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ABRSTRATT

COMPLEMEMT FIVATTIAN STMMTES WITH VERRIIZCA VIILEARIS

by Jenet W. Russell

Serological experiments with verruca wilgaris were undertaken to
subgtantiate findings that a wart agent was being poseed in tissue
culture and to determine to whet extent antibodies to werts exist in
the gera of patients, Conplement fixation was the test indicated
for these experiments,

Antisera to wart materisls, both from infected tiseue culture
and wart tissue extrects, wers preparsed in rabbits by intravenous or
gaheutaneous injection. Antisera were also prenared arainst normal
akin and normal A cells as contrels, Oross compleouent fixatien
teats uzinr all antisera and all anticens weres performed,

™Mndincs indiceted that an anticen quantitstively different
from normal skin was present in toth infected tiswie culture wsterials
and in wart tissue, This antigen could be assumed to be a wart arent,
The cross reactions which occurred with normal s%in indiceted a cloze,
probably inseparatle relotionship between the wart arent and its host
cell.

Sera frem eighteen persons, mainly patisnts whose warts were
removed in the laborstory, were tested for antihodies to warts. Two
of the patients were found to have antibodies againat concentreted
wart tisene antiren. Most patients did not have antibodies to wmrts,

at least not in lovels detectahle by corrlement fixation testes with
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concantrated antizena,

It was not sscerteined in this stu’y whet part the nresence
of antiboldy plavs in the recression of warts, The poesibility
thet artibody is important in the rerressinm of warts ceuld not be

discounted,
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INTRODUCTION

An increassincly important area in c¢encer research is the stuly
of virus-irduced tumors. Numerous animal tmors have bean shown to
be caused by viruses, but hman tumors have yet to be definitely
established as virus-caused,

Amono the tumors of men, verruca vulearis, or comron werts,
hse been considered to be of virel etiology since the end of the
last century, but the snecific ceusative arent has net been ienlated
and characterized up to this time, Experiments still in procress
in this laboratory have shown that material from warts will prnduce
cytovathogenic effect in tisasue culture, specificallv in AlJ cells,

a human skin epithelial cell line. These results indicate that a
specific wart sgent is present. ~Cells from infected tissue culture
can succeesfully passare the agent to new cells, The cells themsalves
are necessary to infect the tissue culture cells. Cytopathorenic
effect has not been shown to be produced by cell-free nutrient fluid
alone, as is the case with most viruses. The isolation of this agent
is of importance both as further evidence of the viral etiology of
tumors and as a means of providing tools for research into the causes
of other tumors, both benign and malignant.

Complement fixation studies have been instigated to prove that
the agent being passed in tissue culture is a specific wart agent,
Complement fixation, while not an infallible technique, i8s the best
method now available for this purpose. Human warts heve not been

transmitted to any experimental animal, and the hazardes are too great



to attempt the inoculastion of humans with the tissue culture materisl.
Since human serum is pert of the mrtrient fluid used to propagate the
tissue culture cells, there is danger of infecting mmans with hepatitie
virus or other viral contsminants present in a number of human sers,
There 1s also no assurance that the so-called normal skin cell line

has not acauired neoplastic properties, The inoculation of neoplestic
cells into humans constitutes a risk,

Complement fixation, on the other hand, is a simple and specific
technique, well-suited to viral antigens, The technicue hss also been
widely used in tumor resesrch, It must be noted, however, thast comple-
ment fixation, or any other serological teest used with tumors, even
those known to be caused by viruses, presents a number of difficulties,
The tumor agent may become an integral part of the cell and may not be
tranemitted without the cell., Such agents mey incorporate antigenic
components of the cell so that antibodies are formed against these
normal cell components as well as against the antigens peculiar to the
tumor agent, It is often impossible to obtain an antibody prepsration
specifically reactive againet the tumor agent free of normel cell
antibodiea., Thus serolorgical tests often show a quantitetive, not
qualitative, difference between infected material and normal tissue
(Pauschka, 1952; Zibler, 1958),

In addition, other antirenic entities associated with normal
cells, such as species-specific, organ-specific, and Forssman
antigens may aleso complicate the picture. Tumore may eslso te
accidentally infected with oncolytic viruses or other microbiel

agents which may lead to false results.



Serological work with tumors, although somewhat uncertain,
has been increasingly successful in recent years., Results of
complement fixation studies with other tumore warrant the assumption
that complement fixation experiments with verruca wulgaris at this

time can provide information valusble to the study of virus-caused

tumors.



LITERATURS REVIEAW

In spite of the difficulties involved in serological studies
with tumors, a quantity of evidence has been amassed to suggest that
tumor agents can be serologically identified. There have been no
reports of verruca vulgaris having been studied previously with any
serological technique, but the complement fixation reaction has been
used by a number of investigators with a variety of human and animal
tumorse

The early emphasis in complement fixation work with tumors was
placed on cancer diagnosise In 1908, Simon and Thormas tested the
sera of patients with various malignant and non-malignant tumors
against a human breast cancer antigen prepared by grinding tissue
with phenolized saline solution, The results of their experiments
showed complement fixation occurring in sixty-five per cent of the
malignant cases and rarely in non-malignant cases. Their findings
led them to believe that a positive complement fixation reaction
with the "cancer antigen" was strong evidence of malignant disease.

Maderna (1935) perférmed compylement fixation tests with sera
from patients with venereal warts, condilomi acuminati, and found
that complement was fixed in some cases.

Beginning in the 1930's Kidd and others did much work using
complement fixation with tie virus causing papillomes in rabbits,

a condition similar to warts in man. The papilloma virus can be
readily revealed by the complement fixation reaction since it is

more nearly free of normal tissue commonents than most tumor virusese



Kidd (1938a) found that the sera of rabbits bearing virus-induced
papillomas fixed complement when mixed with extracts or filtrates of
growths containing the virus. 7The papilloma antigens did not fix
complement when mixed with the sera of normal rabbits, rabbits
immune to other viruses or rabbits with papillomas induced by tarring.
In these experiments, the complement binding antibody and the virus-
neutralizing antibody seemed to exist in the same amount, both to
the greatest degree in rabbits that had borne large growths over a
long period of time., In same cases, sera that would neutralize small
amounts of the virus would not fix complement,

In other experiments, Kidd (1938b) found that tne complement
fixing antigen of rabbit papillomas could be readily extracted from
those growths yielding infectious virus but not from normal ratbit
skin, The results of ultrafiltration and ultracentrifugation
experiments showed the complement fixing antigen to have the same
particle size as the infectious agent. Both could be destroyed by
the same amount of heat or change in pH; however, it was pessible to
render the virus non-inf :ctious with ultraviolet radiation or weak
alkali without destroying the complement fixing antigen. From these
experiments with rabbit papillomas, Kidd (1938c) concluded that the
complement fixing and neutralizing antibodies were probably manifes-
tations of a single antibody, the neutralization reaction having the
lower threshold. In addition, it apneared that the infective virus
and the complement fixing antigen were extremely closely related if
not identical,

