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AND METHODS

agar.
Inoculation.â€”Different
routes of inoculation
were em
ployed, but most of the experiments were made by intravenous
administration.
All control mice were given injections of sterile
saline in the same volume and by the same route.
White cell counts were sampled on hosts from each group
of tumor implants treated with Candida guilliermondi and Rho
dotorula rubra and their corresponding
controls. Blood was
drawn from the tail vein prior to treatment
and at daily
intervals after each injection.

RESULTS
Almost all Candida species tested showed oncolytic activity with respect to Sarcoma 37. This
activity was more pronounced following the injec-
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cal procedures (5 per cent phenol for 1 hour, followed by centrifugation and three washes in sterile saline).
Because of the great difficulty in breaking down the pellicle
in which Candida lipolytica grows on solid medium, it was
necessary to treat this organism in a Waring Blendor for several
minutes to obtain a homogeneous suspension. The apparatus
was packed in ice to avoid temperature rise.
Preparation of crude filtrate.â€”The most satisfactory prepa
rations resulted from treatment of the organisms in a Waring
Blendor. Seven gm. of dry yeast was mixed with SO gm. of
Superbrite
glass beads and 15 ml. of buffer (Na2HPO4) at
pH 7.2 and homogenized for 8 minutes. This preparation was
centrifuged, and the resulting supernate was passed through an
ultrafine BÃ¼chner funnel with fritted glass disc (porosity,
l-2>i) and tested for sterility by incubation on Sabouraud's
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MATERIALS

Pa.)

Culture Collection, Washington, D.C., were tested for oncolytic effect: Candida species, Cryptococcus glabratus, Geotrichum
lactis, Histoplasma
capsulatum, Nocardia intracellularis, Nocardia asteroides, Pichia fermentons, Rhodotorula rubra, Sac
charomyces cererisiae,
Tortilopsis candida, and Torulopsii
utilis. They were grown on modified Sabouraud's medium, or
glucose-peptone
medium, with the exception of Histoplasma
capsulatum, which was cultured on blood-containing
medium,
in wax-sealed tubes, to promote the yeast phase of this organ
ism used exclusively in these experiments.
The organisms to be tested were washed with sterile saline,
centrifuged at 2,000 r.p.m. for 15 minutes, and prepared in a
1:100 volumetric dilution in sterile saline. Candida prepara
tions contained approximately
4 X 10* viable cells/c.mm.
Since some of the organisms, e.g., Candida albicans, are
known pathogens, it was necessary to kill them before injec
tion. On the basis of our previous experiments (4), we knew that
almost all Candida species may be pathogenic, but that C.
guilliermondi.,
C. parakruaei, and C. pseudotropicalis can be
inoculated
in the living state with no lethal consequences.
Other species, such as C. albicans, C. tropicalis, and C. leruzei,
have to be killed before inoculation
into mice. This was
accomplished either by heating (60Â°C. for 1 hour) or by chemi

Some years ago Protti (7) described the lytic ac
tion of several species of Saccharomyces on trans
planted carcinoma by a process which he called
"cytophotolysis" ; and Castelli and Gaggini (1) re
peated these experiments, not only with yeasts,
but also with "Oidium" albicans, which lysed tu
mor cells. These experiments and those of Lewisohn et al. (3) were reviewed in an earlier paper
(2) in which we confirmed the lytic action of sev
eral species of Candida on Sarcoma 37 ascites and
Ehrlich ascites tumors in miro. Some inhibition of
mitosis in Sarcoma 37 ascites cells in vivo, with re
duction of ascites swelling, was observed following
intraperitoneal injection of nonpathogenic species
of Candida. However, with a single exception,
there was no prolongation of survival time. Cells
of the pathogenic species, Candida albicans, were
quickly phagocytized by leukocytes, and the effect
on the ascites tumor in vivowas negligible. Exami
nation of the influence of Candida species, as well
as some other yeastlike organisms and molds on
solid tumors (5), showed that many of these or
ganisms caused tumor regression. The result of
treating solid Sarcoma 37 with these organisms is
the subject of the present paper.
Solid tumors were obtained
by injecting
Sarcoma 37
ascites fluid subcutaneously
into Swiss mice (0.5 cc/mouse).
Fluid was withdrawn
aseptically from donor mice, pooled,
and diluted 1:4 with sterile saline. Each sample was injected
into a number of mice which were divided into two groups, one
of which served as control. Repeated samplings were made in
the same way until the desired number of animals had been
inoculated. These tumors show a lower percentage of spontane
ous regression (6 per cent) and are more uniform in size than
tumors derived from trocar implant. Furthermore,
we have
found them to be more satisfactory for microscopic studies,
since there is no residual necrotic fragment of the original im
plant, as is the case with trocar-introduced
tumors. The tu
mors were allowed to grow for 1 week, or until they attained
a diameter of approximately
1 cm.
The following organisms, obtained from the American Type

