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ABSTRACT

In view of the success of the Danish investigators Christensen
and Kjems in inducing regressions of malignant tuwmors with strep=-
tococcus bacteriophage lysates, it was decided to test lysates of

hemolytie Staphylococeus aureus upon maelignancies in hamsters and

mices.

Experimentel Animals

1. BAEB/@ albino mice.

2. The golden hamster (Mesocricetus auratus).

Neoplasms

l. Lymphoid leukemia induced in the BALB/c mice with the
Moloney lymphoid leukemla virus,.

2e A spindle=cell sarcomas of the hamgter induced by intra=
muscular injsction of methylcholanthréne in 1950, and now in its
89th passags.

Bacteriophage Lysates

S'bandardiz::ed bacterigl preparations deasignated as YBactsrial

Anbigen Staphage Lysates (Staphylococcus aureus, Serologic Types I

and ITI"® o'btained-from Delmont Laboratories, Swarthmore, Peﬁnsyl-
vaniae )
Experiment I

Two groups of mics ware usede One was injected with leukemia

virus at birth, and trsatment with lysate was not begun until
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after leukemic symptoms had developeds The other group was sterted
on injections of lysete before being inoéulated with leukemia.
Control snimels received injections of 0.9% saline., Injections were
intreperitoneal; dose begun at 1/8 cc. and inoreased in increments

of 1/8 cc. until the 1/2 cc. levelse The type III lysate was used.
In neither group was ‘the course of 't;h; disease aﬁpreciably altered
from that of the controls by the lysate ‘therapye

Bxperiment IT

Sixty hamsters were divided inte 3 groups of 20 animals eache
Group A was tresbted with lysate Type I, Group B with lysate Type III,
and Group C (control) received sterile beef he?rt infusion brothe.
Injections were given subcutaneously between the scapulae 3 times
a week and were started ‘the day before the sarcome wes transplanted
into the animalse The dose was 1/2 cc. in all ceses. The trans-
plants were made into the right cheek pouch with a 15-g;uge trochars

In Group A, 4 tumors (20%) regressed. In Group B, 1 tumor (5%)
regréssed and 3 showed merkedly retarded growthe In Growp C, 1
tumor regressed and 1 showsd retarded growth. 4 cﬁi square ‘test of
the regressions in Group A against the conmtrols gave a probability
of between 10% and 25% that the groups were the seme.

Histological study of the regressing ‘tumors showed vascularity
to be poor or lacking. Mitoses were rare end the btumors were in-
filtrated with polymorphonuclsar leukocytes.

After excision of the primery transplants, the animals remaining

alive in each group were given a sedond transplant of sarcoms into



the other cheek pouche 36% of the Group B animals proved resistant to
the second transplent as compared to 9% in Group A and 14% in Group Be
A chi squers test of the number of regressions in Group B as compared

with the controls gave a probability level of less than .5%.
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Te Inbtroduction

Ae Historical Background

With the emergsence of bacteriology as a scidnce late in the
last century, the interest of meny workers turned to the possiioility
that microorganisms might in soms way be cvomnected with malignant
disease. Some beliaved that microorganisms were the actual cause of
cancer(l'z) s others that microorganisms or their products might be
utilized as therapsubic agents in the control of malignanoyss).'

Recent advances in antibiotic therapy(4) have renswsd hope
that a biochemical agent associated with bacteria mey be discovered
which will exert g destructive effect upon neoplastic growbth without
seriously interfering with normal cellse

The work relative to mioroorgenisms and tumors has had a
largely empirical basis. Nau'bs(s) , inh his review of the effects of
bacterial products and infections on malignant tumors, points out that
for over 200 ysars rsports have been made of the regression of neo-
plasms following scute infelz{c'tions. If the cancers wers not too far
advancad and ‘the infec’bi‘.ons were severs, the ‘tumors disappeared and
did not recur; whersas if the infecbion was mild and the malignancy
extensive, only temporary regressions occurrede. The infection most
foommonly involved in these recovsriss was erysipelase

The first attempbts at the treatment of malignancy based upon these

reports were initiated by anch(s) in 1868. He endeavored to produce

O erysipelas in his cancer patients,but was unsuccessful in inducing
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the infection because he was wnaware of its streptococcal ofigino
Fehliesen(s), after his discovery of the organism responsible for
erysipelas in 1882, injected live culturss of the sbreplococeci into
cancer pabtients and obtained "encouraging results". Since then, many
microorganisms and their prodﬁcts have been raporéed o have some

‘therapsutic value in the treatment of malignency. These have included

Sérratia marcescens and gonococci, certein spirochastes, Clostridium

histolyticum, Bacillus subtilis, Baocillus coli, Staphylococcus aursus

and Klebslelle pneumoniae(s),

Coley(7), following Fehliesen's discovery of the causal agent of
erysipelas, began treating cancer petients by direct injection of broth
cultures of strepbococci into the tumore. His culbtures wers obbained
from erysipelas patients. He inducaed shrinking of the ‘tumors by this
method, but complets regression was obtained only in ‘those patients
who developed a systemic erysipelas infechion. Sarcoma responded to
‘the treatment more readily than carcinoms in a ratio of about 3:1.
waever, many patients proved immune to the infection; in some
;ﬁhers the inf'ection was fatal. OCultures of srysipelas sterilized by
heating or formalin were weak and ineffective.

Goley(s) assumed cancer was csused by a microorgenism and felt it
"guite easy to understand that the toxic products of the erysipelas
étreptococci might being about such chenges in the blood serum as to
destroy the parasite of canesr or inhibit the growth". He believed
that the toxic produets could be isolated and used withoub producing
srysipelas.

Coley spent the remainder of his life develeoping a seriss of
preparations for the treatment of cancer. He lsarned of the work of

Roger(g) with S. marcescens (Bacillus prodigiosus) which showed that the

presence of this organism or its toxins frequently incrsases the

virulence of associated organisms. Goley tried mixing the toxins of
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'S. marcescens with those of erysipslase The resulting product showed

some sSuccess with cerbtain sarcomas bubt was not pobent enough to cure more
resistant types of malignancy.

