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Introduction 

I .. Statement of the-problem 

·rnrrnune responses to infectious agents have been studied 

for many years. Recently considerabli inierest has been directed 

to\<7fl.rd s tu.dies of the immune response in vitE_£. This approach 

prov:Ldes a system in which the antibody producing. pot.entiai of an 

individu.a~- animal can be studied under various cond:!.tions which 

COlJ ld not be s irnu la ted in the intact animal. Many reports have 

been published ·which describe in detail the secondary irrnnune re-

spouses of antibody producing organs, tissues and cells of various 

~nimal species. The antigens used in the~~-studies have be~n_quite 

. varied, ranging from relatively simple proteins such as egg albumin, 

human.or bovine serum a-lbumin to more complex materials such as 

bacterial products, viruses or erythrocytes. More recently there 

. I 
have been reports of prima.ry immune responses init_iated entirely . 

I 

in ~itro. These responses have been induced by the antigen alone 

and by nucleoprotein-antigen 6omplexes extracted from cells exposed 

to the antigen. Improvements in methodolo~y, refinement.of existing' 

techniques and development of extremely sensitive assays have made 

possible a greater understanding of the -immune response. 

Advances have been made in elucidating the'structure and 

composition of antigens which evoke immune responses. This is 
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partic't1larly evident .in the case of viruses. Knowledge of the struc-

ture and-localization of the antigen~c components of the virus 

particle have opened the way to new approaches to the study of the 

possible roles·played by viral proteins in the course of infection 

and in the host response. 

Interest in the immune responses of animals to adenoviruses 

is based on the fact. that these virus~s are important in human respir-

atory diseases. Since the discovery of the oncogenic properties of 

certain adenovirus types, much emphasis has been placed on the study 

of immune responses to the viral antigens during the process of onco-

genesis. One approach is through an in vitro study of antibody 

synthes.is to viral antigens. The antigenic structure of this group 

of viruses has been defined sufficiently to make this approach feas-

ible. 

. ~he p~rpose of this investigation was to study in vitro the 

immune responses of animal lymphoid tissues to adenovirus ant_igens. 

There have been no published repor~s of a study in which the adeno-

i 

v.iiuse;s were used as antigenic stimuli for the demonstration of in 

vitro ~ntibody responses. In many of the previous studies of the 

innnune response in vitro, the agents used to evoke the responses 

have been non-infectious or when infection~, the agent was not thought 

t6 produce disease in the host. The adenoviruses used in the present 

i!lvestigation are infectious and produce either a persistent,.asympto-

matic infection or overt disease in the host~ selected for study. 

This study was divided into .two parts. Part_ I was concerned 

· with a s'ys tern in which a latent infection without disease is 
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established in the experimental animal. Part II was concerned with. 

a system in which the infection leads to overt disease, i.e . 

. carcinogenesis. 
.\ 

Part I of this study was concerned with the-antibody 

·response of the rabbit· to adenovirus type 5. Adenovirus type 5 

was seiected: 1) because the virus can be produced and pur:ified 

with relative ease and 2) because the str~cture of the virus is 

well established. The rabbit _was selected because it has been 

demonstrated that rabbits injected intravenously-with adenovirus 

type 5 develop a latent infection (Pereira and Kelly, 1957). The 

virus may persist in the spleen for at least ~ight weeks without 

overt expression of disease. 

The purposes of Part·I were: 1) an attempt to demonstrate 

in. vitro immune responses in lymphoid tissues removed from rabbits 

immunized in vivo with adenovirus type 5, and 2) to study some of 

the factors or variables which might affect the ability of these 

tissues to respond to antigenic stimulation in vitro . 

. Lymph node, spleen and thymus tissues ·were studied with 

regard to their ability to synthesize viral antibodies following 

challenge in vitro with the specific' viral antigens. The response 

was studied with regard to the time of appearan.ce, duration of 

synthesis and specificity of the antibody produced in vitro. 

Attempts were.made to ascertain the cell types which may b~ found 

in the cultures of the antibody-produc~ng tissues. 

For the elucidation of the factors or variables which effect 

·the .ability of the tissues to respond in vitro, the. following. were 

studied: 

: ... 
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.1) the effect of various time intervals between 

the initial injection of the animal wi'th.viral antigens 

and the subsequent re-exposu~e in vitro of their lymphoid 

tissues to the viral antigens; 

2) the effect of various preparations used as antt-

gens to stimulate antibody synthesis in vitro, i.e. 

partially purified homotypic intact virus in various con-

. centra.tions and/or their .highly pU:.rified structural subunits, 

and heter?typic adenoviruses; 

.3) the effect of exposure of the tissue to compounds 

reported 'to enhance antibody production, specifically 

hydrocortisone-succinate (Ambrose, 19El~) ahd phytohemagglu-

tinin (Elves, ~oath and Taylor, 1963; Tao, 1964); and 

4) the effect of compounds. reported to inhibit anti-

body or protein synthesis,' specifically chloramphenicol 

(Ambrose, 196/3·, 1966; Svehag, 1964).and puromycin (Darken, 

1964). 

Part II of this study was concerned with a system in which 

viral infection leads to carcinogenesis. When newborn hamst~rs 

are injected with adenovirus type 12, tumors develop at the site 

of injection thirty to ninety days later. The adenovirus type 12-
\. 

tumor "system" in hamsters· provides a model for studying the immune 

responses of the host during viral oncogenesis. It has been sho\vn 

that once the virus induces tu111or formation or malignant transfor-

mation, the virus can no longer be recovered from the tissues of 

the animal or from the transformed cell· (Landau et al., 1966; 
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·Larson, Gosnell. and Hilleman, 1966). Certain viral structural anti-

gens may, however, persist in the t;umor cell (Huebner, et al.; 
. -- --

1963, 1964). This indicates that some portions of th~ viral genome 

·may replicate in tumor cells even though infectious virions·are 

not produced. It has also been shown that antibody to various~ 

antigens of the. virions can be_detected in serum from certain tumor 

bearing animals. The antibody is detectable in serum from many of 

the animals, but not all (Huebner, Rowe and Lane, 1~62; Huebner, et §1._~, 

1963). One possible explanation is that the serum antibody _levels 

are too low to be detected even by the most sensitive techniques. 

However, if it couid be demonstrated through in vitr<2_ stimulation 

of 11 primed" lymphoid tissue that synthesis of antibody to the viral 

antigen(s) does occur., then another approach to methods of searching 

for hidden viral genomes would be available. · 

The purposes of Part I~ were: 1) to demonstrate in vitro 

synthesis of antibody to adenoviru~ type 12 antigens by sple~n 

and lymph node tissues from hamster.s bearing adenovirus type 12-

induced -·tUlnors, ·and 2) to determine if there \vas a relationship 

between the capacity of the lymphoid-tissues to respond to challe11:ge 

in vitro and the pres·ence of serum antibodies and tumors. 

II. Review of related literature 

A. Antibody synthesis in vitro 

The study of_antibody, synthesis in vitro began with the de-

velopment of techniques and methods for maintenance of functional tis-

sues outside the intact host~ The earliest report-of antibody re-

sponse in vitro was that of Carr.el and Ing~bristen (1912), who 

:, . 
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claimed to have shown·antibody production in tissue cultures of lymph 

nodes and bone· marro-v1 cells from normal guinea pigs after· in vitro 

exposure to goat erythrocytes. Subsequent investigators, however, 

failed to reproduce these findings. 

Since the early reports, extensive investigations have been 

undertaken to study both the primary and secondary responses in 

vitro. Two recent reviews .(Stavitsky, .1961; Nossal, 1966) have 

covered in detail the developments of work. in th~se areas. The 

following is a brief summary o~ the highlights of these developments. 

Coons and associates undertook rather detailed studies of 

secondary immune responses in vitro and of ce~tain factors effecting 

these respon~es. Michaelides and Coons (1963) rep6rted that rabbit 

lymph node fragments could be maintained and stimulated to produce 

antibody in vitro for periods up to three weeks. They found that 

fragments were superior to cell suspensions for prolonged studies. 

O'Brien,' Michaelides and Coons (1963) shmved that the anamnestic 

response in vitro closely resembles the response in vi~ in sen­

sitivity to antigen, in time course of antibody production, in 

sequence of appearance and morphology of the antibo~y producing 

cells. They found as little as 0.0011-Lg/ml of bovine serum albumin 

would stimulate an antibody response and as much as 0.5 mg/ml would 

not inhibit the respons~. In these studies they consistently 

observed a lag phase between in vitro ~timulation.and appearance 

of detectable antibody. Once synthesis began the antibody titers 

rose abruptly, reached a plateau and declined slowly. The active 

cells in the early periods (3-L~ days) '\<Jere classified as inm1ature 

plasma cells; those found to be the active cells in later periods 
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(8-10 days) were ·classified as mature piasma cells .. 

Further studies by O'Brien .and Coons (1963), .Ambrose and 

·Coons (1963), and Ambrose: (1966) on the effect of metabolic inhi-

bitors such as 5-bromodeoxyuridine, chloram-phenicol, salicylate, 

·and ·puromycin i~dicated that the in vitro response was the result 

·of de !!.£Y.2. synthesis of antibody rather than passive release of 

preformed antibody. It was found in. the above studies· that the 

concentration, the time of addition and the duration of exposure 

to the inhibitor all affected the response. These studies suggest 

that the secondary in vitro.response is biphasic, characterized by 

an inductive phase followed by a productive phase (Ambrose, 1966). 

Many workers have confirmed and extended the early reports 

of Coons and co-workers. Th~ antibody producing tissues of various 

. -
animals (mice, .chickens, dogs, and guinea--pigs) have been utilized 

in stud;i.es of the secondary immune r_esponse in vitro. Patterson et 

al. (1963 a, b'"; 1966), Dutton ·~nd Eady (1964) and Svehag (1964) have 

shmvn that spleen fragments from immunized animals can be stimulated 

·is vitro to produce antibody. Their findings are in general similar 

to those of workers studying lymph node cultures, i.e., 1) the 

antibody response is antigen specific; 2) the quantity and duration 

of synthesis depends upon the conditions -of culture; 3) the appear-

ance of the antibody follows a lag phase after exposure of the 

tissue to the antigen; and 4) the response is sensitive to metabolic 

·inhibitors. 

Certain differences in the· response of lymph node and spleen 

fragments have been reported. Stavitsky (1961) reported that per 
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unit weight of tissue, rabbit lymph.nodes synthesized more antibody 

than the sgleen~. In a study of the antibody synthesizing capacity 

of various tissues of several strains of mice, Friedman (1964) 

found that the spleen cells. wer·e more· active than· lymph node ce_lls; 

however; the capacity of the spleen cell was also found to vary accord­

ing to the strain of mouse. The response of.the lymph node and spleen 

has been shov7n to vary according to the time interval bet'\veen in yivo 

injection of antigen and removal of the tissue for in vitro study 

.(Askonas and Humphrey, 1958; Dut~on and Vaughn, 1960; and Grabar and. 

Corvazier, 1960). Grabar and tbrvazier (1960) observed that the arch­

itecture of the lymph fragments is maintained in culture better than 

that of spleen ftagments. This may account for some of·the differences 

in responses reported by other investigators. 

Studies with thymic explants have been much less successful 

than those with· lymph node and spleen. In contrast with other lymph­

oid organs, there is little or no antibody formation and no plasma 

cell proliferat:Lon or formation of germinal centers in the thymus 

after systemic administration of antigen (Fagreus, 1948; Askonas and 

White, 1961). Direct injection of antigens into this organ, however, 

induces formation of g.ermit1al centers and plasma cells as well as 

the production of. antibodies (Marshall and White, 1961). Therefore) 

it would appear that the imrnuno1ogical competence of lymphoid cells 

within the thymus in vi~ is less than that of the lymphoid .cells in 

other organs, although this competence ciay be influenced by the age 

of the animal. 

It has been reported that. cultures of thymus from various 

animal species produce small amounts of immunoglobulin (Askonas 



and White, 1956; Thorbecke, 1960; Freidman, 1964). Van Furth et al. --
(1966) found during in vitro studies of n'ormal and pathological 

. human thymic tissue that normal adult thymus synthesizes immuno-

globulins A and G but no M. Tissues from patients with myasthenia 

gravis and systemic lupus erythematous were found to synthesize· 

im.rnunoglobulin M as well as A and G. Th~ specific antibody activity 

of these imrnunog lubu lins \vas not studied. 

Ortiz-Muniz and Sigel. (1967) reported synthesis of specific 

antibody in fragments of thymus from· rabbits i~~unized with bovine 

·serum albumin. The fragments were found· to elaborate antibody only 

after secondary stimulation in vitro; there \\'as no evidence of con-

.tinued synthesis as a result of primary in vivo s.timulation. Al-

thorigh their findings were not construed as proof of the antibody 

forming capacity of the thymocytes, they _are suggestive and are 

interesting in vie\v of the work of Claman (1966) and Winkelstein 

and Craddock (1967). These worke-rs have shown that a dual popula- · 

tion of cells exists in the thymus. The major population has auto-

nomous proliferative ability, actively synthesizes DNA ·for a short 

period of. time, but does not respond to antigenic stimulation or 

phytohemagglutinin. The minor component is the "resting':tr· popula-· 

tion of small cells (lymphocytes) which proliferat'e and undergo 

olastoid transformation, not unlike that seen in lymphocytes of 

the peripheral bl6od. 

In vie\v of the heterogenous nature of lymphoid cells, 

many attempts have been made to determine the cell type responsible 



for antibody producti.on. In her now classical study of the. sp.leen, 

Fagreus (1948) demonstrated that the red pulp of the spleen con­

sists primarily of-plasma cells and is more active in vitro in 

antibody production than the white pulp which consists mainly of 

lymphocytes. 

Two groups of worke.rs have attempted to extend knowledge 

of antibody production b.Y studying individual lymph node cells 

isolated from immunized animals. Nossal and co-workers (1966) 

have· ·concluded that: a) most antibody producing cells belong to 

10 

a specialized ·family .of cells, the plasma cell ·series, characterized 

by RNA-rich cytoplasm and an eccentric nucleus. b) The chief 

difference between the primary·and secondary response is a gre~ter 

proportion and absolute number of antibody producing plasma cells 

proliferating in the lymph nodes after the secondary stimulation. 

c) The plasma cells are highly specializ-ed in that, with rare 

exceptions, each cell forms one type of antibody. d) Many plasma 

cells or cell clones go through a sequence whereby each forms 19S 

and 7S antibody.with· identical or very similar combining sites. In 

contrast, Attardi et al. (1959) found in their system that antibody 

production is by no means confined to the plasma cell family. These 

\olOrkers maintained that the lymphocyte forms approx:imately as much 

antiJ:?ody as each plasma cell and the numbers of cells capable of 

producing t'tvo different types of antibody are gre.ater than the work 

of Nossal's group indicates. 

The studies of Gowans (1959, 1962) with thoracic duct lympho­

cytes and the demonstration by Hungerford et aL (1959) that peripheral 

lymphocytes exposed to phytohemagglutinin are capable of blastoid 

transformation have created new interest in.the role of the small 

lymphocyte in antibody production. Elves ~ al. (1963) reported 
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th~t peripheral blood lymphocytes from individuals pr~viously 

irrnnunized vJith tetanus or diphtheria toxoid undergo a· blastoid 

transformation either in the presence of ~he specific antigen 

or iri the presence of phytohem~gglutinin. 
:···: ;: 

These cells produce 

specific antibody. They postulated that the small lymphocyte has 

the intri'llsic ability to "remembern a previous experience with an 

antigen. Ta.o (.196'-~) similarly reported a specific anamnestic 

response I·las produced when lympb node frag1nents from rabbits 

hyperimmunized \..Jith bovine_ serum albumin ·were exposed to phyto-

hemagglutinin i~ ~-itro. 

Although many investigators have successfully demonstrated 

antibody synthesis and anamnestic responses in ~~tro, the demon-

stra-tion of a ·primary response initL:1ted in_ vitr~·has_ been more 

difficult to achieve. Stevens and HcKenna (1958) and McKerina and 

Stevens (1960) claimed to have produced a primary antibody response 

in vitro. They added bovine y-globulin to splenic fragments and 

peritoneal exudates obtained from rabbits which had been non-

specifically primed with endotoxin 24 hours ·prior to sacrifice. 

They reported the detection of agglutinins .for erythrocytes 6oa~ed 

with bovine y-·globulin. The material the.y detected was found to 

be heat labile at 56°C and lost ac~ivity. after storage at -~0°C. 

These properties are not shared by most antibodies which have been 

described and, therefore, it is doubtful that the material they 

detected was classical antibody. 
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Globerson and Auerbach (1965) reported the initiation of 

a_primary antibody ~espouse following the exposure of spleen explants 

from mic;e to sheep erythrocytes. In the initial experiments they 

had pre~reated their animals in vivo with either phytohemagglutinin 

or Freund's adjuvant. In a later report (Globerson and Auerbach, 

1966), they repeate~ their results without pretreatment of the 

animals in vivo. Tao and-Uhr (1966) -demonstrated the presence of 

19S antibody fqllowed by appearance of 7S antibody in organ cultures 

of lymph nodes from non~irmnunized rabbits which were exposed in 

vitro to bacteriophage 0 X 174. They concluded this to be sugges-

tive of a primary response which had been initiated entirely in 

yitro, Saunders and King (1966) reported the induction of a pr~mary 

response when paired spleen and thymus explants from non-immune mice were 

incubated in ~itro with coliphage R-17. The animals used in both 

of the above experiments received no pretreatment. in vivo_, nor was 

it found necessary to subject the ant;:igen to any preliminary treat-

ment. 

In the previous exper.iments, fragments or explants had 

been studied. Under these conditions the architecture of the 

tissue is more or less maintained. Mishell and Dutton (1966) 

exposed dissociated spleen cells {rom non-immune mice to hetero-

1ogous erythrocytes and reported the initiation of a primary 

response. They claimed to have shown·a response in vitro com-

parable in magnitude to that seen in vivo. 

Fishman (1959, ·19.61, 1963) and associates have also re-

ported the induction of a p-rimary response in vitr.o. These workers 
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employed a two-step system in which the antigen (hemocyanin or T2. 

bacteriophage) w~s incubated with macrophages from peiitoneal 

exudates obtained from non-immunized rabbits. The macrophages 

were then disrupted and the cell free extracts were incubated 

with 11 normaln lymphocytes. Their experiments indicate that during 

the incubation of the antigen with the ma~rophages a macromolecule, 

presumably RNA, is produced which is capable of converting non­

immune_ lymphoid cells into antibody producing cells. The antibody 

response has been shown to be.biphasic, consisting of an early wave 

of 19S antibody and a second wave composed mainly of 7S antibody. 

Other workers (Askonas and Rhodes, 1965; Friedman et al., 

1965) using the "Fishman sys tern" have found that small amounts of 

antigen remain in the cell free extracts and that the antigen com­

plexes with the RNA. 'fhere-fore, these workers have suggested that. 

the macromolecule acts as an adjuvant. However Adler, Fishman and 

Dray (1966) used rabbits chosen so that the peritoneal exudate cells 

and lymph node cells were from animals of different_allotypes. With 

this. procedure they showed that the· IgH antibody produced by the 

lymph node. cells contains antigenic markers characteristic of the 

donor of the peritoneal cells and the IgG antibody has the allotypic 

specificity of the donor of the lymph node cells. These studies 

indicate that the RNA acts in some fashion other than as an adju­

vant. 

From studies on the conversion of.non-im..-rnune spleen cells 

to antibody producing cells by RNA extracts, Cohen (1967) has 
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postulated the presence of specific recognition sites on the com-

· petent recipient cells. The presence of s~ecific binding sites 

on recipient c~lls is predictable from a model of antibody forma-

tion which requires the cooper~tive efforts of two.cell types for 

antibody formation. This model postulat~s that macrophages transfe~ 

an activating or inforrnative material to a sma~l number of competent 

lymphocytes which possess recognition sites fo'r the product ·of ther 

macrophages. · 

The increase in infor~ation obtained fro~ studies bf anti-

body synthes::~s in vitro has been possible because of the develop-

ment of very sensitive assays capable ·of detecting· small amounts 

of antibody. 

The technique of tanned cell hemagglutination was described 

by :Boyden (1951) and modified by Stavitsky (1954). This ·technique 

is suitable for detection of antibody to almost any soluble protein 

antigen. The assay is extremely sensitive. When combined with 

·hemagglutination inhibition reactions and carefully controlled, the. 

assay is report~d capable of detecting less than o~Olug of specific 

antibody (Stavitsky, 1961; ·1963). · 

Ranney and London ( 1951) described a technique which is com-· 
. . 