Philadelphia,
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tion of living cultures of such organisms as C. guilliermondi, C. pseudotropicalis, and C. parakruzei
than was that obtained with killed organisms
(C. cdbicans, C. tropicalis, C. kruzeÃ¯). Candida guilliermondi was perhaps slightly more active than
other species of this genus. The percentage of re
gression following injection of this organism is
shown in Table 1.
Similar oncolytic effects were obtained following
the injection of Cryptococcus glabratus (approxi
mately 90 per cent regression), Rhodotorula rubra
(80 per cent regression), and several other organ
isms shown in Table 6. Only one of the Candidas,
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Cryptococcus glabratus, some mice developed evi
dence of cerebral effects such as twisting of the
head to one side and twirling movements when
held by the tail.
Most of the injections were by the intravenous
route in amounts of 0.2 cc. of the 1:100 dilution, 3
times weekly; but larger doses (0.5 cc. and 1.0 cc.
in a single injection) of such organisms as C. guilliermondi were equally well tolerated. Table 2
shows the effect of varying dosages.
In this set of experiments, daily injections of 1.0
cc. caused regression of all tumors. However, it
will be noted that 0.5 cc. was almost as effective,

EFFECT OFLIVING Candida guittiermondi ON SARCOMA37
(Combined data from ten samples of pooled donor ascites)
TREATMENT
No, or

TUMORREGRESSION
ReNonregressed
greaaed

Total
amt.

HOST MICE
SURVIVING
*T Ã®MOS.

Route
Intra
5
1.0 cc.
80
17
80
(every other
venous
day)
Saline-injected controls
100
* Three mice in this group died because of clumping of the organisms in the needle. Air was accidentally
injected in the attempt to free the obstruction.
MICE

100*

Doaage
0.2cc.

No. in].

TABLE 2

TUMORREGRESSION
ASRELATEDTOSIZEANDFREQUENCY
OFDOSAGE
(C. guilliermondiliving)
Doaage:
Frequency of in
jectionDuration

cc.
cc.
cc.
Single
Every
Every
second
second
day712/121.0
injection6/61.0second
day1216/17O.Ã„
injection6/120.2
day7
day
day713/140.5
day
1212/16O.t
712/121.0
cc.Every

Noninjectedâ€¢

cc.Every

cc.Single

cc.Every

cc.Every

of injec
tions in days
No. of tumors re
1/200.Â«
gressedControls
'The experiment was continued until all mice with nonregressed tumors had succumbed (approx. 4 weeks).

C. lipolytica (which is considered by some authori
ties to belong to another genus), appeared to have
no effect on Sarcoma 37.
Cell division in this tumor was arrested within a
few hours after injection of active organisms. In
the case of C. guilliermondi, 60 per cent of all ani
mals treated showed only small scabs at the tumor
site 7 days after initial injection of the organism.
One week later an additional 20 per cent of the tu
mors had totally regressed. In other words, 80 per
cent of all tumors treated were permanently
sloughed by 14 days postinjection. The mean sur
vival time of untreated
Sarcoma 37-implanted
mice and of treated mice with nonregressed tumors
was the same (23 days postimplantation).
The host mice showed no signs of toxicity fol
lowing the injection of most of these organisms.
Occasionally, following injection of Candida parakrusei, and more frequently following injection of

12/12

TABLE 3

TUMORREGRESSION
ASRELATEDTO
ROUTEOFADMINISTRATION
oftumor-bearingmiceinjected36
oftumorsrc-greaaed32
ofadministrationIntravenous
Route

Organism
Candida guittier
mondi

glabratua

Intraperitoneal
8Â«
SubcutaneousIntravenousM32

1Â»
112Â»

Intraperitoneal
SubcutaneousNo.

