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COMPLEVEVT FIYATTDN'STUDIES WTTH'VERRUCA VULGAPIS

by Janet W. Russell

Serological experiments with verruca vulgaris were undertaken to

substantiate findings that a wart agent was being passed in tissue

culture and to determine to what exten+ antibodies to warts exist in

the sera of patients. Complement fixation was the test indicated

for these experiments.

Antisera to wart materials, both from infected tissue culture

and wart tissue extracts, were prepared in rabbits by intravenous or

subcutaneous injection. An+isera were also prepared against normal

skin and normal AU cells as controls. Cross complement fixation

tests using all antisera and all antigens were performed.

Findings indicated that an antigen quantitatively different

from normal skin was present in both infected tissue culture materials

and in wart tissue. This antigen could be assumed to be a wart agent.

The cross reactions which occurred with normal skin indicated a close,

probably inseparable relationship between.the wart agent and its host

cell.

Sera from eighteen persons, mainly patients whose warts were

removed in the laboratori, were tested for antibodies to warts. TWO

of the patients were found to have antibodies against concentrated

wart tissue antiyen. Most patients did not have antibodies to warts,

at least not in levels detectable by complement fixation tests with
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concentrated antigens.

It was not ascer+sined in this study what part the presence

of antibody plays in the regression of warts. The possibility

that antibody is important in the regression of warts could not be

discounted.
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An increasingly important area in cancer research is the study

of virus—induced tumors. Numerous animal tumors have been shown to

be caused by viruses, but human tumors have yet to be definiteky

established as virus-caused.

Among the tumors of man, verruca vulgaris, or common warts,

has been considered to be of viral etiology since the end of the

last centurv but the specific causative agent has not been isolatedJ,

and characterized up to this time. Experiments still in progress

in this laboratory have shown that material from warts will produce

cytopathogenic effect in tissue culture, specifically in AU cells,

a human skin epithelial cell line. These results indicate that a

specific wart agent is present. Cells from infected tissue culture

can successfully passage the agent to new cells. The cells themselves

are necessary to infect the tissue culture cells. Cytopathogenic

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, is the best

method not available for this purpose. Emman warts have not been

transmitted to any eXperimental animal, and the hazards are too great



to attempt the inoculation of humans with the tissue culture material.

Since human serum is part of the nutrient fluid used to propagate the

tissue culture cells, there is danger of infecting humans with hepatitis

virus or other viral contaminants present in a number of hwman care.

There is also no assurance that the so.called normal skin cell line

has not acquired neoplastic properties. The inoculation of neoplastic

cells into humans constitutes a risk.

Complement fixation, on the other hand, is a simple and specific

technique, well-suited to viral antigens. The technique has also been

widely used in tumor research. It must be noted, however,'that comple-

ment fixation, or any other serological test 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

transmitted without the cell. Such agents may incorporate antigenic

components of the call so that antibodies are formed against these

normal cell components as well as against the antigens peculiar to the

tumor agent. It is often.impossib1e to obtain an antibody preparation

specifically reactive against the tumor agent free of normal cell

antibodies. Thus serological tests often show a quantitative, not

qualitative, difference between infected material and normal tissue

(Heuschka, 1952; Zibler, 1958).

In addition, other antigenic entities associated with normal

cells, such as speciea-specific, organ—specific, and Forssman

antigens may also complicate the picture. Tumors may also be

accidentally infected with oncolytic viruses or other microbial

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 tumors warrant the assumption

that complement fixation experiments with.verruca vulgaris at this

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

tumors.



LITERATURE REVIEW

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

tumors.

The early emphasis in complement fixation work with tumors was

placed on cancer diagnosis. In 1908, Simon and Thomas 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 sixtyhfive 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) performed complement 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 the virus causing papillomas 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 components than most tumor viruses.



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. The 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 some cases, sera that would neutralize small

amounts of the virus would not fix complement.

In other experiments, Kidd (1938b) found that the complement

fixing antigen of rabbit papillomas could be readily extracted from

those growths yielding infectious virus but not from normal rabbit

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 possible to

render the virus non-infectious 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 appeared that the infective virus

and the complement fixing antigen were extremely closely related if

not identical.

In l9h0 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 l9h0, 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 (19h0a) 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 1:2 to 1:16. Tests performed at different times showed that

the antibody appeared shortly after the appearance of the tumor and

increased in amount as the tumor enlarged. By ultrafiltration and

acetic acid precipitdion experiments, Hoyle showed that the infective

virus and the complement fixation antigen were the same.

Another rabbit tumor, the Browinearce carcinoma, a highly

malignant epithelioma arising in the testicles of rabbits, was

studied by Kidd (l9h0a). He demonstrated a substance in saline

extracts of the tumors capable of fixing complement when mixed

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



found in extracts of normal rabbit 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 Brown-Pearce tumor. Kidd (l9h0b) 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 (19ho) 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 (l9h0b) 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 extracts 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 l9hl, Taixeira 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 (l9h2a) reported a "natural antibody" in

the serum of normal rabbits which would fix complement when mixed

with fresh saline extracts of normal rabbit tissues. They (l9h2b)

ascribed the phenomenon to a naturally occurring serum principle

which reacts Specifically 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 (1915). 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

was 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 a1.