In 1940 Friedewald and Kidd carried out additional experiments



to show that the rabbit papilloma virus, itself, could elicit an
antibody that would neutralize the virus and fix complement with
virus preparations, There was no evidence of the "soluble antigen®
separate from the infectious particle which is found associated with
some viruses., The results were obtained from parallel neutralization
and complement fixation tests,

In 1940, Bryan et al, performed complement fixation experiments
with purified rabbit papilloma protein. They found that there was a
close relationship between the infectivity and the complement binding
power associated w ith the protein. Thus, they concluded that
complement fixation tests may be used as biological assays of pap=
illoma protein and as an indirect measurement of infectivity,

Hoyle (19L0Oa) verified the work of Kidd. He found complement
fixing antibody in the sera of sixteen of twenty-six domestic rabbits
bearing papillomas. No such antibody was found in the sera of twenty
normal rabbits. The complement fixation titers were low==ranging
from 132 to 1316, Tests performed at different times showed that
the antibody apveared shortly after the apoearance of the tumor and
increased in amount as the tumor enlarged., By ultrafiltration and
acetic acid precipitation experiments, Hoyle showed that the infective
virus and the complement fixation antigen were the sare,

Another rabbit tumor, the Brown-Pearce carcinoma, a highly
malignant epithelioma arising in the testicles of rabbits, was
studied by Kidd (19Lh0a). He demonstrated a substance in saline
extracts of the tumors capable of fixing complement when mixed

with the sera of rabbits with the tumors. 7The substance was not



found in extracts of normal rabhit tissues, induced virus papillomas,
induced uterine cancers of rabbits, or in rabbit tissues infected with
certain viruses. Conversely, the sera of normal rabbits or of rabbits
with various other conditions did not fix complement when mixed with
extracts of the Erown-Pearce tumor. Kidd (19L0Ob) also studied the
nature of the serologically active substance of the Brown-Pearce
carcinoma, the complement fixing antigen, and found it to be of
uniform particle size as large as many of the viruses, It was sharply
differentiated from the "soluble antigens™ and resembled in some
respects the papilloma virus,

Kabat and Furth (1940) found that the agent producing leukosis
and sarcoma of fowls reacted with specific rabbit antisera in
complement fixation and precipitation tests, Normal spleen also
reacted with the anti-tumor sera in the two tests. <The results of
these experiments pointed out the problem of normal tissue components
as integral parts of tumor agents.

Hoyle (19LOb) described a complement fixing antigen derived
from certain mouse tumors which appeared to be lipoid in nature,

The antigen was an alcoholic extract of the tumors. Complement
fixation occurred when the antigen was tested with the sera of

mice bearing the tumors. No similar antigen could be extracted from
normal mouse tissue, nor did normal mouse sera contain antibodies
against the tumor antigen. Hoyle reported that Hirszfeld and Huhler
had found that alcoholic extrsets of human tumors sensitized with
cholesterol gave complement fixation with a large proportion of sera

from cases of malignant disease. Some non-specific reactions did



occur with sera from patients with syphilis or certain other diseases
or from patients who were pregnant,

In 1941, T:ixeira and Smadel found two "soluble antigens" in
infected tissue of rabbits with infectious myxomatosis. The antigens
retained their ability to fix complement after heating, but lost
their specific precipitability.

Kidd and Friedewald (1942a) reported a "nctural antibody" in
the serum of normal rabbits which would fix complement when mixed
with fresh saline extracts of normal rabbit tissues. They (19L42b)
ascribed the phenomenon to a naturally occurring serum principle
vwhich reacts specificall; with a sedimentable constituent of normal
tissue cells, The constituent with which the antibody reacted was
present in a number of normal tissues, most abundantly in kidney
and liver,

Further study of the Brown-Pearce rabbit carcinoma was carried
out by MacKenzie and Kidd (1945). An antibody was found in the sera
of rabbits implanted with or injected with Brown-Pearce carcinoma
which would fix complement with a saline or aqueous extract of the
tumor., The antibody was often of high titer in infected rabbits but
vas absent in the sera of normal rabbits or those with other types
of tumors. The distinctive reactive substance in the tumors was
found to differ notably from other substances extracted from various
normal rabbit tissues,

The complement fixation reaction was also used by Malmgren et al,
(1951) to study microsome fractions isolated from normal and neoplastic

tissues of inbred mice. A quantitative difference was demonstrated



between normal liver and hepatomatous liver when reacted against
antisera prepared against the hepatoma.

In experiments with mouse mammary tumor, Dmochowski and Passey
(1952) found no qualitative difference between normal and agent-
bearing tissue. Complement fixation tests revealed serological
similarity between agent-free tissue and preparations of the agent,

In 1952, Rous, Kidd, and Smith performed complement fixation
and neutralization experiments with an anaplastic epidermal rabbit
carcinoma which had originated from a virus papilloma. During the
first three and one-~half years after its origination, the carcinoma
had been passed twenty-two successive times. During this period
ratbits bearing the carcinoma had been immune to the papilloma virus,
and the sera of those rabbits were able to fix complement with papilloma
virus. However, when tested after eight years of successive transfers,
the carcinoma-bearing rébbits were no longer immune to papilloma virus,
nor did their sera fix complement with virus preparations. There was
no perceptible changein the tumor itself., The investigators conclu=-
ded that the virus could not be the actuatihg cause of the carcinoma,

Eckert et ale (1955) found that the virus causing avian erythro-
myeloblastosis contained intrinsic constitutional elements antigen-
ically indistinguishable from normal chicken tissue and Forssman
antigen., Cross serological tests showed that sera against the normal
tissue anmd Forssman antigen would effectively neutralize the virus
and react in complement fixation tests with it. Along the same line,
Beard, et al, (1955) concluded that the infective agent of avian
erythromyeloblastosis consisted of a normal host antigen, a Forssman

antigen and a third substance peculiar to the virus. The close
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kinship of the virus to the host cell seemed obvious. The investi-
gators postulated that similar relationships between tumor agents
and their hosts may account for the difficulty encountered in iso-
lating and serologically identifyimg tumor viruses,

Human tumors were the subject of investigation by Grahan and
Grahan (1955). Complement fixation tests were performed with the
sera of tumor patients against water-soluble, saline-insoluble
fractions from their own tumors. Twelve of forty-eight patients
showed complement fixing titers of from 1:16 to 1:128 in these
tests. 1lhe majority of those who did not show antibodies had far=-
advanced tumors.

In 1959, Gardash'ian demonstrated complement fixing antibodies
in the sera of twenty-three of thirty-nine rabbits with Brown-Pearce
carcinoma. A protein fraction of the tumor was used as the antigen.
In ninety per cent of the rabbits immunized with Brown-Pearce tumor
tissue, the complement fixation reaction was positive.

Nartissov (1959) reported that complement fixation occurred
when the sera of rabbits with papillomes were reacted with an antigen
derived from a carcinoma which had originated from a virus papilloma.
The results of his experiments led Nartissov to conclude that an
antigenic complex existed in the carcinoma tissue consisting of the
papilloma virus and the new malignant tissue.

Nartissov et al. (1959) also adsorbed papilloma virus onto red
blood cells and demonstrated the phenomenon by the use of the
complement fixation reaction. fabbits were inoculated wita their

own red blood cells which had been adsorbed witn papilloma viruse
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The resulting antiserum fixed complement when tested with the virus-
adsorbed cells. Complement fixation did not occur when red blood
cells alone were reacted with the test sera.