Coley developed more than 15 formulas for his "Coley's Mixed

Toxing", all but 4 of which, sccording %o Neuts:(;op. cit,. ) . weiks weak and veriable.

The toxins were used on & small seale in hospitals and private practice
in this country and abroad over a period of about 60 years, but the
results ere diffiocult to evaluate. A standard bioassay 1:9 insure a
definite potency of the products was not used, the techniques of treat~ .
ment varied widely, and no stendard method of recording technique, re-
actions elf!.c:}'l:ed am? results were employed. Naubs ;‘however, after a
careful study of 1200 cases treated with the various Coley toxins, con-
cludes that "Toxin therapy (qhen reasonably potent products ars admin-
is'b_ered with a proper fseohn;q.ua)sce.use‘g QGstructi.on of tumor tissus and
epperent immmity to further recurrence or getastases'-'. He points out
thet the preparations were not more widely used because the “existing
strong evidence was ‘s‘egﬁfagf_et} g.zixd‘l}aii never been presented in such & man-
ner ag to allow toxin 'bhe.rapy"t‘o compete with its more popular compebi=
tors, the X-ray machine, radium, or some of the rscently discovered
chemotherapsutic agents™e

Beebe and Traciyqa) reported "rapld and complete recovery of all
tumors" after treatment of lymphosarcoma in dogs with toxins from

streptococcl and"B. prodigiosus. They also tried filtrates of Staphy=

lococous pyogenes var. sureus, but reported only locelized neorosis

et the site of injection of the filtrates into the tumors

k4

Gomsiag'of noted arrested development of grafts of Ehrlich ‘tumor



in mice which had contracted a recurrent spirochastal infection.

The :kumors became granular, encrusted and neprotio. Further study
showed a reciprocal rela‘bidnship: cancerous animels were less sgus-
coptible to "blhzg Pever and infected enimals were not as susceptible %o
the trensplantse L.

In 1928 Shwartzmn(u) discoversd that & suboutansous injection of
bacterial filtrate into a rabbit or guinea pig, fellowed in 24 hours
by an inbtravenous injection of the same filtrats, resulted in & sevsrs
hemorrhagic necrotic reaction at the site of the original injeetion.

Work of Gratis dnd Lina(12)} with the Shwwitzman ‘herionenonshowed
that the hemorrhegic lesions were not restricted to the skin but could
also be induced in lymph nodes, thymus, lung, az}d kidneys. On this
besls these authors decided to see If neorosis could be induced in
gle;ligpant tumors 19y 'hr}i.s me:t?hqd. C!!hey used e lipogarcoma and were
successful in inducing the neorotic reaction in guinea pigs bearing this
tumor, without causing Qhagu?rrhag_e_ in the nog:_na':l. tissuess They later
found that tpe‘reac'!_:?'.‘ogs could also be produced without the initial
preparatory injection if the guinea pigs had hed a bacterial infection
suol_x as le charbon, or an inyelvem_ent‘with a virus such as veccinia.
necessary 'preparation" of the tissues,

Viral etiology og‘ ma}lignan‘b proliferation had been suggested by
meny workers, and Gratie and Linz felt that if this were a fact the
tissves might already be "prepared" by the causetive virus and that the
intravenous dogg( glgx}e'virould“suf_fiwce Yi_:o produce necrosis of the tumore

Their further studies with guinea pigs tended to bear this ous,
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although sufficient animals were not employed to draw any definite con~
clusions.

Shwartzman and Michailovslcy(ls) also succedded in producing the Shwartzman
reaction without prior prepara'b'ory injection, using meningococcus
filtrate in mice bearing sarcoms 180.

Duran-Reynals(M) extended the work of Gratia and Linze. He used
tumor«bearing e:g:p‘er.’gnentalwanimals which ars normally resistant to the
Shwartzmen phenomenon (rate and mice)v and injected them intraperiton=-
eally with £iltrates of B, coli. Slow-growing and non-malignent tumors
showed negative raesults, b}vh rq.pisii}.y growing malignent tumors such es
Welker's sarcoma and _M,/SS‘adeno-cargnj.nmng.”proved‘ nearly 100% susceptible
to the hemorrhagic reaction. He, too, found that no previous local
injection with the fi:!.:bra'bes was necessary to elicit the reaction as
would have been necessary with the ordinary Shwarbzmen reaction in
rabbits and guinea pigs. T_he general resistance of the rats and
mice to the crdi:}qry Shwg?tzmn regotlion was not changed by the existan ce
of the tumor. Duran-Reynals felt that special conditions must exist
in the tumor to cause its blood vessels to reaot with the blood-
carried bacterial :t:o:::?.x}s..~ ) )

Further work by l?uran-l_ieynglsfm) with both sponbaneous 9.1.'161I trans=
planted tumors lead him to the conclusion that the degrsee of pre-sxistiag
necrosis in the tumor is a good index of ‘the degrse of tumor suscept=-
ibility, necrosis pef_m; e ‘gp_ec_:ial' gifaﬁﬁ of vasoular fragility which
renders the rapidly growing tumor vulnerable %o the injected toxin,

oven if the latter is practically harmless for ‘the normal animal.
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The work of Algire(16): described in the following paragraphs, clarifies
somewhel ‘the neture of’th; tissue reactions invol;ed in the studies above.
He has observed vascularization in both normal end tumor btissue using the
transparent chember ‘technique. He finds that during vascularization of
mammery carcinoms and sarcoma the tumor vesslses, though retaining their
capillary struckturs, are sinusoidal in nature and average ebout 8 times
the diameter of adjacent capillaries betﬁeen the mussle fibers. Vascu~
larity in the surrounding connective tissus is about'25% of the total
tissue volume, as compared to about 55% in the tumor tissue. "Vascularity"
or "vasoular level" as defined by Algire is the percentags of %he volume
of %issua gneasured“which consists of functiondl vessels. This is obtained
by a method of sémpling based on geometric probability whiéh is desceribed
in detail in his papere 1

‘Upon injsction of the bacterial polysaccharide from B. prodigiosus into
the peripheral vascular bed of non=tumor bearing animals Algire noted a
rise of vascular level from 25% to 35%, which was caused by a dilatation of
the arterioles and venules. Associabted with this dilatation was an inoreas-
ingly sluggish blood flow and "e remarkebls increase in leukocytes in the
circulating blood%. No hemorrﬁaging was observed. By the next day the
vasoular level had returned to the ususl base line of 25%.