.parable 'to· the ·tanned cell hemagglutination method in sensitivity 

and can differentiate passive·antibody release from active synthesis~ 

This technique makes use of radioactively labelled amino acids which 

are incorporated into newly sy.nthesized. antibody and ca.n be detected 

by precipitation with the specific antigen or by co-precipitation 

with homologous antigen-antibody complexes. 
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Jerne and Nordin (196j) introduced a hemolytic plaque assay 

r_equiring complement which makes possible the detection of hemo-

lysins produced by single cells or clones of cells. In the original 

assay the antibody producing cells and antigens· (erythrocytes) w_ere 

incorporated in an agar matrix. Ingraham and Bussard (1964) de-. 

scribed a similar technique in which carboxymethyl cellulose re-

placed the agar matrix. Subsequent modifications 6f the technique 

by Sterzl and Riha~(1965), and Dresser and Wortis (1965) have 

improved the method to the point that c~lls producing 198 and 7S 

immunoglobulins can be differentiated. Pick and Feldman (1967) 

described a further modification in which they combined autoradio-

graphic_methods with the plaque technique and were able to det~ct 

antibody in isolated lymph node cells to soluble protein antigens. 

B. Antigenic composition of ade"ri.oviruses 

The human adenoviruses were discovered by Row·e et al. 

(1953). This group_of viruses is associated with a variety of 

respiratory diseases (Huebner et al., 1954; Parrott et al., 1954) 

as well as a variety of other disease syndromes in man {Soheui, 

et al. , 1965; Gaffe and Naassab, 1967; Boniuk et al., 1965). 

SepRration of these yiruses into specific groups and types 

within a group has become possible as a result of intensive studies 

of their morphology and antigenic p:t;·operties. A separation of ' 

the human adenoviruses into s~bgroups and types within a group was 

proposed by Rosen· (1960)~ This method is based on their ability 

to aggltitinate monkey and rat ~rythrocytes. 

The morphology of the adenov:i:ruses was ·first· elucidated 

by Horne ~tal~ (1959). These workers were able to show by 

• ,.r 
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electron microscopy that the viral capsid is an icosahedron con-

structed of 252 morphological units. Subsequent studies on the 

architecture of the ·adenovirus capsid have revealed the presence 

of 240 non-vertex capsomeres, .;,12 vertex capsorneres plus projections 

with terminal knobs (Smith, 1965; Smith et ~~, 1965; Valentine 

and Pereira, 1965; Norrby, 1966 a; Norrby et al., 1967) ~ Nulti-

plication of these viruses in infected cells has been showri to 

be associated with the syhthesis of three distinct soluble anti-

gens (Pereira, 1959) ·which ar(= subsequently incorporated into the 

viral capsid (Wilcox an~ Ginsb~rg, 1963 b; Valentine and Pereira, 

1965; Norrby, 1966 _a, b). Recently a non-structural antigen has 

been demonstrated in preparations of certain adenovirus types 

(Hoggan ~_!:_ al., 1965; Russell and Knight, 1967). 

The antigens or morphologic components can be separated 

from each other and from the infectious virions by a variety of 

methods including immunoelectrophoresis (Pereira, Allison and 

Farthing, .1959), chromatography onDEAE-eellulose columns (Klem-

perer and Pereira, 1959; Wilcox and Ginsberg, 1961; Haruna et al., 

1961; Ge lderb lorn e t a 1. , 1965; . Huebner· et al. , 1965), ·dens :L ty 

gradient centrifugation (Allison~ al., 1960; Wilcox and Ginsberg, 

1963 b; Smith, 1965) and polyacrylamide gel electrophoresis (Maizel, 

1966; Petterson~ al., 1967). 

The three antigens associated with multiplication of the 
. . 

adenoviruses were originally designated· as antigen.A, B, C 

(Pereira et al. , 1959). Antigen A is a group-specific antigen 
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shared by most adenov:Lruses serotypes of human and animal origin; . 

antigen C is largely type-specific. Antigen B corresponds to the 

ncell detaching factor" of Rowe et ~!.· (1958) or the 11 toxin-like11 

factor of Everett and Ginsqerg (1958). Antigens A and C have 
' I ',t.'l.. 

been. shown to be antigenically distinct, whereas.antigens Band 

Care related. Pereira (1960) demonstrated that antigen B.is a 

complex formed by antigen C in combination. with an additional com-

ponent. This was subsequently confirmed by electron microscopy 

(Valentine and· Pereira, 1965). 

These investigations 'W-7ere able to show that antigen A is. 

analog?us to the.non-vertex caposomeres; antigen B is composed of 

the vertex capsomeres ·plus the projections and antigen c is anal-

ogous to the projections on the vertex capsomeres~ The pro-

jections on diffeient serotypes have been shown to vary in length 

{Wilcox et _§.J.., 1963; Valentine and Pereira, 1965; Norrby, 1966 a; 

Norrby et al .. , 1967; Peterson e~ !!l. , 1967). To s ta:ndardize 

terminology ·Ginsberg ~t al. (1966) proposed that the name ·"hexon" 

be used for antigen A and 11 penton" for antigen B to denote that 

each unit of these antigens has six or five. n·earest neighbors 

respectively in the viral capsid. Antigen C is now designated 

as the u fiber''. 

/ The coritponents of the virus which are res pons ib le for the 

direct hemagglutination properties of different serotypes reflect 

certain differences in the adenoviruses types. Th~se -components 

have been described as the complete hem~gglutinin and ~he 
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incomplete hemagglutinin, the latter of which requires the presence 

of heterotypic antise~um for demon·stration. The two hemagglutinins 

p:-esent in adenovirus types 1, 2, ·4, 5 (Rosen's group III) have been 

identified as the penton and .the fiber ~ntigen (Pereira and de 

Fiqueiredo, 1962). The penton causes complete hemagglutiriation; 

the fiber causes ~ncomp1ete hemagglutination and requires the. pre-

sence of J:'leterotypic antiserum. The.complete hemagglutinin of 

·types 3 and 7 (Rosen's group. I) and type 9 (Rosen's group II) con-

sist of an aggregate of 12 penton units; the isolated pentons are 

the incomplete hemagglutinins (Norrby, _1966 a, b; Norrby and Skaaret, 

1967; Norrby et al., 1967). In other serotypes, hemagglutination -.- . 

is associated \vith both the virus particle and the soluble antigens 

(Wig~nd_and Wunns ,1966). 

The _elution ~.patterns of the soluble antigens separated on 

DEAE also indicate differences in the viral subunits of the members 

of the four sub-groups as well as of the types within a sub~group. 

The elution-profile of Group I, II and IV is such that with in-

creasing sodium chloride concentration, the antigens separate in 

the order hexon, penton, fiber (Haruna et al., 1961; Gelderblorn, 

1965; Huebner et al., 1964). The order in which the subunits of 

types 2 and 5 .in Group Iii elute is fiber, penton, hexon; however, 

components of type 4, also in Group II, elute in the order of 

Groups I~ II and III (Klemperer and Pereira, 1959;. Wilcox and 

Qins berg, 19 61). 

The vi.ral subunits are proteins which differ in composition 

between related and unrelated serotypes. Howev~r, relatively 
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little is known about the size or number of polypeptide chains 

composing. the substructures. Polyacrylamide.gel electrophoresis 

of adenoviruses disrupted by 'treatment with sodium docecyl sul-

fate and.2-mercaptoethanol resu~~ed in the separation of ten 

different bands (Haizel, 1966). Laver ~ al. (1967) have 

demonstrated the presence of two N-terminal amino acids (alanine 

and glycine) in certain adenovir~ses. Both of these amino acids 

were found in protein associated with the.DNA of the virus and 

were thought to be associated with an internal protein rather 

than with components of the capsid. 

A variety of serologic methods have been used to demonstrate 

antibodies to the various components of·the adenoviruses. These 

include neutralization of infectivity, complement fixation, 

hemagglutination inhibition and indirect hemagglutination of 

tanned erythrocytes coated with the antigenic components. The 

nature.of the viral antigens responsible for these serologic 

reactions has been.the subject of several investigations. The 

neutralization of adenoviruses is a type specific reac·tion and· 

was suggested-by Wilcox and Ginsberg (1963 b) to be· as~ociated 

with both the fiber and the hexon. Howev~r, recent studies by 

Petterson (1967) indicate that purified .hexon is not ca~able of 

stimulating neutralizing antibod;Les in rabbits. All the major 

components can be demo~strated by complement fixation (Wilcox 

and Ginsberg, 1961). The antigens involved in the passive 

hemagglutination reactions were reported by Friedman and Bennett 
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(1957) to be associated with both type: ... ·and group specific antigens. 

Further study of this reaction by Ross and Ginsberg (1958) indi­

cated that·the reaction was associated with soluble components 

rather than the intact virion. They showed that the reaction could 

be made type specific bi absorption of the antisera with a pool of 

heterotypic-adenoviruses. Pereira and de Figueiredo (1962) 

suggested the reaction may be due pr-imarily to the group specific 

or hexon antigen. However, -recent studies by Lefkbwitz (1967, 

1968) \vith purified components of adenovirus types 5 and 12 indi­

cate that the principal antigen involved is the fiber. Some activity 

is associated with the penton, but the hex6n could not be assayed 

by this method and, therefore; ~pparently does not attach to the 

tanned-erythrocytes. 

C. Adenovirus 12-tumor system 

Since the demonstration by Trentin and co-workers (1962) 

of the oncogenic effects of adenovirus type 12 in newborn hamsters, 

the adenovirus tumor system has been widely studied from the stand­

. point of humoral antibody response to the structural virion and 

tumor or neoantigens. 

Huebner, Rowe and Lane (1962) demonstrated antibodies in 

the serum of tumor bearing hamsters which would fix complement 

in the presence of adenovirus 12 antigens. Th~se antibodies were 

sho~n to be essentially type specific and were fourid only in_sera 

from tumor bearing animals. The antibodies ·were not found in sera 

from animals which did-not develop .tumors although the animals had 

been injected with adenovirus 12 at birth. In further studies 
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Huebner· and associates (1963) found th'at virus specific· complement 

fixing antibody responses developed in hamsters in which trans­

plants of adenovirus tumors grew progressively and the degree of 

res.ponse could be correlated with the tumor size. The tumor 

transplants were cap~ble of ind~cing complement-fixing antibody 

to adenovirus type 12 even when the animals bearing the primary tumor · 

from \vhich .the transplant was: made failed to develop the specific 

complement-fixing antibody.· In view of the reported failures to 

recover infectious virus from the tumor cells, these finding's 

suggested. that although complete infectious virus was not being 

synthesized, a specific antigen or com~onent of the virus was 

persisting and perhaps replicating with the· tumor cells. However, 

the complement fixing antigen which had been utilized in these 

early studies -vms quite crude and the reaction was caused in part 

by the presence of tumor antigen which is also present in cells 

infected with adenovirus tjp~ 12. 

Subsequently, Huebner et: al. (1963, 1964) demonstrated the 

presence of specific. aden_ovirus complement-·fixing f=lntigen present 

in v~rus free Gells from hamster and rat tumors. The evidence 

p'resented indicated that the. antigen present was the structural 

_type-s~ecific C or fiber antigen rather than the structural group­

specific A or hexon antigen. The presence of the structural fiber 

antigen was not confirmed by Pope and Rowe (1964) with immuno­

fluorescent techniques or by Berman and Rm.;e ( 1965) with immqno­

diffusion techniques. 
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Specific non-virion antigens have been demonstrated in 

adenovirus 12 tumor or cells transformed by adenovirus 12. These 

antigens (neoantigens or· tumor antigens) have been demonstrated by 

complement fixation reac.tions (Huebner et al., 1964; Gilead and Gins-
. . ---

berg, 1965), and with immunofluorescent techniques (Pope and Rowe, 

1964; Levinthal ~ al. ,. 1966; Shimojo et al., 1967). The results/ 

of the latter studies indicate that the tumor antigens·are local-

ized predominately "t;vithin the nucleus and are probably distinct from 

the transplantation antigens. The transplantation antigens are 

thought to be present at the cell surface (Winn, 1960; Moller and 

Moller, 1962; Berman, 1967). 

Berman and Rowe (1965) using agar gel diffusion techniques, 

found three types of antibodies to "new antigens" in the sera of 

tumor bearing.hamsters. Only one of these ant-igens was demonstrable 

in the tumor. This antigen is also found during early stages of 

the. infectious cycle in tissue culture cells; it is usually referred 

to as the "Tn or "tumor" antigen. Other new antigens rnay be present 

in the tumor; however, these are demonstrable only indirectly 

through the presence of specific seruiil .antibodies or through trans-

plantation resistance. Antibodies to the type-specific-Cor fib~i 

antigen and B: new antigen, termed D, may be found in the sera of 

hamsters bearing adenovirus type .12 tumors. 

The structural antigens of aderioviru~ type 12 have been fairly 

well characte.rized. flowever, until recently, much less \-las known 

about the nature of the tumor or nT1111 antigen induced by adenovirus 
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type 12. Gilead and Ginsberg (1965, 1968 a, b) have presente~ 

evidence that the''T" antigen is a·relatively small (s 20w 2.58), ·heat 

labile, acidic protein of a ~ingle molecular species. The protein 

is synthesized early in the·co~~~e of infection-before the pro-

duction of viral DNA and _capsid proteins. Its production is de-

pendent upon §~ ~ protein synthesis, but it In9-Y. be synthesized 

in the absence of Dr·IA synthesis. The role of the tumor antigen 

remains to be defined. Al_though the evidence suggests that it is 

prol;>abl~ an 11 early protein" or enzyme necessary for synthesis of 

viral DNA, the possibility retn~1ins that it has no role in either 

vitus replication 6r viral oncogenesis and merely serves as a 

marker of a_ functioning portion of the viral genome in the tumor 

or virus-infected c~lls. 

With regard to the antibody response in the tumor bearing 

hamster, it has been shown that the a,ntibody to both the tumor or 

· nrn a.ntigen and the structt1ral virion antigen ~re f~und excl-usively 

in the. 7S ·fraction of the gamma globulin (Hollinshead et al., 1966; 

Fugmann. and Sigel,_ 1967; Van HooBier -et al., 19·68). Fugmann and 

Sigel (1967) found that the hamster 7S antibodies to the "Tn anti-

gen could ·be subdi-vided by DEAE chromatogr:3-phy into two fractions, 

y-1 and -v-? 
I - • 

The role of the antibodies in relation to the process of 

tumorigenesis has not been established. Several recent studies 

have indicated that the antibodies to the structural components 

of the virus afford some protection to the host. ·Eddy and coworkers 

( 1964) found an inhibition of tumor production in hamsters repea.ted ly 
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injected with live adenovirus type 12. during the p~ri~d of tumor 

formation. Peries et al. · (1966) demonstrated inhibition of the· 

formation of adenov·irus 12 induced· tumors in hamsters inoculated 

subcutaneously with live adenoviru~ type 5. No irihibition 

occurred when killed type .. 5 was used. Schild et al. (1967) re-· 

ported production of tumor inhibition.when hamsters were immunized 

with .both live and killed adenovirus type 5,. live types 2, 7 and 

12. In their study, tumor ·inhib.ition ·Has found to be grea.ter in 

animals imrn.unized with the· heterotypic viruses than with the homo·· 

logous type 12. Larson et al. (1967) 'demonstrated the prevention 

of virus tumorigenesis in newborn hamsters when the mothers had been 

immunized with virus prior to conception. This study was done with 

the SV-40 system and no report of a similar study with adenovirus 

type 12 has been published to date. 

While much is known about the in vivo immune responses 

in tumor bearing hamsters, relatively little has been reported 

concerning studies of the in vitro imn1une responses of tissues or 

·cells of these animals. 

Hellstrom and Sjorgren (1967) demonstrated by colony 

inhibition tests that· lymphocytes from animals sensitiz'ed to the 

s.pecific tumor antigen of adenovirus type 12 tumor cells are capable 

. of.inhibiting the establishment of the tumor cells when the two 

c~ll types are planted together. This· inhibition was mediated 

in the absence of complement. Evidence presented in this' report 

suggests that ·the response of the sensitized lymphocytes was 
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directed against .the transplantation antigen rather than CF antigens 

present in the tumor cells. 
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·MATERIALS AND METHODS 

I. Cell cultures 

HeLa, KB, a.nd human embryonic kidney (HEK) cells were grown 

as monolayers in 8 or 32 ounce prescription bott]es. Adenovirus 

type 12-transformed hamsters cells were grown in 8 ounce prescrip-

tion bottles for 11 tumor 11 antigen preparations. Growth medium con-

·sisted of Eagle's mimimum es~ential medium (MEM) supplemented with 

10 per cent heat inactivated fetal calf serum (FCS) for HeLa and 

KB cells and 20 per cent FCS for HEK and adenovirus type 12-tumor 

,cells. The following antibibtics ware added per ml of growth 

medium: 100 units penicillin-G, "100 JJ.g dihydro-streptomycin, 2.5 

JJ.g tetra~ycline, and 30 units nystatin. Following inoculation of 

virus, the cultures were maintained with the same medium containing 

· 2 per cent FCS. 

I 

II~ Antigen preparation 

~- Virus production 

Adenovirus type 5 (adenoid 75), type 2 (adenoid 6), type 7a 

(S 1058), and type 12 (Huie) were grown i~ HeLa or KB cell mono: 

l~yers. The cells were harvested when )5 to 90 per cent of the 

cell sheet exhibited cytopathic effects·. At the time of harvest 

the medium was decanted and the infected cell sheet was washed 

twice with phosphate buffeted saline (PBS), pH 7. 2 .. The amount 

.of .. PBS used was equal to. the original' media volume.· The cells 

26 
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were scraped from the glass surface into a 2 to 3 ml of PBS _and were 

centrifuged at 700 x G for 10 minutes. The cells.were then resus-

pended in PBS to a final volume equiv~lent to 10 per cent of the 

original volume of the tissue culture fluid. This suspension was 

subjected to four to six cycles of freezing (-20°C)_and thawing· 

(37°C) to release intracellular virus. The lysed cells were centri-

fuged at 1800 x G for 20 minutes to remove the cell debris.· Such 

preparations will be referred.to as "crude" virus. 

B. Virus purification 

Virus purificat~on and separation of the struGtural viral com-

ponents accomplished with methods of fr:eo_n extraction, CsCl density 

gradient centrifugation and diethylaminoethyl (DEAE) cellulose column 

chromatography. The methods employed.were similar to those described 

by Klemperer and Pereira (1959) and Wilcox and Ginsberg (1963). 

1. Freon extraction _ 

One volume of crude virus in PBS (pH 7. 2) and t\vo 

volumes of cold (4°C) £reon (Genesolv-D) were homogenized for one 

minute in a Virtis 1145 11 homogenizer at a setting of 30. The virus-

freon mixture was centrifuged for 20 minutes at 1800 x G at 4°C- in a 

Servall RC-2 centrifuge. The resulting aqueous layer containing 

virus was harvested and re-extracted with two volumes of 'freon. The 

~quecius layer from the second extraction was collected,. aliquoted, 

sterility checked and stored at -20°C ~ntil used. These prep~rations 

were titrated in HeLa cell cultures for toxicity and infectivity. 

Virus preparations were analyzed further by passive hemagglutination 
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(PHA) and complement fixation (CF) for antigenic activity against.· 

various reference sera. All adenovirus types listed previously wer~ 

subjected to the fr~on extraction procedure. Preparations of un­

infected KB cells were also subjected to this extraction procedure; 

these preparations were used as antigen controls in antibody ass~ys. 

Adenovirus types 5 and 12 were purified further. 

2. CsCl density gradient centrifugation 

Preparative ultracentrifugation of freon extracted 

virus was carried out similar to methods described by Wilcox and 

Ginsberg (1963). Freon extracted virus preparations of adenovirus 

types 5 and 12 were dialyzed overnight at 4°C against 0.01 M Tris 

(hydroxy-methyl) amino methane buffer (pH 8. 1). The virus solution 

was added to 2.27 gm of CsCl to give a final density of 1.34. This 

mixture was placed in a 1/2 x 2 inch cellulose nitrate centrif~ge 

tube. Equilibrium centrifugation was carried out in a Beckman Model 

· L-2 preparative centrifuge, employing the sw~50 swinging bucket rotor. 

The c~ntrifugation period was 24 hour~ at 165,000 x G. 

After centrifugation the tubes were placed in a Buchler punc­

turing device and consecutive twenty drop fractions (0.25 ml) were 

collected from the tubes. by the bottom puncture method. Each fraction 

was diluted to a fina1 volume of 1.5 ml"with PBS (pH 7.2) and.was 

assayed as described for freon extracted virus. The active fractions 

were pooled and in some cases rebanded in CsCl according to the above 

procedure to achieve further concentration and purification. The 

active fractions were dialyzed against. multiple changes of 0.01 M 



29 

phosphate buffer (pH 7. 0). and were. chroma·tographed on DEAE cell~ lose 

columns to achieve further purification·and separation of the struc-. 

tural components. 