The attemrt to purify tumor antigens free of host tissue nas
continued to be a challenge to investigators. In 1959, laylor et al.
used fluorocarbon to purify complement fixing antigens from four
chicken and human neoplastic tissues. He used Rous chicken sarcoma,

a germ-free chicken fibrosarcoma, a human ovarian sarcoma, and human
epithelial tissue culture cells to prepare the antigens. Crude
antigens prepared from twenty per cent water suspensions of the

tissues were treated with the fluorocarbon in a mixing blender then
ultracentrifuged. ‘he purified antigens were inoculated into rabbits.
Antisera produced wére specific to the respective tissues in complement
fixation tests. Cross reactions with normal tissues did not occur.
This method is reported to remove host lipid and protein leaving the
turor avent or complement fixing antigen free. Fluorocarbon purifi-
cation was first described by Gessler et al. (1956) who used the metnod
to separate a suspension of vaccinia virus from the chorio-allantoic
menbrane material of embryonating chicken eggs. The method was
subsequently used by Manson et al. (1957) in purifying poliovirus

after Hela cell cultivation. Hummler and Hamparian (1957) also used
fluorocarbon to remove anticomplementary substances and host antigens
from poliovirus grown in Hela and monkey kidney cells. nalonen et al,
(1958) prepared enteric cytopathogenic human orphan (ECHO) complement
fixing antigens from monkey kidney tissue culture cells by fluorocarbon

purification.,
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The growing use of tissue culture antigens has enabled the
complement fixation reaction to be employed with greater success
in virus research. Anticomplementary factors are not encountered as
often with tissue culture antigens as they are with virus-infected
tissues themselves. Recently investigators have used tissue culture
to propagate tumor agents (£ddy et al., 1958b; Beaudreau et al., 1958;
Stewart et al., 19%8). As a result, tumor agents in tissue culture
have been used as complement fixing antigens.,

The use of tissue culture antigens in the complement fixation
reaction was demonstrated by Rowe et al, (1958) in studies with the
Stewart- Eddy polyoma virus, the causative agent of mouse parotid
gland tumors. These investigators fo.nd that the polyoma virus was
serologically unrelated to a wide variety of known virus.s. Tissue
culture-grown polyoma virus was also used by Rowe et al. (1959a) in
comparative complement fixation and hemagglutination inhibition
tests., &t£ight mouse colonies were surveyed for the prevalence of
antibody to polyoma virus. Positive hemagslutination inhibition
titers ranged from zero to eighty-four per cent in adult mice in
different colonies, and complement fixation results were comparatle.

Neutralization tests have also been extensively used in tumor
research. Neutralization studics have often been correlated with
complement fixation tests, The ability of an antiserum to fix
complement with a specific tumor antigen may or may not be associated
with the ability of that serum to neutralize the tumor agent. The
complement fixing antigen may be identical with the infective agent

or may be a so-called "soluble antigen" distinct from the agent.
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Thus antibodies elicited by the complemecnt fixing antigen ray
neutralize the agent as in the case of the rabbit papillomas
(Friedewald and Kidd, 1940) or may be unrelated to the infective
ability of the agent, as in the case of the fowl sarcomas and
leukoses (Kabat and Furth, 19L1).

In early neutralization studies, Andrewes (1933) showed that
sera from fowl bearing fibrosarcomata MH1l and CT10 would neutrzlize
filtrates of several other fowl tumors. The fowl tumor viruses
were found to be antigenicelly related but not identical.

Foulds (1937) produced antibodies in rabbits which neutralized
filtrates of Rous sarcoma I, a chemically-induced fowl tumor. Hle
concluded that a virus was present in an intracellular virus-cell
protoplasm complex.

Cheever and Janeway (1941), investigating Brown-Pearce car-
cinoma, showed that rabbits with intradermally or subcutaneously
implanted tumors which had regressed spontaneously, were immune to
subsequent challenge implantation of tumor cells. However, it was
found that implantation of homologous normal tissues would also
confer some degree of immunity. 1he higher degree of immunity
conferred by tumor cells implied tnat htoth a non-specific and a
specific tumor factor were involved in eliciting the immune response,

Kabat and Furth (1941) produced neutralizing antibodies against
fowl sarcoma and leukosis by injecting heavy tissue materials from
the tumors into rabbits. Similar materials from normal spleen
produced no neutralizing antibodies. In these experiments, the

complement fixing antibody was found to be unrelated to tae neute
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ralizing antibodye, Complement fixing antibodies could be absorbed
to a suspension of cells from normal chicken spleen. Antisera against
materials from normal chicken spleen fixed complement in high dilutions
but did not neutralize the agent. Sera of chickens immune to the
viruses of leukosis and sarcomas contezined nentralizing but not com=-
plement fixing antibodies.

Saphir et al, (1941) found that rabbits immunized to Brown-
Pearce carcinoma by subcutaneous imjlantation developed tumors in
the anterior chamber of the eye although all other tissues of the
rabbit were resistant. The investigators concluded that there was
a barrier between the aqueous fluid of the body and the blood
carrying the circulating antibody wnich allowed the tumor to grow
in the eye.

Gottschalk (1943) reported on a chemically induced chicken
tumor which contained an antigen related to that of a fowl leukosis-
sarcoma agent. High speed sediments of the tumor, when injected
into rabbits, produced antihodies which would neutralize the leukosis-
sarcoma agent after absorption with normal chicken spleen. Rabtit
antisera to normal fowl tissue lacked the property to inactivate the
fowl cancer agent.

Green et al. (1)L6) used neutralization tests to study the
cancer "milk agent" (the Bittner virus) in mice. They found the
agent stimulated the formation of antibodies in rabhrits and rats.
Such antisera neutralized mouse mammzry carcinoma tissue. Normal
rabbit and rat sera had a slight neutralizing effect on the carcin=-

oma, but antisera against normal mouse tissue did not adversely affect



the apert, These findince printed to exorenous orifin of the virus,
These results were disputed by leter investic-stors who were not able
to demonstrete a specific "milk scrent" antiren free of hnet tiesue.

vidd (1044) investigeted the antitody produced in rebhits
implarted with Rrovn-Peerce carcinoma or with cell-free extracts
of *hte tumor. Prom the rasults of neutralization tests, he conelnded
thnt the entitedy reected with a dictinctive cell constituent which
pleved a eigni ficent pert in the proaiferative activities of ths
Brown-Pearce timor cell,

Duran-Reynels and ¥ing (1947) found thet immune bedies develored
naturally in thre bloed of esing cHckens which would neutralize thre
virus of chicken tumors such as Rous ssrccoma. These naturally
cccurring immine hodies aprecred to he similar to the "noturel anti-
bodise® described by ¥idd and Friedewsld (1042 o, 1),

Contrary to the work of Green et al. (1944), Gorer snd Law (1040)
could not cleerly demonstrste specific neutrelizine antibdodies to
the mammary tumor "milk arent.®