Then Algire injected ths bacterial polysaccharide into bumor tissus,
howsver, there was no sign of vasodilation. Vaseculdr level dropped
steadily and by the end of 4 hours had fallen from 55% to 24%., Numerous
petechial hemorrheges developed and gross fluid and red blood ocells
surrounded the tumore Functional vascular level had droppsd to zero ab
‘the end of 4 hours. By the end of the 4th day, the tumor had becoms
entiraly necrotic, apbarently due to loss of vascular supply, but by
the 5th dey new capillary sprouts became visible about the periphery and

tumor growbth again commenced.
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The phenomena described by Algire, as he states, "do not rule out
the possibility of a direct lethel action of the polyéaccharide on the
tumor cell, but an adequate explanation of such lsthal action would
heve to explain the vascular phenomene described".

connell(17) used a slightly different apprOa;h- He grew B. histo-
lyticus on seirrhous breast careinome suspended in physiological seline
in an attempt to stimulate production of enzymes specific for proteo=-
lysis of the cancer tissue. He used filtrates of the tumor - bacillus
culture in the treatment of human cancers and reported "arrast" and
"softening" of the tumors and marked symptomaetie relief; but no ourese
) Jaeobi(la), using a diluted filtrete of E&_typhoaus, produced the
necrotic reaction of Shwartzman in 2 kinds of rebt carcinoms and the
Rous chicken sarcomn. This was followsd by sloughing of the tumors,
after which only a few recurrences were noted.

Zahl 23_2&3(19) reported thet with few exceptions killed gram negetive
bgeteria induce cepillary hemorrhage in implanted mouse tumors. However,
he fowmd that this property is almost.entirely lacking in gram positive
formse. Iﬁ larger doses their preparations were toxie to normal vascular
tissues The authors fesl that the S. marcescens (gram-negative) com~
ponent of’Colay's toxing operates as a wvasoular poison to the umor
caplillary bed, "The streptococcal components ars nonhemorrhagic and therefors
must exert their effect upon the tumors‘through another mechanign.

Jacdbsen(zo) points out the lessensed frequency of neoplastic dissase
in patients with active tuberculosis, chronic osteomyelitis, and acute
inf'ectious disease in general. He oites the increasing incidence of

ocanoer in the 30=50 age group and concludes thatbs
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l. The reticulo~endothelial system when sufficiently
activated by aocute infeetious processes, maey
attain the gbility to cope with neoplastic disease.
2. The present increase in malignent morbidity is
dues to the deoreased resistive powers of the
retioulo=~endothelial system resulting from lessensed
exposure to the infectious diseasss which were
prevalent before the advent of modern public health.
Jacobsen’s conclusions ere based largely on statistical surveys,
however, and l-lis correlations have since been questioned(m).
Shear (22,23) produced some symptomatic relief by admlnistering
S. marcescens polysaocharides to patients with inoperabls cancer.
Post-mortems showed gross changes in tumor size and consistenoy as well
as microscopic evidence of necrosis and hemorrhege in both animal and
humen tumors. Shear concludes, however, that immunity resctions,
differentisl tissuwe resistence and a toxemis resulting from necrosis
tend to weaken the rationale for use of hemorrhagic bacterial materialse.
He refers to the effects caused by the bacterial polysaccharides as
"1&bora;bory curiosities", whoss mechanism of setion is still obscure.
éhear agrees with Jecobsen that there is indesd an increaseé in the
incidence of malignant diseases, even when figures are corrected
for improved methods of disgnosis and for age distribubion, and theat
there is a oconcurrent, and possibly releted, decline in infectious
diseass. Shear cites the survey done at Children's Hospital in Bostam
where it was found that 3/4 of the sponteneous remissions of levkemis
occurred following an episode of acube infection.

As in the other forms of malignancy, beneficisl effects of acube

concurrent infections or fever on leukemis have long been reported in



Se

(2‘3) cites 70 cages in which remission

the liberatures Pelner et al.
of leukemic symptoms occurred during or following such infections as
typhoid, malaria, miliary tuberculosis, staphylococeus pneumonia, in-
fluenza and empyemas I_iexgisgions have also been reported following
administration of Coleyf s toxins and tuberculine Palne? feéls the
observations of such investigators as Soxa:bham(zm and Unge.r(a(?') suggest
that the re’f;iculo-endoﬁhel:ia]:_ systen of paq.ceripatients is lsss active
than normal, the ability to @nvéke the inflammatory reaction being
absen'i; in most pa‘bienj:tz'.” _Such 'stim].zli..’ es toxin or concurrent infec-

tions may be able temporarily to stimulate the reticulo-sndothelisl

system. )

»

Win'broba(zz) » povyavar, after g critiecal review of the literature
and his own observation of a series of 86 consecutive ceses of human
1eu§cegnia., feels that there is little evidence 't.:o support the thesis
that a remission of leukemic symptoms frequently oceurs in association
with en intercurrent infection. He states:s "The occurrence of a
remission in association with infedbion in ohronic leukeminae..scamot
be denied. H_owevez:, q}’emission is probably & very unusual event
rather than a common ones"