3. Diethylaminoethyl cellulose column chromatography 

The procedure fo~ DEAE column.chromatography was, 

similar· to that reported by Klemperer and Pereira ( 1959) with minor 

modifications. DEAE (Cellex-D, Bio-Rad Laboratories, exchanger 

capacity 0.98 meq/gm) was treated wi~h several ~iters of 95 per cent 

ethyl alcohol .and equilibrated with 0.01 M phosphate bu_ffer .(pH 7.0). 

Glass columns 300 mm in length and 8 mm inside diameter were used. 

The equilibrated DEAE slurry was added and allowed to pack by gravity 

to a height of 150 mm. The amount of DEAE required to pr~pare the 

columns "\vas· approximately 0. 7 gm (dry weight). 

Samples applied to the columns were freon extracted virus, 

freon extracted KB cell extracts or pools of an~igenic viral material 

separated by CsCl density gradient centrifugation. Prior to appli­

cation on the c0lumn the samples were· dialyzed overnight at 4°C 

.against 0.01 M phosphate buffer (pH 7.0). Protein det~rminations 

were made on the dialyzed samples and an amount not exceeding 2.5 mg 

was applied to the columns. The samples were ·added to the t·op of the 

DEAE and stirred into. the upper 2 cin. The DEAE was allowed to re­

settle before addition of the eluting solutions! 

The antigens were.eluted from the columns by the stepwise 

addition of solutions of increasing NaCl concentration. These solu­

tions were prepared in 0.01 M phosphate buffer (pH 7.0). The NaCl 

...... - . 
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concentrations were increased by 0.025 M or 0.05 M increments and 

covered the r·ange from 0. 00 M to 0. 55 M. Twenty to 30 ml of each 

solution was added to the column. Ten ml fractions wer.e collected 

and assayed 1or antigenic activity using reference sera and culture 

fluids. The assay methods were·passive hemagglutination and com­

plement fixation. 

Fractions with low initi~l activity.were concentrate~ five-fold 

by dialysis against polyethylene glycol 20,000 (Carbowax). In certain 

experiments the active fractions from adenovirus type 5 virus pre­

parations, \vhich eluted. with 0. 05 to 0. 07 5 M and 0. 20 M NaCl were 

pooled separately, ~oncentrated and rechromatographed to achieve 

greater purification of the viral antigens. Column chromatography 

was carried at room tempera.ture. 

C. Viral assays 

1. Infectivity titrations· 

Virus preparations were titrated in HeLa or KB cell 

tube cultures. Serial tenfold d~lutio?s were made in H~nk's b~lanced 

salt solution (BSS); .0.1 ml of each dilution was inocul~ted into each 

of four tubes. The tubes were incubated for one ho~r at 25°C to 

allow for virus adsorption and were fed with 0.9-ml of MEM containing 

2 per cent FCS. After 7 days incubation at 37°C, the. amount of virus 

necessary to infect 50 per cent of the cu.ltures (TCID50) was cal­

culated by the f'ormula of Reed and Muench (1938) and recorded as the 

initial dilution of virus inoculated. 

·2. Toxin titrations 

Twofold serial dilutions of virus preparations·were 

made in ~illM containing 2 per cent FCS. Duplicate tube cultures of 
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HeLa cells were inoculated with 0.1 ml of each dilution. After one 

hour at 25°C ea~h culture was fed with 0.9 ml of the maintenance 

medium·and incubation was continued at 37°C. Readings for cyto~ 

pathic effects were made after 4.and 24 hours incubation. Fifty 

per cent endpoints were calculated after 24 hours -incubation. 

Toxin and infectivity titrations were done on _each virus pre-

paration before and after freon .extraction. Active fractions from, 

the CsCl density gradients and from the DEAE cellulose columns were 

also assayed for toxin and infectivity. 

3. Pro~ein determinations 

The protein content of th.e virus material applied to 

DEAE cellu~ose columns and of the preparations used to expose tissue 

fragments was determined by measuring.the absorbance at 280 mu in a 

Bausch and Lomb Precision spectrophotometer. The method of Kalchar 

(1947) was used to correct for nucleic acid absorbance at 260 mu. 

D. Tumor antigen preparation 

Adenovirus type 12- transformed- hamster cells were used as a 

source of tumor antigen. The cells were removed from the s~rface of 

the culture bottles and were wasned with two volumes of PBS (pH 7.2). 

7 
The cells w~re resuspended in PBS to contain 2 x 10 ~ells/ml and the 

suspension was sonified with a Branson sonifier. The sonified prepara-

tions were centrifuged at 700 x G for 10 minutes to remove the cellular 

.debris~ The resulting supernate was u~ed as the tumor antigep. -

E. ·Antigen titrations 

Each virus preparation and tumor antigen preparation used in 

th~ antibody assays were titrated in ·checkerboard titrations against 
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various reference sera. The optimal dilutions were determined for 

passive hemagg lu tina t ion and c'orilp lemen t fixation tests. 

III. Animals 

A. Rabbits 

Female New Zealand white rabbits (5 to 7 lbs) were injected 

intravenously (IV) with one 0.5 ml dose of freon extracted adenovirus 

type 5. This was the equivalen.t of .5 x 104 · 5 (HeLa) ·Tcrn
50

. Certain 

animals were injected with adenovirus type 5 structu~al subunits pre-

· pared by DEAE cellulose column chromatography. The latter animals 

were injected three times (IV) with L 5 ml per injection. Serum 

antibody titers were determined peri~dically and at the time of sacri­

fice of the animals .. Various intervals of time elapsed following the 

primary exposure of· the rabbits to the antigens. The animals injected 

with freon extracted virus were sacrificed 3, 6, 9, and 12 months after 

the initial injection. The animals injected with the viral subunits were 

sacrificed 9 to 12 months after the third injection. All animals were 

sacrificed by ·exsanguination an4 their sera were saved for antibody 

assays .. The lymph nodes, spleen and thymus of the animals were re-

moved for maintenance in vitro. 

B. Hamsters 

Random bred pregnant female Syrian hamsters were obtained from 

Lakeview Farms, Vineland, New Jersey. Newborn hamsters from these 

animals were used for primary tumor induction. .weanling hams,ters 

from the same supplier were used as recipients of the tumor trans­

plants. 
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1. Primary tumor induction 

Newborn harnste.rs were injected subctJ.taneously on the 

. 3 . . 
dorsal flank with 0.1 rnl (10 TCrn50) of adenovirus type 12 in order 

to induce tumors. The animals were injected within 24 hours after 

·birth. When tumors became one to two inches in diameter, the an~rnals 

were sacrificed by exsanguination. The serum was saved for antibody 

assays_. The lymph nodes and spleen of the animals were removed fo~ 

maintenance in vitro and the tumors from certain animals were removed 

for transplantation. 

2 .. · Tumor transplantation 

Serial transplants of the viral induced tumors were 

made. to wean ling (30 to 50 grn) rna le and ferna le hams·ter s. The tumor 

tissue from the donor animals was removed aseptically and non-necroiic 

portions were washed three to five times in Hank's BSS containing 

twice the standard concentration of antibiotics used for cell cultures. 

The tissue fragments were finely minced, diluted with a small amount · 

of.BSS, and 0.2 to 0.3 rnl of the mince was injected subcutaneously 

into the dorsal flank of the recipient animals. Animals bearing 

transplan-ted tumors were studied. in a manner identical to the animals 

bearing virus induced tumors. In this study two serial tra~splants 

of four viral induced tumors were made. 

IV. Organ culture methods 

A. Tissue preparation 

The tissues used in these experiments were lymph nodes (popli.:. 

teal and inguinal), spleen and thymus from rabbits and lymph nodes 
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(ingu.inal and mesenteric). and' spleen from hamsters. All tissues 

were processed according to the following procedure. 

The tissues were removed .aspetically, washed twice in BSS 

containing double concentrations of antibiotics. The lymph nodes 

were triinmed of fat and the capsule was removed from the spleens. 

The tissues were minced into fragments approximately 1 to 2 rnm in 

their longest dimension and were subj~cted to two additional washes 

in BSS. The fragments were divided into two groups: (1) a control 

group \vhich was exposed_ only to BSS and (2) a group which was exposed 

to appropriate dilutions of viral antigens in BSS. Dilution of the 

virus preparation was based either on infectivity determined as TCin50 

in HeLa or KB cell cultures or on protein content when non-infectious 

subunit preparations were used. All dilutions were made in BSS with-

out antibiotics~ The hamster tissues were~xposed to 100 TCID50 of 

freon extracted~adenovirus type 12. The rabbit tissues were exposed 

to 1000 Tcrn50 of freon extracted adenovirus types 2, ~' 7a·or 12 

depending upon the desig~ of the experiment or to·approxirnately 10 ug 

of .protein in the viral subunit preparations. In certain experiments 

the dilution of adenovirus type 5 was varied in order to determine 

the effect of various concentrations of the antigens on antibody 

responses of the tissues. The diluted antigen preparations and-

tissue fragments were placed in one dram vials and incubated at 37° 

C for 2 hours in an atmosphere of 5 per- cent co2 and 95 per cent air. 

' After incubation-the fragments were washed three times with BSS to 

~emove ~nabsorb~d antigens~ then were placed in culture. 

. . 
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B. Organ cultures 

Methods of organ culture were similar to.those of Ortiz-Muniz 

and Sigel (1967). The tissue fragments ~ere placed on Noble agar 

discs in 60 iTim petri dishes. The agar discs consisted of a bottom 

layer of 1 per cent agar· and a top lay.er of 0. 5 per cent agar pre-

pared in BSS adjusted to pH 7.0 with 0.3 ~ NaOH. Discs 2.5 em in 

diameter and 2-3 mm in thickness were' ·cut with a Bel leo tube closure. 

. . 
Six to eight tissue fragments were placed around the periphery of 

the discs and two discs were placed in each culture dish. The organ 

culture ~ystem is depicted in Figure 1. 

The basic culture medium consisted of Eagle's MEM supplemented 

with 20 per cent heat inactivated FCS and antibiotics in the con-

centrations usec1 for cell cultures with the .omission of tetracycline. 

Two ml of medium was used per culture. Ad~itional ingredients were 

added to the basic medium depending upon the objectives of the experi~ 

ment. Hydrocortisone-succinate (Solu-Cortef, Up john) and phytohemagg.lu-

tinin-P (Difco) were used in studies of the effect of compounds which 

have been reported to produce enhancement of the antibody response. 

In studies with hydrocortisone succinate, the composition of the 

medium was varied with respect to s.erum and the steroid. The com-

position of the medium was: a) Eagle's MEM containing 20 per cent 

FCS, b) Eagle's MEM containing 20 per cent serum and hydrocortisone 

succinat·e (1 pg/ml), and c) Eagle's MEM containing only hydrocortisone 

succinate. Phytohemagglutinin-P was added to the basic medium in a 

concentration of 250 )-lg/ml. Some studies were done in which the 

cultures were exposed to medium containing phytohemagglutinin.. In 

l. . ~' . 



Figure l. Organ culture system for maintenance of tissue ,fragments in 
vitro. Mag. l/3X · 
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Figure 1 
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·these studies, the cultures had been maintained 30 days prior to 

the exposure to phytohemagglutinin. These cultures were exposed ·to 

phytohemagglutinin for 12 hours, then the medium containing· the phyto-

hemagglutinin was removed and the cultu·re dishes were rinsed three 

times with balanced ialt solution to remove the residual phytohernag-

glutinin. New medium without phytohemagglutinin was added and the cui-

tures were re-incubated. In other s·tudies, fragments of tissue were 

exposed to 250 ~g/ml phytohemagglutinin for 2 hours before they were 

placed in culture. 

Chloramphenicol and puromycin were added to the basic culture 

medium in the studies of the effects of protein synthesis _inhibition. 

Chloramphenicol was used at a concentration of 0.15 M (50 J.J,g/ml) and 

puromycin was used at two concentrations (1 1.iH and 3 J.J,M). In these 

studies the tissues were cultured in medium containing the inhibitors 

for various per~iods of time. 

In routine maintenance of all cultures, the entire medium 

was changed every third day and the fluid har~ests were assayed for 

antibody activity immediately ·or stored frozen at -20°C. Fluids 

from cultures o:f rabbit tissues were assayed for· antibody activity 

without further processing; however, early experiments indicated 

that fluids from cultures of hamster tissues -required _concentration 

prior to antibody assay. Pools were made of the culture fluids 

ha-;.:vcstecl over !a nine to twelve day period. Each .pool represented. 

I 

three serial samples. Pool I contained· samples 2, 3, and 4; pool II 
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contained samples 5, 6, and 7; pool III contained samples _8, 9, and 

10.· Sample 1 was not included. to minimize the possibility of inter-

ference by any residual antigen in this sample. The pooled fluids 

were placed-in 8/32 inch dialysis tubing attached to 500 ml glass 

bulbs and were subjected to pressure (12 p~-i) dialysis at 4°C. This 

resulted in a four to fivefold concent.ration of the fluids. Samples 

of complete medium were also .subjected to. this procedure to serve 

. . 
as controls ·and were assayed along with concentrated culture fluids. 

The production of antibody 'vas taken as one index of the 

viability of the cultures; howev~r, other criteria were used. The 

cultures were examined microscopically for evidence.of cellular 

proliferation around the explants. The viability of the cells was 

determined- ·by the trypan blue exclusion technique (Pappenheimer, 

1917). Cells growing from the explant on_the surface of ihe ag~r 

and, where possible, the. tissue fragments were ~xamined after staining 

with 1.25 per cent trypan blue in normal saline. The cultures were 

stained at the termination of the experiment. 

Fragments from certain cultures were harvested periodically 

and histological sections and impression smears were made for cyto-

logical studies. The fragments were fixed for 30 to 60 minutes in 

Zenker-formal fixative (9:1). The tissue sections were prepared and 

stained by the histology laboratory of the Department of Pathology. 

Certain sections were stained with hematoxylin and eosin; others w~re 

stained with per~odic acid Schiff. Impression smears were also made of 

of the cells surrounding the explants. These preparations were air-dried, 
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fixed in.absolute methanol and stained with Wright-Giemsa. 

V. ·Anti~ody assays 

A. Complement fixation 

Complement fixation tests were done by the micro-technique 

described by Lefkow~tz ~ ~· (1966). Sera were inactivated at 

56°C for 30 minutes prior to assay; cul.tu.re fluids were not inacti-

vated. Twofold seric-.1 dilutions of sera or culture fluids were made 

in veronal buffered saline (VBS). Dilutions were made in tubes or 

directly in microtiter U plates (Linbro Plastics) with a 0.025 ml 

calibrated loop (Gooke Engineering Co.). Exactly 0.025 ml of each 

dilution was mixed with two units of antigen contained in 0.025 ml 

and two fu-ll units of guinea pig complement contained iri 0.05 .ml 

were added to each dilution of the antigen_:-antibody mixture. The 

mixture vias shaken and incubated overnight at 4°C, after which time 

the indica tor sys tern was added. This .'sys tern was prepared by mixing 

equal volumes of amboceptor, 1:2000 in VBS, and 2 per cent sheep red 

~l?odicell suspension. 0 After 10 minutes incubation at 25 C, 0.05 ml 

of the sensitized cell ~uspension was added to each well of the micro-

titer plate. The plates were incubated at 37°"C for one hour and then 

were read for hemolysis .. Endpoints were determined as the highest 

dilutions of serum or culture fluid which produced two plus fixation 

of complement. Each test contained a"complemerit titration a~d con-

trols for the antigen, serum or culture fluid and sensitized cells. 

All tests routinely contai.n~d positive serum controls to assess the 

effectiveness of the assay. 

/ . 

. -
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B. Neutralization tests 

Neutralization tests were carried out with·rabbit sera and 

culture fluids ·from the rabbit explants. These tests were done in 

human embryonic kidney (HEK) cell cultures. Adenovirus type 5 

was diluted in MEM without s·erum to contain 50-100 TCID50! 0.1 ml. 

Twofold serial dilutions of serum and culture fluids were made in the 

same diluent. Equal volumes of virus and either serum or culture 

o· 
fluid dilutions were mixed and held at 25 C for one hour. Two-tenths 

ml of each mixture was added to triplicate cultures of HEK cells. 

The serum-virus mixtures were allowed to remain on the monolayer. 

~or one hour at 25°C before the addition of 0.8 ml maintenance medium. 

The cultures were then incubated ~t 37°C. 

The cultures were read daily for cytopathic effects (CPE). 

Final readings were made when the virus c'oiitrol exhibited three to 

four plus CPE. Neutralization endroints were taken as the highest 

dilution of serum or culture fluid which produced complete inhibi-

tion of CPE in all of. the triplicate c.ultures. Virus titrations 

were included with each test. 

Pre-and post-immunization ·sera were .titrated in the same test. 

All serum samples were heat inactivated at 56°C for 30 minutes prior 

to assay. In assays of culture fluids, samples from cultures which 

were negative for antibody by other assays were included as controls 

on non-specific factors in the fluids·which might cause virus 

neutralization. 
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C. Passive hemagglu~ination 

The procedure of Stavitsky (1954) as modified. by Lefkowitz· 

(1967) was used. Sheep red blood cells (SRBC) ih Alsever's solution 

were obtained from Balt.imore Biological Laboratories. The cells 

were wa.shed three times in PBS (pH 7. 2) .and resuspended as a 2. 5 

per cent suspension. Equal volumes of the SRBC suspension and tannic 

. 0 . 
acid, 1:20,000 in ·PBS (pH 7.2), were incubated at 37 C for 10 minutes. 

The tanned cells were centrifuged at 700 x G for 10 minutes, washed 

once in an equal volume of PBS and were.resuspended to the original 

RBC volume (2.5. per cent) i.n PBS (pH 6.4). 

One volume of the appropriate antigen dilution in PBS (pH 6.4), 

·four volumes of PBS (pH ·6. 4) and one volume of tanned SRBC were in-

cuhated at Z5°C for·lo minutes. The antigen coated cells were centri-

fuged at 700 x G for 10 minutes, washed with ~wo volu~es of one per 

cent normal rabbit serum-saline (NRS) ouffer~d at pH 7.2, ~nd were 

resuspended in four volumes of NRS. The final dilution of·the anti-

gen coated cells yielded a 0.625 per cent suspension~ Tanned SRBC were 

treated in the same manner except an additional volume of the buffer 

was substituted. for the antigen 'dilution. Such preparations w·ere. 

used as ·tanned cell-saline controls and were included with each 

~ssay. Five one-hundredths ml of the finat suspension wa~ add~d to 

0.1 ml serum or culture fluid diluti.Lms contained in the microtiter 

plates. The mixtures were shaken and all allowed to settle ~or 2 to 

3 hours at room temperature. Titration endpoints were determined 



as the reciprocal ·of the highest serum or culture fluid dilution 

·which produced a three plus agglutination pattern. 

-42. 

The optimum dilution of eaC:h virus preparation or cell extract 

used to sensitize tanned.SRBC was determined by checkerboard_titra­

tions against reference a"D:tisera. The antigen dilution \vhich gave. 

maximum s~nsit~vity without non-specific agglutination of the SRBC. 

was used to coat the tanned cells. 

Sera were heat inactivated at. 5.6°C for 30 minu·tes and were 

tested for SRBC agglutinins prior to assay for virus specific anti­

body. Two or fourfold dilut~ons of sera or culture fluids were made 

either in tubes or in microtiter plates with loops calibrat~d to. 

deliver 0.02S or 0.05 ml. The diluent was NRS. When antibody 

dilutions were made with loops, appropriate volumes of NRS were 

added to-bring the final volume to 0.1 ml. prior to the addi~ion 

of sensitized SRBC. 

In addition to the tanned c~ll-saline controls, the ~allowing 

test. controls were used: (1) untanned and unsensitized SRBC,. (2) 

tarined SRBC sensitized with freon ~xtracted preparations of unin­

fected KB 'or HeLa cells'· (3) tanned SRBC sensitized .with fetal 

calf serum, and (4) tanned SRBC coated with freon extracted prepara­

tions of adenovirus types 2, 5, 7a, or lt. 

Passive hemagglutination inhibition (HI) tests were done on th~1 

culture fluids in order to assess further the specificity of this 

reaction. Homotypic and heterotypic adenovirus preparations 1 KB 

cell extracts and fetal calf serum were used as the inhibiting or 

'••. 

- \. _. 
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blocking anti~ens in the inhibition tests. The dilutibn of the block-

ing antigen used was. t\vice the concentration which v1as found to pro-

duce a·fourfold decrease in antibody titer when ~he specific antigen-· 

sensitized SRBC were reacted vJi. th the homo logo us an tis erum. An equa 1 

volume of the b.1.ocking an_tigen was added to ~nch dilution of se:r;um 

or culture fluid. The mixtures were incubated at. 25°C for one hour 

and then were tested for hemagglutinating activity for tanned SRBC 
,_:. 

sensitized with specific adenovirus test antigen. The test antigen 

was adenovirus type 5 in the studies on the rabbit culture fluids; 

adenovirus type 12 in the studies on the hamster cnlture fluids. 