(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 twentybtwo successive times. During this period

rabbits 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 carcinomanearing rabbits 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 actuating cause of the carcinoma.

Eckert et al. (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 and Forssman aitigen 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 identifying 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. The 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 papillomas 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. Rabbits were inoculated with their

own red blood cells which had been adsorbed with papilloma virus.
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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 attempt to purify tumor antigens free of host tissue has

continued to be a challenge to investigators. In 1959, Taylor 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. The purified antigens were inoculated into rabbits.

Antisera produced were 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

tumor agent or complement fixing antigen free. Fluorocarbon.purifi-

cation was first described by Gessler et a1. (1956) who used the method

to separate a suspension of vaccinia virus from the chorio-allantoic

membrane material of embryonating chicken eggs. The method was

subsequently used by Hanson 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. Halonen et a1.

(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 (Eddy et al., 1958b; Beaudreau et al., 1958;

Stewart et al., 1958). 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 a1. (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 viruScs. Tissue

culture-grown polyoma virus was also used by Rowe et al. (1959a) in

comparative complement fixation and hemagglutination inhibition

tests. Eight mouse colonies were surveyed for the prevalence of

antibody to polyoma virus. Positive hemagglutination inhibition

titers ranged from zero to eighty-four per cent in adult mice in

different colonies, and complement fixation results were comparable.

Neutralization tests have also been extensively used in tumor

research. Neutralization studies 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 complement fixing antigen may

neutralize the agent as in the case of the rabbit papillomas

(Friedewald and Kidd, 19h0) or may be unrelated to the infective

ability of the agent, as in the case of the fowl sarcomas and

leukoses (Kabat and Furth, 19111).

In early neutralization studies, Andrewes (1933) showed that

sera from fowl bearing fibrosarcomata MHl and CTlO would neutralize

filtrates of several other fowl tumors. The fowl tumor viruses

were found to be antigenically related but not identical.

Foulds (1937) produced antibodies in rabbits which neutralized

filtrates of Rous sarcoma I, a chemically-induced fowl tumor. He

concluded that a virus was present in an intracellular virus-cell

protoplasm complex.

Cheever and Janeway (19hl), 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. The higher degree of immunity

conferred by tumor cells implied_that both a non-specific and a

Specific tumor factor were involved in eliciting the immune response.

Kabat and Furth (l9hl) 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 tne neut-
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ralizing antibody. 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 contained neutralizing but not com-

plement fixing antibodies.

Saphir et al. (l9hl) found that rabbits immunized to Brown-

Pearce carcinoma by subcutaneous implantation 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 which allowed the tumor to grow

in the eye.

Gottschalk (l9h3) 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 antibodies which would neutralize the leukosis-

sarcoma agent after absorption with normal chicken spleen. Rabbit

antisera to normal fowl tissue lacked the property to inactivate the

fowl cancer agent.

Green et al. (19h6) used neutralization tests to study the

cancer "milk agent" (the Bittner virus) in mice. They found the

agent stimulated the formation of antibodies in rabbits and rats.

Such antisera neutralized mouse mammary 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 agent. These findings pointed to exogenous origin of the virus.

These results were disputed by later investigators who were not able

to demonstrate a specific I'milk agent" antigen free of host tissue.

Kidd (1046) investigated the antibody produced in rabbits

implanted with Frown—Pearce carcinoma or with cell—free extracts

of the tumor. From the results of neutralization tests, be concluded

that the antibody reacted with a distinctive cell constituent which

played a significant part in the proliferative activities of the

Brown—Pearce tumor cell.

DuranpReynals and King (1947) found that immune bodies developed

naturally in the blood of aging chickens which would neutralize the

Virus of chicken tumors such as Rous sarcoma. These naturally

occurring immune bodies apneared to be similar to the "natural anti-

bodies! described by Kidd and Friedewsld (1942 a, h).

contrary to the work of Green et a1. (1946), Gorer and Law (l9b9)

could not clearly demonstrate specific neutralizing antibodies to

the mammary tumor "milk agent."

Law and Helmgren (1951) also measured the neutralizing titer

of mouse mammary tissue, both normal and malignant, which either

contained or was free of the tumor agent. No consistent difference

was found in the neutralizing titer of the antisera, implying the

lack of a specific tumor antigen.

The problem of the incorporation of normal cell components as

part of a tumor agent was encountered by Pesrd et a1. (1957).

Neutralization and precipitation tests were performed with concentrates

of the virus of avian erythroblastosis. Chickens immunized with
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these concentrates produced antibodies that effectively neutralized

the virus and reacted with the virus in precipitation tests. However,

the virus was neutralized by antiserum prepared in rabbits against

normal chicken.tissue. Antiserum against the virus of'myeloblastosis

was also effective in neutralizing the virus of erythroblastosis.

