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ABSTRACT

Numerous studies have demonstrated that killed suspen
sions of CorynebaCterium parvum possess both lymphoreticu
Ianstimulatory and antitumor properties. In the present study,
experiments were designed to isolate and characterize the
component from C. parvum responsible for inducing stimulation
of the lymphoreticular system and for inducing inhibition of
progressive tumor growth. Fractions of C. parvum, prepared
by hot phenol:water extraction of heat-killed bacteria, were
tested in mice for lymphoreticular stimulation by measuring the
degree of splenomegaly and spleen cell blastogenesis pro
duced by an i.p. injection of the fractions. Antitumor activity
was evaluated by measuring the extent of tumor growth after
a s.c. injection of the C. parvum fractions admixed with either
of three syngeneically transplanted munine tumors (B-i 6 mel
anoma, Li 2i 0 leukemia, on MC-93 sarcoma). Significant
splenomegaly with concomitant increase in blastogenic activity
was observed in mice treated with the residue after phenol:
water extraction of C. parvum. The kinetics of development of
splenomegaly and blastogenesis paralleled that observed by
inoculation of whole organisms. In addition, significant antitu
mon activity, 80 to i 00% inhibition of tumor growth, was
observed in mice inoculated with an admixture of tumor cells
and the extraction residue. The antitumor activity of the residue
was similar to that observed with whole cells. The extracts
(aqueous and phenol phases) did not induce splenomegaly,
increased blastogenesis, or inhibition of tumor growth. Al
though purified cell walls had some antitumor activity (20 to
30% protection), the percentage of mice protected from tumor
growth by cell walls was markedly less than that by whole
organisms or the residue. Moreover, cell walls and/or proto
plasm did not induce splenomegaly or increased blastogenesis.
High antitumor- and splenomegaly-inducing activities of the
residue were retained following chloroform:methanol extrac
tion, sodium lauryl sulfate:pronase digestion, on sodium lauryl
sulfate:pronase plus RNase:DNase:trypsin digestion , whereas
these properties were significantly reduced after the residue
was treated with metapeniodate, which resulted in a marked
reduction in the carbohydrate concentration. Penitoneal cells
from mice given an i.p. injection of whole organisms, phenol:
water extraction residue, or peniodate- or enzyme-treated res
idue were nonspecifically cytotoxic to B-i 6 tumor cells in vitro.
However, tumoricidal activity of penitonealcells did not develop
in mice treated with either the aqueous on the phenol phase
from extracted C. parvum. Collectively, results from this study
demonstrate that the component in C. parvum responsible for
antitumor activity and lymphoneticular stimulation is, in part,
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carbohydrate in nature and that, although nonspecific macro
phage activation by whole cells or the extraction residue may
be important, it is not sufficient for inducing tumor rejection.
The possibility that full activity may depend upon the integrity
of cell walls is discussed.

INTRODUCTION

During recent years, much evidence indicates that killed
suspensions of the bacterium Corynebacterium parvum pos
sess significant antitumon activity in both animals and humans.
In munine models, studies have shown a marked inhibition of
tumor growth when systemic injections of C. parvum were
administered a short time before tumor transplantation (4, 27)
or when s.c. injections of C. parvum were given in an admixture
with tumor cells (21 , 32). Moreover, partial or complete regres
sion of established solid tumors in experimental animals has
been observed following an i.t.2 (8, 24, 26, 3i ) or systemic (i 7,
30) injection of suspensions of killed C. parvum whole cells.
Apart from the antitumon activity, C. parvum has also been
shown to be a potent stimulator of the lymphoreticular system,
as reflected by significant increases in spleen and liver weights
(2, 4, 9), as well as an adjuvant for humonal immunity (i 2).

The chemical and/on physical nature of the active compo
nent in C. parvum whole cells responsible for inducing these
biological effects and the question whether one component or
a complex of different components is the effector still require
elucidation. Previous reports by PrÃ©votet a!. (22) and Adlam et
a!. (i ) indicated that crude fractions of C. parvum, which
contained cell wall fragments, retained their ability to induce
splenomegaly and hepatomegaly. When compared to tumor
controls, Adlam et a!. (i ) demonstrated an increase in the
percentage of W-Swiss mice surviving an injection of allogeneic
Sarcoma i 80T/G tumor cells following a systemic inoculation
of crude C. parvum cell walls. However, interpretation of these
results is limited because they did not use a syngeneic tumor
host system. Recent studies, using a syngeneic tumor-mouse
model, have shown an abrogation in the ability of purified cell
walls from C. parvum to induce splenomegaly (25). Moreover,
less antitumor activity was observed with cell walls than with a
suspension of whole bacteria. Other reports have attributed
the antitumor activity of C. parvum to a lipid extract (i 5) on a
cytoplasmic fraction (i 8). Thus, the contradictory findings em
phasize the need for systematic studies with fractions isolated
from C. parvum whole cells.

The present study was designed to evaluate the effects of
fractions obtained by phenol:water extraction of heat-killed C.

2 The abbreviations used are: it., intnatumoral; MEM, Eagle's minimum essen

tial medium: C:M, chlonoform:methanol: SOS, sodium lauryl sulfate: [3H]dThd,
tnitiated thymidine: PC, penitonealcells.
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Biological Activities of C. parvum Fractions

parvum whole cells on the stimulation of the lymphoreticular
system and on the inhibition of progressive tumor growth. Our
results show that splenomegaly, increased blastogenic activity,
and antitumon activity was associated with the residue of
phenol:water-extnacted bacteria, whereas these parameters
were significantly reduced or negative in animals treated with
either cell walls or the phenol:water extracts (phenol and
aqueous phases). In addition, the active residue was treated
with various enzymes and/or chemicals in order to determine
the chemical nature of the active component responsible for
inducing splenomegaly and inhibition of tumor growth.