After addition of the antigen coated cells, the mixtures were allowed 

to settle and agglutination patterns were read as p_reviously des-

cribed. 

In HI tests with serum and culture.fluids from the rabbit 

.experime_nts, the blocking antigens used were adenovirus type 5, 

s true tural subunits of ·type 5, adenovirus types 2, 7 a, and 12, K.B 

cell extracts and fetal calf serum. The test antigen was adenovirus 

·ty-pe 5. In the experiments with hamsters, the blocking antigens 

were adenovirus type 12 or the structural subunits of type 12 i~ 

addition to the same ones used in the rabbit experirnents. The test 

antigens were adenovirus type 12 or the structural subunit~. 

-
D · .Determination of the molecular species of antibody 

Sucrose density gradient centrifuga.tion (Kunkel,· 1960). of 

fluids from rabbit lymph node and spleen cultures was carried out 

to determin~ t&e rnoleculai species of:antibody produced in vitro. 

'i 



44 

A Buchler gradient forming device was used to. prepare linear gra.dients 

from 10 per cent (w/v) to 37 per cent (w/v) sucrose~ Sufficient 

quantities of the two solutions were added to the mixing chambers 

to prepare three 5 ml gradients simult~neously. Gradients were 
- -

formed in cellulose nitrate centrifuge t~bes (1/2 x 2 inch). Serum 

.~r culture fluids ~ere diluted 1:1 with isotonic (0.15 M) saline 

and a 0.2 ml sample was layered on ·the gr~dient. The tubes were 

placed in the SW-50 swinging bucket rotor and were centrifuged in 

a Beckman Model L-2 prepa~ative ultracentrifuge at 130,000 x G for 

· 16 hours. 

After centrifugation the tubes were placed in a Buchler 

puncturing device at 4°C. Consecutive twenty drop fractions (0.25 

ml) wer~ collected from a puncture in the bottom of the tube. The 

first fractions collected had the.greatest density. Each fraction 

was brought to a final volume of o·.5 ml with PBS (pH 7.2). Subse-

quent twofold dilutions were made in one per cent normal rabbit 

serum-saline for assay by passive hemagglutination or in veronal 

buffered saline for assay by complement fixation. 

Portions of·each fraction were mixed with an equal volume of 

0.2 M 2-mercaptoethanol (2-}lli) to test for the presence of 2-ME sen-

~itive antibody (Deutsch and Morton, 1957). These mixtures were 

incubated at 37°C for one hour and at 4°C overnight before assay by 

passive hemagglutinatioD. Some fluids were treated with 0.2'M 2-ME 

prior to centrifugation. Comparable untreated samples were· centri-

fuged at the same time for comparison. Fractions were not dialyzed 
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prior to. assay since it was· shown (Lefkowitz et al.,. 1966) that 

neither sucrose nor mercaptoethanol interfetred with the assay pro­

cedures utilized here. 

VI. Demonstration of adenovirus type 5 in spleen an~ lymph node 

fragments from rabbits 

Portions of the spleen and lymph n-:>des from rabbits originally 

·injected with either freon extracted adenovirus type 5 or th~ 

structural subunits v7ere suspended in 2 ml BSS. Each sample .was 

macerated in a Ten-Broeck tis~ue grirtder. The cell debris was re­

moved by centrifugation at 700 X G for 10 minutes. T\vo-tenths ml 

of the supernate was inoculated int6 triplicate tube cultures of hu~an 

embryonic kidney· (HEK) cells. After inoculation, the cultures v7ere in­

cubated at 25°C for one hour and were fed with 0.8 ml MEM conta~ning 

3 per cent FCS. Incubation was then continued at 37°C. The cultures 

wer~ .read daily for cytopathic changes characteristic of adenovirus 

infection. ~lind passages of negative cultures were made after 10 

days. The cells were scraped from the surface of the tubes. The 

media and cells from the triplicate cultures were pooled and centri­

fuged at 800 x G for 10 minutes. The supernate was removed and.the 

cell pellet was resuspended in 0.6 ml of medium. This c~ll suspen­

sion was frozen and thawed three times and recentrifuged. 'The result­

ing supernate was used as inoculum for further passages in HEK cells. 

Uninoculated c6ntrol cells from the pre~ious passages were processed . 

identically. The passage cultures were read daily for 10 days. for 

.eyidence of the presence of adenovirus. 
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The cytopathic ~gents recovered from the tissues were identi­

fied as adenovirus type 5 by neutralization of infectivity with 

specific antiserum. 



.RESULTS 

PART I 

A. In vivo antibody responses of rabbi.ts to adenovirus type 5 

antigens. 

Nine rabbits. were used in .th~ .study. Seven of the animals were 

injected with a freon extracted preparation of adenovirus type 5. Two 

animals were injected with more highly purified structural viral snb­

units prepared by DEAE-cellulose column chromatography. One of these 

animals received the type~specific C or fiber antigen; the other 

received the group-specific A or hexon antige~. The antibody titers 

·of serum samples were determined by complement fixation and passive 

hemagglutination methods. The results are presented in Tables 1 and 

2. The d·ata presented indicate that the animals (001-009) which re­

ceived a single· injection of.infectious virus had detectable levels 

of antibody for as long as twelve months after the single exposure. 

The animals (8 and 9) which received multiple injections of the viral 

structural subunits did not qave antibody levels ·at the time .of $·acri­

fice detectable by. the methods used. The antibody response of animal 

9 was detectable only by complemen·t fixati~n, whereas the antibody 

.response of animal 8 was detectable both by complement fixation and 

passive hemagglutination. Animal 9 was injected with the hexon anti­

gen, and it has been shown (Lefkowitz, 1967) that the hexon do~s not 

47 



TABLE 1 

IN VIVO ANTIBODY RESPONSES OF RABBITS* INJECTED WITH ADENOVIRUS 
TYPE 5 ANTIGENS AS DETERMINED BY COMPLEMENT FIXATION** 

Animal· Preimmu- . Weeks After Initial Injection 
No. nization 

2 3 4 12 24 36 48 52 

. 001 <.2 64 64+ 

002 <.2 32 32+ 

003 <.2 128 256+ 

48 

005 <.2 128 16+ 

006 <2 "256 64+ 

008 <2 64 
. + 

8 

009 <2 64 a+ 

8 <2 8 16 <2+ 

9 -<2 32 64 <:2+ 

* ·Animals 001~009 received a single injection of fre,on ex-
t~acted adenovirus type 5. Animals 8 and 9 received 3 
injections of DEAE-purified structural subunits of· adena-
virus type 5. Animal 8 received the fiber antigen;· animal 
9 received the hexon antigen. 

** Titer expressed as reciprocal of serum dilution. 

+ Titer at the time of sacrifice. 



TABtE 2 

IN VIVO. ANTIBODY RESPONSES OF RABBITS* INJECTED WITH ADENOVIRUS 
--TYPE. S'ANTiGENS AS DETERMINED BY PASSIVE HEMAGGLUTINATION** 

Animal 
No •. 

001 

002 

003 

005 

006 

008 

009 

8 

9 

* 

+ 

Preimmu­
nization 

. < 10 

<. 10 
I 

<10 

;(10 

<10 

<.10 

<.10 

<10 

<. 10 

2 

2,560 

10,240 

40,960 

10,240 

10,240 

25p 

4 

Week~ Aft~r Initial Injection 

3 4 12 24 36 48 .52 

2560 10,240+ 

640 

64o+ 

10,240+ 

1024 

4 

Anfmals 001-009 received a single injection of freon extracted 
adenovirus type 5. Animals 8 an9 9 received 3 injections of 
DEAE-purified structural subunits of adenovirus type 5. Ani­
mal 8 received the fiber antigen; animal 9 received the ~exon 
antigen. 

Titer expressed as recip-rocal of serum dilution. 

Titer at the time of sacrifice. 

.. 
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attach.·to the tanned ~rythrocyte. Animal.8 was injected with .the· 

fiber antigen. Antibody to this antigen ca~ be .assayed by both sero­

logic proGedures. 

B. .In vitro antibody responses of rabbit· lymphoid tissues 

exposed to adenovirus type 5 antigens 

1. Ant_ibody responses of various tissues qtaintained 

i.n vitro 

Lymph node, spleen and thymus fragments were exposed 

in vitro to freon extracted adenovirus type 5. In some experiments 

lymph node and spleen fragments were exposed to DEAE-purified·struc­

.tural subunits of the virus. Fragments of each type of tissue were 

also. ma;i_ntained without expos·ure .in vitro to the virus preparations. 

The re.sults of the antibody responses obtained are given in 

Table 3. These ·data ar~ presented according to the. tissue type 

studied, the antigen preparaiion used, and the time interval between 

in vivo exposure of the animal and exppsure of the tissues to the 

viral antigens in vitro. The lymph node exhibited the most consis­

t~U:t antibody resp~nse. Eighty per cent (57 of 71) of t.he lymph node· 

cultures established from animals (001-009) injected with the freon 

extracted virus synthesized antibody fbllowing exposure of the tissue 

to the viral antigens in vitro. The abili.ty of this tissue to respond 

was not affected by prolonged intervals- between the in vivo and in 

vitro exposures to the antigens. The lymph node cultures established 

·from animals· (8 and 9) hyperimrnunized with the· fiber or hexon anti­

gen failed to respond to·· exposure to any of. the antigenic preparations. 

•. 



Animal 
·No. 

001 

003 

002 

006 

009 

008 

005 

9 

8 

TABLE 3 

ANTIBODY RESPONSES OF RABBIT LYM~HOID TI_SSUES FOLLOWING IN VITRO 
EXPOSURE TO ADENOVIRUS TYPE 5 (Ad. 5) ANTIGENS 

Interval Between Antigenic Exposure Cultures Synthesizing Antibody 
Injection and Primary Secondary Total Cultures-Exposed In Vitro 
Sacrifice· (Weeks) (In Vivo) (In Vitro) Lym:Qh Node ~leen Thymus 

12 Ad. 5 
•k 

Ad. 5 •4/6 2/3 0/4 

12 Ad .. 5 Ad. 5 4/4 2/4 0/4 

24 Ad. 5 Ad. 5 6/6 2/2 0/4 

36 Ad. 5 Ad. 5 12/12 0/6 . NC 

48 Ad. 5 Ad. 5 8/12 0/8 NC 

48 -Ad. 5 Ad. 5 12/16 0/8 NG 

52 Ad. s· Ad. 5 
-I( 

11/15 0/7 NC 
Hex on"'( 
Fiber 

36 Hex on Ad. 5 b/8 . 0/8 NC 
Hex on 
Fiber 

52 Fiber Ad. 5 0/14 0/9 NC 
Hex on 
Fiber 

";"(----Ad-.- 5 ~- freon extracted preparation; hexon and fiber--DEAE-purified structural 
subunits. 
NC - no cultures. 

... V1 
1-' 
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Each of these animals was sacrificed as a time interval comparable 

to the sacrifice time of the animals injected with the freon extracted 

virus. 

The splenic tissue was much less active than the lymph node ~n 

synthesizing antibodies in vitro. Levels·of antibody from cultures 

of spleen fragments which did respond were lower than the levels 

from comparable lymph node cultures. Only the spleen cultures estab-

lished from animals sacrificed within twelve to twenty-four weeks 

after the in vivo injection could be stimulated to produce antibody 

in vitro. This indicated that the time interval between in vivo and 

in vitro exposure to the antigens may effect the response ~hich can 

be evoked from splenic tissue· in vitro·. 

No antibody was_detected in cultures of thymic tissue. In one 

experiment fragments of spleen and thymus; ·ar fragments of lymph node 

and thymus were cultured together. Low levels of antibody were de-

tectable in the fluids from the cultures o~ thymus and .lymph node; 

however, ·the response was probably the xesult of antibody synthesis 

by the lymph node tissue. Antibody was not detected in culture fluids 

from the thymus and spleen fragments. 

In all antibody-producing cultures the tissue fragments had 

been exposed to the viral antigens in vitro. Cultures of fragments 

maintained without in vitro exposure did not produce antibody· at 

detectable levels. 

2. Time course of antibody responses in ·vitro 

Figure 2 represents a typical response of the lym~h node 

and spleen fragments which synthesized antibody in vitro. This response 

.. 



Figure 2. Antibody response of lymph node and spleen fragments in vitro. 
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is expressed in terms of iime of appearance.of antibody, levels of 

antibody attained and duration of synthesis of antibody. 

As indicat~d in the figur~, the antibody was detectabl~ both 

by complement fixation and passive hemagglutination methods. How­

ever, the. passive hemagglutination method was the more sensitive 

of the two.· Antibody was not detected until the tissues had.been 

in culture for six to nine days. This. fag phase was a cons is tent 

finding in all expe~iments. Once antibody became detectable, there 

was a rapid r~se in titer within the following two or three sampling 

periods. Peak titers were generally reached within twelve to fifteen 

days after initiation of ~he dulture. The levels of antibody remained 

fairly stationary for periods up to thirty to fortx-five day~, then 

. began a gra.dual decline. Mos.t of the experiments were terminated 

within sixty to ·eighty days after ·initiatio~; however, one experiment 

was continued for 120 days. At the termination of this experiment 

low levels (1:32) of antibody were ·sti~l detectable by passive hemag­

glutination. The antibody titers of fluids from the spleen cultures were 

always lower than the titers of samples from the lymph node cultures. 

Replicate cultures established from the tissues of individual 

animals were, in ,general, comparable in antibody levels. Gr·eater 

differences were noted, however, between cultures established from 

tissues ·of different animals. Table 4 i-s a composite of data from 

replicate lymph node cultures established from animals 001-009. All 

of the cultures were treated in an identical manner as to the amount 

of virus used for in vitro 5timulation of the tissue and the medium 
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TABLE 4 

ANTIBODY TITERS FROM REPLICATE CULTURES OF LYMPH NODE TISSUE FROM 
RABBITS INJECTED WITH ADENOVIRUS TYPE 5 ANTIGENS* 

Animal Culture Dals in Culture 
No. No.· 

3 9 15 21 33 51 66 

001 1 <4 256 16,384 16,384 4,096 64 64 
2 <.4 64 4,096 4,096 4,096 64 ns 

002 1 <4 1024 16,384 65-,536 65,536 4,096 4,096 
2 <4 256 16,384 65,536 65~536 4,096 4,096 
3 <4 1024 16,384 65,536 65,536 4,096 1,024 

. 003 1 ~4 25() 4,096 4,096. 4,096 1,024 256 
2 <4 64 4,096 4,096 4 ,09_6 256 64 
3 . <4 "64 1,024 1,024 1,024 . 64 64 

005 7 <4 256 65,536 65 ;536 65,536_ 16,386 ns 
8. <4 256 65,536 65,536 65,536 4,096 ns 

--9 <4 1024 262,144 262,144 262,144 65,536 ns 

0.06 6 <.4 4 16,38.6 16,384 16,384 ns ns 
7 4 16 16,386 65,536 -- 65,536 16,384 ns 
8 .·4 4 16' 386 4,096 16,384 ns ns 

008 17 ~4 16 512 4,096 4,096 ns ·ns 
20 <4 64 1,024 1,024 4,096 ns _ ns 

009 3 <4 .4 1,024 4 ,.096 4,096 ns ns 
7 <4 16 512 1,024 1,024 ns ns 

24 <4 64. 4,096 4,096 4,096 ns ns 

* Passive hemagglutination titers expressed as reciprocal of 
dilution. 

ns - no sample 

., . 

! ••• • 

'.,: 

120 

ns 
ns 

ns 
ns 
ns 

32 
32 
16 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 

ns 
ns 
ns 

' . ~ - . 

~ 

r~ , 
-._. f.~ 
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used for maintenance of the cultures. The antibody vlas assayed by 

passive hemagglutination. The data presented in the table were ob-

tained from a test.in which all the samples were assayed at the same 

,, 
time in order to have the test conditions standard. 

Five samples from each of three lymph node cultures were 

assayed for the presence and persistence of neutralizing antibodies. 

Two of the cultures selected were from the same animal (005) and the 

third from a different animal (002). All of the cultures were p'ro-

clueing antibodies detectable by the other assay methods (PHA and CF). 

The samples of all cultures tested were harvest~d 6, 12, 18, 24, and 45 

days after initiation of the~ cultures. Samples. from non-antibody pro:-

clueing lymph node cultures from both animals were included.in the tests 

as control on non-specific neutralization of the test virus. The re-

sults are given in Table 5. The complement--fixation and passive hemag-

glutination titers are included for comparison. ·Neutralizing anti-

bodies were detected in the three cultures tested. This activity was 

quite.low; the maximum titers obtained were 1:8. The presence of 

neutralizing antibodies could be correlated in time with the appearance 

of antibodies detectable by the other tests. There was, however, a 

more rapid de~line of antibodie~ detect~ble by neutralization tests 

than by complement fixation or passive hemagglutination. 

3. Effect of variotis concentrations of viral antigens 

on antibody responses in vitro 

A standard amount of virus (1000 TCID50) was used in 

.most experiments. One experiment was designed to measure the limits 
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TABLE 5 

ANTIBODY RES~ONSES OF LThf_pHOID TISSUES EXPOSED IN VITRO .TO 
ADENOVIRUS TYPE 5 ANTIGENS AS DETERMINED BY NEUTRALIZATION, 

COMPLEMENT FIXATION AND PASSIVE. HEMAGGLUTINATION TESTS-1(' 

Animal Culture A ·*i(' ssay .. Dals in Culture 
No. No. 6 12 18 24 45 

002 19 NT 2 2 8 2 <::2 

CF .(.2 4 8 8 8 

PHA 4 1, 024. 16,384. 65,536 65,536 

005 8 NT 4 4 4 4 <2 

CF · 2 32 32 16 16 

PHA 64 16,384 65,536 65,536 65,536 

005 10 NT 2 8 .. ---.8 4 <2 

/ CF. 2 32 64 32 16 

PHA 64 65 '536. 262' ll:4 65,536 65,536 

'"'· "'Titer expressed as reciprocal of dilution 

*i('NT. - neutralization test 

CF - complement fixation 

PHA - passive hemagglutination 
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of sensitivity .of the rintibody response. The freon ext~acted virus 

preparation was prepared in dilutions to contain infectious units 

. 6 
from 10 Tcrn50 to 10 TCID50 . The results. of this experiment are 

vresented in Figure 3~ The response of the lymph node fragments 

from this animal (006) to dilutions of virus. containing from 102. to 

106 Tcrn50 was essentially the same. There was no apparent inhibition 

of the response when the high concentration (106 TCID5o) .was used. 

At the lowest concentration (10.TCID
50

) some decrease -in th:e response 

w.9:s ~oted, and there appeared to be a slower rise .in the titer. The 

maximum levels attained by these cultures were not as great as the 

levels attained by the fragm~nts exposed to higher concentrations 

of virus. 

Protein determinations .were made on ·each of the various dilu-

. ·tions used for the in vitro stimulation of the tissue. Based on the· 

absorbance at 280 ~' the protein content of the preparations ranged 

from 50 pg to 3 )lg/ml. 

3a. Antibody responses following re-exposure to 

antigens after initiation.of the cultures 

· Several attempts were made to evoke additional antibody 

responses after the tissues had been in culture for several weeks. 

When antibody production appeared to have reached a stationary level, 

the cultures were exposed again to the viral antigens. The fragments 

were not removed from the surface of·the agar blocks when there-

exposure was carried out. The virus dilution was added to the culture 

dishes and allowed to remain for two hours. The .. culture dish was 

washed with sever~l changes of balanced ~alt solution before new 

./ 



Figure 3. Antibody responses of lymph node fragments exposed to various 
concentrations of adenovirus type 5. 

. . 
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medium was added and. the·cult'ure was re-incubated. 

All attempts tp\induce additi~nal antibody responses were un­

successful. The fluids harvested at the first sarnplin~ period after 

the cultures were re-exposed to the viral antigens generally had 

lower titers than the fluids harvested just P.rior to re-exposur~. 

Titers of the fluids. from subsequent samples usually rose to approx­

imately the same level as the titers of the fluids taken just prior. 

to re-exposure, but never exceeded these titers. 

4. Specificity of the antibodies synthesized in vitro 

Three tests were used to determine the specificity of 

the antibodie~ synthesized in vitro. These were: 1) passive hemag­

glutination t~sts in which antigens other than adenovirus type 5 were 

used to sensitize the erythrocytes," 2),passive hemagglutination inhibi­

tion tests, and 3) complement fixation tests. The antigens used in 

the above tests were:· fetal calf serum, freon extracted preparations 

of KB cel.l..s and freon extracted prepal?ations of adenovirus types 2, 

5,' 7a, and 12. Included in ·some tests were DE.AE-purified structural 

subunits of adenovirus type 5. The results of typical experiments 

are given in Tables 6, 7 and 8. The same samples are recorded in 

all the tables for comparative-purposes. 