Reciprocal neutralization tests shewed the viruses of erythroblastosis

and myeloblastosis to be andigenically similar. Some difference was

evident in precipitation tests. These results indicated that the

two agents were closely related but not identical.

In addition to complement fixation and neutralization tests,

precipitation tests have also been used in the study of tumor agents.

Mann and Walker, in 1940, reported producing an antiserum which would

react in precipitation tests with the protein of human carcinoma

but not with a large number of representative normal tissues.

Smadel et al. (1940) reported isolating two soluble antigens

from skin and sera of rabbits acutely ill with myxomatosis. The

two antigens could be separated by ammonium sulfate precipitation.

Both reacted in precipitation tests with specific antibody.

Barrett (1941) Used the precipitation reaction to test a

particulate infectious fraction isolated from fowl sarcoma I with

rabbit antiserum prepared against the fraction. Barrett was not

able to show a difference between the sarcoma fraction and control

tissue from an eight-day—old chicken embryo in these precipitation

tests.

Imagawa, at al. (1948) found a quantitative difference,

manifested in the precipitation reaction, between.mouse mammary



1?

tissue containing the cancer "milk agent" and tissue lacking the

agent. Pabbit antisera against mammary cancer tissue reacted in

high dilution with tissue containing the agent, whether normal or

malignant, and in low dilution with tissue lacking the agent.

Antisera prepared aaainst normal nammary tissue abundant with mil“

a79nt reacted in the sane way. Antisera against normal mammary

tissue laching the ajeat would precipitate the mammary scent in low

dilutions. These results substantiated the neutralization findings.

of Gorer and law (1949) and Law and Malmgren (1951) which indicated

a close relationship between the "milk agent" and normal tissue.

Penn (1950) investigated the concept that some tumor antigens

may be lipoid in nature. Pb found that lipoid fractions from human

cancerous livers and tumor-bearing tissues would produce a flocculation

when mixed with the sera of cancer patients. Similarly prepared livers

of non—cancerous patients did not cause a flocculation. Penn.ypothe-

sized specific antibody formation in response to an endogenous

carcinogen.

Some tumor viruses can be adsorbed onto red blood cells. Bittner

(1947) found that the virus of the mammary cancer of mice, the “milk

agent," could be adsorbed by the red cells of non-cancerous mice.

Bittner (1945) had previously demonstrated that the mammary cancer

virus was concentrated more in the blood cells of infected mice than

in the serum.

Resend investigations have shown that the Stewart-Eddy polyoma

virus would cause hemagglutination of erythrocytes. Eddy et al.

(1958a) reported that polyoma virus would agylutinste red blood cells
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and that immune serum would inhibit the heuarclutination. Hartley

and Rowe (1959) reported that heating polyoma virus suspensions at

56 C for thirty minutes or treating the suspensions with a receptor

destroying enzyme would allow hemagglutination to occur when it would

not previously.

Rowe et al. (1950b) also used hemafglutination inhibition as

a means of titrating and detecting the polyoma virus. u’emegglutinetion

inhibition was found to be comparable in sensitivity, reproducibility,

and time required to obtain results to the method employing the

production of cytopathogenic effect in mouse embryo tissue culture.

law at al. (1940), investigating the supposed relationship of

polyoma to leukemia in mice, found that mice with hemagglutinstion

inhibition titers to polyoma were not necessarily immune to leukemia.

Any relationship between polyoma and leukemia in mice appeared to be

an accidental one.

Neither tissues from human warts nor the agent causing human

warts has been studied by serological tests. There has been no

definite evidence whether or not antibodies against wart tissue

exist. It is known clinically that children with warts can usually

look forward to their regression at puberty (Blank and Bake, 1055)-

The question than arises whether the regression is the result of

immunity to the agent causing warts or of some other yet unknown factor.

References were made earlier to the dangers of introducing viable

tissue culture material into humans. Although an agent has been

isolated in tissue culture from wart material, was it the agent causing

warts? “ere again the serological approach might contain the answer.

Ttds thesis presents the results of such an effort.



MATERIALS AND METFDDS

PREPARATION OF ANTIGENS:

Tissue culture antigens: Three kinds of tissue culture antigens
 

were used in these experiments; (1) wart-infected AU cells contained

in nutrient fluid, (2) cell-free fluid from wart—infected AU cultures,

and (5) normal AU cells contained in nutrient fluid (control). The

AU cell line was originated by Wheeler et al. (1957) and has been

serially passed in this laboratory for several years. 'Infected fluids

and cells were prepared from AU cell cultures by first seeding with

fragments of human wart tissues, then serially passing the infected

cells to normal cells in culture. Infection was allowed to progress

until most of the cells were detached from the glass surface. Remain—

ing cells were detached with s rubber-tipped glass rod. When the

fluid phase alone was used, the cells were sedimented by slow speed

centrifugation. 'Uninoculated AU cell cultures were the normal AU

cell controls. Monolayers were scraped off'the glass surface with a

rubber—tipped glass rod and the cells were suspended in the nutrient

fluid. The nutrient fluid used to grow'the cells was Hanks"basal

salt solution (Hanks and Wallace, 1949) with 0.1 per cent yeast

extract and 0.55 per cent glucose, containing 100 micrograms of

streptomycin and 100 units 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 inactivated 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 skin were used as antigens. HUman warts were removed by