Law and Malmcren (1051) aleo meosured the neutralizin~ titer
cf mouse mammery tissue, both normal and meliecnant, which eitter
contained or was free of the tumor agent. %o corsistent difference
was found in the neutrelizing titer ¢? the antisera, implying the
leck of a specific tumor-antigen.,

The problem of the incorporation of normal cell componerts as
part of a tumor sgent was encountered by Peard et al., (1057).
Neutralizetion and precipitetion tests were performed with cconcentreotes

of the virus of avian erythroblastosis, Chickens immunized with
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these concentretes produced antibtedies thet effectively neutrali-~ed
the virue end reacted with the virus in precipitation teats, Fowever,
the virus was neutralized by antiserum prepsred in rebbits arsingt
norral chicken tiesue, Antiserum sgeinst the virus of mrelobhlastcsais
wes slso effective in neutrslizing the virus of erythroblestosis,
Reciprocal neutralizestion tests showed the viruses of erythroblestoeis
ard myeloblestosis to be amtigenically similsr, Scme difference was
evidert in precipitation tests., Threse results indicated thot tte

two agents were closely related but not identical,

In sddition to complement fixation and neutrelizetion tests,
prec¢ipitation terts have also teen used in thre study of tumor egents.
¥enn and Welker, in 1940, reported producing an antiserum which would
resct in precinitation tests with the protein of humen cercincma
but not with a lerge mumber of representative normal tissues,

Smadel et el., (1940) reported isolating two scluble antigens
from skin and eera of rabbits scutely i1l with myxometceis. The
tvwo entigens could be sensrated by ammormium sulfate precipitetion,
Both reacted in precipitation teets with specific antibody.

Rarrett (1941) ua;é the precipitation reaction to test a
paerticulate infectious fraction ieoleted from fowl sarcema I with
rebbit antieerum prepered against the fraction, PRarrett was not
able to show a difference between the sercome frection and control
tiseue from an eipght-dav-0ld chicken embryo in these precipitation
tests,

Tmagawa, et al, (1948) found a quantitative difference,

mani fested in the precipitation reaction, between movse mammary
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tissue containing the cancer "milk arent" and tissue lacking the
acent, Pebbit antisera against memmery cancer tissue reactad in
hieh dilution with tissue containing the agent, whetrer normal or
malignent, and ir low dilution with tissue lacking the avent,
Antimera prenared asainst narmal wammery tissue abundant with mi1i'-
a7ant raacted in ttre same way. Antisera acainet normal mormary
tigenae lanlin- th= a-at would presipitate the mammary arant in law
dilutiona, Thees rasults substantiated the neutralization findinee.
of forer and Iaw (1040) and lew and Malmgren (1051) whish indiseted
a close reletionsiip betwaen the "milk agent™ and normal tissue.

Penn (1950) invastigated the concept thet some tumor anticens
may be lipoid in nature. UYe found that linold fractions from human
cancerous livers and tumor-bearing tissues would produce a flocculation
when mixed with the sera of cancer pstients. Cimilarly prepared livers
of non-cancersus petients did not cause a flocculation. Pemhypothe-
eized specific antibody formation in response to an endogenons
carcinogren,

Soms tumor viruses can be adsorbed onto red blood cells. DIittner
(1947) found that the virus of the mammary cancer of mice, the "milk
arent,® could be adsorbed by the red cells of non-cancerons mice,
Pittner (1945) hed previously demonstrated that the mammary cancer
virus was concentrsted more in the blood cells of infected mice than
in the serum,

Recent invegtirationa have shown that the Stewart-Eddy polyoma
virue would cause hemazglutination of erythrocytes. =Tddy et al,

(105Ra) rerorted that nolyoma virus wonld agrlutinate red blood cells
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and that {mmne serm would inhibit the houa-~lutination., UVartler
an? Rowe (1650) repcrted that heatine pnlyoma virus suapensions a4
55 0 for thirty mimites or treatinr the euspenaions with a recentor
destroyring enzyme would allow hemaz~Intinetion to oceur when it wenld
not previously,

Rowe et al, (1050b) also used hemsrclutination intibition as
a8 means of titrating and detecting the polyoma virus, Uemecclntinetion
inhibition was found to be comwnarablae in senaitivity, renroducibility,
an? time regquired to obtain results to the methed emplovine the
production of cytorethogeniz effact in mouse emhryo tissus culturs,

law et al. (1940), investigating the sunposed relationship of
polyoma to leulrenia in mice, found thet mice with hemasrlutinetion
inhibition titers to polvoma were not necessarily immme to leukemia,
Any relations™ip between polyoma and leukemia in mice apneared to be
an accidental one.

Meither tisaucs from human warts nor the agent canaine himan
vwarts has been studied by serclecizal tests. There has been no
definite evidence whether or not entibodies srainat wart tissme
exist, It is knowm clinically thet children with warte ¢en vsually
look forward to their rerreasion at puberty (Rlank and Rakae, 1055),

The question than sriees whether the rerreseion is the result »f
imminity to the egent causing warts or of some other vet unknown factor.

References were made earliar to the danrers of intreducing viable
tiesve cnulture meterial imto humans. Althoigh an acent has been
120lated in tismme culture from wart moterial, was it the acent censing
warte? ‘ere arcein the seroloricsl approach micht contain the anawer,

T s thesias presents tre resilts of such an effort.



MATERTALS AND METHODS

PREPARATION OF ANMTIGTNS:

Tissue culture antigens; Three kinds of tissue culture amtigens

vere used in these experiments: (1) wart-infected Al cells contained
in mutrient fluid, (2) cell-free fluid from wart-infected A cultures,
and (3) normal AU cells contained in mutriemt fluid (control). The
A cell line was originated by Wheeler et al. (1957) and has been
serially passed in this laborstory for several years. Infected fluids
and cells were prepared from AU cell cultures by first seeding with
fregments of muman wart tissues, then serially passing the infected
cells to normal cells in culture. Infection was allowed to prorress
until most of the cells were detached from the glass surface, Remain-
ing cells were detached with a rubber-tipped glass rod. When the
fluid phase alone was used, the cells were sedimented by elow speed
centrifugation. Uninoculated A7 cell cultures were the normal A7
cell controls., Monolayers were scraped off the glass surface with a
rubber-tipped glass rod and the cells were suspended in the mutrient
fluld., The mutrient fluid wsed to grow the cells was Hanks'! basal
salt solution (Hanks and Wallace, 1949) with 0.1 per cemt yeast
extract and 0,35 per cent glucose, containing 100 micrograms of
streptomycin and 100 umits of penicillin per milliliter., The pH
indicator was phenol red, used in a concentration of 0,002 per cent,
Growth medium was supplemented with twenty per cent inactivated

human serum. Maintenance medium used with inoculated cultures was

supplemented with two per cent inactiveted calf serum. Tissue

19
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culture antigens were stored at 4 C until used,

Tissue antigens; Extracts of human wart tissue and human

normal ekin were used as antigens. Human warts were removed by
total enucleation from patientes in the laboratory. Tis:zues were
placed in Petri dishes and covered with approximately ten ml of
Hanks' basal salt solution containing 100 micrograms of streptomycin
and 100 unite of penicillin per wmilliliter., The tissues were kept
in thie manner in the refrigerator at 4 C for at least twenty-

four hours, This period was usually sufficient to free the tissues
from bacteria.