1*C

32
32No.

and 0.2 cc. not much less active, in tumor destruc
tion.
To determine the effect of injection by other
routes, two organisms were tested intravenously,
intraperitoneally,
and subcutaneously.
The results
are shown in Table 3. Intravenous
injection was
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the most effective (80-90 per cent regressions).
About 50 per cent of the tumors regressed follow
ing intraperitoneal
injection; and only 20-30 per
cent after subcutaneous administration.
Although killed organisms were not so effective
as living ones, Table 4 shows that many tumors
TABLE 4

INFLUENCE
OFINTRAVENOUSLY
INJECTEDKILLED
ORGANISMS
ONSOLIDSARCOMA
37
Chemically

No. re
gressed

34

27
24
Iff
18
29

Lethality

killed:

C. albicans
C. trapicalis
C. kruzei
C. guilliermondi
Cryptococcusglabratus
Heat-killed:
C. albicans
C. tropicalis
C. kruzei
C. guilliermondi
Cryptococcusglabratus

38
K
Ha
36
36
S2
M
32
32

1
1

17
12
11
16
14

At 1 hour postinjection
with C. guilliermondi,
the greatest concentration of organisms was found
in the lung capillaries. Occasionally, free yeast cells
appeared in the spleen and also in the liver. They
were also located in the peripheral stroma of the
tumor but were not in contact with the tumor cells,
and there was no evidence of cellular damage. One
hour later (2 hours postinjection),
tumors showed
slight gross hemorrhage. However, the yeast cells
were found only in the peripheral vascular system,

TABLE 5

THE INFLUENCEOFINTRAVENOUS
INJECTIONOFCRUDEEXTRACTS
OFORGANISMS
ONSOLIDSARCOMA
37
Treatment

of

organism
Lyophylized
Homogenized

Organism
C. guilliermondi
Cryptococcusglabratus
C. guilliermondi
Cryptococcusglabratus

regressed following the intravenous
injection of
these preparations,
accompanied
by only slight
toxicity. Heat-killed organisms were decidedly less
effective than chemically killed ones.
Crude filtrates, prepared as previously indi
cated, were incubated on Sabouraud's medium to
test whether or not living cells persisted. Only
those preparations from which no growth was ob
tained were employed in the experiments
sum
marized in Table 5. They showed some tumorinhibiting activity and caused the death of about
10 per cent of the treated mice.
A comparison of the effects of the various other
organisms tested is shown in Table 6.
Although the original observations of Protti (7)
concerned effects of Saccharomyces cerevisiae, and
most of the yeast extract studies (4) also were
made with this organism, our experiments show
that it appears to be less active than the Candidas.
The injection of glucose-peptone
medium in
which organisms had been grown produced no
tumor regression.
Pre-injection.â€”Some
experiments
were per
formed to determine whether pre-injection of or-

oftumors37312430No.
No.
re
gressed1311711Lethality34C4

TABI.E 6

COMPARISON
OFEFFECTSOFINTRAVENOUSLY
INJECTED
LIVINGFUNGIOTHERTHANCANDIDASPECIES

ONSOLIDSARCOMA
37
re-greÂ»ed9501t22
oftumors102181218141218100401618101No.
No.