Jordan et &(28) report massive degeneration and necrosis of tumor
tissue when a 1ooa1_izad streptococcal adenitis was superimposed upon
a localized ljmphoma produced by intranasal deposition of ascitea=-form

leukemia cells in AKR mices The authors fesel that the streptococei

exert e direct cytopathogenic effect on “the tumor collse
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In 1951 a Boston physician gained considersble unofficial publicity

by using a hemolytic Staphylococcus aureus phage lysate in the treat~

ment of cancer and allied diseesses. The Massachusebts Medical Society
published a reporb(zg) on this therapy which concluded thats

eseen0 proof has been presented nor was any

able to be obteined which has shown that

beneficial organic changes have occurred in
diseasse processes treated by that therapy

which have been due to that therapy and to
that alonse.
On this basis the Soclety did not recommend that any animal ex-
periments bs done or any hospital study of the treatment be made. As
far as can be discerned by a search of the literature since the Massachu-
gsebts Medical Society's Report, no animal experiments have been publishsd
involving the use of staphylococous phage-lysates %o %reat tumors.
Tn 1959 Christensen'30) endeavored to confirm the old hypothesis
of antagonism betwaen mglignant tumors and infectious diseases Accord=
ingly he subjected rabbits with Brown-Psaree carcinome 'to repeataed
massive infections by hemolytic streptococei. Although the primary tumors
remained unaffected, there was less occurrence of meta;tases among ‘the
infaected animals then among the controlse Similar results were obtained
by treating the rabbits with phage=-lysed hemolytic strseptococcie
Experiments with heat-killed or formelin-killed strsptococci, endotoxins
or exotoxins were negative.
The infections resulted in a high mortelity among the rabbits,
whereas the lysates proved non-toxic. Since by using lysates the authors
found that metastases could be inhibited without the general condition

of the animals suffering in eny way during treatment, further experiment-
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ation along this line was underbtsken by Christensen and Kjems(31 ).

Thres different lysates of hemolytic streptococci were used. All thres
proved capable of inhibiting ‘the growth of tumors in a large number of
rabbits. Out of 126 lysate-treated rabbits, 29 had metastasese. Out

of 113 placebo-treated, 110 had metastases, and all 71 untreated rebbits
hed metestoses. In 44 oub of 126 lysate~treated rabbits (35%) no
vieble tumor tissue was evident mecroscopically at au'bopsir, whereas

all pldacebo=trested and all untreated rabbits had moderate or large

quentities of-tumor tissue at aubopsye.

Be Stabtement of Purpese

In view of the success of the Danish investigetors Christensen and
Kjoms with streptocoocus phage lysétes and the renewsd interest of
many investigabtors in questions of 'immunity and cancer, it was thought
that en interesting project would be one in which lysabtes of hemolytio

Staphylococcus aureus were ‘tested upon melignancies in hamsters and

micee

A pil;:'b study using a small number of hemsters yielded a
sufficient number of tumor regressions to make a larger study seem
warranted.

It was decided to test the effect of the hemolytic Staphylococcus

aureus lysates on an induced hamster tumor (available at Boston

University) and on a virally ceused mouse leukemie.



MATERTIALS

AND

METHODS



13,

ITs  Maberials and Methods

Ae g:iperimental Animels

1, Mice

Dre Jo Be Molonsy of the National Cancer Institubte, Bethesds,
Maryland, kindly supplied both leukemic and normel mice for this exper-
iment. Twenty-six BALB/c albino mice were received from him. Twelve
ware 42-day=o0ld norml mices. The obther 14 were 100 days old and
had besn inoc:xla'bed ‘the day after birth with cell-frese extracts of ’
lymphocytic neoplasmse

2. Hamsters

Sixty golden hamsters (Mesocricetus auratus) of both sexas

wore obtained from the Bioressearch Laboratories, Gambridée, Massachusetis.
Their average weight was 80 grams. |

The hamster was chosen as an experimental animal becausae:

e The richly vascular blind end of the cheek pouch affords
e transplentation site which can be viewed as frequently as desired
without injury to the animsl,

be The use of aseptie bachnique has been found by exper=-
ience not to.bs of any special 'benefi‘bgsz)

6. The ‘tumor chossn for these experiments has besn shown
to yield nearl;y; 100 per cent takes in the hamster(33),

Bs Neoplasms

"1, Lymphoid leukemia produced by a virus extracted by Moloney(54’35)

from sarcoma 37. Inoculation of the virus will induce a generalized
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iymphooytic leukemia in essentially 100 per cent of weanling end adult
BALB/c mice within 2.5 to 3.0 months. Intraperitoneal inoeulation of
& homogenete of spleen and lymph nodes of a leukemic mouse will induce
a generalized lymphooytic neoplesm in 10 to 14 dayssso'

2. Spindle-=cell sarcoms induced in the golden hamster by intra-

musculer injection of methylcholanthrene by'BhndlefS% in 1960 and now

in its 89th passsage.

&

Co Baéteriophﬁgp iysates

Standardized bacterial preparations designeted as "Bacberisl Antigen

Staphage Lysates (Staphylococcus sureus, Serologic Typ;B I end ITIV

-

were obtained from Delmopt Laboretories, Swartimore, Pennsylveniee
The 1lysates are prepared by the commercial laboretory by lysing

Stephylocoeous sursus Serologic Types I and III.

The lysates contaeln heat=labile and heat-stable antigenic fractions

of Staghyloeoccus aureus with its extracelluler and intracsellular

enzymes and the culturs media ingredients (sodium chloride, beef
heart infusion, Bacto-Tryptoss). They are sbtandardized on the besis
of bacterial cell content and phage sctivitys Each m. conbeins:

2 x°109 1 lysed Staphylococcus aureus

T %1070, active Staphylococous aureus
bacteriophage particles.

