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Introduction

:I._ Statement of ﬁhe’problem
| ':Immuﬁe responses to infectious égents have been studied

for many vears. Recently considerable interest has been directed

| toward’studies of the immune response in vitro. This approach
pfovides a system in which thelantibody producing potential of an
individual animal can be studied uﬁder various conditions which
could not be simulated in the intact animal. Many reports have
been pﬁblished'which deécribe in detail the secondary immune‘re-
sponses of éntibody producing organé, tissues and cells of various
animal species.: The antigens‘used in thééé'studies have beén:quite
~varied, ranging from relatively simple proteins such as egg albumin,
human .or Eovine_serum albumin to more'cOmplex materials such as
bacter#al products, viruses or erythrocytes. Mofe re;ently there
have bgen reﬁorts of primary immune responses initiated entirely

I . -
in vitro. These responses have been induced by the antigen alone

and by nucleoprotein-antigen complexes extracted from celis exposed
.to the antigen. Impro?ements in methodology, refinemént,of existing
"téchniques and development of extremgly-sensitive assays have made
_pqssible a greater understanding Qf-th;:immune response.

Advances have been made in elucidating the'structure and

-composition of antigens which evoke immune responses. This is
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‘paftiCularly evidenﬁ-in thelcase of'virusés. Knowledge éf ﬁhe sprué-
ture'and’locélizétion of the antigénic components - of the virus
particle have épengd the way_to’néw approaches to thé study éf thé}
possible roles played by viralAproteins in the course of infection
and in the host.r?spbnse. o . _. _ : .
Interest in the immune responses of animals to adenoviruses
is based on the fact that these viruses.are important in human respir-
atory‘diseases. "Since the discovery‘df the oncogenic ﬁroperties of
certain adenovirus types, much emphasis has been placed on the study
pf immune ;esponées to the viral antigens during the process of onco-
genesis. One approach is through an in vitro study of antibody
synthesis to Qiralvantigens. The antigenic structure of this group

~of viruses ﬂas.been defined sufficiently to make this approach feas-
ible. N . T e
- The purpose of this investigation was to study in vitro the
immune responses of animal lymphoid tissues to‘adenovirus antigens.
There have been no published reports of a stud} in which the adend-
vifuseg-were used as antigenic stimuli for the dempnstration of in
vitro antibody responQes. In many“of the previous studies of the
immune response in vitro, the agehté used to evoke the responses
have‘been non-iﬁfectious or when infectious, the ageht was not thought
to produce disease in. the host. Ihe>adénoviruses used in the preéent
ipves;igation are infectibus and produéé’either a persistent,.ésympto-
Amatic infectiqn or overt disease in the hosts selected for étﬁdy.
This study was divided into two parts. Part I was concerned

" with aléystem in which a latent infection without disease is



testablishea in the eiperiméntai animal} Part II was céncé%ned‘With‘
a system in.which thé’infection'leads to overt disease, i.e.
. carcinogenesis.
: A _
Part I of this study was concerned with the -antibody
‘responsé of the rabbit to adenovirﬁs type 5. Adenovirus type §
waé selected: 1) because the virus can be produced aﬁd pugified
with relativé‘gase and 2) because the striucture of the vifds,is
well estébliéhed. The rabbit was seie;ted 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 aplleast eight weeks without
overt expressidn of disease.

Tﬂé-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 stimﬁlétion in vitro.

 Lymph node, spleen and thymus tissues were stuaied‘wigh
regard Eo their ability-to synthesize viral antibodies folléwing
vchéllenge in vitro with tﬁe séécific'virél anfigens. The résponse
was studied with regard to the time of;appeéfancé, duration of
syﬁtﬁesis and spécificity of the antiBody produced ig_ziggé.
Attempts were made to ascértain &he céll types which may be found
in the cultures of the antibody-produéingvtissues. |