total enucleation from patients in the laboratory. Tissues were

placed in Petri dishes and covered with approximately ten ml of

Hanks' basal salt solution containing 100 micrograms of streptbmycin

and 100 units of penicillin per milliliter. The tissues were kept

in this manner in the refrigerator at h 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 immediateky sealed in vials and frozen. Vials were

sent to the laboratory in dry ice and stored at -20 0.

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 mortar for five minutes 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 tenuminutes. The resulting supernatant fluid constituted the

antigen. Merthiolate, in a concentration of 1310,000, was used as

a preservative when the antigens were prepared with saline solution.

The tissue culture nutrient medium routinely contained antibiotics.

The human normal skin.used was obtained from the Edward Sparrow

Hospital. Foreskins 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 treated in

the some manner as the wart tissue to prepare the normal skin antigen.

The normal skin antigen was sealed in glass ampules, frozen, and

stored at -20 C until used.

For use in some complement fixation tests, both the wart tissue

antigen and the normal skin antigen, after 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 supernatant fluid. Concentrated antigens

were stored at 4 C until tkmy were used.

PREPARATION OF ANTISERA:

Rabbit antisera: The following antigens, prepared as described
 

shove, were used to prepare antisera in rabbits: (1) wart—infected

AU cells in nutrient fluid, (2) cell-free nutrient fluid from wart—

infected AU cultures, (5) extracts of wart tissue, and, as controls,

(4) normal AU cells in nutrient fluid and (5) extracts of normal

human skin. The antigens were inoculated into adult white rabbits

three times weekly for three weeks. Rabbits receiving antigens

containing cells were inoculated subcutaneously with 1.0 ml of

the antigen at each injection. These rabbits received a total

volume of 9.0 ml of antigen during the series of inoculations.

Rabbits receiving cell-free fluids were inoculated intravenously by

the marginal ear vein according to the folloWing schedule: 0.5 ml,

0.75 ml, 1.0 ml, 1.0 ml, then 1.5 ml for each of the following
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injections. These rabbits received a total volume of 10.75 ml of

inoculum during the series. Rabbits were bled by heart puncture

prior to inoculation and from ten days to two weeks after the final

injection. At each bleeding, 20 ml of blood was taken and the serum

was separated. sera were inactivated at 56 C for thirty minutes,

frozen and stored at -20 C until used. The rabbits 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' sera; Approximately 10 to 20 m1 of blood was taken
 

from patients in the laboratory and the serum was separated. All

sera were inactivated at 56 0 for ttdrty minutes, then frozen and

stored at -20 C until used. Sera were reinactivated for ten minutes

at 56 C if a week or more had elapsed between the first inactivation

and use.

OTHER REAGENTS

Saline solution: An 0.85 per cent solution of sodium chloride
 

in distilled water was used in preparing all reagents and in the

complement fixation tests. The saline solution was made up in liter

amounts and sterilized by aut oclavi ng.

Complement: The complement used in these experiments was either

 

a commercial glycerolized preparation# or fresh pooled guinea pig

serum. The commercial preparation was stored undiluted at h C until

s

Bacto—complement from.Difco Laboratories, Detroit Michigan
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used. Commercial complement could be kept at this temperature for

several months. The pooled guinea pig serum was obtained by bleeding

fifteen to twenty guinea pigs by heart puncture. The pooled serum

was dispensed in 1.0 ml amounts into small tubes with rubber stoppers,

frozen and stored at —20 C until used. Complement was titrated before

each.test in the manner described by Smith et al. (1948). In the com-

plement fixation tests, complement was used in a dilution determined

by the titrations to Contain two units per tube.

immolvsing The hemolysin used in the complement fixation tests

was a commercial glycerolized preparation‘. meolysin could be stored

undiluted in the refrigerator for several months. It could also be

stored for several weeks in a saline dilution in the refrigerator

without appreciable loss of potency. Femolysin was used in a dilution

determined by previous titration to contain two units per tube

(usually 13250 to 131000). Diluted hemolysin was titrated by the method

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

Sensitized cells; Sheep erythrocytes were obtained by bleeding
 

young sheep and collecting the cells in equal volumes of modified

Alsever's solution (Kent, at al., 1945). The cells were stored in

the refrigerator at 4 C until used. Erythrocytes could be stored in

this manner for a month to six weeks. Before each test a volume of the

cells was centrifuged at 1500 rpm for ten minutes, washed three times

with 0.85 per cent saline solution, packed at 1500 rpm for ten minutes,

and finally made up to a two percent suspension with saline solution.