Name of organism
Cryptococcusglabratus
Cryptococcusneoformans
Geotrichum lactis
Histoplasma capsulatum
Nocardia inÃ-raceÃ¼ularis
Nocardia asteroides
Pichia fermentans
Rhodotorula rubra
Saccharomyces cerevisiae
Torulopsis candida
Torulopsis utilis
Controls

'48025966Lethality1434124

although tumor cells showed slight coagulation
and vacuolization,
and some were still dividing.
Yeast cells were found also in the liver and in the
lungs, where they were already being phagocytized
by polymorphonuclear
leukocytes. No marked dif
ferences were observed at 3 hours; but, at 4 hours
postinjection,
tumor necrosis had become exten
sive, and cellular distortions were noticeable. Most
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No. of
tumori

ganisms would prevent growth of tumor trans
plants. The results were negative.
Microscopic observations.â€”Tumor tissues and
corresponding normal tissues from host mice were
prepared in paraffin section. Samples were taken at
hourly intervals postinjection
up to 12 hours and
thereafter each day until the tumor had been com
pletely resorbed. Sections were stained with the
McManus-Hotchkiss
technic (Kligman modifica
tion) for demonstration of fungi in tissue and were
counterstained
with Harris' hematoxylin.

MANKOWSKIet al.â€”OncolyticAction of Fungi

to test viability of C. guilliermondi and Rhodotomda
rubra in treated mice, we cultured blood with
drawn from the tail vein prior to treatment and
thereafter every 2d day. The organisms could be
recovered on Subouraud's ugar up to 3 weeks postinjection.
White blood cell counts.â€”Table 7 shows changes
in the peripheral blood following injection of
Rhodotorula rubra and Candida guilliermondi into
tumor-bearing mice. Though the total white cell
count increased slightly in both sets of controls
during the experimental period, as well as in
Rhodotorula-treated mice, there was a decrease in
number of white cells following injection with C.
guilliermondi. Differential counts over a 5-day pe
riod showed an increase in the percentage of lym-

TABLE 7

WHITEBLOODCELLCOUNTIN Swiss MICE IMPLANTEDWITHSARCOMA
37
FOLLOWING
INTRAVENOUS
INJECTIONOFR. rubra AND
C. jitUliermondi
THEATHENT

TOTALW.B.C. COUNT
PreÂ«4hr. after Ã•4hr. after
inject.
1st inject.

AT 2-DAY INTERVALS
DIFFERENTIALW.B.C. COUNT
24 hr. after 1st inject.

Pre-inject.
cent)61

R.
rubra(0.5
ce/dose)UntreatedcontrolsC.

lir. after td inject.

cent)22

027.020.825.2(per
055
049
065.264.212.014.014

cent)36

058.040.053

037.045 051

010

048

guiÃ¼.(0.5
010.638.026
538.5(per
58.049 535
ce/dose)Untreatedcontrols25,93723,41024,19020,07030,18723,81019,92526,25029,50029,28112,96729,28126
539.015

also in the interstitial spaces. Many had been
phagocytized by Kupffer cells. Some of these or
ganisms in the liver appeared to be disintegrating.
At 24 hours after the initial injection, broad
bands of necrotic tissue appeared in the tumor, and
most of the cells were pyknotic (Fig. 3). Although
the areas of necrosis in tumor tissue became ever
greater in the period from 2 to 5 days, only a few
fungus cells or debris persisted, and some tumors
showed none at all. Disintegration of tumor cells
was almost complete at 72 hours (Fig. 4). How
ever, large numbers of yeast cells were still present
in the liver at this period, with a heavy concentra
tion of McManus-positive debris, especially in the
vascular areas. On the 7th day, the greatest con
centration of organisms appeared in the spleen,
where they were being phagocytized by macro
phages and were undergoing destruction. On the
8th day, nothing remained of the tumor except
fibrous tissue and capsule, and the organisms were
being destroyed in both liver and spleen.
Viability of organisms in host tissue.â€”In order