Wart tissues were also removed from patients in the offices of
physicians and immediately sealed in vials and frozen. Viels were
sent to the laboratory in dry ice and stored at -20 C.

Fresh or frozen warts were mixed in a ten per cent suspension
with saline solution or tissue culture nutrient medium. The mixtures
were then ground with a pestle in a mortaer for five mimites or placed
in a mixing blender for four one-minute cycles, The liquid was then
poured off into a conical centrifuge tube and centrifuged at 2000 rpm
for tén minutes. The resulting supernatant fluid constituted the
antigen, Merthiolate, in a concentration of 1:10,000, was used as
a preservative when the antigens were prepared with saline solution.
The tissue culture mutrient medium routinely contained antibiotics,

The human normal skin used was obtained from the Edward Sparrow
Hospital. Foreskine from newborn infants were collected daily and

stored at 4 C. until they were delivered to the laboratory. Ten
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per cent saline suspensions of normal human skin were trested in

the sae~< wanrer as the wart tiesue to prerere the normel skin antigen,
The nermwal skin antigen wes sealed in gless errules, frozen, end
storsd st -20 C until used,

For use in scme complement fixstion tests, both the wert tissue
entigen and the normal ekin antigen, sfter the above treatment, were
concentrated in the ultracentrifuge. The antigens were spun at
42,050 rpm (114,610 x g.) for one hour, Pellets were resuspended in
one-sixth volume of the supernatent fluid. Concentrated antigens

were stored at 4 © until they were used.

FREPALRATION CF ANTISEPRA:

Rabtit entisers: The following antigens, prepsred ss described

sbtove, were used to prepsre antisera in rebbite: (1) wart-infected
AU cells in nutriert fluid, (2) cell-free mutrient fluid from wert-
infected AU cultures, (3) extracts of wart tissue, and, ae controls,
(4) normal AU cells in nutrient fluid and (5) extrects of normal
luman skin, The antigens were inoculated into edult white rebbits
three times weel:ly for three weeks. Pebbits receiving antigens
containing celles were inoculeted subcutaneously with 1.0 ml of

the antigen et each injection. These rabbits received a total
volume of 9,0 ml of antigen during the series of inoculetions.
Ratbite receiving cell-free fluids were incculated intrevenously by
the merrinel esr vein according to the following schedule: 0.5 ml,

0.7 ml, 1.0 w1, 1.0 ml, then 1,5 ml for each of the following
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injectione., These rabbits received a totel volume of 10.75 rl of
inoculum during the series. PRabbits were bled by heart puncture
prior to inoculetion and from ten days to two weeks after the final
injection. At each bleeding, 20 ml of blood was teken and the serum
was separated, Sera were inactiveted at 56 C for thirty minutes,
frozen and stored et -20 C until used., The rsbbits were given
booster injections, 1.0 ml of antigen subcutaneously, at weekly
intervals for four weeks after the first post-inoculation bleeding

and were bled subsequently as serum was needed,

Patients' seras Approximately 10 to 20 ml of blood was taken

from patients in the laboratory and the serum was separated. All
sera were inactiveted at 56 O for thirty minutes, then frozen and
stored at -20 C until ueed, Sera were reinactiveted for ten minutes
at 56 0 if a week or more had elapsed between the firet inactivetion

and use.

CTHER REAGEMNTS

Saline solution; An 0.85 per cent solution of eodium chloride

in distilled water was used in preparing all resgents and in the
complement fixation testa, The saline solution was made up in liter

emounte and sterilized by sutoclaving.

Complement; The complement used in these experiments was either
a commercial glycerolized preparation* or fresh pooled guines pig

serum, The commercial preparation was etored undiluted at 4 ¢ until

]
Bacto-comylement from Difco leboratories, Detroit Michigan
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used, Commercial complement could be kept et this temperature for
several montha. The pocled guinea pig serum was obtained by bleeding
fifteen to twenty guinea pigs by heart puncture. The ponled serum

was dispensed in 1.0 ml arounts into small tubes with rubber stoprers,
frozen and stored at -20 C until used. Complement was titreted tefore
each test in the manner described by Smith et el. (1948). In the com-
plement fixation teste, complement was used in a dilution determined

by the titrations to contain two units per tube,

Vorzalvsing  The hemolysin used in the complemsent fixetion tests
vas a commercial glycercli~ed preperation‘. Femolysin cculd be stored
undiluted in the refrigerator for eeveral montbs. It could alasec be
stored for several weeks in a saline dilution in the refrigeretor
without apprecieble lose of potency. Femolysin was used in a dilution
determined by previous titretion to contein two unite per tube
(usuelly 1:250 to 1;1000), Diluted hemolrsin was titrated by the method

described by Smith et al. (1948) approximately every two weeks.

Sensitized cells: Sheep erytlrocytes were obtained by tleeding

yorng sheep end collecting the celle in equal vclumes of modified
Alsever's solution (Kent, et al., 1G445). The cells were stcred in

ttre refrigoretor at 4 2 until used. Erythrocytes could be stored in
this menner for a month to eix weeks, Before each test a vclume of the
cells wes centrifuped at 1500 rprm for ten minutes, washed three times
with 0.25 per cert ealine solution, packed at 1500 rpm for ten minutes,

and finelly made up to a two percent suspension with ssline eolution.

*Becto—antisheep kemolysin from Difco laboretories, Detroit, Michigan
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Sensitized cells were prepered by mixing a veclume of the two
per cent suspension of erythrocytes with en equal volume of diluted
hemolysin, Sensitized cells wereincubated at 37 7 for ten minutes

before uee in complement fixation tests.

COVPIZINENT FIXATION TI3TS

Cross complerent fixaticn teste were performed with all antigcens
and rabhit entisers, Patients' sere were also tested with sll antigene,
In later te-ts, those antigens routinely used to test patients'sera
vere concentrated in the ultracentrifure,

Complement fixetion tests were performed according to the met hod
described by Carpenter (19556) using constent antipen concentrastions
and two-fold dilutions of antiserum. In the earlier teste, & total
vellime of 1,0 ml per tube wes used, The totel volume was reduced to
0.5 ml per tube in later tests to conserve resgents., All resgents
vere kept cold and tests were usually conducted in an ice bath,
Intigens were ueed undiluted or diluted 1:2, C(Cccssionally anticens
were anticomplementery., Such antigens were titrated (Smith et al.,
1048) to find the concentration et which they could be used in the
teet without anticomplementary aectivity. Sera were sometimes anti-
complementery in high concentrations (undiluted, 1:2, 1:4), Serum
controls were routinely run for those dilutions end for all dilutions
with particulerly troublesome sera, Two units of complement per tube
were used, determined bty complement titrstion before each test,