MATERIALS AND METHODS

Mice. All evaluations of lymphoreticular stimulation were
performed on 6- to 8-week-old male C57BL/i 0 mice, pro
duced in the specific-pathogen-free production colonies of the
Rocky Mountain Laboratory. Tumor experiments were per
formed on 6- to 8-week-old C57BL/6 x C3H/HeJF1 and
C57BL/6 x DBA/2F1 (hereafter called B6C3F1 and B6D2F1,
respectively) mice of either sex. The F1hybrids were produced
at the Rocky Mountain Laboratory from parental stock obtained
from The Jackson Laboratory (Ban Harbor, Maine).

Tumor Systems. Leukemia Li 2i 0 cells, ongmnallyinduced in
DBA/2 mice with methycholanthrene in ether (14), were kindly
provided by Dr. Jerald J. Killion, Oral Roberts University, Tulsa,
OkIa., and maintained in the ascitic form in our laboratory by
serial i.p. transfers in B6D2F1 mice. Experimental cells were
harvested from the penitoneal cavity, washed with i % ammo
nium oxalate to remove contaminating RBC, and resuspended
in 0.9% NaCI solution. Cell counts were done in a Neubauer
hemocytometer, and the cell dose was adjusted so that 1O@
viable cells were injected s.c. in 0.i ml of 0.9% NaCI solution.

The 3-methylcholanthrene-induced C3H/HeJ fibrosarcoma
(MC-93) and the spontaneous C57BL/6 melanoma (B-i 6)
were obtained frozen from Dr. Gerald Vosika, Department of
Medicine, University of Minnesota, Minneapolis, Minn. These
cells were grown as monolayers in tissue culture flasks (Falcon
Plastics, Los Angeles, Calif.), in MEM supplemented with 10%
heat-inactivated fetal calf serum and i % antibiotic-antimycotic
solution. Powdered media and supplements were obtained
from Grand Island Biological Co., Grand Island, N. Y. Once
every 3 months, MC-93 and B-i 6 cells were passaged through
B6C3F1 and B6D2F, mice, respectively, and new stock cul
tures were started from these cells. Cells for injection were
harvested from culture flasks, washed, and resuspended in
MEM. One-tenth ml of cell suspension was injected s.c. at a
concentration of i 06 cells/mI.

C. parvum. All studies reported here were performed with
heat-killed suspensions of C. parvum (Wellcome strain
CN6i 34, Batch CA744) kindly supplied by Dr. V. Riveros
Moreno and Dr. C. Adlam, The Wellcome Research Laborato
nies, Beckenham, Kent, England. The original cells were ob
tamed frozen as a cell paste. The cells were washed in sterile
distilled water, dialyzed against distilled water, and lyophilized.
Lyophilized whole cells were suspended in sterile 0.9% NaCI
solution at a concentration of 3 mg (dry weight) organisms per
ml for i.p. injections and i .5 mg (dry weight) organisms per ml
for s.c. injections. For experiments in which varying doses of
C. parvum comprised the inoculum, the above concentrations
of organisms were diluted in sterile 0.9% NaCI solution.

Preparation of Phenol:Water-extracted C. parvum. C. par
vum whole cells were extracted with hot phenol:water (i :1) by
the standard Westphal method (34). Briefly, 10 g (dry weight)
of C. parvum whole cells were added to i 00 ml each of sterile
distilled water and liquified phenol. The extraction mixture was
stirred for 30 mm at 65Â°and cooled for 2 hr at 4Â°.Supernatant
fractions obtained after centnifugation of the extract at 25,000
x g for i hr at 4Â°were designated as aqueous phase (upper
supernatant layer) and phenol phase (lower supernatant layer).
Pelleted materials (residue) were extracted 2 more times in the
original volumes of phenol and water under identical condi
tions. The pooled aqueous and phenol phases were dialyzed
for 7 days against i 4 changes of distilled water at 4Â°and were
then lyophilized. The insoluble residue was washed 3 times
with water-saturated phenol at 4Â°. After centnifugation at
25,000 x g for i hr, the residue was suspended in distilled
water, dialyzed for 7 days, and then lyophilized. Yields of the
aqueous phase, phenol phase, and residue were 3, 10, and
87%, respectively. â€˜â€˜Light'â€ãnd â€˜â€˜heavy'â€˜residues were ob
tamed by suspending the original residue in distilled water and
centrifuging at 30 x g for i 0 mm. The light residue (superna
tant) was removed and lyophilized. The heavy residue (pellet)
was washed twice with distilled water, resuspended in distilled
water, and lyophilized.

Preparation of Cell Walls. A 21-g (wet weight) portion of the
whole cell paste was suspended in 100 ml distilled water,
dispensed in a Sorvall Omni-Mixen for i mm, and disrupted in
a Sorvall RF-i pressure cell at 55,000 psi at 5â€”i0Â°in accord
ance with the method of Ribi et a!. (23). The disruption product
was centrifuged at 300 x g for 30 mm to provide a sediment
of â€˜â€˜crude'â€˜cell walls and a supernatant fluid containing pro
toplasm. The crude cell walls were washed twice with distilled
water and then treated with trypsin (i 00 @sg/ml)for 3 hr at 25Â°.
The digestion product was centrifuged at i 7,000 x g for i hr
at 4Â°.The cell walls were washed twice with distilled water
and, when found to be@ â€˜clean'â€˜by electron microscopy (23),
were lyophilized. The yield from 2i g moist cells was @482mg
lyophilized cell wall material.