In order to preserve maximum antigenic potency end phege activity
no preservative is addeds The lysates are ‘tested prior to delivery
for sefety end sterility according to United Stetes Public Health

Service requirements for biologic productsiﬂy



Experiment T - Virsl Leukemie of the Mouse

Ong of the 14 loukemic mice was killed and an equal guantity of
leukemic spleen and lymph node material removed. This was homogenized
in an Blvejhem homogenizer and then diluted 1:1 with 0.9% NaCle
This mixbure was injected intraperitonsally into 12 healthy mice.
Six mice were given lysate Type III intreperitoneally 3 times per
week, starting the day before the mice were inoculated with the leuk-
emic homogenate. Dosage of the lysate was started at 1/8 cc and
increased by 1/8 coc. until a dosage of 1/2 oc was reached. The dose
was then mainteined at the 1/2 cc. level. The other 6 mios received
intraperitoneal injections of 0.9% NaCl in the same dosage as the
lysate.

Of the remaining 13 leukemic mice, 7 received lysate Type III

3 times per week, the other 6 receiving injections of 0.9% NaCl.

Experiment II ~ Trensplanted Sarcoms of the Hemster

The 60 golden hemsters were divided inbto 3 groups cof 20 animals
each.

In the pilot study more tumor regressions had been obtained using
subcutaneous injection of the lysate than had occurred following
direct injsction into the tumor. It was therefore decided that the
subcutaneous route would be employ;d. By using this route a stendard

dose of 0.5 cc. per injection could be ;naintained, while an intretumor
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doss would of necessibty vary with the size of the ‘tumor. Also the
varisble introduced by mechenical injection into the tumor would
thersby be elimina'be;i.

Subcutansous injections were made between the scapulae as follows:

Group A y = Type I lyssate

Group B = Type iII lysa;be

Group C (control) - Sterile heart infusion broth
This was done to insure presence of the lysates in the bodies of the
animals befors transplentations

Two days later another 0.5 cc. of the respsctive mabterials was
given to all the animals and 1 cu. mme} of the spindle cell sarcoma fram
a single donor was transplantsd to ‘the right chesek pouche

The right chesk pouch was everted with forceps, pinmned out over
a lucite block and SWab't;ed with zephiran diluted 1:2000 with mammalian
ringer's solutions A 16=gauge trochar was loaded with & pisce of tumor
tissue 1 cu. mme ¥in size and inserted through the stratified
squamous epithelium of the cheek pouchs A smell pocket was made
in the underlying fibrous connective tissue by manipulation of the
trochar, the bumor tissue ejected into the pocket, and the trochar
removeds The incision closed itself without subturing due %o the
contractility of ‘the pouche.

The enimals were injected with lysite or broth and the tumors
observed and measursd 3 times psr waek for 37 days. The first obser=
vation was mede on the 4th day after transplantation. By +this day
most of the tumors had "taken" and were begimning %o va;culariza.

One control animal was found de ad on this day, so was omitted from



the study, meking the tobtal number of controls 19, The observabions
were made under a binoocular dissecting miocroscops until such time as
the tumors were large enough to meke this unnecessarys ZThe animsls
were anesthetized with sodium pentabarbital (Nembubal, Abbott) injected
intraperitonsally in dosages of 0.15 cc. psr 100 grams boéy wéight
with fortification of 0,05 cc. when necessarye JIhe majority of the
‘bumors tended to be spherical. Their diameters iere megsured with a
millimeter rule, each measurement being checked twice. It was felb
thet this method would give as accursts comparative diameters as would
the use of calipers.

Mortality in the 3 groups was roughly the same: at the end of
the study (37 deys after transplantation) there wers 16 animals in
Group A, 13 in Group B and 15 controls remaining alive. ‘

During the study, tumors which regressed to near the vanishing
point were exoised, fixed in Zenker's fixative and prepared by the
paraffin method for sectioning to d;termina what cytological changes
hed ocourred. Non-regressing tumors wers excised when central necrosis
became too large to permit accurate measurement of the ‘tumor mass.

The viable sarcoms tissue around the periphery wes fixed for section=
ing to compare with that of the regressing tumors.’

Photographs were ‘taken on days 6, 17 and 32, of a.typical:dontrol
enimel and of the experimental anime}] showing the minimum emoumt of

tumor growth on those days (see Figures 2 through 8).
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Retransplantation Study

The animals wors permitted a week's rest after excision of their
tumors, then lysats injesctions were resumed at 5-to 6-dey intervals
to keep the animels immunologically stimulateds. Twelve days after
completion o:é' the 37-dey observation period those animals still living
were given a transplant of 1 cu. mm.} of sarcoma to the remaining
left cheek pouchs (11 animals in Group 4, 11 in Group B and 8 in
Group C.) ‘

The purpose of this second transplent wes to determine:

1. TVhether the first transplantetion of tumor followed by
regression and/or excision would render the snimels resistant to
further transplants.

2. Thether those animals who had been immunologically stimulated
by the bacterial lysates would reject their transplants more frequently
than the conbtrol groupe

No further doses of lysate were given after the second trans=
plantation was made. The animels wers observed at roughly weakly

interwvels for 30 days.



RESULTS
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III.Results

A. Experiment I =~ Virsl beukemia of the Mouse

Xe The mice which wers already leuksmic when received were all
dead within 26 days after arrival, The treated group. lived no longer
than the controls. At aubtopsy the spleens and lymph nodes of the
treated animels showed as great a degree of enlargement as did the

controls,.

2+ The mice which were started on lysate therapy before the
leukemic homogenates were injectsd wers all dead of leukemisg within‘
33 days after injection, with the exocsption of 2 mice (one control
end 1 treated animal) who showsed no sign of leukemia uimn autopsy.
The treated mice lived no longer than thes controls, and
the course of their disease appeared unaltersed in any way by the

lysate therapy.

Since in both A and B above the death rates of treated and
control groups were the same, ‘the chi squars value for the experiment

would bhe zeroe
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Figura 1,

Mouse with leukemia induced by
injection of homogenate of infected
spleen and lymph nodes. Note
grossly enlarged spleen.
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Be Experiment IT - Transplented Serccma of the Hamster

1. Comparlson of Mean Diameters

§

A comparison of the mean diemeters of the tumors (Table I) in
the 3 groups showed the means of both Group A (treated with lysate
Type I) and group B (treated with lysate Type III) t0 be somewhet
smaller then those of the controls through the 1lth dey after itrans-
plantation. TWhen standard devliations were calculated(sg), howsver,
the mesn dismeters of the treated groups all fell wiéhin one standard
deviation of the control group velues. Therefore the apparent differ=
ences between the means of the 3 groups were not signifiocante.