*Bacto.antisheep hemolysin from Difco Laboratories, Detroit, Michigan
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sensitized cells were prepared by mixing a volume of the two

per cent suspension of erythrocytes with an equal volume of diluted

hemolysin. Sensitized cells wereincubated at 57 C for ten minutes

before use in complement fixation tests.

CORPI 3173??? F1 XATI ON TE "'1‘ 3

Cross complement fixation tests were performed with all antigens

and rabbit antisera. Patients‘ sera were also tested with all antigens.

In later tents, those antigens routinely used to test patients'sera

were concentrated in the ultracentrifuge.

Complement fixation tests were performed according to the method

described by Carpenter (1956) using constant antigen concentrations

and two-fold dilutions of antiserum. In the earlier tests, a total

volume of 1.0 ml per tube was used. The total volume was reduced to

0.5 ml per tube in later tests to conserve reagents. All reagents

were kept cold and tests were usually conducted in an ice bath.

Antigens were used undiluted or diluted 1:2. Cccasionally antigens

were anticomplementary. Such antigens were titrated (Smith et al.,

1948) to find the concentration at which they could be used in the

test without anticomplementary activity. Sera were sometimes anti-

complementary in high concentrations (undiluted, 1:2, 1:4). Serum

controls were routinely run for those dilutions and for all dilutions

with particularly troublesome sera. Two units of complement per tube

were used, determined by complement titration before each test.

Commercial complement was usually diluted 1:10 to 1:25.. Frozen

pooled guinea pig serum could usually be diluted 1350 to 1:40.
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Diluted complement was not used after standing more than a few hours.

,Two periods of incubation were used in the complement fixation

tests. The antigenpantiserum-complement mixtures were first incubated

overnight (16 to 18 hours) at 4 C so that fixation Could occur. The

sensitized cells were then added and the tests were reincubated at

37 C for thirty minutes. In early tests, a primary incubation period

of one hour at 57 C was employed instead of 16 to 18 hours at 4 C.

The refrigeration method was found to yield more sensitive results,

however, as reported by the Committee on Diagnostic Procedures for

Virus and Rickettsial Diseases (1956).

Results were read immediately after the secondary incubation

and finally after overnight refrigeration. Tubes showing no hemolysis

were read as four plus. Varying degrees of hemolysis were read as

three plus, two plus, one plus, or zero in the case of complete

hemolysis. The endpoint was considered to be complete hemolysis.

ABSORPTION PROCEDURES

Rabbit antiserum against infected AU cells was absorbed with

normal skin and normal AU cells in an attempt to remove antibodies

against normal cell components. Antiserum against cell-free fluid

from infected AU cultures was also absorbed with normal skin. For

use in this prrcedure, normal skin was ground in a mixing blendor

with saline solution for four one-minute cycles. The normal skin

particles were then sedimented by slowaspeed eentringation. The

supernatant fluid was removed. The sediment was mixed with an equal

volume of inactivated antiserum, incubated one hour in a 57 C water-
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bath, then overnight in the refrigerator at 4 C. The mixture was

then centrifuged at 2000 rpm and the supernatant serum frozen.

The normal AU cells for use in absorption procedures were

prepared by detaching the cells of a fully-sheeted monolayer from

the glass surface and packing them by slow speed centrifugation.

AU cells were then resuspended in saline solution in a concentration

of approximately 900,000 cells per milliliter determined by counting

crystal violet stained cells in a hemocytometer or by the turbidity

of the suspension. The absorption procedure used was the same as

that used for normal skin.

Absorbed sera were reabsorbed with normal skin or normal AU

cells, prepared as above. Reabsorbed sera were frozen until used

for complement fixation tests.

FKUORCCARBCN TREATMENTS

Taylor et al. (1959) reported a method for purifying complement

fixing antigens by the use of a fluorOCarbon, Genetron 115*. This

method was reported to remove normal tissue proteins and lipids from

various hmman.and chicken neoplastic tissues leaving a specific

complement fixing antigen. Fluorocarbon purification has also been

used by several other investigators to purify viruses (Gessler et al.,

1956; Manson et al., 1957; tilmmler and usmpcrian, 1957). A modification

of Taylor's method was tried in an attempt to remove normal tissue

substances from wart tissue and wart-infected AU cells.

*nenetron 115 (trifluorotrichloroethane) obtained from Allied

Chemical and Dye Corporation



Pieces of wart tissue, a ten per cent suspension in tissue

culture nutrient medium, were ground in a mortar. To two parts of

the ground wart suspension, one part of Genetron 115 was added.

The whole mixture was then ground for five minutes. The mortar was

kept cold in an ice bath during the grinding. The resulting liquid

was poured off into a conical centringe tube and spun at 2000 rpm

for ten minutes. Three layers were evident after centrifugation:

3 bottom layer of clear fluorocarbon, a thin middle layer of white

solid material and a clear aqueous top layer. The aqueous layer

was removed and constituted the treated antigen.