The results shown in Table 6 were o~tained with passive heruag~ 

glutination tests on the culture fluid~. The erythrocytes were 

sensitized with the various antigens l{sted in the table. Untanned 

and tanned-unsensitized erythrocyte~ were included as controls. 

There was no· agglutination"' of the control erythrocytes which indi­

cated tha~ there were no non-specific factors in the fluids which 

., 



TABLE 6 

·SPECIFICITY OF ANTIBODY SYNTHESIZED IN YITRO AS 
DETEID~INED BY PASSIVE HEMAGGLUTINATION* 

·-
A12:_tigens .. qn RBC 

Animal Culture 
No. No. Ad. 5 Ad. 5 Ad. 5 Ad. 2 Ad •. 7a Ad. 12 FCS KB. SRBC // 

Hex on Fiber / 

-

001 7 2 8 2048 4 2 2 2 2 2 

002 1 2 512 1.6,384 8· 2 2 2 2 2 
19 2 256 16,384 . 16 2 2 2 2 1"\ 

L. 

003 ~ 2 16 512 2 2 2 2 2 2 .:.> 

4 2. 32 1024 4 2 2 
,.., 2 2 .t:. 

005 7 2 1024 16,384 64 2 2 2 2 2 
8 2 102.4 16,384 16 2 2 2 2 2 

006 7 2. 64 16,384 16 2 2 ·2 2 2 
8 2 .16 16,384 ·8 2 2 2 2 2 

008 17 2 64 2048 :_4 2 2 2 .2 2 
20 2 16 1024 4 2 2 2 2 2 

009 3 2 32 L~096 4· 2 2 2 2 2 
24 

., 64 8092 4 2 2 2 2 2 ~. 

·k Titer expressed as reciprocal of dilution. 
Ad. - adenovirus, freon extracted preparations, numeral indicates type 
Ad. 5-Hexon- DEAE-purified +raction elutep with 0.20 M NaCl 
Ad. 5 Fiber - DE...A..E-purified fraction eluted with 0.05-0.075 M NaCl 
FCS - fetal calf serum 
KB - freon extracted preparation of KB cells C"' 

SRBC - sheep red blood cells, untanned and tanned, u~sensitized-saline controls ...... 



62 

would.cause agglutin~tion of the sensitized cells used in the test. 

There was no reaction of th~ fluids with the cells sensitized with· 

either KB cell extracts or fetal calf serum. Antibody. activity was 

-detected ·only with cells sensitized with adenoviral antigens. Higher 

titers were detected when the fluids were tested with cells sensi­

tized with freon extracted adenovirus type 5. Significant titers 

.were_ also obtained with cells sensitized with the DEAE-purified 

fiber dr C antigen. No agglutination was. obtained with cells treated 

with the DEAE-purified hexon or A antigen. ·This was not surprising 

since, as previously mentioned, the hexon apparently does not attach 

to the erythrocytes. Some cross-reactivity was observed with cells 

·sensitized with adenovirus type 2 antigens. There was no agglutination 

of cells sensitized with adenovirus types 7a or 12. 

The results of the.complement fixaticin-tests are presented in 

Table 7. · There was no complement-fixing activity observed when the 

fluids were reacted with KB cell antigens or fetal c.alf serum. The 

activity was present only when the viral pre~arations were used as 

antigens. The highest titers were obtained with the homotypic adeno­

.virus type 5 antigens. When both the DEAE-purified hexon and fiber 

antigens were used, positive reactions were also obtained. There 

was more evidence of cross-reactions with·the antigens of the hetero­

typic adenovirus types 2, 7a, and 12_ than was noted in the passive 

hemagglutination test·. This was attributed to the fact that comple~ 

ment fixation measures antibody to the hexon antigen. as well as 

antibody to the fiber and penton antigens. 
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Animal 
No. 

001 

002 

003, 

005-

. 006 

·008 

009 

Culture 
No. 

7 

1 
19 

3 
4 

7 
8 

7 
8 

17 
20 . 

3 
24 

TABLE 7 

SPECIFICITY OF ANTIBODY SYNTHESIZED IN VITRO AS 
DETERMINED BY COMPLEMENT FIXATIO~c 

Ad. 5 Ad. 5 
Hexon Fiber 

2 

2 
2 

~2 

2 

8 
16 

2 
2 

2 
4 

2 
2 

2 

2 
2 

<2· 
2' 

4· 
4 

2 
2 

2 
2 

2 
2 

Antigen 

Ad. 5 Ad. 2 : Ad. 7 a 

8 

16 
8 

2 
8 

64 
32 

16 
16. 

8 
8 

4 
8 

8 

8 
4 

~2 

4 

16 
4 

·4 
4 

2 
2 

2 
4 

.C2 

2 
2 

"'2 
<2 

4 
4 

2 
2 

2 
2 

~2 

2 

Ad. 12 

2 

2 
2 

~2 

2 

4 
4 

2. 
2 

2 
2 

2 
2 

Titer expressed as reciprocal of dilution. 

FCS 

~2 

<2 
<2 

.(2 
<2 

-.::2 
. ~2 

. <2 
<2 

~ 

<2 

~2 

<2 

KB 

<2 

<2 
<2 

<2 
<2 

.C:2 
<2 

<2 
<2 

<.2 
<2 

~2 . 
<2 

Ad. - adenovirus, freon extract·ed preparations, numeral indicates type 
Ad. 5 Rexon - D:I~AE-purified fraction eluted with 0. 20 M NaCl 
~d. 5 Fiber - DEAE-purified fraction eluted with 0.05-0.075 M NaCl 
FCS - fetal calf serum 
KB - freon extracted preparation of KB cells 

·(J'\ 

l.U 
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~The results obtained with the passive hemagglutination in-

. hibitiori tests (Table 8) further substantiated the conclusion that 

the antibody detected in the culturi fluids was specifically anti-

body to the viral antigens. There was no inhibition of the agglutina-

tion bf erythrocytes sensitized with adenovirus type 5 antigens when 

the heterologous antigens (KB or fetal calf serum) were used as the 

."blocking" a~tigens. When homotypic adenovirus type 5 (freon extrac-

ted preparation) and the fiber ~ntig~n of adenovirus type 5 were used 

. {3i 

as .the "blocking" antigens, there was a marked reduction in the titers 

obtained. When the hexon antigen was used as the Hblocking" antigen, 

there was no inhibition of the reaction. This further substantiated 

the conclusions that the passive hemagglutination test measures anti-

bodies to -the penton and fiber antigens rather than antibodies to the 

hexon antigen. ·When the heterotypic adenoyirus types 2, 7a, and 12 

were the "blocking" antigens, only type 2 caused any inhibition of 

agglutination of the cells sensitized.with antigens of adenovirus 

type 5. This inhibition was less than a .. fourfold reduction in the 

titer. Adenovirus types 7a and 12 did not inhibit the reaction. 

5 ~ Antibody responses of lymphoid tissues exposed· in 

vitro to antigens of homotypic and heterotypic adena-. 

viral antigens 

An experiment was designed to compare the response of 

. . . 
lymph node tissue exposed in vitro to antigens of homotypic adena-

·virus.type 5 with the response of tissue.exposed to antigens of hetero-

typic adenoviruses. The animals (005) from which the tissue was taken· 



TABLE 8 
,. 

SPECIFICITY OF ANTIBODY SYNTHESIZED IN VITRO AS 
DETERMINED.BY PASSIVE HEMAGGLUTINATIO~INHIBITION* 

Antigen'1dc Blocking Animal No. /Culture No. 
on RBC ·Antigen 001/7 002/1 002/19 003/3 003/4 005/7 006/7 

Ad. 5 - 2048 16;384 ·16,384 512 1024 >16 ,'384 16,384 

Hex on - .a ..(.2 "'2 .;{2 .::2 Jt-2 ,-"2 

Fiber - 8 512 256 16 32 1024 64 
Ad. 5 Ad. 5 ~2 : :.4 4 <:2 <2 16 4 

~ 

" Hex on 2048 16,384 16,384 512 1024 ;,-16,384 8092 
II Fiber 4 64 64 8 16 64 64 

" Ad. 2 2048 8092 8092 512 1024 716 '384 4096 

" Ad. 7a 2048 16,384 . 16,384 512 1024 716 '384 8092 
u Ad. 12 2048 16,384 1~,384 512 1024 716 '384 8092 
It . KB I 2048 16,384 16,384 512 1024 :,-,16 '384 8092 

·" FCS 2048 16,384 16,384 .512 1024 ?16,384 8092 
ic Titer expressed as reciprocal of dilution. 

'lc* Ad. ·- adenovirus, freon extracted preparation; numeral indicates t~pe 
Hexon-DEAE- purified fraction eluted with 0.2 M NaCl 
Fiber-DEAE- purified fraction eluted with 0. 05-0,075 M NaGl 
KB - freon extracted preparation of KB cells · 
FCS - fetal calf serum 

008/17 

2048 

-'2 

64 
<2 

1024 
16 

512 
1024 
1024 
1024 
1024 

009/24 

8092 

t:.2 

·64 
<2 

8092 
64 

4096 
8092 
8092 
8092 
8092 

0"1 
V1 
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was injected with freon extracted adenovirus typ~ 5. Tissue frag-. ( 

ments weie exposed to the antigens listed in Ta~les 9 and 10. The 

results of the complement fixation teSts bn the culture floids are 

given "in Table 9. Fragments exposed to the hexon antigen of adena-

virus type 5 produced antibody which reacted with all the viral test 

antigens except the fiber antigen of type 5. Fragments exposed to 

the·fiber ant~g~n produced antibody r~active with the.hexon, fiber 

and freon extracted preparation~ of types 2 and 5. However, no re-

action was observed when types 7a and 12 were the test antigens. 

These results indicated that the antibody cross-reacting with the 

heterotypic adenoviru~ types was antibody to the hex6n antigen ~hich· 

is. common to all the adenoviruses. Fragments expos~d ·to freon ex-

tracted adenovirus types 2 and 5 produced antibody r~active with all 

viral antigens used in the test .. In general,· the higher titets were 

obtained with fluids from tissues exposed to type 5. The freon ex-· 

tracted preparation contained the h~xon, fiber and penton antigens; 

. therefore, the antibodies produced in vitro would be expected to react 

with both the fiber and the hexon antigens. The-antigen in the pre-

parations of types 7a and 12 which stimulated antibody production was 

more than likely the hexon antigen. This is indicated by tRe cross 

reactivity which was found with all test antigens except with the 

fiber of type 5. ·These reactions simulated those observed when the 

purified hexon of type 5 was the antigen used to stimulate the fra·g-

ments in vitro. No reactions were observed i~.culture fluids 'from 

·fragments exposed to the KB cell antigens. 



TABLE 9 

ANTIBODY RESPONSES OF LYMPH NODE TISSUE EXPOSED IN VITRO_ TO 
HOMOTYPIC AND HETEROTYPIC ADENOVIRUS ANTIGENS AS 

DETERMINED BY COMPLEMENT FIXATION* 

Culture Antigenic- Test Antigens. 
No. Exposure 

In Vitro_ Hex on Fiber Ad. 5 Ad. 2 Ad. 7a Ad. 12 

1 - . <.2 <2 <2 <2 <2 <2 
2 .<2 <2 <2 <2 ~2 '<2 

3 "'c* Hex on 4 <.'2 .. 4 2 2 2 
4 " 4 <2 4 2 2 2 

·5 Fiber 8 16 32 4 <2 <2 
6 II 8 32 32 4 <2 <2· 

7 Ad. 5 *** 8 4 64 16 4 4' 
8 II 16 4 32 4 4 4 

9 Ad. 2 8 2 32 8 2 4 
10 II 8 4 32 16 4 4 

11 Ad. 7a 2 <2 4 2 2 2 
12 ti 4 <2 8 8 4 4 

13 Ad. 12 2 <2 4 2 2 2 
14 II 4 <2 8 4 2 2 

15 KB**** <2 ~2' . <2 <2 <2 <2 
16· II <2 <2 . <2 <2 <2 ~2· 

* Titer expressed as reciprocal of dilution 

** Hex on - ;DEAE-purified. fraction eluted with 0. 2 M NaCl 
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KB 

<2 
<2 

<2 
-'2 

<2 
<2 

<2 
<2 

<2 
<2 

<2 
<2 

·<2 
<2 

<2 
~2 

Fiber - DEAE-purified fraction eluted with 0. 05 -0.1Yl 5 M NaCl 

*** Ad. - adenovirus, freon extracted preparations, numerals in-
dicate virus types 

·**"~'* KB - .freon extracted preparation of KB cells 
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The results of the passive hemagglutination tests are shown 

irt Table 10. The tissues exposed in vitro to the hexon antigen 
~ 

produced low levels of antibody detected only with cells sensi-_ 

tized with the fiber antigen or the freon extracted adenovirus type 

5 preparation. No· reactions occurred with the other test antigens. 

Tissue exposed to the fiber antigen, likewise, produced antibody 

detected only with cells sensitized with the homotypic antigens, and 

antibody levels in these cultures were higher. Fluids from tissue 

fragments exposed to freon extracted adenovirus type 5 had the high_-

est antibody titers when assayed with cells sensitized with the homo-

typic antigens, although some cross reactivity with adenovirus type 

2 occurred. The tissue exposed in vitro to adenov:lrus type 7a pro-

duced antibody detected only when type 7a was the antigen coated on 

the erythrocytes. The tissues exposed to adenovirus type 12 did not 

produce antibody detectable by passive hemagglutination. 

6. 11olecu.lar species of antibody synthesized in vitro 

To determine the molecular species of .antibody synthesized 

i~ vitr~, culture fluid samples were subjected to sucrose density 

gradient centrifugation. Fluids from cultures of lymph nodes of 

seven different animals and a spleen culture w·ere analyzed. The 

results of a representative ~xperiment are given in Figure 4. The 

greatest activity of all the samples tested WB;S found in the 7S region 

of the gradient. The antibody detected in this region was resistant 

to treatment with 2-mercaptoethanol. . Antibody activity was also found 

in the 19S region of the gradient in culture fluids from four of the 

seven animals. The activity in this region was sensitive to treatment 



TABLE 10. 

ANTIBODY RESPONSES OF LYMPH NODE TISSUE EXPOSED IN VITRO TO 
HOMOTYPIC AND HETEROTYPIC ADENOVIRUS ANTIGENS AS 

DETERMINED BY PASSIVE HEMAGGLUTINATION* 

Culture 
No. 

Test Antigen on RBC Antigenic 
Exposure 
In Vitro Hex on Fiber Ad. 5 Ad. 2 Ad. 7a Ad. 12 

1 
2 

3 
4 

·s 
6 

7 
8 

9 
10 

11 
12 

13 
14 

15 
16 

* 

"'~* Hex on 
II 

Fiber 

" 
*** Ad. 5 . 

II 

Ad. 2 
II 

Ad. 7a 
II. 

Ad. 12 
"· 
**** KB 

" 

~2 
.(2 

~2 

<2 

<2 . 
<2 

~2 

<2 

<2 
~2 

<2 
<2 

<2 
<2 

<2 
<2 

2 
2 

4096 
1024 

102ll. 
1024 

16 
16 

<2 
<2 

< 2. 
<2 

<2 
~2 

32 
32 

16) 38l~ 
Ll-096 

716,384 
;"16:384 

64 
128 

<2 
<.2 

&:.2 
<.2 

<2 
<2 

<2 
<2 

<2 
<2 

64 
16 

64 
32 

'{2 
<2 

-< 2 
<.2 

Titer expressed as reciprocal of dilution 

<.2 
<2 

<2 
<Z 

<2" 
<2 

<.2 
<_2 

<2 
<.2 

4 
8 

-<2 
<2 

<2 
<2 

<.2 
<2 

<2 
<.2 

<2 
<2 

<2 
<2 

<2 
<2 

<2 
<2 

< 2 
< 2 

** 1 d 2o· Hexon - DEAE-purified fraction e ute with 0. M NaCl 
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Fiber·- DEAE-purified fraction eluted v1iht 0.05--0.075 M NaCI 

Ad. - adenovirus, freon extracted preparation, numerals 
indicate virus types 

***·k KB - freon extracted preparation of KB cells 

\ 



Figure 4. Sucrose gradient centrifugation of antibody synthesized by 
·lymph node fragments in. vitro. 
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with 2-mercaptoethanol. This provided further evidence that the anti­

body was a .19S macroglobulin. 

The results of the assays of serial samples from the same lymph 

node culture are given in Figure 5. Low titered antibody activity in 

the 7S region was present in the 9 day sample~ The activity iQ this 

region increased in the subsequent samples~ ' The antibody in the 19§ 

region became detectable in later samples~ The antibody may have been 

present in the 9 da~ sample, but at a level too low to be detected 

even with a method as sensitive as ,passive hemagglutination. 

Antibody activity was ~ete~table in both the 19S and 7S r~gions 

in the sample from the spleeri. culture tested.· The lymph node cultures 

from this animal also synthesized 19S antibody. 

Activity in the 19S region was detectable by passive hemagglu­

tin~tion only. Complement-fixing antibody_~as. detectable in the 7S 

region, but only in the samples which had titers of 1:64 or greater 

·when measured by passive ~emagglutination. 

7. Effect of various compounds on antibody synthesis 

in vitro 

a. Effect of hydrocortisone-succinate 

Several ·investigators (Ambrose, 1964; 1966; 

Ortiz-Muniz and Sigel, 1967) have reported that antibody synthesis 

in vitro. c-ould be enhanced by the addition of hydrocortisone-succinate 

(Solu-Cortef) to the culture medium. these.investigators have found 

that the compound could eliminate the requirement for serum in the 

culture medium. To assess the effect of addition of the compound to 

.. 



Figure 5. Antibody distribution after suerose density gradient 
centrifugation of sequential samples from a lymph ~ode 
eulture. 
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the culture medium used in this study, sever~l ~ultures were set up 

in which the composition of the medium was varied with respect to· 

serum and hydrocortis.one-succirtate. 

The. results of the experiment are shown in Figure 6. · No dif­

ference in the antibody synthesis could be detected between cultures 

maintained in the medium containing serum and· hydrocortisone-succinate 

and the cultures maintained in the medi~m containing serum only. 

There was no detectable antibody in the fluids from tu~tures main­

tained on the medium which contained hydrocortisone-succinate with­

out serum. The requirement for serum could no.t be eliminated by the 

addition of the steroid. 

··Some fragments which were not exposed to the viral antigen's in 

vitro were also maintained on the different media. No antibody was 

detected in the fluids from these cultures. Therefore the addition of 

hydrocortisone-succinate to the culture medium used in this study did 

not produce any effect either· in terms of enhancing the antibody pro­

duction or as a. substitute for serum. 

b. Effect of phytohemagglutinin-P 

·Phytohemagglutinin has been reported to evoke 

specific anamnestic responses when "primed" or sensitized tissues 

are exposed to the compound (Tao, 1964). Therefore, experiments 

were designed to study the effect of phytohemagglutinin on antibody 

synthesis in lymphoid tissues from the rabbits sensitized to adeno­

virus type 5 . 

'. 



Figure 6. · Effect of hydrocortisone-succinate on antibody synthesis 
. by lymph node. frag1nents in vif;:ro. 
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In the first experiment, tissues which ha9 been maintained in 

culture for 30 d~ys were exposed to phytohemagglutinin-F. 

Figure 7 depic~s the results of this ex~er~ment. Cultures 

exposed tp phytohemagglutinin on day 30 exhibited a definite in-

crease i~ antibody synthesis.as· compared with the cultures which 

were maintained H'ithout exposure ·to phytohema.gglutinin. ·The anti-

body levels were maintained approximately two weeks and then there 

was a gradual decline. Althoug~ a decline was observed, the treated 

cultures were still producing antibody at higher levels than the un-

treated cultures at the termination of the experiment. The response 

was specific in terms of the .antibody produced. This was determined 

by tests designed to show t~at the antibody detected was specifically 

vi·ral antibody. These tests were described in a previous section. 

Although phytohemagglutinin can cause agglritination of red blood 

6ells, the increase in antibody titer detected by passive hemaggluti-

nation was not the result of ~on-specific agglutination of the anti-

gen-coated erythrocytes. There was no. agglutination of the saline-

control tanned cells, nor did the fluids from cultures which were not 

·propucing antibody prior to addition of phytohemagglutinin cause 

agglutination of the antigen coated cells. 

As a result of the findings in the first experiment, a second 

experiment was designed to study the effect of exposure of lymph node 

fr~gments to phytohemagglutinin prior t~ their being placed in culture. 

. . 
Some fragments were exposed in vitro only to phytohemagglutinin; some 

were exposed only to the viral antigens; and some were expo~ed to the 

viral antigens and phytohe~agglutinin together. 