The mean dismeters of the 3 groups werse plotted against time
following transplantation (see graph Figure 9). The;curves for the
3 groups showed an initial‘period of slow growth thr?ugh day 7, then
rapid growth from deay 7 to day 18e By the 2lst day the Group B means
had stopped their steep rise and the curve began to fluctuate. Groups
A and C maintained rapid growth through day 23, then:began to taper
offs All the groups resched meximum size by dey 27, after which the
means decreased. The decrease in size was dus to the advanced necrosis
and sloughing of ‘tissue which altered the sphericel shape of the ‘tumors
and made asccurate measurement impossible. The greph was not continued
after the 30th day of the experiment. -

Since day 18 was the last day when measurements could be made
With any degres of sccuracy, and since all regressions which ocourred
did so within the first 11 days, the greph from day 1 to day 18 was
enlarged and points plotted for the stendard devietions of Groups 4
and Ce As can be readily seen, the growth curves for all 3 groups

fall within one stendard deviation of the comtrol group. (Figure 10).
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Figure 2. Tumor in cheek pouch of hemster treated with
staphylococcus lysate, 6th day after trans-
plantation, diameter 2 mm. Enlargement 30X.

Figure 3. Tumor in cheek pouch of contrel animal, 6th
dey after transplantation, 3% mm. diameter.
Enlargement 30X.
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Fi.gure Te

Tumor in cheek pouch of treated
animal 32 days after transplantation.
10 mm. diameter. Central necrpsis
just beginning. Enlargement

Figure 8.

Tumor in cheek pouch of control
animal 32 days after transplantation.
21 nm. diemeter. Necrotic process
far advanced. Enlargement 23X.
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TABLE I
Mean Diemeters ‘(ﬁi:ﬁ fima;)” antd Standéid Deviations
GROUP A GROUP B GROUP C
Dey “HMean Standard Hean  Standard Mean Standard
Deviation Deviation Deviation
4 1.97 0.68 2217 0.624 2.4 0.77
77 247 0.98 24556 0.72 L 2.73 0.91
9 3036 1.46 3.16 093 3432 1.2
11 44,33 1.5 4,0 1.3 4.57 1.4
14 T+48 2.0 6423 1,46 6.63 1.71
16 9.25 2.15 8428 2.1 B.8 1,76
18 11.8 267 11.0 * 10.8 1,98
21 12,9 4,0 13.6 13.1 1.8
23 13.2 * 17,5 16,0 *.
26 14,9 19,1 17.3
28 13.7 16.3 15.7
30 14,2 1663 15.9
33 14,4 16,0 16,7
37 15.6 1743 18,6

* After this polnt the varistion in the tumors was so great that a
negative standard deviabtion was obtained,.
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2. Regressions

In Group 4, 4 out of 20 tumors (20%) regressed. One tumor (5%)
regressed in Group B, aend 3 tumors showed retarded growths One tumor
(5%) regressed in Group C, and 1 bumor showed retarded growthe
" In order to determine whether 4 regressions had any sbtatistical

signifiocance, & chi square test was done of Groups A and C as followss

“Tumors ~ Tumors . -
Growing Regressed Total .
Uontrols 18 (a) 1 (e) 19 (e)
Group A 186 (b) : 4 (d) 20 (£) _
Tobtals 3¢ (g) 5 (h) , 39 (k)
Cbserved Expected A Az &Z/Expeoted

18 (a) og/k = (19)(34)/39
16 (b) £e/fic = (20)(54)/39
1 (o) oh/kc = (19)(5)/39
4 (a) hf/lc = (20)(5)/39

Chisquare.....,.‘..........o........l.%o

16656 ls46 | 2.1 0.127

17.42 1.42 2.0 0,115

2044 l.44 2.1 0.861
2.56 l.44 2.1 0,837

A chi square of 1,94 indioates a probability of between 10% and
25% thet the difference between the two groups had occurred by chence.
According to Snedecoz(éo) , & chi square value 1;1ust be at loamst as
large a8 3.841 (indicating a probebility of less than 5%) before the

difference betwaen 2 groups ocan be considered significante
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3. Histological Study

Regressing bumors were excised as they approaclr;_ed the macroscopic
vanishing point so that ’che; apparently absorbing tissue could be
studied histologically. 4An equal number of rapidly growing tumors in
the same group as the regressing btumors were excised to serve as
histological controls. Three tumors in CGroup B and 1 in Group C
which wers exhibiting markedly retarded growth curves were alsc ex-
cised and seotionsd for study. They were fixed in Zenker's fixstive
and stained with hematoxylin and eosin. )

In general, the healthy control tumors in each group displeyed
calls with large, pale nuclei ﬁearing one or more dark nucleolle.
Mitotic cells were frequently seen, averaging 1.2 mitoses per field.
(0il immersion, 970X enlargement). Ten fields were counted for each
tumor. Some polymorphonuclear leukocytes were present, averaging
3.8 per fields Figure 11 is a photomicrograph of a typical section
of a control tumor. Group C tumors did not differ apprecisbly from
‘the treated groups.

The regressing tumors showed shrunken, dark, strongly basophilie
nuolel in’which nucleoli were not seen. The nuclei were accentric in
shape and were more scattered than in the‘rapidly growing tumorse.
More fibrous ec;nnective tissue was present within these tumors. Poly-
morphonuclear leukocytes wez"e numerous, averaging 14.5 per field.
Mitoses were rare, averaging 0.4 per fielde One tumor displayed
many'amitotic figures which were not counted as regular mitosese.