Wart~infected AU cells in nutrient medium were mixed with

Genetron 115 in a prescription bottle, two parts of the cell sus.

pension to one part of the fluorocarbon, and shaken vigorously for

several minutes. The mixture was then transferred to a cold mortar

and ground with a pestle for five minutes. This ground mixture was

returned to a prescription bottle and was shaken for five more

minutes before-being placed in a conical centrifuge tube. Centri—

fugation at 2000 rpm for ten minutes revealed the same three layers

that were evident with the wart tissue. The top aqueous layer, con-

stituting the treated anticen, was removed.

Antisera against the two treated antigens were prepared by

inoculating rabbits intravenously by the same procedure used to

prepare the other rabbit antisera.



Results of complement fixation tests with rabbit antisera:
-.«
 

Antisera were prepared in rabbits against the wart materials and

control antigens described above. The antigens used, total volumes

given, and routes of inoculation are summarized in table I. Those

rabbits receiving the wart-infected AU cells and normal AU cells

were given a total volume of 9.0 ml during the series of injections.

These antigens, which contained whole cells, were given subcutaneously

to avoid the formation of embolisms which might have occurred had

they been given intravenously. Those rabbits which were given cell-

free fluid from infected AU cells, extract of wart tissue, and extract

of normal skin received a total volume of 10.75 ml of antigen intra—

venously. Complement fixation tests with sera obtained from pre-

inoculation bleedings revealed that none of the rabbits used in these

emperiments had antibody titers to the teat antigens prior to inoculation.

Table II presents the results of cross Complement fixation

tests in which the rabbit antisera were tested against all the

prepared antigens. After the series of injections, all inoculated

rabbits had developed antibodies against their homologous antigens.

(The diagonal line connects the results with the homologous antigens.)

These titers were low, ranging from 1:16 to 1:256. As eXpected, the

cross complement fixation results also showed that the rabbits had

developed, to a lesser degree, titers against all the other andigena.

It can be seen, however, that rabbits inoculated with wart—infected
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Table I. Rabbit inoculations

Total volume Route of

Rabbit Antigen used of inoculum inoculation

l Wart-infected AU cells 9.0 ml subcutaneous

2 Cell-free fluid from 10.75 m1 intravenous

wart—infected AU cells

5 Extract of wart tissue 10.75 m1 intravenous

4 Normal AU cells 9.0 ml subcutaneous

5 Extract of normal skin 10.75 m1 intravenous

 



antigens developed somewhat higher titers against the infected antigens

than against the control antigens.

The first antiserum listed in table II, that produced against

infected AU cells, had a titer of 1:64 when tested against the homol—

ogous antigen, infected cells. When this antiserum was tested against

cell-free fluid from infected cultures, the titer was 1:52. The same

titer, 1:52, resulted when the antiserum was tested against extract

of wart tissue. In contrast, the titers of this antiserum against

the Control antigens were significantly lower: 1:4 against normal

AU cells and 1:8 against normal skin.

The antiserum prepared against cell-free fluid from infected

AU cultures had a titer of 1:128 against the homologous antigen.

A titer of 1:64 resulted when this antiserum was tested against

infected cells themselves. Against extract of wart tissue, the titer

was 1:52. Again, in the case of this antiserum as with the previous

one, titers were somewhat lower against the control antigens: 1:4

against normal AU cells and 1:8 against normal skin.

When the antiserum produced against extract of wart tissue was

tested against the homologous antigen, the resulting titer was 1:64.

Titers of this antiserum against the infected tissue culture antigens,

however, were lower: 1:15 against infected cells and 1:16 against

cell-free fluid from infected cultures. Titers against the control

antigens were 1:8 against normal AU cells and 1:16 against normal skin.

The antisera prepared against 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

‘__ AU cells A” cells wart tissue AU cells skin

Infected

AU 66118 1:64 1:52 1:52 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 1: 16

Normal
\

AU cells 1:16 1:16 1:16 1:1\1:8

Normal skin 1:128 1: 64 1:128 1: 128 1: 256

 



52

antiserum against normal AU cells was 1:16 when that antiserum was

tested against the homologous antigen, normal AU cells. The same

titer, 1:16, also resulted when that antiserum was tested against

infected cells, cell-free fluid from infected cells and extract of

wart tissue. Against normal skin, the titer was slightLy lower, 1:8.

The antiserum prepared against normal skin showed generally

higher titers against the various antigens than did any of the other

antisera. The titer was 1:256 against the homologous antigen, normal

skin. Against infected cells the titer of this antiserum was 1:128.

Against 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 rabbits against infected AU cells and

cell-free fluid from infected cultures were absorbed with nonnal

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 against normal tissues completely. Complement

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 against infected cells, when tested prior to

absorption with normal skin had a titer of 1:52 against ultra—

centrifuge concentrated wart tissue extract and 1:16 against
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concentrated normal skin. After absorption twice with normal skin,

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 antiserum had been absorbed twice with normal

skin, titers of 1:8 against concentrated wart antigen and 1:4 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 1:52

against infected AU cells and 1:8 against normal AU cells. After

absorption, those titers had been reduced to 1:8 against the infected

cells and 1:4 against the normal cells.