Oommerciel complement was ueually diluted 1:10 to 1:25. Prozen

pooled guinea pig eerum could ususlly be diluted 1330 to 1; 40,
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Diluted complement was not used after standing more then a few hours.
Two pericds of incubstion were used in the complement fixation
tests, The antigen-entiserum-comrlement mixtures were first incubated
overnight (16 to 18 houre) at 4 C so thet fixsetion cculd cccur, The
sensitized cells were then added and the tests were reincubated at
37 C for thirty minutes. In early tests, & primsry incubation period
of one hour et 37 C wae employed instead of 15 to 18 hours st 4 2,
The refripgeration method was found to yield more sensitive results,
hovever, as reported by tre Comrittee on Diagnestic Procedures for
Virus and Ricketteial Diseases (1055).
Regults were read immedistely after the secondary incubetion
and finally after overnight refrigération. Tubes shoving no hemolysis
were read as four plus. Verying derrees cof hemolysis were read as
three plus, two plus, one plue, or zero in the ceese of complete

hemolyeie., The endpoint wes considered to be complete hemolveis,

ABRSTPPTICON PROTEDIRES

Rabtbit antiserum sgairast infected A" cells was absorbed with
normal skin and normal A"? cells in an stternt to remove antibodies
acainst normal cell components. Artiserum esgeinst cell-free fluid
from infected AU cultures wes also ebsorted with normal skin, PFor
use in this prceedure, normal skin wae ground in a mixine blendor
with saline solution for four one-mimite cycles. The normal skin
particles were then sedimented by slow-epeed eentrifugation. The
supernatent fluid wae removed., The sediment wee mixed with en equal

volume of inactiveted antiserum, incubeted one hour in a 37 C water-
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bath, then overnight in the refrigerator et 4 C. The mixture was
then centrifured at 2000 rpm and the supernstant serum frozen.

The normal A” cells for use in absorption procedurees were
prepared by detsching the cells of a fully-shested monolayer from
the glass surface end packing them by elow speed centrifugation.

Al cglls were then resuspended in saline solution in a concentration
of approximately 000,000 cells per milliliter determined by counting
cryetsl violet stained cells in a hemocytometer or by the turbidity
of the suspension., The abasorrtion procedure used was the same as
thet used fecr normal ekin,

Absorbed sera were reabsorbed with normal skin or normel AU
cells, prepared as above, Resbscrbed sera were frozen until used

for complement fixation tests.

FIUCRCCARBRCN TREATMENTS

Taylor et al, (1959) reported a method for purifiving cemplement
fixing antigens by the use of a fluorocarbon, fenetron 113 . THs
met hod weas reported to remove ncrral tiecsue proteins end lipids fram
varions himen and chicken neoplastic tieesues leavine a specific
complemant fixine entiren, Pluorocarben purifjcation has also been
usaed by several other investisetore to vurify viruses (fessler et el.,
1054; Menson et el,, 1057; Mimmler and VYempcrien, 1057), A modificetion
of Teylor's method was tried in an ettempt to remeve nermal tiseus
substencee Prom wart tissue ard wartainfected A" cells.

*renstron 113 (triflucrotrichlorcettene) ohteinad from pllied
Chemicel and Nye forporatiocn
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Pieces of wart tiesue, a ton per cent eusreneion in tisque
culture mitrient medium, were grovnd in e morter, To two parts of
the ground wart euwsrension, one nart of fenetron 113 wee edded,

The whole mixture wes then cround for five mimitee, The mortar was
kept celd in an ice tath during tre erinding, The resulting 1iqmid
was poured off into a conicel centrifure tube and spun at 2000 rpm
for ten mimites, Three leyers were evident after centrifugeticn:

a bottom layer of cleer fluorocerhen, & thin middle layer of white
80lid materisl and a clesr aqueous top layer. The aquecus lsysr
waa removed and constituted the treested antigen,

Wart-infected AT cells in nutrient medium were mixed with
Genetron 113 in a prescripticn bottle, two parts of tre cell sucn-
venaion to one pert of the fluorocarbon, and sheken vignrously for
geveral mimtes. The mixture was then trenaferred to a cold morter
end ground with a pestle for five minutes, Thie ground mixture wes
returned to a prescrirtion bottle and was shrlzen for five more
minutes before being pleced in a conical centrifure tube. Centri-
fugation et 2000 rpm for ten mimites reveeled the asme three layers
that were evident with the wert tisswe, The top agneous layer, con-
stituting the treated antigen, was removed.

Antisere against the two treated snticens were prepsred bty
inoculating rabbits intrsvenously by the seme procedure veed te

prepare the other rahtit entisers.
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Resulte of comnlamant fixation tests with rehhit antieera.

Antisera were prevared in rebbits arainst the wart meterials and
control anticena described sahove, The anticens used, total vnlumaes
given, and routes of inoculation are sumarized in table I. Those
rabbite receiving the wart-infected A" cells and normal A"l cells
ware riven a total voluma of 9.0 ml durine the series of injections.
These antigena, which contained whole cells, were given subcutanenusly
to avoid the formation of embolisms which miet hasve occurred had
they been given intravenously. Those rabbits whizh were given cell-
free fluid from infected A" cells, extract of wart tissue, ard extract
of normal skin received a total volume of 10.75 ml of antigen intra-
venously. Comnlement fixaetion tests with sera ohbteined from pre-
inoculation bleadinrs revealed thet none of the rabbits nsed in thess
evperiments had antibody titers to the test anticens prior to innculstion.

Tahle IT presents the results of cross coamplament fixation
tests in which the rahbit antisera were tested arainst all the
prenared antigene, After the series of injections, all inoculated
rabtbits had develaped antihodiecs arainst their homolorous antigens,
(The diagonal line comnecte the results with the homologzous antirens.)
These titers were low, ranging from 1:16 to 1:254, As expected, the
cross complement fixation results also showed that the rabbits heé
developed, to a lesser degree, titers against all the other antirens.

It can he seen, however, that rabbits inoculeted with wart-infected
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Table . Rabbit inoculations
Total volume Route of

Rahbit Antiren used of inoculum inoculstion
1 Wart-infected AU cells 9.0 ml subcutaneoms
2 Cell-free fluid from 10.75 ml intravenous

wart-infected AU cells

3 Extract of wart tissue 10.75 ml intrevenous
4 Normal A7 cells 9.0 ml subcutaneous
5 Extract of normal skin 10.75 ml intravenous
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antigens developed sorewhat higher titers arainst the infected antisans
than arcainst the control antisens.

The first antiserum listed in table IT, thnt produced aresinat
infected A cells, hed a titer of 1:64 when tested arninat the homol-
orous antigen, infected cells, Vhen thris antiserum was tested scainst
coll-free fluid from infected cultures, the titer was 1:32, The same
titer, 1:32, resulted when the antiserum was tested apgainst extract
of wart tissue, TIn contrast, the titers of thie antiserum arasinst
the control antigens were significantly lower: 1:4 ereinst normal
AU cells and 1:8 azainst normal skin.

The antiserum prepared agasinet cell-free flidd from infected
AU cultures had a titer of 1:128 against the homologous antiren,

A titer of 1:64 resulted when this antiserum was tested against
infected cells themselves. Agesinst extract of wart tissue, the titer
was 1:32, Again, in the case of this antiserum as with the previous
one, titers were somewhat lower against the control antigens: 1:4
ageinst normal A cells and 1:8 against normal skin.

