
as follows. Group 1 was inoculated with MSF-MB 30 min prior
to SRBC injection; Group 2 received MSF-MB treatment 2
days following SRBC injection; Group 3 received MSF-MB

treatment on Day 4 after SRBC injection, and Group 4 served
as the NaCl solution control. All experimental animals received
a 10-mg dose of MSF-MB and were bled on Days 7, 14, 21,
and 28 after SRBC immunization.

The hemagglutinin response of the various groups is
illustrated in Chart 4. In every instance, MSF-MB appeared to
enhance the immune response, regardless of the time it was
administered. Optimal enhancement was observed when
MSF-MB and the antigenic stimulus were administered
simultaneously. Peak titer, however, was delayed to Day 14
post-SRBC injection. This shift in peak antibody titer to Day
14 was also observed in the groups treated with MSF-MB on
Days 2 and 4 following antigenic stimulus.

Table 4 summarizes the rates of antibody synthesis obtained
for the various MSF-MB-treated groups during the 14-day
period post-SRBC injection. It is apparent that MSF-MB

18r

16

14

12

IO

Days Post SRBC Inoculation

Chart 2. Effect of pretreatment with varying doses of MSF-MB on
the anti-sheep cell response in rats. Fischer 344/CRL rats, 50 to 60 days
old at the time of treatment, were given the following different
MSF-MB dosages 10 days prior to SRBC injection: â€¢¿�,NaCl solution
control animals; A, 0.625 mg/rat; P, 1.25 mg/rat;O, 2.5 mg/rat;*, 5.0
mg/rat; â€¢¿�,10.0 mg/rat; â€¢¿�.20.0 mg/rat; and â€¢¿�,40.0 mg/rat.
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7 14 21 28

Days Post SRBC Inoculation
Chart 3. Effect, of pretreatment with MSF-MB at different time

intervals in reference to SRBC immunization. All MSF-MB-treated
animals received a dose of 10 mg/rat, but the dosages differed in time
of administration with reference to SRBC challenge as follows: Â»,NaCl
solution control animals; A, 21 days prior to immunization;0, 14 days
prior to immunization; and o, 7 days prior to immunization.

treatment enhances the rate of antibody synthesis when
compared with 0.9% NaCl solution-treated controls. More
significant, the optimal rate of enhancing effect is evident in
the 2nd week postadjuvant injection, whether SRBC is
inoculated simultaneously with adjuvant or 1 week later.
MSF-MB administered 2 or 4 days after SRBC injection, i.e.,
after the induction period, shows the highest rates of antibody
synthesis in the 1st week following SRBC injection, although
peak titers are not reached until 2 weeks later.

An attempt was made to define more precisely the action of
MSF-MB treatment on the primary 19 S (IgM) and 7 S (IgG)
antibody response. The results of 2-mercaptoethanol
treatment of the sera (Table 5) clearly indicated that
treatment with MSF-MB not only considerably heightened the
19 S antibody response 7 days postantigenic challenge, but
also prolonged 7 S antibody synthesis over a 28-day period.
From these data, it was concluded that MSF-MB stimulated
the production of both types of immunoglobulins, the IgM
and IgG.

The suppressive effect of various transplantable rat tumors
on immune response capability, as reflected by the anti-sheep
cell response, is illustrated in Chart 5. All tumors resulting
from grafts of the 2 mammary adenocarcinomas, 13762 and
R-35, the squamous cell carcinoma of the prostate, 11095, and
the acute monocytic leukemia, R3149, exerted an
immunosuppressive effect on heteroantibody response when
tumor-bearing hosts were challenged during early or midlog

phase of tumor growth. Of the various tumors studied, animals
implanted with the acute monocytic leukemia exhibited the
greatest depression of the immune response capability.