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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l) the effect of various time {ntervals befween
the initial injectioﬁ of the énimai wifh.viral antigens
and the subsequent renexﬁosu:e in yitro of their lymphoid
:tissués to the viral antigens ;
2) the effect of various preparations used‘as anti-
gens fo stimulate antibody synthesis in vitro, i.e.
partially purified homotypic intact virus in various con-
cenﬁrations and/or their_hiéhly pufified structuraltsubunits;
and heterotypic adenoviruses;
-3) the effect of exﬁosuxe éf the tissue to compounds
reported'to’énhance antibddy production, specifically N
, hydroéortisone~succinate kAﬁBr;se; 19€4) and phytohemagglu-
tiﬂin (Elves,.Roath and Taqur, 1963; Tao, 1964); and
4) the effect of compounds reported to inhibit anti-
body dr protein synthesis, specifically chloramphenicol
(Ambrose, 1965, 1966; Svehag, i964)’and puromycin tDarken,v )
1964). o |
Part II of this study was concerned with a Systém in ﬁhich
viral infection leads to caréinogenesis. When ﬁewborn hamstérs
are injected Qith adenbvirus type 12, tumors deveiop,at théisite
of injection Fhirty to ninety days later. Thé adenovirus type 12-
tumorA"sjstem" in hamsﬁers"provides‘a model for studying the imﬁupe
responses of the host during viral oncoéenesis. it hés been shown
- that once the virus‘inducesAtumor formation or malignant traﬁsfor-
mation, the virus can no longer Be recovered from the tissues of

the animal or from the transformed.celli(Landau et al., 1966;
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- Larson, Gosnell_andiHilleman; 1966). - Cerfaiﬁbvirél structural anti-
gens may, however, peréisﬁvin the tumor celll(Huebner, gg él.;

1963, 1964). This indicates thét.some portions of the viral‘genome
‘may replicate in tumor cells even though ipfectious virions are

not prodﬁced. It has also been shown thaﬁ antibody.to various'
antigens of the’virions can be detected in serum from cerﬁain tumor
bearing animals. The antibody is detectable in serum from many of-

the animals, but not all (ﬁuebner, Rowe and Lane, 1962; Huebner, gg_gl;,
1963). One possible explanation is that_the serdm\anfibody'levels |
are too low to be detected even by the most sensitive techniques.
However; if it could be démonstrated-:hrough in vitro stimulation

of Yprimed'

' lymphoid tissue that synfhesis of antibody to the viral
antigen(s)-éoés occur, then another approach to methods of searching
for hidden viral genomes would bé available.

The_pﬁrposes of Part II were: 1) to demonstrate in vitro
synthesis of antibody to adencvirus type'12 antigens by spleen
and l&mph néde tissues from hamsters Beariﬁg adenovirus type 12-
induced "tumors, and 2) to determine if there was a relétionshiﬁ

between the capacity of the lymphoid tissues to respond to challenge

in vitro and the presence 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-

>;; SPonseviE vitro was that of Carrel and Ingebristen (1912), who



6
claimed to heve shown'antibody.pfoductionvin tissue culfures ef lymph
node; and bone'marrew'cells frem normal guinea pigs aftereig XlEiQ
exéqsure to geat erythrocytes. Subsequent investigators, ﬁowever,
faiied eo feproduce these findings.

.Since the early reports, extensive investigations have been
endertaken te study_ﬁoth the primary and seeoﬁdary respoﬁses ig‘
vitro. Twe recent feviews_(Stavitsky,.1961; Nossal, 1966) have
ceVered in detaiilthe developments of wOrk:in these areas. The
following is a brief.summery of the highlighﬁs of these developments.

Coons and essociates undertookvrather‘detailed stu&ies of

secondary immune responses in vitro and of certain factors effecting

these~responses; Michaelides and Coons (1963) reported that rabbit
>1ymph‘node fragments. could be maintained and stimulated to produce
antibody in vitro for periods up to three weeksf They found that
fragments were superior to cell suspensioee for prolonged stﬁdies.
O0'Brien, Michaelides and Coons (1963) showed tﬁat the anamnestic |
respense in vitro closely resembles tﬁe response in vivo in sen-
s%tivity to antigen, in time course of antibody production? in
eeéuence of appearance and morphology of the antibody prod;cing
cells. They founa as little as 0.00lug/ml of bovine serum albumin
~would stimulate an antibody response end as ﬁuch as 0.5 mg/ml would
not inhibit the response. In these stpdies they consistently
obsefved a lag phase between in vitro stimulation and appearance