When the antiserum produced against extract of wart tissus was
tested ageinst the homolorous antigen, the resulting titer was 1:;64.
Titers of this antiserum azainst the infected tissue culture antigens,
however, were lower; 1:15 acainst infected cells and 1:;16 againat
cell-free fluid from infected culturea, Titere against the control
antigens were 1:8 against normal AU cells and 1:15 against normal el-in.

The antisera prepared arainst the two control antigens, normal
AU cells and normal skin, were also tested in complement fixation

reactions against the five prepared antigens., The titer of the
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Table II. Results of complement fixation tests with rabbit antisera

Rabbit
antisera Antigens
Cell-free
fluid from
Infected infected Extract of Normal Normal
_ ATl cella AT celle wart tissue A"l cells skin
Infected
AU cells 1:64 1:32 1:32 1:4 1:8
Cell-free
fluid from
infected 1. 64 1:128 1: 32 1: 4 1:8
AU cells
Extract of
wart tissue 1;15 1:15 1: 64 1:8 1315
Normal \\\\\\\\\\
AU cells 1:16

Normal skin 1;128

1:16 1:16 1s 15\138
1:64 1:128 1:128 1:256
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antiserum arainst normal AU cells was 1:15 when that antiserum was
teated against the homologous antigen, normal AU cells. The same
titer, 1316, also resulted when that antiserum wes tested against
infected celle, cell-free fluid from infected cells and extract of
wart tissue, Agsinst normal skin, the titer was slightly lower, 1:8.
The antiserum prenared ageinst normal skin showed generally
hisher titers against the various antirens than did erny of the other
antisera. The titer was 1:256 egainst the homologous antigen, normal
skin. Against infected cells the titer of this antiserum was 1:128.
Acainst cell-free fluid from infected cultures a titer of 1:;64
resulted, The titer of this antiserum when tested against both

extract of wart tissue and normal AU cells was 1:128,

Absorption results;

Antisera prepared in rebbits ageinst infected AU cells and
cell-free fluid from infected cultures were absorbed with normnal
skin in an effort to remove antibodies against normal tissues,

The antiserum against infected cells was also absorbed with normal
AU cells., Absorption procedures did not succeed in eliminating

the antibodies agsinet normel tissues completely. Tomplement
fixation titers of these antisera were reduced one or two dilutions,
both against the infected antigens and the control antigens., These
results are summarized in Table III.

The antiserum againet infected cells, when tested prior to
absorption with normal ekin had a titer of 1:32 ageainst ultra-

centrifuge concentrated wart tissue extract and 1:;16 against
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concentrated normal skin., After absorption twice with normal seiin,
the complement fixation titer against both the concentrated wart
antigen and concentrated normal skin was 1:8.

When the antiserum against cell-free fluid from infected cul-
tures was tested prior to absorption with normal skin, titers were
1:16 against concentrated wart tissue and 1:8 against concentrated
normal skin, After the sntiserum had been abasorbed twice with normal
skin, titere of 1:8 against concentrated wart antiren and 1li4 against
concentrated normal skin were demonstrated,

The antiserum against infected cells was also absorbed with
normal AU cells. Pre-absorption titers of this antiserum were 1;32
against infected AU cells and 1:8 against normal AU cells., After
absorption, thoee titers had been reduced to 1:8 againet the infected

cells and 1:4 against the normal cells.

Results of complement fixation tests with patients' sera,

Since it is known climicelly that warts sr> for lese common
efter tre second decnde of life (Blerk end Rake, 1055), it was
poctuleted that edult gormae globulin might contain antitodies
egainst warts, Commercisl gsuma globulin wes tested in complement
fixetion reactions with the five anticens which were used to prepere
antisera in rabbits., Camma globulin proved to be enticomplementary
in dilutions up to 1:128. Higher dilutione showed no complement
fi tation with the test entigens. The anticomplermentary ectivity
of genua globulin has been reported by other investigstors ()arcus,

1650).



25

Eighteen humen sera were then tested for antibodies egsinet
wart meterials, Twelve of the eighteen were from patients whrose
vwarte were removed in the laborastory. Of the remeining six, one
serum was from an eighteen-month-o0ld child (GE) without warts,
Another was from e young woman in her twenties (JR) who had had
warts as a ckild but hcd been free of them for a number of years,
Another serum was from a young man in his twenties (JF) who did
not ever remember having warts, The other three were unidentified
adult sera which had been obteined from the Red Crose for use in
tissue culture nutrient medium.

In esrly tests, the Yuman sera were reacted with wart-infected
AU cells, cell-free fluid from infected cultures, extract of wart
tissue, normel AU cells, and ertract of normel s%in, Yone of the
sere fixed complement with any of these antigens, It was then decided
to concentrate the wart-infected AU cells and the extresct of wart
tissue in the ultracentrifuge. Yormal AU cells and extract of norral
gzin were also concentrated as controls.

Two of the wart patients, DA and JP, who were bled after having
warts removed in this leboratory, were fcund to have entibody titers
ggeingt ultracentrifuge-concentreted extract of wart tissue. BRoth
sera were consistently positive when tested with a numter of batches
of antigen prepsred from either fresh or frozen warts. These sere
vwere routinely used as positive controls in testing the sera of the
ot her patients.

Serum from DA showed an antibody titer ranging from 1:8 to 1;32
with different betches of antigen, The titer of the serum from Jp

ranged from 1:8 to 1316, Neither DA nor JP serum hed complerent
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fixing eantibodies ageinet normal ekin which had been ccncentrated
in the ultracentrifuge as a ccntrol,

Sera frem TA and JP were also tested acainst both infected AU
cells and normal AU cells which hed been cencentrated in the ultra-
centrifuge, Neither serum cculd be shown to heve complerent fixinge
amtibodies azsinst either the infected or the contrel entigen.

These two patients were found to have had no recurrence of

warts when checked eome months later,

RPegults Ef fluorocerbon treatmerts;

Representative complement fixstion tents were performed to
ascertain whether fluorccarbon trestments bed removed normel tissue
substances from infected tissue culture and wert tissue., The results
of these tests indicated that normel tissve ethatences were nnt re-
meved by the treatments as outlined,

Mntiserum prepared in rabtits agsinast treated wart tiscue had
a titer of 1:64 sgainst wart tissue end 1315 against normel ekin.