Having demonstrated that tumor growth impaired the
immunological responsiveness of the host, an attempt was
made to investigate the enhancing activity of MSF-MB in
counteracting such a depression of immune responses. The
effect of MSF-MB treatment on the immune response
capability in immunologically suppressed tumor-bearing rats is

22

20

18

16

N

9. 14
X

5 l2
p
.E I0
C

I 8

7 14 21 28

Days Post SRBC Inoculation

Chart 4. Effect of treatment with MSF-MB simultaneously with and
after SRBC challenge. All MSF-MB-treated groups received a 10-mg
dose as follows: Â»,NaCl solution control animals; o, 30 min prior to
immunization; A, 2 days after immunization; and O, 4 days after
immunization.

Table 4
Effect of treatment with MSF-MB on rate of heteroantibody

synthesis in the rat

Rate ofantibodysynthesisGroupIIImIVVVIvnTime

of MSF-MBadministration21

days prior to SRBCinjection14
days prior to SRBCinjection7

days prior to SRBCinjection30
min prior to SRBCinjection2

days after SRBCinjection4
days after SRBCinjectionNaCl

solution controlsDaysOto

7a459118391915323Days?to14b004620138110

a Rate = antibody liter/production period (7 days).
Rate = antibody titer on Day 14 less antibody titer on Day

7/production period (7 days).
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Table 5
Effect of 2-mercaptoethanol treatment on the heterohemagglutinin activity of serum from nontreated and MSF-MB-treated rats"

No. with a hemagglutinin titerc of

Days post-SRBC injection Serum treatment6 10 20 40 80 160 320 640 1280 2530 3840

MSF-MB-treatedanimals7142128Untreated2-Mercaptoethanol-treatedUntreated2-Mercaptoethanol-treatedUntreated2-Mercaptoethanol-treatedUntreated2-Mercaptoethanol-treated323333333Â±3333333-3333323-3332313â€”3221213â€”322Â±1â€”1-

-3
211-

-â€”
â€”¿�-

-_

_-
-Â±-

â€”¿�â€”
_â€”
__
_-

â€”¿�

NaCl solution control animals

7142128Untreated2-Mercaptoethanol-treatedUntreated2-Mercaptoethanol-treatedUntreated2-Mercaptoethanol-treatedUntreated2-Mercaptoethanol-treated313332323â€”2222223_211+1Â±21_
_ _ _ __Â±
_ _ _ ___
_ _ _ __+
_ _ _ ___
_ _ _ ___
_ _ _ ___â€”â€”_â€”_â€”â€”-

a MSF-MB was administered 30 min prior to SRBC immunization.
b Equal volumes of serum and 0.2 M mercaptoethanol were mixed and incubated at 37Â°for 30 min.
c Reciprocal of serum dilution.

280-

240-

200-

160

- 120

E
Â«
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40

v\

A Acute Morvjcytic Leukwma Ã•R3149)
B Mammary Aden ocareÂ¡nomo(13762)
Â£ ProÃ®faricSquomoui Cell Carcinoma (11095)

Q Fischer Control Animait

Â£ Mammary Adenocarcinoma (R-35)

F Sprague- Daw le y: (SD) Control Animali

Fischer 344/CRL Sprague - Dawiey(SO)

Chart 5. Immunosuppressive activity of tumor growth on the heteroantibody response to sheep erythrocytes. All experimental animals were
challenged with 0.5 ml of 50% SRBC during early or midlog phase of tumor growth.

illustrated in Chart 6. MSF-MB not only abrogated the
immunosuppression in rats bearing the 13762 mammary
adenocarcinoma and the 11095 prostatic squamous cell
carcinoma but also significantly enhanced the primary
hemagglutinin response to a challenge of SRBC in animals
bearing the R-35 mammary adenocarcinoma and R3149 acute
monocytic leukemia. The R3149 acute monocytic leukemia
was the same tumor that exhibited the greatest
immunosuppressive activity in the earlier study (Chart 5).