Figure 7. Antibody-responses of lymph node fragments exposed to 
phytohemagglutinin 30 days after initiation of cultures;-. 
~ indicates time of addition (day 30) of phytohemagglutinin. 
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The. results of thi~ experiment are given in Figure 8. From 

the data it was concluded tha~ phytohema~glutinin did not produce 

either enhancement or inhibition of the antibody response of the 

lymph node fragments. There .was no appreciable diffe~ence in the 

respons~ of the fragments exposed only to the viral antigens and 

those exposed both viral antigens and phytohemagglutinin. Phyto-

hemagglutinin did not evoke a response in the tissue which was not 

exposed to the viral antigens in vitro. The difference in the find-

ings of the first and second experiments may be the result of the 

difference in the length of time the fragments were exposed to phyto-

hemagglutinin. 

c. Effect of chloramphenicol 

Experiments were designed to determine if the 

antibody detected in vitro was the result of de novo synthesis. In 
. . ---

the first experiment lymph node and spleen fragments were exposed to 

the viral antigens as described previously. Certain of the cultures 

were .maintained on medium which contained chloramphenicol (SO~g/ml). 

Comparable cultures were maintained on inhibitor-free medium. The 

antibody titers of the culture fluids were compared. These results 

are given in Figure 9. When chloramphenicol ~as incorporated into 

the medium at the initiation of the culture (time 0), no antibody 

could be detected in th~ fluids from the spleen cultures. The tissues 

which were exposed to virus and maintained on inhibitor-free medium 

produced antibody. Although the inhibitory effect of ch_loramphentcol 

was not as marked in the cultures established from the lymph node 

~ .. _ 



Figure 8. Effect of phytohemagglutinin on antibody responses of lymph 
node fragments. 
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Figure 9. Effect of chloramphenicol on antibody responses of lymph 
node and spleen fragments. 
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fragments,_ lower levels of antibody were detec~ed in the cultures 

maintained on the· medium containing·chloramphenicol than .in the 

cultures maintained on the inhibitor-free medium. 

A second experiment ·was designed to determine the effect of 
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the presence of chloramphenicol for 'different periods of time. Lymph 

node fragments were used in the experiment.. The results of the experi­

ment, given in Figure 10, indicate that the inhibitory effect of chlor­

amphenicol depends upon the time. of addition of the inhibitor. When 

the fragments were exposed to the viral antigens and chloramphenicol 

for a short period of time (2 hours), the eff~ct was negligible.· 

There was a slight delay (3 days) in the .appearance-of detectable 

antibody; however, the fragments responded by syntqesizing antibody 

at levels comparable to fragments which were exposed only to the . 

viral antigens. The continued presence of chloramphenicol appeared 

to be necessary for maximum inhibitory effects to be produced. This 

is indicated by the results from cultures maintained on chloramphenicol 

from time 0. It is interesting that cultures which had Qeen exposed 

to the inhibitor from time 0 did show slight antibody production when 

the inhibitor was removed on day 21. Once antibody production had 

begun.the tissue appeared· to be refractory to the effect of the in­

hibitor as indicated by the cultures which were maintained on inhi­

bitor-free medium through day 15. Addition of chloramphenic~l on 

day 15 h~d little inhibitory effect. From these ·data, it appeared 

that the effect of chloramphenicol is most pronounced during the early 

or inductive phase of antibody production rather than at a later stage 

when active synthesis is in progress. 



Figure 10. Effect of chloramphenicol on .antibody· responses of lymph node 
fragments·, ·.;._;,; indicates addition (day .iS) ·or 1;emoval (day 21) 
of chloramphenicol. 
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d. Effect of puromycin 

The effect of puromycin on antibody synthesis 

by lymph node fragments was studied as a part of the experiments de-

signed to determine 'tvhether de ~2.. antibody synthesis was occurring. 

The design of this experiment was similar to the. design of the 

second experiment v1ith chloramphenicol. Tl:e tissue fragments were 

exposed to the viral antigens and to· the inhibitor for varying periods 

of time. 

The results (Figure 11) indicated that the antibody response 

was inhibited by puromycin and that: this inhibition was concentration 

dependent. Fragments exposed.to·3 ~puromycin for a period of only 

2 hours were completely inhibited. In contr2st, fragments exposed 

to 1 ~M from day.O through day 30 were only partially.inhibited. The 

appearance of detectable levels of antibody was delayed in_ these. latter 

/\ 

cultures and the levels did not reach those of.the cultures which 

were not exposed to the inhibitor. The· inhibition of the cultures 

" exposed to the higher conce~tration of puromycin was not the result 

of to~icity of this concentration. These cultures remained viable 

as d~termined by trypan blue ·exclusion tests. ·rn contrast to chloi-

ampheuicol, puromycin was found to exert an .inhibitory effect on 

antibody production whe~ the inhibitor was added on day 21. A 

marked decrease in detectable levels of antibody was observed with-

in the next sampling period after the addition of the inhibitor. 

These data indicate that_ antibody synthesis is sensitiVe to .puro-

myc.i.n in both the early and later stages of antibody production. 



.Figure 11. Effect of puromycin on antibody responses of lymph node 
fragments,~ indicates addition (day 21) or 3pM 
puromycin. 
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8. Rec·overy of infectious virus from rabbits immunized 

· \vith adenovirus type 5 

Attempts-were made to recover infectious adenovirus 

type 5 from the spleen and lymph nodes of eight of the nine.rabbits 

used in thfu study. Tissue homogenates were inoculated into cell 

cultures of human embryonic kidney (HEK). This cell. line was used 

because of its sensitivity to small q~arttities of adenovirus. The 

results of this s~udy are presented in Table 11. Agen.ts producing 

the characteristic cytopathology induced by adenovtrus infection 

were recovered from tissues of three of the animals. The agents 

were recovered in the second passage of the samples in the HEK cell 

cultures. The isolations were made from spleens of animals which had 

been injected with the freon extrac~ed adenovirus type 5 preparation. 

The isolates \vere made from animals which. __ had been injected three, 

ten and twelve months prior to sacrifice. Two isolates were also 

obtained from the lymph nodes. One of the animals was injected three 

months prior to sacrifice; the other was injected ten months prior 

to.sacrifice. The negative cultures were passaged a third time, but 

these remained negative. The isolates were identified as adenovirus 

type 5 by neutralizaeion of the infectivity with ·specific antiserum. 

These results were taken as evidence that _adenovirus type 5 produces 

an infection in the rabbit which beco~es persistent although the in­

fection produces no outward 'symptoms of disease. The animals remained 

healthy th~oughout the period of:the study. 

Because adenoviruse~were originally discovered in lymphoid 

tissues maintained in culture for periods of time, ~n attempt was 
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TABLE 1.1 

. RECOVERY-OF INFECTIOUS ADENOVIRUS TYPE'S FROM LYMPHOID TISSUES 
OF RABBITS INJECTED WITH VIRAL ..A.NTIGENIC PREPARATIONS* 

Animal 
No. 

001' 

ooz 

006 

008 

009-

00? 

8 

9 

* 

** 

Weeks After 
Injection. 

12 

24 

36 

48 

48 

52 

52 

. 36 

Animals 001-009 
adenovirus type 
Animals 8 and 9 

Virus Isolations 
** Tissue Homogenates Cultured Fragments 

Spleen Lymph Node S~leen 1Ymph Node 

+ ·+ -1- + 

NT + 

+ 

+ + NT NT 

+ NT NT NT 

injected intravenously with freon. extracted 
5. 
injected intravenously with DEAE-purified 

subunits of adenovirus type 5. 

Tissue fragments tested after periods .of time in o;:gan 
culture. 

NT - not tested. 
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made to recover virus from some of the fragments which were maintained 

in culture without re-exposure in vitro.to the virus. The cultures 

from which the fragments were.taken were not producing detectable 

levels of antibody. All fragments tested were from cultures which 

had been maintained at least 30 days. The results are included in 

Table 11. With this procedure virus isolations were made from tissue 

of two animals (002 and 006) which had not yielde·d virus directly in 

the tissue homogenates. 

Rabbits 8 and 9 were the animals which had been injected with 

the structural subunits of adenovirus type 5 rather than infectious 

virus. Vir~s recovery was neither expected nor obtained from the 

tissues of these animals. 

·' 

. ; 



PART II 

A. Adenovirus type 12 tumor induction in Syrian hamsters· 

The animals used in Part II of this study were Syrian hamsters 

bearing adenovirus type 12 tumors. Newborn hamsters from a total of 

seven litters were used to obtain the viral induced tumors. Tumors 

which developed in the newborn hamsters were used as a source of 

material for serial transplantation to weanling hamsters. Two serial 

transplants of four separate viral induced tumors were ~ade. 

The results of tumor inductio~-and transplantation ~re given 

in Table 12. Tumors generally appear·ed within 30 to 60 days after 

the injection of virus into the animals. It can be seen that the 

incidence of tumor induction was. quite variable among the seven 

litters. 

The tumors used for transplantation were taken from animals 

in litters 2, 3, 5, and 7. The percentage of successfu1 transplants 

. was somewhat higher in the first passage of the tumor than in the 

second passage. Palpable tumors were detectable within nine to 

fifteen days following transplantation. 

When the tumors reached 1 to 2 inches in diameter, the animals 

were sacrificed. The sera were assayed for antibody to the v.iral 

antigens of-adenovirus type 12 and for antibody to the tumor or 11 T11 

·antigen. The spleen and lymph nodes were removed for in vitro 

87 
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TABLE 12 

INCIDENCE OF ADENOVIRUS TYPE 12 TUMORS IN SYRIAN HAMSTERS 

_A.· Inctdence of tumors in newborn hamsters injected with 2 x 103 
TCin50 adenovirus type 12 

Litter No. No. Injected No .. Tumors· Per Cent Positive 

1 6 0 0 
2 8 3 38 
3 9 6 67 
4 9 0· o· 
5 9 7 78 
6 9 1 11 
7 ·6 .1 17 

B. Incidence of tumors in weanling hamsters injected with 0.2-ml 
tumor mince 

Primary No. Injected No. Tumors Per Cent Positive 
Transplant 

HA2 .. 9 5 56 

HA3 8 5 63 

HAS ll~ 9 64 

HA7 12 4 33 

Secondary No. Injected No. Tumors Per Cent Positive 
Transplant 

HB2 22 3 14 

HB3 21 9 43 

HB5 26 8 .30 

HB7 12 6 50 
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stimulation with antigens and for culture. Table 13 is·a composite 

of the data on the animals whose lymphoid orga~s were u~~d for cul­

turing. The following data are presented: 1) method of tumor in­

duction (viral induced or transplanted), 2) tumor size (mm), and 

3) serum antibody titers to both the viral and tumor antigens~ · 

Antibody to the viral antigens could be dete~ted in serum· 

from animals bearing viral induced tumors both by complement fixa­

tion and by passive hemagglutination tests. This antibody was de-_ 

tected in eight of the twelve animals. Antib_ody to tl).e tt.nnor antigen 

was detected by complement fixation in serum from all the animals 

bearing viral induced tumors. Antibody to the tt.nnor antigen .could 

not be detected when passive hemagglutination was the method of assay. 

Apparently the tumor antigen does not attach to the erythrocytes. No 

antibodies to either viral or tumor antigens were found in the serum 

from animals 33 and 34 which were injected as n·ewborns but did not 

develop tumors. 

· Antibody to the viral antigens was detected by complement 

fixation or passive hemagglutination in serum from only four of 

the twelve animals bearing transplanted tumors. Antibody to the 

tumor antigen was found in the sera of ten of the twelve animals. 

Animals 35 and 36 v7ere injected with tumor mince but did not deve_~op 

tumors. 

B. Antibody responses in vitro of lymphoid tissues from 

hamsters bearing adenovirus type 12 tumors_ 

The design of the experiments in which the lymphoid tissues 

of the tumor bearing hamsters were studied was similar to the design 

·...--
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TABLE 13 

SERlJN Jl..NTIBODY TO VIRAL AND TUMOR ANTIGENS OF HAMSTERS 
BEARING ADENOVIRUS TYPE 12 TUJ.viORS 

Animal No. Tumor Size Serum Antibody Titer+ 
(mm) Viral Antigens 

CF..f-9·· PHA~ 
·-----· 

HO 1* 40. 16 640 
HO 2* 41 . q. <4-
HO 3* 51 .<4 <4 
HO 4* 50 <L} <4 
HO 5* 40 <4 <L} 

HO 6* 40 64 2560 
HO 7•k 30 4 40 
HO 8* 32 '>256 2560 
HO '9* 42 4 160 
HO 1Q'i\- 38 .::. L~ <4 
Hb 29-J.- 40 64 -640 
HO 30* 30 64 40 
HO 33"'" --a ~4 ~4 

HO 34"'' --a <.L} <.L~ 

HA2-13** · 45 64 2560 
HA7 -3 7*"~\- 50 1..4. (.4 
HB3-14·k* 49 <4 <4 
HBS-15** 47 4 .t:4 
HB5-16-ld: 45 4 LtO 

HB2-31"''* 65 <4 40 
HB7 -LJ.6"''* 58 <.4 "'4 
HB7-47** 60 <A <4 
HB 7--48*:~ 50 ~4 <4 
HB 7 -49'i'd-: 38 <4 <4 
HB7 -51*'i'.- 60 <4 <4. 
HB7 -52*"'' 35 <L~ <4 
HB5-35'k* --a <A <4 
HBS-36** --a <4 <4 

+ Titer expressed as reciprocal of dilution 
++ Complement fixation 

c.f,f·:..Y~ Passive hemagglutination 
* Viral induced tumors 

~~ Transpl~nted tumors 
a. No tumor 

Tumor Antigen· 
CF PHA 

4 ~4 
4. . <4 

64 c::4 
4 <4 
4 <4 
4 ~4 

32 <4 
16 <4 
64 <:4 
16 <4 

>256 ~4 

128 <:4-
c:.4 <4 
<4 c..4 

>256 (.4 
7 256 <:4 

4 <4 
16 <4 
16 <4 
<4 "'4 
32 <4 
16 <.L~ 

16 <4· 
<.4 .::.4 
16 <.4 
16 ~4 

<4 <.4 
<.4 <4 
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of the experiments previously described in Part I. Fragments of 

spleen, mesenteric and inguinal lymph nodes were exposed in vitro. 

to viral or tumor antigens._ 

1. -Antibody responses of lymphoid tissue exposed in 

vitro to viral antigens 
-.. 

The results are recorded in Table 14. Only the frag-~ 

ments which were exposed in vitro ---- to the viral anti_gens responded by .. 

production of antibody. No antibody was detected in the culture 

fluids from the fragments which '\vere not exposed to the .antigens in 

vitro. Only-the lymph node fragments- could be stimulated to respond. 

The spleen fragments from all the anilr,als did not syntheE?ize de-

t_ectable amounts of antibody. As can be seen from this table, the 

_titers obtained with cells sensit~zed with freon extracted prepara~ 

-
tion of adenovirus type 12 or with the DEAE-purified fiber antigen 

. . 

of adenovirus type 12 were comparable. This ·was taken as evidence 

that the antibody which was measured was antibody to the fiber or C 

antigen .. Antibody was detected more. frequent'ly in the firs.t and· 
/ 

second pools of the culture (luids than in the third. · The antibody 

could be detected longer in. the culture fluids from animals 'bearing 

the viral induced tumors as evidenced by .. more positive P.oo1 II 

samples from this group of animals~ 

Complement-fixing antibody was detected in pools of culture· 

fluids from only one animal, number 31. Antibody was found ·only 

in the second and third pool of the samples, and the titer ·was low 

·(1:4). It \vill be noted that both pools had titers of 1:32 when 

measured by passive hemagglutination. 
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TABLE 14 

ANTIBODY RESPONSES OF LYMPH NODE FRAGMENTS ·FROM TUMOR 
BEARING HAMSTERS EXPOSED IN VITRO TO ADENOVIRUS TYPE 12 ANTIGENS 

Animal No. Antibody Measured by PHA+ 
Pool I Pool II Pool III. 

Ad. 12* Fiber..f-+..t- Ad. 12 Fiber Ad. 12 Fiber·. 

HO --1*. 8 16 <. 4. <.4 <4 <4 
HO 2 8 8 32 32 < L~ . -( 4 

HO 3 8 8 16 32 <4 <4 
HO 4 8 4 16. 8 4 4. 
HO 5 C::4. <4 16 16 <4 <4 
HO 6 16 16 16 32 < 4. <..4 
HO 8 ~L~ <4 16 32 ~4. <4 
HO 9 <4 <4 8 nd <4 <4 
HO 10 8 8 16 1.6 ... -8 16 
HO 30 16 16 ~4 <4 . ns ns 

·HA2 13** 8 8 16 16 "-4 <4 

-HA7 37 8 8 16. 16 .<:4 .<4 

HB3 14 <4 <4 < l~ <4 ~4 ..:::4 
HB2 31. 16 16 16 32 32 16 
HB7 46 4 4 <:4 <.4 <.4 ~4 

HB7 47 16 16 <4 <4 - ns ns 
HB7 48 8 8 <.4 (4 .e:4 <4 
HB7 49 4 4 <4 .r;:4 <4 <4 

'HB7 51 8 8 <-4 <4 <4 <4 

HB7 52 8 8 <4 <4 <4 t', 4 

+ Passive hemagglutination, titer expressed as reciprocal of 
·diiution 

# Ad. 12 - freon extracted preparation of adenovirus type 12 
-t++ Fiber - DE.A..E-purified fraction .eluted with 0. 20 M NaCl 

* Viral· induced tumors 
** Transplanted tumors 

\ . nd Not done 
ns No sample 

•. 
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2~ Antibody responses of lymphoid tissue exposed in 

vitro to tumor antige~ 

Attempts were made to stimulate the lymphoid tissues 

to produce antibody to the tumor antigen. Tissues taken from one 

- animal bearing a viral induced tumor. and from two animals bearing 

transplante.d tumors were exposed in vitro to the tumor antigen. 

Table 15 gives the results of this experiment. It can be seen 

·- that the sera· of· these animals did have complement-fixing anti­

body to the tumor antigen. However, antibody could not be detec­

ted to the tumor antigen, nor could antibody to the viral antigen 

be detected in the fluids by passive hemagglutination. 

3. Antibody respons·es of lymph node tissue from 

non -tumor bearing hams ter·s exposed in vitro to 

antigens of adenovirus type 12 

Four non-tumor bearing animals were used in this 

experiment. Two of the animals were injected as newb?rns with 

virus, and two were injected as weanlings with tumor m~nce. None 

of these animals developed tumors nor had serum antibody to either 

the viral or tumor antigens. The lymph nGde tissues were e~posed 

to the viral antigens in vitro in an attempt to stimulate antibody 

synthesis. Antibody C'ould not be detected in the culture fluids 

from any of the cultures from these animals. 

4. Specificit~ of antibody synthesized in vitro 

The specificity of the antibody synthesized in vitro 

was determined by testing the culture fluids with erythrocytes 
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TABLE 15 

RESPONSE OF .Ll~PH NODE FRAGMENTS FROM ADENOVIRUS TYPE 12 TUMOR 
BEARING HAMSTERS EXPOSED TO TUMOR ANTIGEN IN VITRO · 

Animal No. Serum Antibody Titer+ Culture Fluid Titer 

Tumor Ag. Viral Ag ... Tumor 

cr++ PHA+-t+ CF 

HO 29* ,. 256 2560 •<..4 

HB5-15*"''" 16 <4 <4 

HB5-16** i6 16 <4 

+ 
.# 
+f+ 

* 
** 

Titer expressed as reciprocal of dilution 
Complement fixation 
Passiye hemagglutination 

Viral induced tumor 
Transplanted tumor 

Ag. Viral Ag. 

PHA 

<4 

<4 

<4 

f ·• 
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sensitized with heterologous antigens and by passive hemagglutination 

inhibition tests. Table 16 gives the results of representative tests 

in which various antigens were coated on the red blood cells. It can 

be seen that the reaction was positive only when adenovirus type 12 

antigens were the antigens on the red cells. 

Table _17 gives the· results of the passive hemagglutination 

inhibition tests. Only adenovirus type 12 viral antigens caused 

a fourfold or greater decrease in the antibody titer. Little or no 

inhibition was seen when adenovirus type 5, tumor antigen, KB cells 

or fetal calf serum were used as the "blocking" antigens. 

5. Effect of chloramphenicol on antibody synthesis 

in vitro 

Synthesis of antibody could be inhibited by incorpora­

tion of chloramphenicol (50 pg/ml) in the -culture media. An expe~i­

ment was set up in which the tissue fragments were divided into three 

groups; One group was cultured without· exposur~ to the viral a~ti­

gens; the second group was exposed to the viral antigens and cultured 

in rp.edium containing chloramphenicol; the third group was exposed to 

the viral.antigens and cultured in medium without chloramphenicol. 