Results of complement fixation tests with patients' sera:
H-   

Since it is known clinically that warts are far less Common

after the second decade of life (Blank and Rake, 1955), it was

postulated that adult gamma globulin might contain antibodies

against warts. Commercial gamma globulin was tested in complement

fixation reactions with the five antigens which were used to prepare

antisera in rabbits. Gamma globulin proved to be anticomplementary

in dilutions up to 1:128. ligher dilutions showed no complement

fication with the test antigens. The anticomplementary activity

of gamma globulin has been reported by other investigators (Marcus,

1950).
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Eighteen human sera were then tested for antibodies against

wart materials. Twelve of the eighteen were from patients whose

warts were removed in the laboratory. of the remaining six, one

serum was from an eighteemmonth-old child (GE) without warts.

Another was from a young woman in her twenties (JR) who had had

warts as a child but had 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 obtained from the Red Cross for use in

tissue culture nutrient medium.

In early tests, the human sera were reacted with wart—infected

AU cells, cell-free fluid from infected cultures, extract of wart

tissue, normal AU cells, and extract of normal skin. Vone of the

sera fixed canplement with any of these antigens. It was then decided

to concentrate the wart-infected AU cells and the extract of wart

tissue in the ultracentrifuge. Narmal AU cells and extract of normal

skin were also concentrated as controls.

Two of the wart patients, DA and JP, who were bled after having

warts removed in this laboratory, were found to have antibody titers

against ultracentrifuge-concentrated extract of wart tissue. Both

sera were consistently positive when tested with a number of batches

of antigen prepared from either fresh or frozen warts. These sera

were routinely used as positive Controls in testing the sera of the

other patients.

Serum from DA showed an antibody titer ranging from 1:8 to 1:52

with different batches of antigen. The titer of the serum from JP

ranged from 1:8 to 1316. Neither DA nor JP serum had complement
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fixing antibodies against normal skin which had been concentrated

in the ultracentrifugs as a Control.

sera from EA and JP were also tested against both infected AU

cells and normal AU cells which had been concentrated in the ultra-

centrifuge. Neither serum Could be shown to have complement fixing

antibodies against either the infected or the control antigen.

These two patients were found to have had no recurrence of

warts when checked some months later.

Results of fluorocarbon treatments;
 

Representative complement fixation tents were performed to

ascertain whether fluorocarbon treatments had removed normal tissue

substances from infected tissue culture and wart tissue. The results

of these tests indicated that normal tissue substances were not re-

moved by the treatments as outlined.

Antiserum prepared in rabbits against treated wart tissue had

a titer of 1:64 against wart tissue and 1:16 against normal skin-

Antiserum prepared against fluorocarbon—treated infected AU

cells had a titer of 1:16 when tested against normal AU cells.

Infected AU cells treated with fluorocarbon were used as the

antigen in complement fixation tests with antiserum prepared against

untreated infected AU cells. The resulting titer was 1:16. The

titer obtained when this treated tissue culture antigen was tested

with antiserum against normal AU cells was 1:8.



DISCWSSICN

The result! of the experiments with rabbit antisera have demon—

strated a pattern similar to that shown by other serological inves-

tigations of tumors. The problems of imperfect specificity and

overlapping reactions with normal tissue have constantly recurred in

tumor studies. It has been possible in the past to produce antibodies

against tmman tumor tissue in eXperimental animals, (Landsteiner, lQhE)

but there has continually been the problem of overlapping with normal

tissue antigens.

These experiments have shown an antigenic Component in both wart-

infected tissue culture and in wart tissue extracts that did not occur

in normal tissue. There were also common andigenic components shared

by the infected and normal tissue as evidenced by the cross reactions

which occurred with both normal AU cells and normal skin. Absorption

procedures did not rid antisera against infected materials of normal

cell antibodies. Fluorocarbon treatments were also unsuccessful in

ridding antigen preparations of normal tissue antigens.

These findings and similar findings of other investigators in

the tumor field were to be expected. Assuming'that the extra anti-

genic components represented a causative agent of warts, such an agent

would exist in close relationship with the host cell. Tumor agents

may become integral parts of the infected cell and incorporate

cellular components which may well be antigenic. These agents may

not even be transmitted without passage of the host cell. That this

was the case with the wart agent was indicated by the results of

57
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other experiments which have been carried out in this laboratory with

warts in tissue culture. An agent isolated from wart pieces which

would produce cytopathogenic effect in tissue culture could be

passaged to uninfected cell cultures if the infected cells themselves

were passed. No cytopsthogenic effect has been demonstrated when

cell-free fluid from infected cultures was used as the inoculum.

These results indicated a close relationship between the wart agent

and the host cell. It was therefore highly unlikely that an antiserum

specifically against the wart agent, free of normal cell antibodies,

could have been produced.