Chemical and Enzymatic Treatment of the Light Residue.
C:M-treated light residue was prepared by adding i 00 ml C:M
(4:i ) to i .0 g of the light residue from phenol:water-extracted
C. parvum. The suspension was stirred for i 8 hr at 25Â°.
Following filtration (Whatman No. i paper was used for all
filtnations), the extracted residue was extracted a second time
with i 00 ml C:M (2:1). The final C:M-tneated residue was
filtered, washed with 100 ml of C:M (4:i ), and dried.

SDS:pronase-treated light residue was prepared by sus
pending i .0 g of the light residue in 20 ml of 0.5 M NaHCO3
containing pronase B (4 mg/mI) and incubated at 50Â°for 4 hr.
To the pronase:residue mixture, 20 ml of 4% SOS were added
and incubated at 4Â°for i 8 hr. The mixture was boiled at 94Â°,
cooled, sonified for 5 mm, and centrifuged at 3i ,000 x g for
i hr. The detergent was removed from the residue by a series
of washing and filtrations with methanol:water (i :i ), followed
by acetone, followed by ether. After the last filtration, the
residue was air dried.

SDS:pnonase plus RNase:DNase:trypsin-digested light resi
due was prepared by suspending 546 mg of the SDS:pronase
treated light residue in 35 ml of i M Tris hydrochloride buffer
(pH 7.6) containing O.Oi M MgCI2 and RNase (150 @zg/mI),
DNase (75 @zg/mI),and trypsin (950 @g/ml)and incubated at
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Chemical composition of C. parvum andfractionsTotal

sugar TotalfattyBacterial
components Protein (%) (%) acid(%)Wholecells

27.8 11.235.1dellwalls
4.2 16.123.7Residue

26.6 10.531.2Aqueous
phase 4.4 47.619.1Phenolphase

40.5 2.339.6Light
residue 22.9 10.931.7Heavy
residue 43.8 1.632.4d:M-tneated

light residue 23.2 10.830.2SDS:pronase
+ RNase:DNase: 13.6 12.825.7trypsin-treated

lightresidueMetapeniodate-tneated
light resi- 21 .9 5.926.5dueTable

2Carbohydrate
composition of C. parvumfractionsAqueousLight

residue Metapeniod- phase of Heavyresidueof
phenol:wa- ate-treated phenol:water of phenol:wa

ter extract light residue extract tenextractSugar
(@imoI/mg) (@@moI/mg) (@moI/mg)(@tmoI/mg)Glucose

13.13 5.63 28.901.74Mannose
6.65 3.72 19.8NDaGalactose
6.82 0.33 NDNDRibose
2.13 1.61 4.80.12Fructose
1.13 0.58 ND0.91Arabinose
ND 0.53 NDNDa

ND, not detected.

J. L. Cantrell and R. W. Wheat

Uptake of[3H]dThd by spleen cells from mice given injections
of C. parvum whole cells or fractions was used as an indicator
of blastogenesis. After the spleen weights were measured,
single-cell suspensions of spleens from individual normal and
test mice were prepared by gentle disruption of the organ in
sterile MEM supplemented with i 0% fetal calf serum and i %
antibiotic-antimycotic solution using a Kontes-Duall tissue
grinder (Kontes Glass Co., Vineland, N. J.). After 2 washes in
MEM, a portion of the cell suspension was diluted in i %
ammonium oxalate and counted in a Neubauer hemocytometen.
The cell concentration was adjusted so that 5 x 10@spleen
cells were added to 6-mm culture wells (Multi-dish Disposo
trays, Linbro Chemical Co., New Haven, Conn.).

One @sCiof [3H]dThd (specific activity, 2 Ci/mmol; New
England Nuclear, Boston, Mass.) was added to each well, and
the cultures were incubated for i 8 hr at 37Â°in 5% CO2in moist
air. Cells were harvested, and the extent of the uptake of
[3HJdThd was determined by standard scintillation techniques
on a LS-9000 counter (Beckman Instruments, Inc. , Irvine,
Calif.). Results were expressed as the mean cpm of triplicate
samples from each of 5 mice per group. Standard errors in this
assay did not exceed 5% and were not included in the tables.
A blastogenic index (B!) was calculated from the following
formula:

B! â€” cpm of test spleen cells

â€” cpm of normal spleen cells

Wherever expressed, p values were calculated by the standard
2-tailed Student t test.

Antitumor Activity in Vivo. Li 210, B-i 6, or MC-93 tumor
cells prepared as described above were admixed with C.
parvum whole cells or fractions. Mice were inoculated s.c. on
the ventral thorax with 0.2 ml of the freshly prepared admixture
containing the desired number of tumor cells and dosage of C.
parvum agents. Control animals were given s.c. injection (0.2
ml) of tumor cells only. Tumor growth was measured twice
weekly with a caliper. â€˜â€˜Negative' â€ãnimals were observed 2
months before final classification as such. Mice with prognes
sively growing tumors were killed when the tumor size reached
2.0 to 2.5 cm in diameter. Results are expressed as percentage
of animals protected 60 days after tumor transplant.

Tumor Cell Killing in Vitro. In vitro macrophage-mediated
tumor cell killing was assayed by measurement of [3H]dThd
released from previously labeled B-i 6 cells according to the
method of Weinberg et a!. (33). PC (2 to 4 x i 0@)in 0. i ml of
MEM were added to chambers of microtiter plates (Linbro LS
-96TC), and, after incubation for i hr at 37Â°in 5% CO2in moist
air, nonadherent cells were removed by washing 5 times in
phosphate-buffered saline (0. i 5 M NaCI and 0.01 M
NaH2PO4Na2HPO4,pH 7.3). B-i6 tumor cells were labeled by
adding i .0 @zCi[3H]dThd (2 Ci/mmol) per ml medium (i 5 @Ci
added to 15 ml medium in a 75-sq cm-surface area (flask) and
incubated for 24 hr. The labeled tumor cells were removed
from the culture flasks with a rubber policeman, washed 5
times in MEM, and added to the microtiten plate (6 x i O@cells/
0.2 mI/well) containing the PC. After 48-hr culture, 0.i ml of
the cell-free supernatant fluid from each chamber was removed
for counting in Aquasol (New England Nuclear). The percent
age of tumor cell killing (SR) was calculated from the following
formula:

SR=@TSthi)2 x 100
Total

50Â°for 5 hr. The enzyme-treated residue was centrifuged at
30,000 x g for i hr. washed in distilled water, and lyophilized.