The effect of MSF-MB treatment on the transplantation and

growth of the R-35 and 13762 mammary adenocarcinoma is
summarized in Tables 2 and 3. It is evident that administration
of MSF-MB 7 days prior to R-35 tumor implantation induced a
slight prolongation of the lag phase, which also is indicated by
a slower growth rate during that time period. MSF-MB
administered at time of tumor implantation appeared to
enhance the growth rate during that time period (Table 2). On
the other hand, MSF-MB administered 7 days prior to 13762
tumor implantation induced a retardation in the growth rate
of this tumor during the log phase, and no significant changes
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were noted when the adjuvant was administered at time of
implantation (Table 3).

The tumor-growth curves (Chart 7) are those of the
suspending vehicle-treated animals (open circles), which are
representative of the normal curve for this tumor system, and
those demonstrating the effect of phenesterin on tumor
growth (open triangles), typical of the oncolysis and tumor
rÃ©sorption that takes place during phenesterin therapy. The
closed circles represent the tumor size of the phenesterin- and
MSF-MB-treated animals at the various time periods. The
response of the tumor-bearing rats to the administration of
MSF-MB on Day 33, i.e., about midway through the 21-day
chemotherapy period, is indicated by the grouping of 5
animals that had barely measurable tumors on Day 46.
Following discontinuation of phenesterin therapy, tumor
growth did recur in all of the MSF-MB-treated animals.
However, the majority of the animals C>60%) had significantly
smaller tumors than the control group. One animal, in which
there was no palpable tumor on Day 46, remained without
measurable growth until Day 62.

DISCUSSION

These findings show that a single treatment with MSF-MB
can induce pronounced enhancement of the immune response
in rats to a challenge with a nonproliferating and unrelated
antigen such as sheep erythrocytes. They also point to
MSF-MB as an active stimulator of antibody formation during
the primary immune response period.

It is clear from this investigation that the time of MSF-MB
administration in relation to antigenic challenge is a critical
factor for the induction of immune enhancing activity.
Enhancement of the immune response capability by MSF-MB
treatment, as reflected in peak antibody titer, required a
developmental period of 14 days. For example, when MSF-MB
was administered 7 days prior to antigenic stimulation, peak
titer was attained 7 days postchallenge; MSF-MB administered

simultaneously with antigenic stimulus resulted in peak titer
on Day 14. In general, it would appear that pretreatment with

Stimulation of Tumor-associated Immunity

MSF-MB, regardless of time interval prior to antigenic
stimulation, results in heightened circulating hemagglutinin
titers by the classical Day 7, whereas simultaneous or
posttreatment with the same substances results in a shifting of
the classical peak immune response to Day 14 after challenge.
Furthermore, it would appear that during this critical 14-day
period the MSF-MB activity is directed towards accelerating
the rate of antibody synthesis. Such an adjuvant activity by
MSF-MB offers a great potential and wide applicability in
immunological research and especially in tumor host resistance
studies.

There appears to be some similarity between the MER-BCG
as reported by Steinkuller et al. (12) and our MSF-MB in the

4000 -,
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A Acute Monocytic Leukemia (R3U9)

B Mammary AdenocoreÃŒnorna (13762)

C Proitalic Squamoui Cell Carcinoma (11095)

D Richer 344/CRL Control Animali

Â£ Mammary Adenocarcinamo (R-35)

F Sprague-Dowley: (5D) Control Animali

Ip
5OO-C.E

400-a0Â«0|

300-200

-100

-nAilBÃ±C11SE\\\

Fischer 344 / CRL Sprague - Qawley (SD)

Chart 6. Counteraction of immunosuppressive activity of tumor
growth by MSF-MB treatment. All animals were challenged with 0.5 ml
of 50% SRBC 7 days following MSF-MB administration during early or
midlog phase of tumor growth.
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Chart 7. Effect of chemotherapy and MSF-MB treatment on tumor regrowth. All animals were implanted with tumor isografts on Day 1. Group
(Gp.) 1 was the vehicle control tumor-bearing animals. Groups II and III were treated with phenesterin, 10 mg/kg, p.o., 3 times weekly for 3 weeks
beginning on Day 23. Group III received a single injection of MSF-MB, 10 mg/rat, on Day 33 in addition to the phenesterin treatment.
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ability of the 2 substances to induce immunological reactivity
to xenogenic red blood cells. Both elicit a heightened antibody
response coupled with an increased rate of immunoglobulin
synthesis for a period of time longer than the control animals.
Although our MER-MB preparation elicited some enhance
ment of immunological responsiveness, its activity in relation
to that of MSF-MB was not comparable to that reported by
Weiss et al. (12, 18, 19) for their MER-BCG. This difference in
findings, however, could be due to various inherent factors
characteristic of the bacterial species used (M. butyricum and
BCG) and/or to the host systems used, mice for the latter and
rats for the former.