A primary object in this investigation was to support the tissue

culture findings. It was apparent from complement fixation tests

with rabbit antisera that some antigenic component existed in infected

tissue culture which was not present in normal tissue. Results with

antisera produced against normal tissues supported ttds assumption.

Titers were essentially the same when those antisera were tested

against all antigens. These findings indicated that the antiserum

was reacting with.the normal cell elements of both the infected and

control antigens. Ttis provided further evidence that the infected

materials contained an antigen not present in normal skin.

That it was the actual wart agent that was being passed in

tissue culture was also supported by the results. Titers of antisera

prepared against infected tissue culture materials were also higher

against wart tissue extracts than against normal tissues.

It has been found that the whole infected cell is necessary to

pass the agent in tissue culture. Still, cell-free fluid from



infected cultures apparently contained the antigen associated with the

wart agent. The agent which may have been freed from destroyed cells

or even denatured must still have been able to elicit the formation

of complement fixation antibodies, even thorgh it may take the intact

cell containing the agent to infect. It has been found in work with

other tumor agents that destruction of infectivity does not necess-

arily destroy the ability of an agent to elicit complement fixing

antibodies (Kidd, 1958b).

Complement fixation titers with all the rabbit antisera were

low. These titers compared favorably, however, with results obtained

by other investigators in work with tumors and tumor agents (Yidd,

19589; Rowe et al., 1958; Taylor, 1959; Graham and Graham, 1955).

Some rabbits developed a higher range of titers than others. Ttie

might have been due to individual differences in the rabbits or to

the route of inoculation. Those rabbits inoculated intravenously, in

general, developed higher titers than those inoculated subcutaneously.

The intravenous route was more condrc’ve to the production of higher

antibody levels. In addition, those rabbits inoculated intravenously

actually received more antigen than those inoculated subcutaneously.

Complement fixation tests with patients' sera have shown that

most wart patients did not have antibodies against the wart agent in

detectable levels. It was not possible to show complesent fixation

with patients' sera and any of the routinely used antihen.. when

wart tissue extract that had been concentrated in the ultrscentrifuce

was used as the antigen, two of the eighteen persons tested proved to

have complement fixation titers against tint antigen.



The question of Why most wart patients did not have detectable

complement fixing antibodi (
D 2 against warts could be answered in part

by the close relationship between the wart agent and the host cell,

which results with tissue culture and antisera produced in rabbits

"
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have ind sated. It was not likely that antibodies would be produced

against the scent bearing cell-~a part of the patient's own tissue.

The agent itself might have been so closely protected by the cell

that only small arounts were available to stimulate the production of

antibodies. The agent might have existed only in small amounts in

the cell. The level of antibody production in most patients might

have been so low that it was not detectable in complement fixation

tests even with concentrated wart antigen. In the case of some

other patients, antigen might have been released in large enough

'amounts to produce a detectable antibody level.

The question was also raised as to what part wart antibodies

play in the regression of warts. The patients who were found to have

antibodies had had no recurrence of their warts some months after

remQVsl. Um-zever, this was not time enough on which to base an?“

definite conclusions. The sera of JR whose childhood warts had

spontaneously repressed was notative when tested against the concen-

trated wart antigen. Still, it is not possible to discount the

possibility of an immunological mechanism of regression. The patient

may have had an antibody titer against warts which had diminished

during the years since the regression of the warts. An area for

possible study would be patients whose warts were in the process of

spontaneous regression.
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It has been discussed that the agent might have been so closely

related to the cell that it might not have been released in large

enough amounts to elicit the formation of antibodies. It is also

conceiVable that antibody produced against the wart agent may not

penetrate the cell because of the semi-permeability of the cell

membrane. In that case, regression of warts may be due to some

entirely different mechanism than the usual antigen—antibody reaction.

This study has provided serological evidence that a wart agent

has been passed in tissue culture. Findings have also supported the

assumption that the wart agent is closely related to the host cell

and may contain.antigenic components of the cell. A small percentage

of wart patients have been shown to have complement fixing antibodies

to warts. It has not, however, been determined what part the presence

of antibody plays in the regression of warts.



S’TT'APY

1. Antisera were produced in rabbits against wart—infected tissue

culture materials and wart tissue extracts.

2. Complement fixation tests indicated that a wart antigen exists.

A quantitative difference was found between the titers against infected

materials and those against normal skin.

5. Results of cross complement fixation tests with rabbit antisera

indicated that the same antigen exists in wart tissue extracts and

in infected tissue culture. From this data it can be assumed that

the actual warts agent has been passed in A” cell cultures.

4. Cross reactions with normal skin and normal A" cells could not

be eliminated from infected asterials by fluorocarbon treatments

or from antisera acainst infected materials h? ahsorntion. It can

be assumed that the wart agent contains components of the host cell.

5. Most of the wart patients tested had no complement fixing anti-

bodies against wart materials. 1 small number of patients were
0

found to have antibodies against warts in low level.

4. Tt was not determined what part, if any, that the presence or

absence of antibodies plays in the regression of warts.
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