Metapeniodate-treated light residue was prepared by sus
pending iOO mg of the residue in 20 ml of 0.i M NaC2H2O3
buffer (pH 4.5) containing 0. i M sodium metapeniodate. The
metapeniodate:residue suspension was incubated in the dark
for 35 mm at 25Â°and then centrifuged at 20,000 x g for i 0
mm at i 0Â°.The residue was washed twice in NaC2H2O3buffer
and once in distilled water. After the final wash, the residue
was suspended in distilled water and lyophilized.

Analytical Methods. Protein was determined by the method
of Herbert et a!. (i 1), total carbohydrates were determined by
the method of Dische (6), and total fatty acids were determined
by the method of Haskins (i 0). Sugars were analyzed quanti
tatively by gas-liquid chromatography using the method of
Azuma et a!. (3). The chemical analysis of C. parvum whole
cells, cell walls, and fractions prepared by phenol:waten ex
traction is shown in Table i . Table 2 shows the carbohydrate
composition of the light residue, heavy residue, metapeniodate
treated light residue, and the aqueous phase of phenol:water
extracted C. parvum.

Measurement of Lymphoretlcular Stimulation. Two param
eters were used to evaluate lymphoneticular stimulation in
C57BL/iO mice inoculated with C. parvum whole cells on
fractions prepared by phenol:water extraction. In each expeni
ment, groups of 5 mice, weighing 20 Â±2 g, were given a single
i.p. injection of the agents. Dosages administered were based
on the dry weight of material in 0.2 ml of 0.9% NaCI solution.
Control mice in each experiment were given 0.2 ml of 0.9%
NaCI solution.

Spleen weights were measured in control and test animals
immediately postmortem 7 days after injection. In some exper
iments, variations in the dosage of the fractions administered
and time after injection were evaluated.

Table 1
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mg /mousep@x 10 -6@CMean@c253

Â± 84d357 Â±22d2.5<0.00198
Â± 4.3NSe96 Â± 5.0NS1.0NS281
Â±10.8<0.001289 Â±22<0.OOi2.2<0.00192
Â± 6.1NS88 Â±9NS0.7NS95Â±

7.0NS103Â±5NS1.3NS101Â±
3.697Â± 7

Effectof C. parvum cell wallsand protoplasmon the spleens ofC5 7BL/10miceTreatmentaDose

(jzg)No.
of

miceSpleen

wtBlastogenic

Meanindexbp'mg/mouse@c300

600
300 + 60015

15
15
10112

Â±6.8@'
118 Â±7.9
112 Â±8.8
iii Â±4.3NSe

NS
NS1.2

0.9
1.1NS

NS
NS

No. of
Tneatmenr mice

Whole cells 45
Cell walls 30
Residue 15
Aqueousphase 15
Phenol phase 15
0.9% Nadl solution 51

a C57BL/ 1 0 mice weighing 1 8 to 22 g were given a single 300-pg injection i.p. of the C. parvum agents and evaluated on Day 7 after

treatment.
b See â€˜â€˜Materials and Methods' â€f̃or formula.

c By Student's t test, for difference with control group (0.9% NaCl solution).

d Mean Â±SE.
C NS, not significant.

Biological Activities of C. parvum Fractions

Where ST is cpm from test PC plus B-i 6 cells, SN is cpm from
normal PC plus B-i 6 cells, and Total is cpm from B-i 6 cells
lysed with 0.2% SDS. To account for differences in the sample
size between test wells and wells containing SDS-Iysed tumor
cells, the numerator was multiplied by 2.

RESULTS

The effects of a single i.p. injection of either heat-killed C.
parvum organisms, cell walls, on fractions from phenol:water
extracted whole cells on spleen weight and spleen cell blasto
genic activity were evaluated in C57BL/ 10 mice 7 days after
treatment (Table 3). A significant increase in spleen weight with
a concomitant increase in the total number of lymphocytes per
spleen was observed in animals given whole cells when com
pared to mice treated with 0.9% NaCI solution. In addition, a
significant increase in the uptake of [3H)dThd (blastogenic
index) was seen with spleen cells from these mice. Conversely,
no increase in spleen weight, number of spleen cells, or uptake
of [3HJdThd was noted in mice given cell walls. However,
following an injection of the fractions prepared by phenol:water
extraction, a striking increase in spleen weight, total numbers
of lymphocytes pen spleen, and uptake of [3H]dThd by spleen
cells was observed in animals treated with the residue. No
increase in these parameters was seen in mice treated with
either the aqueous or phenol phase of extracted C. parvum
when compared to control mice. In additional studies, no sig
nificant increase in spleen mass or blastogenic activity was
seen in mice treated with 600 @tgof the protoplasm fraction
alone or in combination with 300 ,.tgof cell walls (Table 4). Fig.
1 shows the relative size of spleens from mice given injections
of 300 i@gof either whole organisms or fractions prepared by
phenol:waten extraction of bacteria.