Vasoularizetion was poor or absent. Figure 13 is a photomicrograph

of a typical section of a regressing tumore »
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Figure 1l Photomicrograph of typicel section of a control tumor.
Arrows indicete mitoses. Enlargement 430X.

Figure 12. Deteail of above, enlargement 200X.
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Figure 13. FPhotomlicrograph of a typical section of a
regressing tumor. Enlargement 430X.

Figure 14, Detail of above, enlargement 900X.



32.

Figure 15. Polynuclear malignant cells in regressed
tumor of contrel. Enlargement 430X.

Figure 16. Detail of above, enlargement S00X.



TABLE II- HISTOLOGICAL STUDY: POLYMOR[PHONUCLEAR LEUEKEOCYTES AND MITOSES
GROUP A GROTUP B GROUP C
Regressed or Stationary Growing Regressed or Stationary Growing Regreased or Stationary Growing

F  Day Polys HNitoses F Day Tolys Witoses ¥  Day Polys MWitoses Dey Polys Mitoses # Yolys Witoses ¥ TDay Polys Mto:

Excised per per Excised per per Exoised per per Excised per per per per Excised per per
field field field field field field field field field field field fiel:

124 9 0 0 SA 21 8.2 0.9 7B 9 2.4 0 14B* 16 18,9 2.1 1C 26,0 0.6 2C» 11 4.0 0
5A 12 10.2 0 13A 21 2.0 0 18B% 16 21.1 0.8 15B# 16 0.3 0.7 15¢ 16 0 1.8
164 12 5.1 0.1 14A 21 0 2.6 3B 21 2,8 2.1 4C 21 3.4 1.8
17A 12 79 0.7 7A 37 2.9 1.6 13B 21 2.0 1.0 13C 37 0.5 046
Total 25.2 0.8 13.1 5.1 35.5 0'8 “00 5.9 26.0 0.6 7.9 5.2
Average 5.8 0.2 3.3 1.3 11.7 0.4 6.0 1.5 26.0 0.6 2.0 0.8

¥ Tumor had remained stationary 13 days before excision.

* Tumor had shown markedly retarded growth before exoision.
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The one regreésion occurring in the controls differed from those
ocourring in the treated groups in one respedt. There were present
in tumor 1C a moderste number of‘hugh polynuclear malignant cells
with up to 6 discrste dark nuclei. These cells were at least 3 times
as large as the ordinary cencer cells (see Figure ﬂﬁ).

Table II summarizes the data for“mitotié colls and polymorphonuclear
leukocytes.

4, Retransplantations

Those enimsls which had received Type IIT lysate (Group B) had
4 regressions out of 1l transplents. “Group A (Type I lysate)’had
one "no take" out of 11 transplemtetiona; that is, no sign of tumor
tissue could be located & deys after transplantation. Group C also
had 1 "no take" out of 7 transplentations,

It is difficult to decide whether a "no teke" should be considered
e regression or an error in transplantat{on, sin;a no histological
study wes done on this part of the project. Assuming the no takes to

be regressions, a chi square ‘test wes done as follows:

“Tumors Twmors

Growing Regressed Total
Gontrols 6 (a) 1 (e) 7 (8)
Group B 7 (b) 4 (a) 11 (£)
Totals 13 (g) 5 (h) 18 (k)
Observed Expected 4 2 /Bxpected
7 (a) eg/lc = (7)(13)/18 = 5.05 1.95 3.80 0.75
13 Eb) fg/k = (11)(18)/18= 7,94 5.06  25.60 3.23
1 c; eh/kc = (7)(5)/18 = 0.67 0.33 0.11 0.16
4 (a hf/k = (5)(11)/18 = 3.05 0.95 0.90 0.30

Chi SqUATE o o o o s s ¢ ¢ ¢ 0 6 06 06 0 ¢ 06 6 s o ¢ 0 s ¢ o o Ladd




35

A chi square walue of 4.44 corresponds to a probebility of less
.5% thet the 2 groups are the semee Therefors, it may be considered
that the number of regressions obtained in Group B is stabisticelly

significant.
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IVe. Discussion and Conclusions

Ae Discussion

It is well known that mioroorgesnisms synthesize an enormous range
aind variety of produo*baﬂ. Many of these products camnot, in fact,
be synthesized in any other mammer gt the present time. 4s a group,
microorganisms produce enzymes which can digest almost any organio
substence kmown?2, A large portion of the drug industry btoday is
concerned with locating microorganisms which produce substances of
entibiotic value?s42,

. It does not seem unreesonsble , therefore, in the search for some
meens of controlling cencer, to investigete the products of microbiel
metebolism, meny of which are potent anbigens, o5 well as the viruses
which ere parasitic upon these microbes. Since precise knowledge
regarding the cause of malignant growth is lacking, this sort of
empiricel approach ssems necessarye. Meny sdvences in medical sclenoce
have been made through such an approsch, such as the treatment of
pernicious enemia with liver extraets, of decompensated heart failures
with digitelis and malaris therapy in general paresise

Reports of viruses being ubilized to effect oncolysis have

43,44

ocourred since 1912 s and this werk hes received considerable

45,46

impetus during the last decades Moors lists 11 such viruses

which have proved effective in desiroying one or more types of

tumor, at the expense, however, of also killing the host animel, The

majority of these viruses have been neuretropics Turner and Mulliken47’48

report prolongation of life in a significent nuwiber of leukemic mice

49

trested with vaceinie virus, snd Noguchi et al.™ report the clearing
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up of skin cancer lesions with the same agent. Briodyso

also used
vaccinie virus to destroy Ehrlich acites carcinoma cells in ‘the mouse.
The mechanism for this tumor-destroying effect is unknown, but the
investigators cited postulebte that viral oncolysis may be brought
about through a metgbolic competition and/or entagonisme.