of detectable antibody. Once synthesis began the antiboay titers»
rose abruptly, reached a plateau and declined slowly. The active
cells iﬁ ﬁhe eerly periods (3-4 deis) were classified as im&atﬁre

plasma cells; those found to be the active cells in later periods



: (8-10>days) were classified as méture pIasma.celléd
| .Furthér~studies by O'Brien and Coéns (1963), Ambrose and
-'Coonsv(i963), and Ambroséf(i966) on the effect éf metabolic inhi-
. bitor; such as 5-bromodeoxyuridine, chloramphenicol, salicylate,
 énd'puromycin indicated that.the in !iggé'response was the result
~of de novo synthesis’of antibody rather than>passive release of
preformed antibody. It waé found iﬁ'the above studigs that the
 concentration, the time of addition amd the duration of exposure
to the'iqhibitdr all affected the‘response. These studies suggest
that‘the secoﬁdary in vitro response is Biphasic, characterized by
an indﬁctive phase followed by a productive phase CAmbrése, 1966).

Man& workers have confirmed an& extended the early reports
of Coonsrgnd cé-workers. The antibody producing tissues of various
animals (ﬁice; chiékens, dogs, and guinéa”pigé) have been utilized
in studies of the secondary immune response in vitro. Patterson et
al. (1963 é, bz 1966), Dutton énd Eady (1964) and Svehag (1964) have
shown that spleen fragments from immunized animals caﬁ be stimulated
-iﬁ_iiggg to produce antibody. Their findingé are in general similar
to those of workers studying lymph node cultures, i;e., 1) the
antibody response is anfigen specific; 2).the quantity and duraﬁion A
of synthesis depends ﬁpon the conditionsfof éulture; 3) the apéear;
ance of the antibody follows a lag phése after exposﬁre of the
tissue to the antigen; and 4) the reééonse is sensitive to metabolic
“inhibitors.

Certain'differéncés in the'response of 1ymph ﬁode»and spleeﬁ

fragments have been reported. Stavitsky (1961).reported that per:
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unit weight gf tigsue, rabbit 1ymph-nq§es synthesized more éntibody_
than the spleen. In a study of the antibody synthesiZing capacity
of various tissues of several strains ci mice, Friedmaﬁ (1964) |
found that the spleen cells were more active than lymph node cells;
however, the capacity of the spleen cell was also found to yéfy agéo?d—
ing to the strain of mouse. The respdnse pf'the lymph néde and spleen
has been shown to vary acéording,to the time interval between in vivo
injection of antigen and removal of the tissue for in vitro study
(Askonas and Humphrey, 1958; Dutton and Vaughn, 1960; and Grabar and.
Corvazier, 1960). Grabar and beyazier (1960) observed that the arch-
itecture of the lymph fragments is maintained in culture better than
that of»spleen fragments. This may account for some of the differences
in responses reported by other investigatgrs;

Studies with thymic explants have been much less successful
than those with'iymph node and spléen. In contrast with other lymph-
oid organs, there is little or no antibody ermation and no plasma
cell proliferation or formation of ggrminal ceﬁters’in the thymus
after systemic administration of antigen (Fagreus, i948; Askonas and
White, 1961). TDirect injection of antigens intq this organ, however,
induces formation of germinal centers and plasma cells as well as
the production of antibodies (Marshall and Wﬁite,.1961). Thereforg,
it would appear that the immunoiogical competeﬁce of lymphoid'cells
within the thymus in vivo is less than that of the 1ymphoiq.cells in
other organs, although this competence may be influenced by the agev
of the animal.‘

It has been reported that cultures of phymus from various

‘animal species produce small amounts of immunoglobulin (Askonas



and White, 1956; Tﬁogbecke, 1960; Freidman;.1964).- Van'Furth t >1.
© (1966) foﬁnd during iE‘XiEEQ studies of‘normal gnd'pathélogical
“human thymic tissue that normal adult thymus synthesizes immuno—
globulins A and G but no M. Tiséues from éatients with myasthenia
gravis and systemic lﬁpus erythematous were found to synthesize
immunoglobulin ﬁ as ﬁell as A and G. The specific antibody activity
of these immunoglubulins‘was not studiéd.