Data in Table 5 demonstrate the effect of dosage on spleno
megaly and blastogenesis in groups of mice given injections
of 10 to 300 @sgof whole cells or the residue. Because 300
ILg of the aqueous phase did not induce splenomegaly on in
creased blastogenic activity, larger doses (600 and i 000 @tg)
of this fraction were evaluated. Although a slight increase in
spleen weight was observed in mice treated with i 000 @sgof
the aqueous phase, or significant increase in the uptake of
[3HJdThd was detected with spleen cells from these animals.
Note also that doses of 300 and 600 jsg of this fraction did not
induce either splenomegaly on blastogenesis. When compared
to control mice, a significant increase in spleen weight was
observed in mice given 30 to 300 @gof either whole cells or
the residue. The greatest increase in spleen mass was seen in
animals treated with 300 jzg of these agents. Small doses (10
;.Lg) of these components were ineffective in inducing either

splenomegaly or increased blastogenic activity.
To determine the kinetics of the development of splenomeg

aly and blastogenesis, groups of 35 mice were given 300 j@gof
either whole cells or the residue. Five animals from each group
were evaluated at various times after treatment (Chart 1). An
injection of either of these agents resulted in a striking increase
in both spleen weight (Chart i A) and the uptake of [3H]dThd
(Chart 1B) by spleen cells that was evident 4 days later. For
both the whole cells and the residue, these parameters devel
oped approximately in parallel and peaked at about the same
time. At the peak response, there was a 4-fold increase in
spleen weight and greater than a i 0-fold increase in the uptake
of [3H]dThd by spleen cells. Peak response was followed by a
progressive decline in both parameters that approached normal
values on Day 25.

The residue of phenol:waten-extracted whole cells was sep
anated by low-speed (30 x g) centnifugation into light and

Table 3
Effect of C. parvum whole cells and phenol:water extracts on spleen weight and blastogenic activity

Spleen wt Cell count/spleen Blastogenic indexb

Table 4

Cell walls
Protoplasm
Cell walls + protoplasm
0.9% NaCI solution

a Mice weighing 20 to 24 g were given a single i.p. injection and evaluated on Day 7 after treatment.
b See â€˜â€˜Materials and Methods' â€f̃or formula.

c By Student's t test, for difference with control group (0.9% NaCI solution).

d Mean Â± SE.
e NS, not significant.
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Effect of C. parvum whole cells or extracts on spleen weight and blastogenicactivity as a function ofdoseTreatment8Dose

(pg)Spleen

wtBlastogenicindexbmg/mouse@cMeanWhole

cells300
100
30
10262

Â±40,7d
194 Â±21.0
153Â± 5.0
134 Â±10.0<o.ooi

<0.02
<0.01

NS2.5

<0.001
1.6 <0.05
1.3 NSe
0.8NSResidue300

100
30
10275

Â±21.6
193 Â±25.0
150 Â± 9.0
144 Â±18.0<0.001

<0.02
<0.02

NS2.4

<0.001
2.1 <0.005
1.4 <0.05
1.3NSAqueousphase1000

600
300141

Â± 6.7
125Â± 4.4
115Â± 7.8<0.5

NS
NS1.1

NS
1.0 NS
0.8NS0.9%

NaCI solution1 18 Â± 6.0

J, L. Cantrell and R. W. Wheat

Table 5

a Mice weighing 20 to 24 9 were given a single i.p. injection of the appropriate dose of C. parvum agent and

evaluated on Day 7: 5 mice/group.
b See â€˜â€˜Materials and Methods' â€f̃or formula.

c By Student's t test, for difference with control group (0.9% NaCI solution).

d Mean Â± SE.

a NS, not significant.

heavy residues, which were then tested for their effect on
splenomegaly and blastogenesis. As shown in Table 6, a sig
nificant increase in spleen weight was seen in mice treated with
300 @gof the light residue. In addition, spleen cells from these
animals had a marked increase in blastogenic activity when
compared to control spleen cells. The degree of splenomegaly
and blastogenesis induced by the light residue was comparable
to that induced by the unseparated residue (Table 3). No
significant increase in these parameters was seen in mice
treated with the heavy residue.

To determine whether the response induced by the light
residue could be modified, mice were treated with the light
residue that was subjected to either C:M extraction, SDS:
pronase digestion, SDS:pronase plus RNase:DNase:trypsin
digestion, or metaperiodate treatment (Table 6). When com
pared to controls, a significant increase in spleen weight and
blastogenic activity was observed in mice following an injection
of either SDS:pronase-treated light residue, SDS:pnonase plus
RNase:DNase:trypsin-digested light residue, or C:M-extracted
light residue. However, when these responses were compared
to those obtained with the untreated light residue, no marked
difference was detected. Conversely, no significant increase in
spleen weight was found in mice given an injection of the
metaperiodate-treated light residue when compared to spleen
weights of mice given 0.9% NaCI solution.

Although the treatment of the light residue with metapenio
date resulted in an abrogation of splenomegaly, the blastogenic
activity of spleen cells from these mice was similar to that
observed with the untreated light residue.

There is convincing evidence that tumor cells can be de
stroyed by the host when administered in admixture with killed
C. parvum organisms (21 ). Thus, it was important to determine

whether the fractions prepared by phenol:water extraction
possessed antitumor activity. In these experiments, mice were
given a s.c. injection of either i O@Li 2i 0, 1O@MC-93, or i O@
B-i 6 viable tumor cells admixed with 300 or 100 @sgof whole
cells or fractions (Table 7). Tumor growth was significantly
inhibited by 300 1@gof whole cells in all 3 tumor models.
However, the percentage of animals protected from tumor

growth was higher in mice given MC-93 tumor cells (iOO%)
than in mice given either Li 210 or B-i 6 tumor cells (65% for
each). In addition, complete protection against tumor growth
was observed in mice given i 00 @sgof whole cells admixed with
MC-93 tumor cells. Although a significant percentage (20 to
30%) of animals were protected against progressive tumor
growth by 300 @zgof cell walls, cell walls were markedly less
effective than were whole organisms. No inhibition of tumor
growth was seen in mice treated with the protoplasm fraction
admixed with either (MC-93 or Li 210 tumor cells. However,
significant tumor growth inhibition was observed in mice given
300 ,sg of the residue of phenol:water-extracted bacteria ad
mixed with tumor cells regardless of type, and 100% of the
animals given i 00 jsg of the residue plus MC-93 tumor cells
were protected from tumor growth. No inhibition of tumor
growth was seen with 300 or 100 @.tgof the aqueous or phenol
phase in the tumor models tested.