With regard ‘to the work of Christensen end Xjems, their results
seem to indicate thet some fgctor present in ba;steriophage lysates
of hemolytic streptococcl is operabing to retard or completely to
inhibit malignant growth. (These experiments must, of course, be
proved capeble of duplication by other investigators befeore this
can be accepted as more than s postulate.) Since there is no known
specificity of bacteriel viruses for memmalisn cells, there is little
reason to believe that the antitumor effeet is brought ebout by the
seme mechenism as thet operating with the enimal viruses. The
authors themselves stebe, "We do not know whether the presence of
‘the phages is a presupposii:ion for the tumor-inhibitory factor or
whether they serve merely to relesss this factor from the bacterie
in s gentle menner'. Any conclusion on this problem must, of course,
await further data‘on the metabolism of both viruses end memmelisn
cellse |

More specific possible explanations for the effect of bacterial
lysates upon ﬁ'bmnors would seem to lie

l. along the line suggested by Algires that is, that ‘the toxic

constituents of the bacterigl lyssetes mey becoms localized in tumors

end ere capgble of acting as selective vasculsr poisons withoub
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effecting normal tissues or
|
2+ in the observetions of the meny investigators cited in the
}

42,28 and Jacobsen” '

historical section of J{chi.s thesis, e.g. Shear
who feel that stimulat'kon of the specific and/or nop~specific lmmune

machanisms of the ani.mf.l ig involved.

In the' experiments involving' hamsters treated with the staphylo-
coccus lysates, two o:t‘|2 the Group A tumors had regressed to & micro-
scopic level by the fofur'hh days. Yo blood vessels could be seen
microscopically; bub wi'xe'bher or not a hemorrhagic vascular reaction
had ocourred is not ]m;own. Another regression showed no sign of
henorrhagic reasctions | The fourth regression was hemorrhagic on the
fourth day, but so was one tumor in ‘this group which continuwed to
grow repidlys In Group B the one tumor which regressed and one tumor
which had remeined stationrery were hemorrhagic, but one tumor in
this group which attained full size showed early hemorrhage. In
control Group C the one regression was not hemorrhagic, but oné
tupor which grew normglly wase It would appeer, therefors, that
therse was no particular correlation between regression end hemorre=
hagic resction in these animals.

?Ti'bh e trensplented tumor, of course, it is extremely difficult
to d;temine vhether regressions of the tumor is due to a specifie
host reaction against the tumor cells or merely a generalized reace
ticn against the implentetion of foreign tissuwes In further studies,
con'b;'ol trénsplents of normal connective tissue from the ‘tumorous

hanster used as donor would be insgtructive,.
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In Growp A (animels treated with lysate Type I) 20% of the tumors
regréssed as compared with the controls, 5%'5f'whi6h regressede. The
statistical analysis of these regressions indicates a rather lerge
probebility (betwesn 10 and 25%) that the apparent.diffarenoe betvieen
the 2 groups occurred by chance. Further studies empleying a larger
number of enimals would be necessary in order to determine whether the
Type I lysate was actually instrumental in causing regression of the
treated ‘tumorse

In any event, in evaluating this study, several points should be
held in mind:

1, Different types of malignency frequently react to a given
therapeufic preparation in different ways. Only two types of neo-
plasm were used in this experiment. Ths next logicgl step would
be to treat a whole spectrum of tumoré, both sponteneous and induced,
to determine what range of effects the lysates might have.

2. Experimentel animasls vary from species to species in their
response to certain treatments. Clearly the leukemic mice showed
no detected response to lysate therapy. No regressione or apparent
remissions occurred, and chi square for the treated vs. the control
groups was equal to zero. The hemsters, howsver, showed & difference
in response betwsen treated and control groups which gave a chi square
of 1.94 which indicetes a probability level of between 10% and 25%. The
posgibility that other species of animal might respond to lysate ’
therspy should therefore not be ruled outbe. ’

3¢ Only one dosage was used in the hamster, and one route of

inoculation. Varied dosages and such routes as the inbravenous and
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inbreperitoneal should alse be investiéated.

4, Thore are a very large numbser of strains of hemolybic staphy=
lococcus, many of which carry a phege which is capable of lysing
‘theme The two strains used in these experiments may not be the
strains best suited to the initiation of tumor destruction. The
two pheges used in these experiments apparently varied between them-
selves in their effect on the animals, The group treated with Type I
lysete had more regressicns than the gro{zp treated with Type III;
yot the animals treated with type III were apparently mo;'e able to
raject a second transplante

The small number of enimels remaining elive for the retransplant-
ation part of the study prohibits any definite conclusion to be
drawne It is suggestive, however, that the Iype III lysate in some
manner stimuleted the immune mechanism of thése animelse

Pelner? states "There is considersble evidence to indicate that
the ability of an enimal or pebient to elicit an acute inflamme-
toxry reaction is one of the powerful inhibitors to successful ‘trans=-
plentetion of tumors or to the formation of metasteses'.

In fubure work the ‘tumors should bs viewed perhapsk'bwioe daily
following transplantation in order to observe any inflammatory or
hemorrhegic reactions which may ocoure

The histologieal study of the regressing tumors was useful in
ascerteining whether a pouch in which no tumor was evident on day 4
was a rejection of the 'bum.or by the host or a trensplantetion error.
Apperantly no transplantabion errors occcurred in the main experiment,
as regressing ‘tumor cells were located in sections of both pouches

which were questioneablee.
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Be Conclusiocns

1. The treatment of BALB/c leukemic mice with the‘particular
staphylococcus becteriophage lysates used, at the dos;ge gpecified,
was totally ineffective.

2o Treatment of haemsters bearing trensplanted spindle cell
ssrcoma with the particular staphylococous lysates used, at the
dosage specified, doss not result in a drametic number of tumor
regressions as compared with untreeted controlse However, further
research along this line does appear justified.

3+ There is some evidence that animals treated with lysate
Type III during the development of a trensplanted sarcomas will,
after +he sarcoma has been excised, be resistant to a second trang-

plantation of the sarcome. Untreated conbtrols were not resistent to

the second transplentation.