056.013.010.06.
S8.2

5(per

phocytes following treatment with both organisms
and a transitory rise in percentage of monocytes in
mice treated with Rhodotorula rubra.
Response of tumors other than Sarcoma 37.â€”
Spontaneous mammary tumors of Swiss mice occa
sionally diminished in size following injection of
the host with C. guilliermondi. Mammary tumors
of the C3H strain showed no regression but re
mained static for several weeks under similar treat
ment. However, this does not appear to be the
result of a selective action of the organisms on sar
comas, since Krebs 2 solid tumors, implanted subcutaneously in Swiss mice, were sloughed in ap
proximately the same percentage as was Sarcoma
37, thus confirming our earlier in vitro observation
(3) with respect to the oncolytic action of Candida
cultures against carcinoma cells. These experi
ments are being repeated on a larger scale, as well as
with other organisms, since cultures that were
most effective against carcinoma cells in vitro were
not always those that caused the greatest damage
to Sarcoma 37.
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of the fungus cells were aggregated in the small
capillaries of the tumor and were not in contact
with the degenerating tumor cells.
At 5 hours Candida cells were scattered through
out the tumor, and the tumor cells were distorted
and dissociated (Fig. 1). They could also be found
in the lungs, the liver, the heart, the spleen, and a
few in the pancreatic tissues. A survey of 1,000
cells (ten fields of 100 cells each) per tumor re
vealed no cells in any stage of mitosis.
Yeast forms were found throughout the tumor
at 6 hours, but they were no longer free. They had
been phagocytized either by histiocytes or by tu
mor cells, which showed large vacuoles. The or
ganisms had disappeared from the lung but were
found in large numbers in the liver capillaries and
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A transplantable rhabdomyosarcoma carried in
C3H mice was not affected by injection of the host
with C. guittiermondi, though in several cases sur
vival time was prolonged.

FIGS.1-4.â€”Paraffin sections of Sarcoma 37 from mice given
injections intravenously of Candida guilliermondi. Bouin fixa
tion, McManus stain.
FIG. 1.â€”Five hours postinjection. Yeastlike forms of the
organism scattered through the tumor tissue, which is becom
ing vacuolated. X1,800.
FIG. 2.â€”Untreated tumor 10 days postimplantation (con
trol for Fig. 4). X 1,800.
FIG. 3.â€”-Sixhours postinjection. Note pyknosis of tumor
cells. X900.
FIG. 4.â€”72 hours postinjection. No viable cells can be
detected microscopically. X900.
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SUMMARY
Injection of mice bearing transplantable Sar
coma 37 with living and killed Candida species
caused sloughing of the tumors in varying degrees
(over 80 per cent with Candida guHliermondi).
DISCUSSION
The intravenous route of administration proved
These studies have shown that there is a large the most effective. Heat- and chemically killed
group of organisms, mostly yeasts and yeastlike cultures, as well as crude filtrates, were active,
fungi, capable of exerting a destructive action though to a lesser degree. Several other organisms,
against Sarcoma 37. All Candida species tested, e.g., Cryptococcus glabratus, Rhodotorula rubra,
with the exception of C. lipolytica, possess this Torulopsis candida, Torulopsis utilis, and Pichia
capacity. It is interesting to note that killed cul fermentons, were also effective. Some organisms
tures of the yeast phase of Histoplasma capsulatum
gave negative results. Histoplasmosis is a disease were without effect on these tumors : Cryptococcus
neoformans, Histoplasma capsulatum, Geotrichum
of the reticulo-endothelial system, and we antici
pated that the injection of dead Histoplasma cells album, Nocardia intracettularis. Response of the
might stimulate the defense mechanisms of the spontaneous tumors thus far tested has been very
host to inhibit tumor growth; but this was not the limited.
Following intravenous injection, there was
case.
widespread distribution of the organisms in nor
The mechanism of oncolytic action of these or
ganisms is not clear. However, when nonpathomal tissues, as well as in tumors, but no evidence
genic species are employed, there are no toxic, in of destruction of cells other than those of the tu
flammatory, or hemorrhagic reactions on the part mor was noted. No toxic symptoms developed in
of the host. Our in vitro studies (3) showed that mice injected with nonpathogenic species in tuthere is a direct destructive action of the organ
mor-necrotizing doses.
isms quite apart from any possible response of the
reticulo-endothelial system. However, intraperiREFERENCES
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