Antibody was detected. only in· the fluids from the.latter group which 

indicated that the antibody was the res-ult of de~ synthesis. 

, Table 18 is a summary of the findings in this study. Of the· 

hamsters bearing viral induced tumors, 50 to 60 per cent had anti­

body to the viral antigen in their seru~. All the lyrp.ph node cultures 

from these animals produced antibody.after stimulation in vitro with 

~- -



TABLE 16 

SPECIFICITY OF ANTIBODY SYNTHESIZED IN VITRO AS 
DETERMINED BY PASSIVE HEMAGGLUTINATION* 

Animal No. Antigen on RBC** 

Ad~ 12 Ad. 5 FCS KB 

HO 1 16 "'4' i.4 ~4 

HO 2 32 (4 <4 ~4 

HO 3 32 <4 <4 <A 
HO 4 16 <4 ~4 <4 
HO 5 16 <4 <4 <4 
HO 6 32 <4 <4 <4 
HO 8 32 <4 <4 .(.4 
HO 9 16 <4 ·<4 '4 
HO 10 16 ·<4 <:4 <4 
HO 30 16 <4 .c::4 <4 
HA2 13 16 <4 <4 -<4 
HA7 37 16 <4 <4 <4 
HB3 14 <.4 <4 <4. <4 
HB2 31 32 <4 <4 <:4 
HB7 46 4 .<4 <4 . <4 
HB7 47 16 <4 ··~z;:-· <4 
HB7 48 8 <4 ,t.4 <4 
HB7 49 4 <4 "'4 ~4 
HB7 51 8 <4 <4 <4 
HB7 52. 8 <4. <4 <4 

* Tite'l: expr~ssed as reciprocal of dilution· 

** Ad. 12 - Adenovirus type 12," DEAE-purified fraction 
eluted with 0.20 M NaCl 

Ad. 5 - Adenovirus type 5, freon extracted· 
FCS - fetal calf serum 
KB - KB cells, freon extracted 

SRBC 

<4 
-<4 
~4 

<4 
<4 
< l~ 

<4 
<4 
~4 

<-4 
~4 

~4 

£.4 
c::4 
'.4 
..:.4 
<4. 
~4 

4'..4 
L4 

SRBC - sheep. red blood cells, tanned, unsensitized-saline 
control 

96. 



.· 

.,_. 

'\' 

· .. ~ . 

..... 

!···· 

Antigen 
on RBC 

·, 

TABLE 17 

SPECIFICITY OF ANTIBODY SYNTHESIZED IN VITRO DETERMINED BY 
· PASSIVE HEMAGGLUTINATION I~:(BITION"'C' 

Blocking Animal No. 
Antige!l 

H0-3 H0-4 H0-5 H0-6 'H0-8 HA2-13 HA7-37 HB2-31 HB7-47 

Ad .. 12 - 32 8 16 32 32 16 16 32 16 

Ad. 12 Ad. 12 <4 ~4 t:4 4 <4 <4 < 4 <4 <4 

Ad. 12 Ad·. 5 32 8 16 32 32 16 16 32 16 

· Ad. 12 "T" ag. 32 8 16 32 32 16 '16 32 16' 

·Ad. 12 KB cells 32 8 16 32' '32' 16 -·' 16 32 16 ' 

Ad. 12 FCS '' 32 8 16 32 32 16 16 32 16 

-lC' Titer' expre~sed as ie6iprocal of dilution 
Ad. 12 - DEAE-purified fraction eluted with 0.20 M NaCl 
Ad. 5 - freon extracted preparation \ . 7 . 
"T;' ag~ - adenovirus type 12 hamster tumor· cells, 2 x 10 cells/ml, sonified 

preparation 
KB cells - crude cell prepar.ation 
FCS ·- .fetal .calf serum 

. :' ·( . : . ·,· 
\ 

HB7-48 

8 

<4 

8 

8 

8 

8 

--, 

~'-· 

. .... 
'";, 

1..0 · . 
....... 
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TABLE. 18 

SUMM..l\RY OF IN VIVO AND IN VITRO ANTIBODY RESPONSES OF --- ----1-IP.NSTERS BEARING-ADENOVIRUS TYPE 12 TUHORS 

Tumors Total Animals 

Viral Induced 10 

Positive Sera 
CF* PHA*i~ 

Positive Cultuies 
PHA 

6 (60%) 5 (50%) . 10 (100%) 

Transplanted 10 1 ( 10%) 2. (20%) 9 (90%) 

* Complement fixation 

** Passive ·hemagglutination 
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the viral antigens. Only_lO to 20 per cent of-the hamsters bearing 

transplanted tumors had detectable serum antibodies; however,. the 

l~nph node tissues from all but one of· these. animals responded by 

p~oduction of antibody in vitro. 

C.· Histological studies of tissues maintained in vitro· 

Limited histological studie? were done in an attempt·to learn 

something of t~e cell type which persisted in the organ culture 

system .used in this investigation. 

Microscopic.: examination of the intact cultures revealed the 

presence of cellular proliferation aroun~ the explanted ti~sues .on 

the surface of the agar blocks. Figures 12 and 13 are repres~ntative 

of the appearance of ·the fragm~nts and. cellular outgrowths around 

them. The explants shown are lymph node fragments from hamsters. 

The cultures of the spleen fragments and .. _lymph n_ode fragments from 

rabbits had the same general app.earance. ·--

Some of the fragments were fixed and histological sections 

were made. ·Figures 14 arid 15 are sections from a rabbit lymph node 

an~ spleen fragment, respectively. These fragments were exposed in 

vitro to the viral antigens prior to culture .. The cultures from which 

·the fragments were taken were producing antibody. These particular 

fragments had been maintained in culture for eighteen days. In-general 

the cellularity and arthitecture of the tissue were well maintained 

. over the period of cultivation. However, no striking d'ifferences 

could be detected between sections ·of the tissues which were exposed 



Figure 12 .. Explant of' hamster lymph node frag~ent grewiri.g on· surface 
.. of agar. disc showing cellular. proliferation. Uns-tained. 

Original mag. 45X. 
\ 

~Figure 13 .. Area of cellular proliferat~on around explant of·hamster 
lymph· node fragment -·on. surface of· agar disc~· Unstained·.· 
Original mag.:_ 125X. 

' '( : ·. ~. 

' . : .. ~ . ' 
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Figure 12 

Figure 13 



Figure 14. Section of rabbit lymph node fragment after 18 days in 
culture. Periodic acid Schiff stain. Original mag. SOx. 

Figure lS. Section of rabbit spleen fragment after 18 days in culture. 
Periodic acid Schiff stain. Original mag. SOx. 
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Figure 14 

Figure 15 
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to the viral antigens in vitro and those which were maintained without 

in vitro stimulation . 

. In an attempt to determine the types of ce.lls which were growing 

around the explants, impression smears were made of the·agar blocks 

after the tissue fragments were removed. This type of preparati.on 

proved to be of limited value because of Ehe difficulty in obtaining 

satisfactory material for study. Therefore no strict differentiation 

of the cells could' be made. In general the cells which adhered to the 

slides were mononuclear cells which had characteristics of the lymph­

ocytic series. Cells in all stages of maiuration were found; however, 

the medium and small lymphocyt~s were the most readily identified. 

Some of the cells exhibited characteristics of mature plasma cells, 

i.e. an abundance of basophillic cytoplasm and a ma~ure, eccentric 

nucleus. 

Figures 16 through 19 are representative of the. cells which were 

most frequently seen. The cells shown were from culture·s of tissues· 

which had been stimulated in vitro, and these cultures were producing 

antibody. No striking di.fference.s were noted, however, l.n_.cell types 

when the impression smears were.made from the control cultures . 

. . 



Figure 16. Lymphoid cells recovered by impression smear from a culture 
of hamster lymph node fragments after 21 days in culture •. 
Tissue fragments weEe. exposed in vitro to adenovirus type 
12 antigens prior to being placed in culture. Wrigh~~iemsa 
stain. Original mag. ·4sox ·· 

Figure 17. Lymphoid cells recovered by impression smear from a culture 
of hamster lymph node fragments after 21 days in culture. 
Tissue fragments were exposed in vitro to adenovirus type 
12 antigens prior to being placed in culture. Wright-Qiemsa 
stain. Original mag. 4SOX 
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Figure 16 

' 

Figure 17 
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F.igure 18 . · Lymphoi~ cells recovered·· by impression smear from a· culture 
.of rabbit lyniph' node fragments after 15' days in culture •. 
Tissue· fragments were exposed _in vitro to_ adenoviru~ type 
5 antigens prior to being placed :in ·culture· .. Wt.i--ght-Giemsa 
.stain .. -Original mag; 450X. -

'' 

. I 

. l 

· F..igure 19. Lymphoid _cells recove_red :by;:i~pr~~s~on smear- from a culture· 
of rabbit- 'spleen fragments._ after 15 days in. culture. . 
Tissue fragmei).ts _were ·exposed in v-itro to adenovirus . type·. 

- 5 antigens prior to being: plac~d .. ·_in·-~:ulture. Wright-G_iemsa 
·stain. _ Orig~n_al_inag •·. -200~. ·_ · · _,_ -

'\ ... 
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Figure 18 

Figure 19 



DISCUSSION 

The results of the studies of antibody synthesis in vitro 

by fragments of rabbi.t lymphoi~l tis;sues ·\vere, in general, consistent 

with the findings reported by Michaelides and Coons (1963) and-by 

Dutton and Eady (1964). The tissues responded to specific stimula­

tion in vitro as evidenced by production of antibodies detectable 

by· complement fixation, passive hemagglut"ination, .and neutraliza­

tion tests. Tbe lymph node fragments could consistently be stimu­

lated to respond to in vitro stimulation with the specific viral 

antigens regardless of the time interval between the initial exposure_ 

in vivo and the re-exposure in vitro up to the limit of the study. 

w"'hen the tissues were placed in cultures there was a con­

sistent lag period of six to nine day~ before the levels of antibody 

became detectable even with the most sensitive a.s.say used. This lag 

period has been the general finding of other investigators (Michaelides 

and Coons, 1963; Tao, 1964; Kritzman and Harper, 1966). This interval 

has been attributed to: 1) the necessity for adaptation of the tissue 

to a·changed environment; 2).the maturation and division of precursor 

cells to a state of active antibody synthesis; and 3) in the present 

study, the presence of sufficient residual antigen td combine ~ith 

the earliest antibody produce~. The latter point is supported by 

the recovery of infectious virt1s in the first (3 days) fluid harvests, 

105 
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Once· the antibody levels became detectable to the assay procedures 

the virus could no longer be recovered from the fluids. After anti­

body synthesis began, the peak titers were reached in about 12 to 15 

days and remai.ned at a constant level for 30 to 45 days followed by 

a gridual decline. The prolonged survival of the productive fragments 

was attributed to the organ c~ltur~ system utilized in this study .. 

The preservation of the architecture of the tissue fragments and the 

retention of the productive cells on the surface of the agar discs 

was considered to ha~e. extended the period of antibody production. 

The concentration of viral antigens used to stimulate the 

fragments was not extremely critical .. Lymph node fragments responded 

equally well to a concentration r'!lnge of antigen from 102 to 106 TCID50 

of the virus preparation used for in ~itro stimulation. Some decrease 

in effectiveness was noted at the lowest cor1centration (10 TCID50). 

This possibly was near the limits of sensitivity of ·the response. 

Other workers ha.ve reported sirn.ila:r findings when wide concentration 

ranges were used· to stimulate "primed" tissues in·vitro (Micha.elides 

and Co"ons, 1963; Dutton and Eady, · "1964) .' 

. The attempts to induce additional antibody responses after 

the fragments had been in culture for various periods of time were 

unsuccessful. The drop in titer· of the fluids· .which was noted immedi-

ately after re-exposure to the antigen was thought to be the result of 

the antigen comb~ning with the antibody being synthesized. The titer~ 

of the fluids generally returned to the same levels as before re-

exposure to the antigen. jhe freon extract~d preparations of adenovirus 

type 5 which were used to re-expose the tissues contained, in addition 

:· ,' ,. 
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to other virion antigens, the.penton antigen (toxin) which is 

associated with the "early" cytopatl:iology caused by this virus. 

The action of this toxin on the· exposed cells growing·on the sur-

face of the agar discs may have caused s~fficient damage to the 

cells to preventmore active antibody productio'n. No attempts 

.were made to remove the fragments from the agar discs and re-

expose them to the freon extracted.virus or to the individual 

structural subunits. Several other factors may also account for 

this lack of increased response. All of the antigen-sensitive cells 

·may have responded to the init'Lal in vitro stimulation and the frag-

ments could have been synthesizing a~tibody at their maximun1 capacity. 

Although ~he culture dishes were washed following the re-exposure.per-

iod, sufficient virus may have·remained in the agar discs to have pre-

vented detection of any increased antibody production. 

The fragments of all lymphoid tissues from the animals which 

had been hyperimmunized with the individual hexon or fiber antigens 

failed to respond to stimulation with any of the vario_us antigen pre-

parations. The failure of the tissues of these animals to respond ·to 

. in vitro stimulation could be taken as ev.idence of the necessity of 

the continuing presence of antigen in vivo. Injection of the subunits 

would not establish a latent infection. Also the serum antibody titers 

of the~e animals declined considerabl1 during the course of these ex-

·per imen ts. The. animals which were injected with the freon extracted 

virus were under continued stimulation·by the viral antigens. This 

statement is· substantiated by. the· fact that virus was recovered .at· 

the· time of sacrifice from the lymph nodes· and spleens: of some of 

the animals .injected with the infectious virus. 
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~pl~e~_-frag~e~ts did ~ot synt~~size antibodies'as consis~ 
. . . . . 

· .,·_ tently or at levels ·comt,arable to the lymph -~o-d~ fragme~ts •. The 

:sple-en fragments which did ·respo?d to in vitro stimulation were 

":-_from animals. sacrificed within 12. to 24" weeks after the initia-l 
. . 

_injection of- the virus. ·This. indicated that the time i.nterval be-

tween the in vivo and in-vitro exposure to. the -'antigens-may et'fect 

the response which can be .evoked by. sple-ni.c tissue ~ vitro •. Di,.f-

ferences ·-in the· ability of the lymph node and spleen to respon~ to 

in.vitro stimulation have been reported by othe~s (Stavitsky, 1961)~ 

. There is apparently,a corre1~tiori between the tissue weight and the 

· -~ynthetic c~pacity of the splee~. In the present study the number 

.. _-of fragments of lymph· node and spleen placed in culture were.- always 

·.the same; _but the tissue weights were different .. The difference in 

the arc hi tee ture of the two organs may a1so- ·account for the dif- · 

ference. in. the antibody production in vitro. A fragmet?-t of lymph 

·node would be _expected to contain mor'e cells ."capable of synthesizing · 

antibody than an equivalent fra,ginent of spleen .. 

The lack of response to- in Vitro stimulation oqserved with 

the fragments of thymus ·are cons.is tent- with the findings of· Askonas 
. ~ ' . ·. ' 

and White (19_56) and Askonas and Humphrey· (1958) .. Ortiz-Muniz and 

Sigel (1967). did report· art~ibody prod_ucti-on by thymic· f~agments 
. . . . ' : 

from animals· .irnmuni'zed "tvith bo'vine ~erum _albumin; ho:wever; _the · · 

- ... -levels were_ quite loT,.; and. these investigators suggest~d that the 

~ritibody may _have. arisen from_ lymphoid_ cells- trapped in the thymus· 

. rather than be.indicative "of the antiboc:Iy synthesizing ability of 

· __ the 

,·,·· 

1-,-

l •·.· .:~ .· 
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· · --The resutts-·of _tests ·.design~d to det:·ermine th~·-specific.fty 
:' -: .·· .. ·: . . . . . 

. of· t.he. antibody:synthesized i~ vitro' indicated that the antibody 
.. ·. 

detected was. spec_ifical_:l~. antiviral.'. 'I;'he lack· of reactivity of. 

-the_ culture fluids with KB.cell antigens, fetal bovine serum and 

· ~o~trol $heep_eryth~ocytes ~as taken ~s ~evide?ce that the antibody 

- being measured was specific for the yiral antigens used in the 

serologic tests. To ~etermine the specificity of the viral anti-

body, the fluids were reacted in passive hemagglutination and com-

plement fixation· tests with the antigens of the homotypic adenovirus·. 

type 5 ·and with the_ antigens-_ of· the hetetotyp:ic adenovirus types 2,. 

7a and i2. ' The results obtained in the pas~ive hemagglutination 

tests ·indicated that the antibody measur:ed by this metJ:tod was •· pri-

-marily antibody ·to the fiber and penton antigens. of type 5. Highest 

titers were obtained with erythrocytes:s~~~itized with the freon 

·extracted preparations of-type 5. Significant titers were also.ob-

tained with erythrocytes ~ith the fiber antigen of type 5. The 

differenc~ in titers· obtained with the two antigenic preparations 

··was attributed· to the fact that. the. frebn extracted preparations 

contained both the fiber and pen ton antigens and the. DEAE column-. 
i 

fraction contained only the fiber antigen. Also there was a quan-

titative difference in the amount of antigen in the two preparations .. 

As prev:ious ly mentioned, the hexon C?r· group specific antigen appar- . 

-ently does not atta6h· to the ~rythroc~tesi therefore, passive 

-hemagglutination does :not measure antibody· to .this antigen and is 

.:-a more type~specific as-say. 
. . 

This. is suppo·rted _by the .la.ck of re-

·,:activity of the fll1ids·with.cells se-nsitized vtith ade~dvirus·types·': 

.... ,•' 
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7a and 12 and the-slight tress-reactivity of _the fluids with cells 

sensitized with adenovirus type 2. Adenovirus type 2 is a member 

of the same subgroup (III) to which type 5 belongs; adenovirus 

types 7a and 12 are members of subgroups I and IV, respectively.-

Therefore, on~ lllight expect some cross-reactivity with adenovirus 

type 2, particularly since both the fiber and penton antigens of_ 

type 2 were present in the preparat~on ~sed to sensitize the erythro-

cytes. This cross-reactivity of types 2 and- 5 in the passive hemag­

glutination reaction has.been previously described (Lefkowitz, 1967). 

The passive .~emagglutination inhibition tests further sub-

stantiated the conclusions that the a~tibody synthesized in vitro 

was antiviral and that this assay measures antibody to the fiber and 

penton antigens rather than antibody.to the hexon. This was demon-

strated when the hexon was used as the "blocking" antigen. In these 

tests there was no reduction in the _antibody titers obtained using 

erythrocytes sensitized with freon extracted type 5 as the test anti-

gen. How_ever, . when -either the fiber or the freon extracted prepara­

tion of type 5 were the 11b lockfng11 ·antigens, marked reduction in 

antibody titers were obtained. · 

In the complement fixation tests, antibody was detected to 

the purified hexon and fiber antigens of adenovi-rus type 5. Highest 

titers· were obtained with the freon-extracted type 5 as the test 

antigen. This was expected since such a preparation contains the 

fiber, penton and hexon antigens.: There was more cross-reactivity 

between the antibodies in the culture fluids and the antigens of 

heterotypic adenovirus types than- was seen in· the _passive hemagglu­

--::-; tination tests~ . This'_was attr.ibu-ted to the fact that complement 
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fixa:tton measures· antibody to the_ hex~n antigen as :well as -antib0dy,·: 

to the fiber, and pent on antigens·; 'rhe hex on or· group antigen is 
.. 

conside.r·e.d to be common 
• ~·· -4-

all to adenovirus types and to posses~. a·.· 
. . 

.·single antigenic:. de.terminant (Peterson et· aL·, 1967). 

The responses ·of adenovirus type 5-s.ensitized lympq node 
' ., ·--·, l ' ..... 

tissue to stimulation with homotypic and-heterotypic acien.oviral 

antigens provided some interesting observa-t-ions .. The_ purified 

he~ton antigen of type 5 stimulated the .fragrpents ·to produce an.ti-

detectable by_both complement fixation and passiye.hemagglutinatio~ 

·. me.thods. There.fore, ·. i.t ~as .assumed that. antib9dies:· to all three· . 
't .· 

structural antigens were being synthesized by these· ·fragments ·stimu-. 

lated ·by· the hexon antigen of type 5. However, the res-ponse 6£ the.· 
~- ' . 

~t{~sue to-the hexon was ~ot as gre~t as the respon~e to the puiified· 

fiber antigen or to· the fre~n extr~c~ed-·prepar.ations .. of. type 5. 

. . 
.The antibody detected b~ passive hemagglutination iri the 

fluids of the adenovirus type 5-sensitized tissrie exposed in vitro 

to adenovirus type 2 was cons·idered to. have. resulted from the pre-

· · ·senc.e of some· c.orrnnon or closely· .related· antigenic determinant on the . 