The growing evidence for the role of immune responses,
working against neoplasia as a "biological monitoring system"

on the one hand and protecting neoplastic variants on the
other, lias been discussed by a number of investigators (5, 7).
Since immunological mechanisms appear to be an important
factor in preventing tumor recurrence and metastasis, it is
reasonable to assume that further enhancement of the immune
response capability, by specific or nonspecific means, may
reduce the probability of such a recurrence and induce tumor
regression. Nonspecific treatment with BCG, according to
MathÃ©(8), induced a prolongation in the survival time of
leukemia patients and extended the regression period after
chemotherapy. Weiss et al. (17) reported that the
administration of BCG or its MER induced a delay in the
appearance of methylcholanthrene-induced primary sarcoma
and spontaneous mammary carcinoma, as well as primary
AKR leukemia.

Having previously demonstrated that MSF-MB significantly
enhanced the humoral antibody response in normal rats and
having found that the various rat tumor systems studied
exerted significant immunosuppressive effects on the humoral
antibody response, we used MSF-MB as a nonspecific agent in
an effort to counteract the tumor-induced
immunosuppression. It is quite clear from the results that
MSF-MB is an effective immunological adjuvant capable of
counteracting the tumor-induced immunosuppression.
MSF-MB also was found to counteract other types of
immunosuppression such as that resulting from
chemotherapeutic agents (unpublished data).

With respect to the ability of MSF-MB to enhance
immunological responses of rats to isografts of mammary
tumors, the results of these studies are in line with those
reported by Weiss et al. (17) with the methanol-insoluble
fraction of BCG. Although, in most instances, they found
heightened resistance against tumor implants, the effect on 2
of the tumors tested was one of heightened host susceptibility,
and no effect was elicited on 1 neoplasm. In our studies, the
same type of variability was found, although the effect of
enhancement of inhibition of tumor growth appeared to be
more closely related to the time of MSF-MB administration in
relation to tumor implantation. The most striking effects were
evident in the growth rates of these tumors during lag as well
as log growth phase. MSF-MB administration 7 days prior to
tumor implantation induced an inhibitory effect on tumor
growth in the lag and/or log phases of the mammary tumor
systems. However, the most marked enhancement of tumor
growth was seen with the R-35 tumor. Enhancement of tumor
growth also may be an immunological phenomenon that is

associated with a humoral antibody response interfering with
the surface-to-surface contact necessary for allogenic
inhibition.

Admittedly, the inhibitory and enhancing effects of
MSF-MB treatment on tumor growth were not striking.
However, they are present and are consistent in the 2 studies
on mammary tumor systems. The 13762 tumor has been
maintained in serial transplantation in closely controlled
inbred rat populations, and the absence of marked inhibitory
effects speaks well of the histocompatibility relationship of
this tumor host system and for their continued use as an
experimental model for evaluating antitumor activity.

The preliminary results on the use of MSF-MB as an
immunological adjuvant in conjunction with chemotherapy
during the period of progressive oncolysis and tumor
rÃ©sorption (Chart 7) suggest the feasibility of the use of
MSF-MB to nonspecifically enhance host responses for
augmenting the antitumor effects of chemotherapy. The
criterion for effectiveness was a retardation of tumor regrowth
after cessation of chemotherapy and is illustrated by the
grouping of tumor sizes below that of the phenesterin-treated
control animals. Optimal timing of adjuvant administration in
relation to the chemotherapy period (e.g., at onset, during, or
at completion of therapy), the use of multiple adjuvant
administrations, and the effect of combinations of adjuvants
are facets of this problem that are under study.