Based on the observation that the residue possessed high
antitumor activity, it was of interest to determine the ability of
the modified residues to inhibit tumor growth (Table 8). Signif
icant inhibition of tumor growth was observed in mice given
300 sgof the light residue admixed with any ofthe tumor types,
but only 20% of the mice were tumor free following an injection
of 300 @.Lgof the heavy residue plus tumor cells. Moreover,
marked inhibition of tumor growth was observed in mice given
B-i 6 or Li 210 cells admixed with either SDS:pronase-tneated
light residue, SDS:pronase plus RNase:DNase:trypsin-digested
light residue, or C:M-extracted light residue. Similar results
were observed in mice given MC-93 tumor cells in combination
with SDS:pronase plus RNase:DNase:trypsin-digested light
residue. The percentage of mice protected from progressive
tumor growth by these residues was not significantly different
from mice given the untreated light residue. With the exception
of mice given B-i 6 tumor cells (20% protection), no significant
antitumor activity was observed when the metapeniodate
treated light residue was injected with MC-93 or Li 2i 0 tumor
cells. Moreover, the percentage of mice protected with this
fraction was significantly less than that observed in mice given
the untreated light residue in all 3 tumor models.
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Chant 1. Time course of development of splenomegaly (A) and blastogenesis

(B) in C57BL/ 1 0 mice given injections of 300 @gof @.parvum whole cells (â€¢),

300 @gof residue from phenol:water-extracted bacteria (0). and 0.9% NaCI
solution (â€¢).Points, means of 5 mIce; bars, SE. To control for variations in body
weight oventhe 25-day testing period, the spleen weights were normalized to a
20-g mouse.
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residue

Metapeniodate-treated light residue20 201
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NaCI solution251 08 Â± 5.3
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To determine whether the demonstrated expression of anti
tumor activity with the light residues was a result of a direct
toxic effect, tumor cells were incubated in the presence of the
fractions at a dose similar to that used for studies in vivo. After
incubation for 2 hr at 37Â°,no reduction in cell viability as
measured by trypan blue was observed when each of the tumor
types was admixed with the light residue or either of the light
residues following C:M extraction, SDS:pronase treatment, or
SDS:pronase plus RNase:DNase:trypsin digestion.

There is convincing evidence that tumor cells can be de
stroyed in vitro by macnophages activated in vivo by C. parvum
(7). Thus, it was important to determine whether the fractions
of C. parvum used in this study possess this activity. In these
studies, mice were given an i.p. injection of whole cells or one
of the fractions, and 10 days later PC were evaluated for their
ability to kill tumor cells in vitro. Table 9 shows that a high
percentage of tumor cells were killed when exposed to PC
from mice treated with whole cells. Similar results were ob
tamed with PC from mice treated with the light residue, whereas
the percentage of tumor cells killed with PC from mice given
either the aqueous phase or phenol phase was markedly less.
PC from mice treated with either the SDS:pronase plus RNase:
DNase:trypsmn-digestedor metapeniodate-treated light residue
were equally as effective as cells from mice given untreated
residue.

DISCUSSION

Based on evidence that killed suspensions of C. parvum
organisms induce marked stimulation of the lymphoreticular
system, as measured by hepatomegaly and splenomegaly (2,
20), and possess antitumor activity (17, 26, 31), the present
study was designed to evaluate these parameters using frac
tions of C. parvum prepared by phenol:water extraction of
whole bacteria. The phenol:water extraction method was used,
since previous reports from this laboratory have clearly dem
onstrated the efficacy of such components isolated from my
cobactenia (5) and Gram-negative bacteria (24) in the treatment
of established line 10 tumors in syngeneic guinea pigs. Effec
tive immunotherapy depended on combining these microbial
components with mycobactenia glycolipid (P3), a nonimmuno
genic, adjuvant-active agent, and using these components in
a i % oil emulsion. Other investigators, using different extnac
tion methods, have attempted to isolate the active component

Table 6

A

B

-@â€˜ ,â€˜ @,

a C57BL/ 10 mice weighing 20 to 24 g were given a single 300-pg injection i.p. and evaluated on Day 7.

b see â€˜â€˜Materials and Methods' â€˜for formula.
C By Student's t test; for difference with control group (0.9% NadI solution).
dByStudent'st test,fordifferencewithanimalsgiven300@gwholecells(Table3).
a Means Â±SE.
I NS, not significant.

gSignificantlylessthanvaluesfrommicegivenlightresiduesCp<0.001)byStudent'sttest.
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All mice were given a s.c. injection o
calculated 60 days after treatment.Antitumor

effects of C. parvum whole cells, cell walls, or phenol:water extracts
f 10@MC-93, 10@B-i 6, or 10@Li 210 tumor cells alone or admixed with C. parvumcomponents. Percentage protectedwasDose

Treatment (@Lg)Tumor

modelsB6C3F-MC-93

B6D2F-L1 210B6D2F-B-16No.

of % pro- No. of % pro
mice tected @a mice tected @aNo.