Antiserum prepared agninst fluorocsrton-treated infected AU
cells had a titer of 1:16 when tested egrinst normel AU cells,

Infected AU cells treated with fluorccarben were used as the
entigen in complement fixation tests with antiserum prepered against
untreated infected AU cells. The resultirg titer was 1:15., The
titer obtained wren this treated tissue culture antigen was tested

with entiserun against nermel AU cells was 1:8,
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The results of the experiments with rehbit entisera have deron-
gtreted a pattern similar to that shown by other sercloricsl inves-
tigations of tumors. Th2 problems of imperfect srecificity and
overlannine reactions with normal tissue heve constantly recurred in
tumor studies., It has been possible in the pest to produce artidodies
egainst tuman tumor tissus in experimental animals, (lLandeteiner, 104%)
but there hes continuelly been thre rreoblem of overlerning with normel
tiseue antigens,

Trese exrerimente have shown an antigenic component in both wart-
infected tisame culture snd in wart tissue extrects thet did not occur
in normel tissue, There were also common antigenic ccmponents shared
by the infected and ncrmal tissue es evidenced by ttre crces resctions
which ccecurred with both normal AW cells and normal skin. Absorption
procedures did not rid antisera ageinst infected wmaterials of normal
cell antibodies., Fluorocerbon trestments were also unsuccessful in
ridding ertigen preparaticns of normal tissue entigens,

These findings and similesr findinge of other investicators in
the tumer field were to be expected, pssuming that the extre anti-
genic components represented a causative agent of warte, such an acvent
would exist in close relationship with the host cell. Tumor agents
ray became interral parte of the infected cell and incorporate
celluler components which may well be antigenic, These agents mey
not even be trensmitted without passage of the host cell. That this

wes the cese with the wart agent wae indicated by the results of

31
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other evperiments which have been carried out in this laboratory with
warts in tissue culture. An agert isolated from wart piecee which
would produce cytopethogenic effect in tiesue culture could dbe
passaged to uninfected cell cultures if the infected cells themselves
were passed, Yo cytopethogenic effect has been demcnatrested when
cell-free fluid from infected cultures was uered as the inoculum.

These results indicated a close relationship between the wart sgent
and the host cell, It was therefore highly unlikely that en entiserum
specifically against the wart agent, free of normel cell antitodies,
could have been produced,

A primary object in this investigetion was to support the tissve
culture findinrs, It was arparent from complement fixation tests
with rabbit antisera that some antigenic component exiested in infected
tissue culture which was not present in ncrmal tiesue, Peesults with
antisera produced ageinst normel tissues supported this assumption.
Titers were essentially the seme when those antisera were tested
egaingt all antigens, These findines indicated that the arntiserum
was reacting with the normal cell elements of both the infected and
control entigens, This provided further evidence thet the infected
materials conteined an antigen not present in normal skin,

That it was the actual wart agent that was being paszed in
tissue culture was also supnorted by the results. Titers of anticsers
prepered ageinat infected tissue culture materials were also Heher
arainst wart tiesue extrects than agsinat normal tissues,

It hes been found that the whole infected cell ie neceseary to

paes the arent in tissue culture, Still, cell-free fluid frem



infected cultures aprarently contained thwe entiren msmcciated with the
wart azent, The agent which may hnve been freed from destrored cells
or even denatured must still have been etle to elicit the formetion
of complement fixation antibodies, even thorgh it mey take the intect
cell eontainine ttre arent to infeact, It hoce baen found in work with
other tumor arenta that destruction of infectivity does not necess.
erily destroy tre sbility of an arent to elicit complement fixing
antibodies (¥idd, 1038b),

Oomplement fixation titers with all the rehbit entisera were
low. Threpe titers comnared favorably, however, with results ohbtained
by other investisators in work with tumors snd tumor scents (7idd,
10%38g; Rowe et al., 1058; Taylor, 1959; Grahem and Araham, 1055),
Some rabbits develored a higher rance cf titeras than others. THs
micht have been due to individuel differences in the rebbits or to
the route of ircculetion. Those rehhits inoculeted intravenonsly, in
genernl, develoned higher titere than these inosulated enbeutereonely,
The intravenons rcite was mere ccndic’ve to the production of Ycher
antibedy levels., In addition, trose rabhite inoculeted intrevenouely
actually received weore sntigen than those inoculeted suhtcutereonsly,

Comnlement fixation tests with patients' sera heve shown thet
most wart patiente did not have antibodies arainst the wart scent in
detectrble levels., It was not possihle tc ehow complerent fixetion
with patients' sera and any of the routirely uced anticens, VWhren
wart tissne extract that had teen concentrated in the ultracentrifuce
was used as the antigen, two of the eirhteen rersons tested proved to

kave complexent fixetion titers ageinst thet entiren,



The quastion of w'y most wart petients did not heve detecto™le
cerplemant Pixing antibodies azainct werts could be anawer=d in rart
by the close relationsrip between the wart avent a=d the keet cell,
whichk reeults with tiseue cvlture and antisera preduced in rehhits
have indicated. It was net lilrely th-t antibeodies would te produced
areinet the ecent beerire cell--a part cf the patient's cwn tizeue,
Tre arent iteelf mioct heve been so closely protected by the cell
thet orly small arounts were aveilable to etimulate the production of
artibodies. The arent might have exieted only in emall amounts in
the cell. The level of éntibody rroduction in mest petients mi~™t
heve beéﬁ 8o low that it was not detecteble in corplenent fixation
teate even with concentrated wert antigern. In thre cese of scome
other patients, antigen mic't heve been released in larce exough
amounts to produce a detectable antihedy level.

The question was slso reiesed as to what pert wert antibodiee
play in the regression of warts, The petients who were found to have
entibodies hed had no recvrrence of their warts some mohths sfter
reQOVQl. Yovever, this was not time erouch on which to bese eny"
definite conclusicna. The sera of JR whose childhocd warte had
spontsneously recreased was ne2retive when tested against the concen-
trated wert antiren, Still, it is not poseible to discount the
poseibility of an imminologicel mechaniem of recression. The pstient
may have hed an e’tibody titer ageinst warts which had dirinished
during thre &6??8 since tbe~regreeaion of the warts., An area for
possible study would bte patients whoze warts were in the process of

sponteneous regression.
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It bea been discugsed thet thre acent mislt have been so clesely
related to the cell that it might not have be=an released in loree
enough amounts to elicit the formetian of atibodies., Tt ie also
conceiveble that entibody produced arpinst tlwe wart agent may not
penetrate the cell becauce of the semi-rermeability of the cell
memhrane, In that cace, regression of warts mey be due to some
entirely different mechariem thren the usual antigen-antibody resction.

Thie study hes provided serolorical evidence that a wart agent
hees been passed in tissue culture., Findings hove also supprorted the
agaumption that the wert acent is closely related to the hest cell
and mey contain antigenic comronents of the cell., A swall percentare
of wart petients have been skown to heve complerent fixine antibodies
to warts, It has not, however, been determined what part the presence

of antibody plays in the recreesion of warts,



SNARY

1. Antieera were produced in rahhits arainet wart_infented tig-ue

culture meterials and wart tisene extracts.

2. Complement fixetion tests indicated that a wart antiren exists.
A quantitative difference was found betveen the titers srainest infected

materials snd those asainst nermal sldin,

3. PResults of cross complement fixation tests with rabbit antisera
indicated that the same antigen exists in wert tissue extracts and
in infected tissue culture. Prom thie data it can he asmmed thot

the actual wartg agent has been passaed in AT cell cultures,

4, Oross reactions with normel skin and normal A" cells cauld neot
be eliminated from infent 31 matariala by fluorocarbon trseatments
or from antiaara arainet §nfertnd matapinla b algarption, Tt cen

he paamed that the wart arent containg covponants of the host cell.

5. Yost of the wart vatients tested had no cavnlemont Piyxing awti
halies ageinst wart metarialg, A small rwmher of pationts were

»

found to heve antibodies againet warts in low level,

A. Tt waa not determined what part, if any, thet the presenna or

absence of amntibonlies plays in the regression of warts.
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