Although the specific action of MSF-MB remains to be
clarified, it would appear that its enhancing effects may be due
not only to a proliferative reaction of the reticuloendothelial
system, as postulated by Old et al. (10) for BCG, but also to a
hyperactive reticuloendothelial system with activation of
phagocytic function (1, 2, 4, 6, 11) for the processing of
antigens. As such, the effectiveness of MSF-MB would be
dependent upon the time of its administration in relation to
antigen injection. Administered 1 week prior to antigen, for
example, MSF-MB would be functional in increasing the
number of phagocytes available for processing antigen as well
as in increasing the amount of uncommitted lymphoid tissue
for sensitization, thus accounting for the apparently enhanced
rate of antibody synthesis in the first 7 days following antigen
injection. MSF-MB administered simultaneously with antigen
requires the same 7-day build-up period, perhaps of sensitized
clones, and the highest rate of antibody synthesis occurs in the
2nd week following antigen injection.

Prolongation of antibody synthesis as seen in this study is
then a natural consequence of the wider dissemination of
antigen as a result of phagocytic function and the resultant
prolongation of lymphoid tissue sensitization and
immunoglobulin synthesis. On the other hand, MSF-MB
administered 2 or 4 days after antigen injection also produced
an enhancing effect on rate of antibody synthesis in the 1st
week following antigen injection. Enhancement by an adjuvant
administered well past the induction period of an immune
response would support the concept of an increased
multiplication of sensitized clones of lymphoid cells.

On the basis of the hypothesis mentioned above, the
counteraction of the immunosuppression in the 13762, R-35,
and 11095 tumor-host systems by MSF-MB treatment would
fall into this general framework of immunological
responsiveness to the adjuvant. However, the considerably
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heightened antibody response induced by MSF-MB treatment
in rats implanted with R3149 acute monocytic leukemia may
have resulted from the release of lymphoid cells as a result of
MSF-MB treatment, plus an increased peripheral
lymphocytosis due to the leukemia itself, with the
sensitizaron of a greater number of lymphoid cells and the
synthesis of greater amounts of immune globulins.

One can speculate, therefore, that MSF-MB action may be
related to increased phagocytosis and proliferation of
lymphoid tissues. As such, it can be considered as an active
stimulator of the primary immune response in rats.

ACKNOWLEDGMENTS

We are grateful to Miss Elizabeth Valentine, Miss Marie BrulÃ©,and
Mrs. Sharon Alex for their excellent technical assistance, and to Miss
Elaine Milosz for her aid in preparing this manuscript.

REFERENCES

1. Biozzi, G., Benacerraf, B., Grumbach, F., Halpern, B. N., Levaditi,
J., and Rist, N. Etude de l'ActivitÃ©Granulopexique du Systeme
RÃ©ticuloendothelial au Cours de l'Infection Tuberculeuse

ExpÃ©rimentale de la Souris. Ann. Inst. Pasteur, 87: 291-300,

1954.
2. Biozzi, G., Stiffel, C., Halpern, B. N., and Mouton, D. Recherches

sur le MÃ©canismede L'immunitÃ©Nonspecifique Produite par les

Mycobacteries. Rev. Franc. Etudes Clin. Biol., 5: 876-890, 1960.
3. Dresser, D. W. An Assay for Adjuvanticity. Clin. Exptl. Immunol.,

3: 877-888, 1968.

4. Halpern, B. N., Biozzi, G., Stiffel, C., and Mouton, D. CorrÃ©lation
entre L'activitÃ©Phagocytaire du SystÃ¨meReticulo-endothelial et la
Production L'anticorps Antibacteriens. Compt. Rend. Soc. Biol.,

152: 758-761, 1958.