of % pro
micetected@aWhole

cells 300
I 0020

100 <0.001 20 65 <0.001
10 100 <0.001 Not evaluated20

65
Notevaluated<0.001Cell

walls 30020 25 <0.02 10 30 <0.011020<0.05Protoplasm

6001 0 0 NSb i o oN5Residue

300
10010

100 <0.001 20 80 <0.001
10 100 <0.001 Not evaluated10

90
Notevaluated<0.001Aqueous

phase 300
10020

15 NS 10 0 NS
10 20 NS 10 0 NS1

0 10
NotevaluatedNSPhencl

phase 300
1001

0 0 NS 10 0 N5
20 10 NS 10 0 NS1

0 0
NotevaluatedNS0.9%

NaCI solution20 0 20 020 0

All mice were given a s.c. injection ofAntitumor
effects of extracts from C. parvum on s.c. tumors

10@MC-93, 10@B-i 6, on 1O@Li 210 tumor cells alone or admixed with 300 @gofC. parvum extracts. Pencentageprotectedwas
calculated 60 days aftertreatment.TreatmentTumor

modelsB6C3F-MC-93

B6D2F-Li 210B6D2F,-B-16No.

of % pro- No. of % pro
mice tected @a mice tected @aNo.

of % pro
micetectedp8Light

residue20 95 <0.001 20 85 <0.0012095<0.001Heavy
residue

Metapeniodate-treated light residue1
0 20 <0.@5 20 20 <0.05

10 10 NS â€˜c 30 7 NScNot
evaluated

2020<0.05cSDS:pronase
+ RNase:DNase:tryp 10 80 <0.001 10 70 <0.0011090<0.001sin-treated
lightresidueSDS:pronase-tneated

light residueNot evaluated 20 100 <0.0011 090<0.001C:M-treated
light residueNot evaluated 10 70 <0.0011 080<0.0010.9%

NaCI solution20 0 20 020 0

CultureRelease

of tumorcell[3H)dThdcpmCytotoxicity8Adherent

PC from 4 x 1o@PC from
C, pervum whole cells6,538 Â± 54b61 .0 Â±1,3@)Lightnesldue6,273Â±14057.7Â±
1.9Aqueous

phase1 .833 Â± 661 .4 Â±0.2Phenol
phase2,260 Â±1066.9 Â±2.4Metapeniodate-treated

light residue5,920 Â±42153.2 Â±2.7SDS:pnonase
+ RNase:DNase:tnypsin 6.631 Â±15562.2 Â±1.0treated

lightresidueControl
mice1 ,719 Â±45N0PC972Â±

81Total
cpm1 5,793 Â±148

J, L. Cantrel! and R. W. Wheat

Table 7

a Statistical evaluations were determined by f distribution for difference with mice given tumor cells plus 0.9% NadI solution.

b NS. not significant.

Table 8

a Statistical evaluations were determined by @2distribution for difference with mice given tumor cells plus 0.9% NaCI solution.
b NS, not significant.

c Significantlyless(p < 0.001) thanmicegivenlightresidueby @c?distribution.

from C. parvum; however, the activity of these agents was
nonexistent on drastically reduced when compared to that of
whole organisms. McBride et a!. (15) found that extracts pro
duced by acid hydrolysis of whole cells had some antitumon
activity, although considerably less than did intact organisms.
In addition, the extracts and the bacteria remaining after acid
treatment were incapable of inducing splenomegaly. Similar
results of decreased antitumon activity and ability to induce
splenomegaly have been observed in mice treated with purified
cell walls from C. parvum (25).

In the present study, direct evidence for biological activity as
measured by the stimulation of the lymphoreticular system
(splenomegaly and blastogenesis) and the inhibition of tumor
growth was cleanly demonstrated in mice treated with the
residue of phenol:water-extnacted whole cells. The degree of
splenomegaly and blastogenesis induced by the residue was
similar to that observed with whole bacteria. In addition, the
kinetics of development of these parameters paralleled that

Table 9
Tumor cytotoxicity by adherent PC from mice treated with whole cells or

fractions of C. parvum
Mice were inoculated i.p. with 300 @gof C. parvum whole cells or fractions.

PC were collected 10 days after treatment and added to prelabeled B-i 6 tumor
cells.

a Percentage of total cpm released by SDS.
b Mean Â±SE. for 1 2 cultures.
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seen with whole cells (Chart 1). Moreover, these studies clearly
demonstrate that the residue possesses significant antitumor
activity as measured by its ability to inhibit the growth of 3
unrelated tumors. At the dosage tested, the efficacy of the
residue in suppressing tumor growth was comparable to that
observed with preparations of whole cells. Whereas the light
residue retained its antitumor and lymphoreticular stimulatory
properties following treatment with either C:M, SDS:pronase,
or SDS:pronase plus RNase:DNase:tnypsmn,the light residue
treated with metapeniodate had significantly less antitumor
activity and failed to induce splenomegaly. Moreover, the char
acteristic lymphoneticular stimulatory and antitumon activities
of C. parvum whole cells and the residue were absent or
markedly reduced in the phenol:water extracts (aqueous and
phenol phases), cell walls, and protoplasm. Collectively, these
data supported the results of other investigators showing that
phenol:water-treated C. parvum (i ) retain their antitumor activ
ity and their ability to induce splenomegaly, whereas purified
cell walls (25) and acid extracts (i 5) had reduced antitumor
activity and were incapable of eliciting splenomegaly. In addi
tion these results demonstrate a correlation between the ability
of a component isolated from C. parvum to induce splenomeg
aly and its ability to inhibit progressive tumor growth.