. -fiber or pen ton antigens of the two· v~~qs typ~s •. The pur~~ied .fiber .. 

and pen ton antigens· '?.f type 2 were not avaih1ble for te~ting; ther~-. 
: ' . . . 

·.fore·, no.·concl~sio~ ·would be made c-on.cern{ng which ant.igen was re_- · 
. . 

sponsible··for causing the.res·ponse •. 

The antibody deteGte~ by complement fixati.on in the fluids: 

from the adenoviru,s type 5-sensitized tissues exposed to types 7a. and 
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·12 was considered ·to h~v~ restiited -from. the respons-e· ·to ~timuiation:. ·- · 
/ . •, - ': 

. :~.:_by. ~he connnon 'hexon ·antigen. This is· ~upper ted by _the ·lack· of re.;. 
. ' 

ac·tivity of -these fluids· with the .fiber antigen of .type 5. Also the 

lack-of cross-reactivity detected by-passive ·hemagglutination which 

was observed in -the c~mplement 'fixation. tes~s .supports. t.he conclu-sion 

that .the cross.-react:i,vity observed ·in the complement 'fixation tests 
.-1 

was the result of the antibody to the hexon antigen. 

·The major portion of. antibody demonstrated in the organ cul-· 

ture fluids had the properties of 78 ~:. However; tissues from ~our 

· of ·seven animals. produced anti_body which had. the characteristics of 19S. 
' - . 

The titers of. thia a~tibody were lo~ an4 were detectable onlY by passive 

hemagg lu t_~~ation after the titers. of ·the 7S antibody reached 1:32 or 

greater~ The fact that the· 19S antibody appeared after 7S in the serial 

cultures is considered to reflect the extremely low levels of this 

. a~tibody rather than indicate a sequence relationship in the antibody 

produced. .No correlation could be made between· the presence of 19S 

antibody in. the culture fluids and.the· time int~rval between the 

·.·. -·· 
-' _primary in vivo exposure of 'the animal to the. antigen and -·the in vitro 

' ' 

~- -~e-exposure of the tissues .. · The presence or absence 6f the 19S anti-

- body was _consistent __ -in· replicate cultures from the same _anim~_l; .This 
- ' -

~ indi~ates- that the_ var~ation in the response was the ·r'es~-:n:.- of- indivi-
- -·. 

dual variation among the animals rather than variation _among :c~li~-r~s . 
. - .. . .. 

-·from· the same animal.· 

. The add.itiori- of· hydrocort~is~ne;.suc~inate to the basic med-ium 
' . 

. '-. ~ '; : ... 

in· this study- did not enhance antiboq.y production._ 
·. ', . . .. :'• ·_.· 

,bo~in_e:·,: ~ E7r·~ ,: · 
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. -·pro_ceeq:i.rtg ·at.·· the 'ix{a:Kiinum. level-regardless of the· 'presence of 
-_hydr·~~ortisorie~s-ue~inate·. c_ In contrast to the findings of Ambrose 

._(1964, ·._1966) and Ortiz-Muniz and Sigel- (~967), hydrocortiso~e-: 

.succinate .did_ riot substitute for the serum ·requirement_. In Ambrose'.s. 
' . . . . ... 

·studies, Eaglel_s 11EM. was .used; ~ut additives. 'suc-h as insulin and 

certain ''non-essential" .amino acids were ?lso. present. when maximum 

·enhancement was· observ!Zd. No ·-additions to the Eagle's MEM o.ther · 
. - . ' . 

than the steroid-were made l:n. the present :st~'dy. In··the studies· 

o.f Ortiz-Muniz and Sigel,. the basic. medium was Medium 199 which. 
,', ' 0 L 0 0 

- -·_contains ingredient~· in add:i,.tiop. to those in· Eagle's MEM. The dif-

'ference in the c:omposition of the medium could account for the: lack 

of response to hydrocortisone-succinate observed in the present:~tudy; 

-.j 

~ .... 

Addition of phytohem9-gglutinin-P to the medium of cultures · 

· after 30. days cultivation re.sul.ted in a-~-- fncrease in the synthesis 

of specific viral an~ibody~ This. increased productfon was,. however,. 

noted only in cultures of fragmen~s which .. had: been stimulated: w'ith 

viral antigens prior to being placed in.culture. Antibody was not 
' . . 

synthesized in cultures of fragments_which were exposed to phyto-

hemag~lutinin and maintained w-ithout re-exposure i~.yitr..£ _to the 

viral antigens~ There are several possible ·explanations for these 
-~ . . . -

- _findings. · Phytohemagg lutiain.·has been shown. to induce blas toid~ tran$-
' . . 

,_-~ormat-ion ~nd ~itos.is in rabbit lymphocytes. (Fikrig, Gordon and Uhr, 
-__ ' -- . - . . ·. --

·~1~~6~ S~besiri,: 1966)1· however, the highist mitotic_-indei gene~ally: 

: oc~urs four to five days after. exposure. to phytohemagglutination. 
. . . ' . . 

.·The incr,,eased· ant_ibody· production: was noted in the ~~xt sampling_.:~ 
..• w_-

addition.- of _phyt.ohemagglutin~tion 

-~. -. --
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cultures •. Therefore the effect of the compound· must have been on a 

m~tabolic process other than, or in addition to,· induc~ion of cell 

.d-ivision. Several investigators (Muller and Le Hahieu, 1966; Cooper 

and Rubin, 1966) have shown that non-r.ibosomal RNA synthesis· and pro~ 

tein synthesis are accelerated in lymphocytes stimulated with phyto-

hemagglutinin. ·This accelerated. synthesis can be seen as soon as 

24 hours after addition of the compound. These findings would sug-

· gest that the rapid increase in antibody synthesis observed in the 

organ cultures was probably the result of accelerated synthesis of 

_Rl~A and specific antibody protein. _T~e continued production of 

' . 
~levated levels of antibody may have been the result of an increased 

number of cells producing specific antibody as a result of c·ell 

divisio.n~ 

The exposure of the tissue fragments to phytohemagglutinin 

alone or to both phytohemagglutini_n and the specific viral antigens 

prior to cultivation produce.d no demonstrable effect. This is in 

contrast to the findi-ngs of Tao (1964). who cla'imed to have shown a 

specific anamnestic response in lymph node fragments from rabbits 

hyperimnunized with human chorionic gonadotropin or bovine serum 

albumin. This response was, however, not an all-or-none phenomenon. 

Tissues. from only four of the seven animals he used responded to 

stimulation with phytohemagglutinin. He also. used a higher concen-

tration (600 ~g/~1) than was used in the present study. Several 

factors can, therefore, account for the findings reported in the 

present study. The. length of time.(2 hours) may not have been 

... 
-···· 

,.,· 
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·centration used~ . The tissues from the animal used in .this expe~i- · .. ··. 
. - -

ment rgay · simp 1y have bee'n . .unresponsive· ·to ·phytohemagg 1u tin in.·> . Con-

sid·erat-ion must also be given to the ·antigel'l: used {n this .study._ 

Montgomery et. al. (1967) have recently reported tha~ certain virus·es · 
_. 

inhibit the lymphocyte response to phytohemagglutin. ·.Although a,deno-
I > 

viruses were not among the virus-es ~-tudied. by_ these inves tiga~.ors, 

- the observations. made in the present study may he- pertinent to this· 

.report. 

'The_· effect of_ chlorampl:t~nicol and puromycin on antibody 

--synthesi~ in this sy_stem was consiste~t.with the fi~din~s- reported 

by_Ambros~_ (1966) and Svehag (1964). Chloramphenicol was inhibitory 

to antibody synthesis at the concentration used {50 J,.Lg/ml)-. · This 

effe_ct· was dependent upon the· time of addition of the antibiotic· 

and the length of the exposure.· The antibiotic. had to be present 

--.-~t ali times· to produce maximum inhibition. A short '(2 hour) pulse_ 
. - - . . . . . . . . 

exposure had little .effect, and addition after· 15 days produced- little:. 

or no effect.· -These findings l.:ndic-~ted.· that· the antibody producing 

cells are m_ost .sensitf~~ to chlo~a~p~enicol' during 'the 'ind~cti_ve' phase-

of antibody synthesis and less sensitive during ·the productive phase.· 
·- - . . . . -

T.his· -difference _in sens_itivity has been s~ggeste'd (Ambiose·,. 1966)) .to be 

the, result of the. prese_nce of a. longer lasting messenger RNA during 

the productive pha~e or to be the 'result. ~f the .formation of ·le.ss-

-... _ 

:sensj.tbl.e, ... messe~ger RNA.;.ribosome complexes during the· productive phase.·_ 
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th~ J. J.M conc'entrati..on, :_but less '·inhibitory at -·the 1 ~ 6oricentra·.: ··· 

• tion ev.en when ·the ·latter concentration was present: thro~~hout· ~he_. 
' .. ·:. ·. .. 

duration of the experiment •. Additi'on of 3 i.lM puromycin. ·aft'er :ac·tive_ 

.·synthesis __ had.'begun promptly terminated· antibody synthesis._ ·rhese 

studies are' also in agreement with those ~eported by Ambrose (1966). 

and indicate the-extreme sensitivity'of the cells to an inhibitor 

which acts at a terminal step in protein synthesis· •. __ · The ·results of 

··these studies with chloramphenicol and p.Uroinyci~ i~dicatecL"' that-the: . 

antibody being de.tec_ted in vitr-o wa$ the result of de 'novo _sy~·thesis 

rather. than the result of· passive. rel~ase of preformed antibody._ 

A persistent infection was established in the rabbits. · This. 

~ 

was shown by r.ecovery of virus from the spleens and lymph nodes of 

' . 

the animals inJected with infectious virus preparations.· These re-
. ' 

s·t1lts are consistent with the fin4ings of Pereira and Kelly· (1957) ,: 

.. 

who were able to demonstrate virus in the. spleen of animals sacrificed 

. . 

•three· ·months after· injection of the virus.. As a result of th;i.s_ per-

sistent infe·ction the' animals wer'e "under constant antigenic stimula..; 
'. '- --. .' - -, .. ' 

tion. This was evidenced by the levels -of serum antibody in. these-·: __ 

· ·.·animals. 'at the· time of sacrifice. This constant sti~ulation,-in vivo --·--
is thought to account in par:t for· the~succ-essful.<:Iemo-~stra:.tion of 

. immune responses in vitro following_ exposure. of the tissues ·to the 

:' .:viral· antigens~ The absence of detec·table serum antibody an_d the 
. ., -

lack o·f resl'onse fn vitro to s·timulation of the tissue~ takeri from. 

·t_he 'animals. hyperimmunized .with :the ~on-.infectio~~ s~ruct~ral sub-

.·. ' ~ ' 
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· . :·.: _ ~ ··in vivo _is ne_cessary_ for maximum. responses ir1 ·vitr.o ~-: at least 
. ',. -~ 

.· . . . 
:··· 

:the conditions df. thi~ study; 
',''. 

The results of. the. studies with hamster lymphoid tissues · ;' 

- . - . . . ' . 

in vitro _were~ in ·general,_ comparable .with the .results of the studies 

. with the _rabbit lymphoid tissues. ·Under .the condit:j.qns of this study, 

. . . 

was no detectable antibody:synt,qesized by .. the spleen fragments· in 

·vitro. · Only· thos~ lymph node _fragments _which were exposed to viral · 

- . - .. ' 

antigens in vitro produced antibody. ·There wa:·s no evidence ·of con-

. ~~n~~d synthesis as a result" of in vivo stimulation -~n fragments 

maintained without in vitro exposure to_ the· viral _antigens. These 

findings ·sugg-est that the in_ vitro stimulation may cause proli.feration 

and maturation of the antibody. producing _c:_=!_ls. 

Since it was necessary ··to. pool' the culture fluids ·because of 

the low antibody titers,, no definite· time -course. of antibody pro-

due tion could be established for the hamster tiss-ue cultures as was 

possible for_ the rabbit cultures. ___ However, it. did ~ppear that syn- ·. 
. . 

thesis of antibody at· detectable .levels did ~at continue. as -l~ng.iri .the 
·. . . . . . - . . . . . 

hatnster.cultures as in the rabbit-cultures •. ·This is indicated by the 
. . . . . ' - .· . - -·•; : --.- . 

. relatively' fev.T positive :Pool "irr samples.· 'Apparently. th~ most active. 

synthesis of a~tibody occurred within. -the first _·2. weeks of" culture. 

This differen.ce. in the period -of: active synthesis may simply -reflect · 

the_ difference in the productive capac-ity of- tissues_ from: different· 

, ~pecies_. However, since adenovirus type· 5 will. replicate ii1 rabbit 
·' 

. ' . '"<:_lyniphoid': tissue a,nd: ad~novi;u's' type' 12 dot;s rtot replicate ·in. hamste'r 

·.';_· 
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lymphoid tissue, the· difference in the length of· the response may·. 

reflect responses to·residual or persistent antigen in cultures of. 

rabbit ~issues which wotild not be present in the cultures of the 

hamster t.issues. 

Antibodies obtained from.the culture-fluids could be a~sayed 

readily by pass~.ve h'emagglut.ination. Complement-fixing antibodies 

were detected in the pools from a si~gle culture. The fluids which 

were positive in complement fixation tests had ·passive hemagglutina- · 

tion titers of 1:32. The findings that ~elatively few of the samples 

were positive by complement fixation was not-surprising in view of 

the greater sensitivity of passive.hemagglutination methods as com-

pared to com~lemertt fixation methods. This is especially 'true in 

light of the low .titers obtained by passive hemagglutination. 

Although the levels cif antibody synthesized in ~itro were 

quite low, the antibody was specific for an antigen in the viral 

preparation~ .. The lack of cross-reactivity of the fluids with anti-

gens of adenovirus type 5, KB cells and fetal bovine serum supported 
I 

th.is c'onclusion. The antibody could be "blockedn in the passive 
I 

hemagglutination inhipition tests only with-the freon extracted 

adenovirus ~ype 12 or the fiber antigen of adenovirus type 12. There 

was no inhibition of the reaction when heterologous antigens were 

·used as. the "blocking" antigens. The failure of the tumor antigen 

to inhibit the reaction was taken as more evidence that the antibody 

det~cted was to a vi~us-specific antigen. 

The absertce of detectable antibody in the fluids of cultures 

-of lymph ·node fragments exposed to the tumor antigen was somewhat 

. I 
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sur·p+ising. ·In view of the·- fact· that all th~- anima-ls- us~d in. this .. -.' 
--. 

experimen-t' had ·-~~ru~- antibody to the·. tumor antigen, -one: might· expect 

-~_th~ lyni~h: node to respond. to .. in vitro stimulation.-·- However, the_-
. •' .. . . ' ,. . . . . . ·: · ... - . . : . . . . . . ·~ '·. 

-.-failure: to detect antibody may reflect the limits of. the sensitivity_· 

- of complement fixation· as. an assay method rather -than indicate ·that._ 

the 'tissues were not producing antibody~-

Consistentwith the observations in.the-studies of the-rabbit 

--. lymphoid tissues,- the addition of chloramph~nicol suppressed antibody 

- ·.synthesis -in the hamster. l~ph .node cultures. _These results indicated 
-- . . - .. 

. that. the antibody detect~d in the culture fluids was the results of 
. . - . . ~ 

de ~synthesis rather than release of preformed antibody. 

·The· most signiJic-art find.ing in this study was that lymph node 

-fragments--from tumor-bearing-· hamsters which did not have detectable -

levels of seru~ ant_ibody would synthes ize_"'"c;Lntibody .if s timulate.d in.· 

vitro with the specific viral antigen. This observation indicated· 

I 

that the lymph nodes of tumor-bearing hamsters are sensitized in vivo 

s-ufficiently to respond readily to stimu'!ation in vitro with- the viral· 

- ~ ,:at?-tigeh. This in vivo sensitizati~~ _is. thought to be the result o.f 

- the presence ot the viral ~ype specific antigen which has been shown 
. .. . . . ' ... 

to persist· in_ the tumor cells· (Huebner et al., 1964).- The lack of 

response observed in .tissues from animals- which did_not develop: 

--... 
tumors although they were exposed to adenovirus type 12 in vivo in-

dicates the necessity of the ~e~si~tence of:at·least some antigenic 

·_ component· of the_ virus for in, vitro responses_ to occur. 
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The results of.this ·s~udy of the.innnune.respot:lses in-vitro· 
r• •. • •", 'c• • 

in a model ~system "irt w~ich 'it is. es'tablished that ·a portion of the· 
• ,l ' • 

vfral genome persists without the produ.ctlon of infectious_:vtrus 
. . 

leads orie ·to speculate. on t.he • utility of th'ts :type of appr~ach for 

the. detection of the presence of ·inapparent ·infections or hidden 

genomes in other. systems· ·in which the viral etiology of a process 

is suspected but can not he. demonstrated by the c~nventionai methods 

of virus ·isolation. or demonstration. of serum antibody to th:e ·virus . 

. .-" 

.. _.,·· 

. _ ... _.... ~ -
. ·---

·· .... 
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· ... ··· 
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SUMMARY 

The results of the studies of .rabbit- lymphoid tissueS' 

' maintained in vi_tro ·indicate that: 

1) the sensitized tissues would respond to in vitro stimu-

lation with specific viral-antigens in~ concentration range from 

.6 
10 TCIDSO to 10 TCID50 ; 

2) ·the lyn:!ph node fragments Here more active in the synthesis 

of antibodies in vitro than were the_ fragments of. spleen and thymus; 

3) the lymphoid tissues responded to stimulation in vitro 

by production of specific antibodies which appeared in the c~lture 

fluids after a lag ·period, rose to p~a~·~{~er~- in two to three weeks 

and declined gradually; 

4) the antibodies produce~ iri·vitro were specific for adena-

virus type 5 and could be detected by complement fixation, passive 

-h~magglutination and neutralizatiori tes~s; 

5) antigens of heterotypic adenoviruses could also ~timulate 

antibody s~nthesis in lymph node fragments; this response was evoked 

by the hexon antigen which is. conunon .to all the adenoviruses; 

6) the antibodies synthesized in vitro were predominantly 

-7S; some· cultures also produced 19S antibodies; 

7) the addition of hydrocortisone-succinate did not enhance 

~ntibody produc~ion nor could it substitute for serum in the culture 

medium; 

. -. ·:·121 : .. ··.:-· 
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_: 8) ex.po_sure .to phyt6hemagglut;in±n elic-ited a<specific· re-· ·0.::: ·-

_sponse in tis·sues -:_which h,ad been maint"airied i.~-- c~liur!2·_· for )O'- days;, 

.. but had no- effect on fragments- exposed. s'imultan~ous·ly' to .vir.us· and_., 

. phytohemagglutinin or. o~ f~agm~nts_. e~p~sed·-~ ~nly to • this compound -in 

·the absence· of' the· speeifi_c vL~·al antigens;-

9) the. production- of ·antibody. could be inhibited by addition . 
. ""·. 

of chiqramphenicol and-puromycin; 

- -

.10) adenovirus typ~- 5 established a Fersis~ent inf~cti6n in 

the .rabbit and· infectious. virus was recovered.- from_ spleen })r. _lymph 

·node for periods up.~o 10 'to 12 months after initia.l injection:of 

the virus; 

11) ·lymph ·node ·tissues from animals injec_ted IV with .. infectipus 

·adenovirus type 5 ·responded_ to :Ln vltro stimulation up to 12 nion-ths 

a~te_r the initial injection of -virus; whereas tissues from· animals 

·hyperimrounized with non-infecti~us :strt1cturai subunits could not be 
. . 

- . . ' -. ' 

stimulated ·to· respond in v.itro- 9 mon-ths- after the final· immunization . 

.The- results of the studie~ of hamster ·lymphoid: tissues main-

tained in vitro .indicate that:·· 

. 1) ~h~ lymph .node fragment-s :from ··hams.teis bearing· viral 

, , induced or transplanted ade_novi.rus 'type- i2-.t~ors could be stimu-

· lated in vitro to pr6duce specific·· antib.ody to an antigen of· aderio-:- · 

. virus· typ_e 12 ; _ 
~ . ~ ' 

2) this response could be evoked- in t.issues· ·from tumor-: 
·, ... ~ 

-.. 
. . -· . 

. bearing_· anima'J.~ reg_ardless of· the_ presence or absence of· detectable . 

. ,.s~rum:antibody ):o t:'he'viral antigen·;:. 

. . ~ -
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3) only tho.se fragments which were exposed 'to antigen in· 

~itro produced ~ntibody at detectable levels; 
. . 

. · '4) the tissues from tumor-bearing hamsters exposed in vitro 

. to tumor anti.gen did--not produce antibody detec-table with the assay 

methods used;. 

5) the· sple·en fragments stimulated in vitro did not produce 

antibody at detectable levels; 

6) the synthesis of antibody could be inhibited by chlor-

amphenico 1. 

..-- ... ::__ ... 

,-,. ": 
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