5. Helm, F., and Klein, E. Effects of Allergic Contact Dermatitis on
Basal Cell Epitheliomas. Arch. Dermatol., 91: 142-155, 1965.

6. Howard, J. G., Biozzi, G., Halpern, B. N., Stiffel, C., and Mouton,
D. The Effect of Mycobacterium tuberculosis (B.C.G.) Infection
on the Resistance of Mice to Bacterial Endotoxin and Salmonella
Enteritidis Infection. Brit. J. Exptl. Pathol., 40: 281-290, 1959.

7. Kallis, N. Immunological Enhancement: Conditions for Its

Expression and Its Relevance for Grafts of Normal Tissue. Ann. N.
Y. Acad. ScL, 129: 155-163, 1966.

8. MathÃ©,G., Schwarzenberg, L., Amiel, J. L., Schneider, M., Caftan,
A., and Schlumberger, J. R. Curability of Leukemia: Some Recent
Approaches. In: Symposium on Perspectives in Leukemia, New
Orleans, 1966.

9. MuÃ±oz,J. Effect of Bacterial Products on Antibody Response.
Advan. ImmunoL, 4: 397-440, 1964.

10. Old, L. J., Benacerraf, B., Clark, D. A., CarsweU, E. A., and
Stockert, E. The Roles of the RÃ©ticuloendothelialSystem in the
Host Reaction to Neoplasia. Cancer Res., 21: 1281-1300, 1961.

11. Old, L. J., Clark, D. A., Benacerraf, B., and Goldsmith, M. The
RÃ©ticuloendothelialSystem and the Neoplastic Process. Ann. N. Y.
Acad. Sci., 88: 264-280, 1970.

12. Steinkuller, C. B., Krigbaum, L. G., and Weiss, D. W. Studies on the
Mode of Action of the Heterologous Immunogenicity of a
Methanol-insoluble Fraction of Attenuated Tubercle Bacilli
(B.C.G.). Immunology, 16: 255-275, 1969.

13. Unanue, E. R., Askonas, B. A., and Allison, A. C. A Role of
Macrophages in the Stimulation of Immune Responses by
Adjuvants. J. Immunol., 103: 71-78, 1969.

14. Wall, M. E., Abernathy, G. S., Jr., Carroll, F. I., and Taylor, D. J.
The Effects of Some Steroidal Alkylating Agents on Experimental
Animal Mammary Tumor and Leukemia Systems. J. Med. Chem.,
12: 810-818, 1969.

15. Weiss, D. W., Bonhag, R. S., and Leslie, P. Studies on the
Heterologous Immunogenicity of a Methanol-insoluble Fraction of
Attenuated Tubercle Bacilli (B.C.G.). II. Protection against Tumor
Isografts. J. Exptl. Med., 124: 1039-1065, 1966.

16. Weiss, D. W., Bonhag, R. S., and Parks, T. A. Studies on the
Heterologous Immunogenicity of a Methanol-insoluble Fraction of
Attenuated Tubercle Bacilli (B.C.G.). I. Antimicrobial Protection.
J. Exptl. Med., 119: 53-70, 1964.

17. Weiss, D. W., Faulkin, L. J., and DeOme, K. B. Acquisition of
Heightened Resistance and Susceptibility to Spontaneous Mouse
Mammary Carcinomas in the Original Host. Cancer Res., 24:
732-742, 1964.

18. Weiss, D. W., and Wells, A. Q. Vaccination against Tuberculosis
with Non-Living Vaccines. III. Vaccination of Guinea Pigs with
Fractions of Phenol-killed Tubercle Bacilli. Am. Rev. RespirÃ¢t
Diseases, 82: 339-353, 1960.

19. Yashphe, D. J., Steinkuller, C. B., and Weiss, D. W. Modulation of
Immunological Responsiveness by Pre-treatment with a
Methanol-insoluble Fraction of Killed Tubercle Bacilli Israel J.
Med. Sci., 5: 259-266, 1969.

APRIL 1972 803

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2389013/cr0320040795.pdf by guest on 19 M

ay 2023