Although the mechanism of splenomegaly induced by C.
parvum is unknown, the demonstration of increased uptake of
[3H]dThd by spleen cells from mice treated 7 days earlier with
either whole cells or the residue suggest that, in part, spleno
megaly is a direct result of increased cellular proliferation. This
observation was supported by the histology of spleens from
mice given injections of whole cells or the residue that showed
proliferation of reticular tissue in the red pulp. This took the
form of dense collections (data not shown) of reticular cells,
interspersed with a few lymphocytes, under the capsule and
along the trabeculae. In such areas, granulocytopoiesis seems
slightly more evident than in spleens from control mice. These
findings agree with results of other studies showing a striking
increase in cell division of draining lymph nodes from mice
treated with a s.c. injection of C. parvum organisms (3i).

A relevant question concerns the chemical and/or physical
nature of the active component of C. parvum. With respect to
the physical characteristic, electron microscopy indicated that
the active light residue consisted primarily of cell walls and cell
walls containing protoplasm, but the density of the protoplasm
was less than that observed with whole bacteria. Conversely,
no cell walls or cell wall remnants were observed by electron
microscopy in the inactive heavy residue, which was similar to
the chemical composition of the phenol phase (Table i).
Cleanly, cell walls per se are not solely responsible for lympho
reticular stimulation or antitumor activity, since purified prepa
rations of cell walls used in this study and by others (25) failed
to induce splenomegaly and had markedly reduced antitumor
activity. The fact that cell walls had some, but limited, antitumor
activity suggests that the active component is associated with
cell wall preparations. One could question whether the active
materials were stripped off the surface of the walls by sheer
force during the disruption process and were to be found in
the protoplasmic fraction. Our results show that the protoplasm
was inactive. Moreover, the necombination of cell walls and
protoplasm did not restore either the lymphoreticulan stimula
tory on antitumon activities (Table 4). It seems reasonable,
therefore, that the active component may be associated with

cell walls and that full activity may depend on maintaining the
integrity of cell wall components.

Based on results from this study, there are sound reasons
for believing that the chemical nature of the component in C.
parvum responsible for generating splenomegaly and for anti
tumor activity is carbohydrate or a carbohydrate complex. In
these studies, the light residue that was treated with metaper
iodate had a significant reduction in its ability to induce spleno
megaly and its capability of inhibiting progressive tumor
growth, whereas these parameters were not abrogated when
the light residue was treated with C:M, SDS:pronase, or SDS:
pronase plus RNase:DNase:trypsmn.The effectiveness of the
metapeniodate treatment was demonstrated by a marked re
duction in the percentage of total sugars (Table 1) and a
striking decrease in the quantity of carbohydrates, namely,
galactose (Table 2). One could question whether carbohy
drates are totally responsible for the biological activities, since
the aqueous phase of the phenol:water extract contained a
large percentage of total sugar. However, no significant inhi
bition of tumor growth was observed in mice treated with this
extract. Thus, the antitumor appears not to depend on water
soluble carbohydrates but appears to depend on the carbo
hydrates bound to cell walls or other water-insoluble macro
molecules.

Although the results from this study strongly indicate that
carbohydrates are a necessary constituent of the active corn
ponent, they do not rule out the possibility that the active agent
is a Iipid:canbohydnate complex, i.e. , lipopolysacchanide or
glycolipid. McBride et a!. (i 5) showed that a lipid extract of C.
parvum had some antitumor activity, although much reduced
when compared to whole organisms. Our results show that the
extraction of the light solvents (C:M) did not reduce either the
antitumor activity or lymphoreticular stimulatory property of the
residue. The major difference between these studies is that the
C. parvum cells used in this study were heat-killed suspensions

of strain CN 6i 34, whereas McBride et a!. (i 5) used formalin
killed suspensions of NCTC i 0390. It is, therefore, conceive
able that the variation in activity may be due to a difference in
the chemical composition of surface components between
these strains (i 3) or due to the method of killing the organisms,
which alters the susceptibility of the organism to lipid extrac
tion.

With regard to the possible mechanism of action of C. parvum
fractions, there is much evidence to show that macrophages
activated in vivo by a variety of bacteria, including C. parvum,
can destroy tumor cells in vitro (7, i 6). In addition, Tuttle et a!.
(3i ) demonstrated significant antitumor activity at the site of C.
parvum injection, which was evidenced by a delayed sensitivity
reaction resulting in the local accumulation of mononuclear
phagocytes. Our results are in agreement with these reports.
PC from mice treated with either whole organisms or the
residue were highly activated, as evidenced by their ability to
nonspecifically kill tumor cells in vitro (Table 9), whereas cells
from normal mice and mice given the aqueous or phenol phase
of phenol:water-extracted bacteria were inactive. In addition,
the chemical or enzymatic treatment of the light residue did not
alter its ability to activate penitoneal cells. Interestingly, the
metapeniodate-treated light residue, which had significantly
less antitumon activity than did the untreated light residue, had
high macnophage-activating properties. These results suggest
that, although the induction of macrophage activation by C.
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parvum may play an important role in the rejection of tumors,
cytotoxic macrophages are not sufficient for the overall anti
tumor activity.

Recent studies have shown antigens of Bacillus Calmette
GuÃ«rinorganisms that cross-react with guinea pig hepatocar
cinoma tumor cells (i 9). Moreover, Springer et a!. (29) have
reported that numerous strains of Gram-negative bacteria have
cell surface polysacchanide determinants that cross-react with
human blood group antigens. A cell surface component from
TA3 mouse mammary adenocarcinoma has also been shown
to be closely related both serologically and chemically to the
human blood group antigen N (28). It seems reasonable, there
fore, that antigens common to both muninetumor cells and the
active component of C. parvum may elicit cell-mediated tumor
immunity and that the treatment of the active residue with
metapeniodate may either alter or remove these shared anti
gens. Additional studies designed to determine whether a
soluble antitumor agent can be isolated from C. parvum in pure
form are currently in progress. Only after such a component is
isolated can a more detailed investigation of the mechanism of
antitumon activity be performed.
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