Ortiz-Muniz and Sige1.(1967) repcrted synthesis of specific
'anfibody in fragments of thymus from rabbits immunized with bovine
‘serum albﬁmin.‘ The fragments were found to elaborate antibody only
after secondary stimulation ig vitro; there was no evidence of con- .
'tinued synthesis as a result of>priméry in vivo stimulation. Al-

_ though their findiﬁgs were not construed as proof of the antibody
forming capacity of the thymocyteé,lthey_are suggestive'and are
interésting in view of the work of Claman (1966) and Winkelstein
and Craddack (1967). These workers have shown that a dual popula- -
tion of cells exists in the thymus.’ The major population has auto-
nomous proliferative.ability,‘activeiy synthesizes bNA'for a short
period of time, but does not respond to antigenic stimulation or
phytohemagglutinin, The minor component is the "restiﬁg”'popula-‘
tion.of small célls (lymphocytes) which proliferaﬁe and undergo '
Blastoid transformatioh; not unlike that seen in lymphocytes of

the peripheral blood.

In view of the heterogenous nature_bf lymphoid cells,

. manykattempté have been made to determine the cell type responsible
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for antibody éroduction. In‘hér now classical study:of thevspleen;
’Fagreus'(l948) demonstrated that the red pulp of ghe spleen con- i
Sists‘primqrily of-plasma cells and is.more active in iiEﬁQ'ih )
antibody'production fhan the white pulp which consists maiﬁly of
iymphocytes. | |
| Two groups of workers have attempted‘to extend knowledge
of antibody productipn by studying individual lymph node cells
isolaﬁed from immunized éniﬁals. ﬁossal and co-workers (1966)
have concluded that: a) most antibody producing cells Beloqg to
a specialized‘ﬁamily of cells, the plasma cell geries, characterized
by RNA-rich cytOplasﬁ and an eccentric nﬁcleus. b) Tﬁe chief
difference between the primary and segondary response is a greater
broportion and absolute number of antibody producing plasma cells
- proliferating in the lymph nodes after the secondary stimuiatioh.

c) " The plasma célls are highiy specialiZéd in thét, with rare
exceptions, each cell forms one Eype of‘antibody; d) Many plasma
cells or céll élones go through a sequence whereby eacﬁ forms 19S
~and 7S antibody with- identical or very similar_combining sites. In
contfast, Attardi ggvgl. (1959) found in their gystem tﬁat antibody
production is by no meéqs confined to the plasma cell family. These
workers maiﬁfgined that the lymphocyte forms approximately as much
antibody as eachAplasma céll and the numbers of cells capable of
producing two différént types of antibody are greatér thanvthg work
of Nossal's group indicates.

The studies of Gowans (1959241962) with thoracideuct lympho-
cytes and ﬁhe demonstration by Hungerford gg.gl. (1959) that peripﬁeral »
lymphocytes exposedlfo pﬁytohemagglutihin are capable of blastoid' |
'transformétion have created new interést in.the role 6f'fhe smail'

lymphocyte in antibody production. Elvés et al. (1963) reported
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that peripheral blood lymphocytes from individualsvprévioﬁsly
immunized with tetanus or diphtherié toxoid undergo a blastoid
transformation either in the presence of the specific éntigen
or in the presence of phytoheg@gglutinin. These cells produce
specific anéibody. They pdstuléted that the small lymphocyte ﬁas
the intrinsic ability to "remember™ a previoﬁs experience with an
antigen, Tao (1964) similariy reported a‘specific anamnestic
response was produced when lymph node fraguents from'rgbbits
hyperimmunized with bovine serum albumin were éxposed to phyto-

hemagglutinin in vitro.

Although many investigators. have sucéessfully demonstrated
antibody synthesis and anamnestic responses ié'yiggg, the demon-
stration of a primary response initiated ig.yigzgihas been more.
difficult to achieve. Stevens and McKenna (1958) and McKerna and
Stevens (1960) claimed to have prﬁduced a primary antibody fesponse
in XEEEQ' They added bovine y-globulin to splenic fragmenté aﬁd
peritoneal exudates obtained from rabbits which héd been noﬁ—
specifically primed with endotoxin 24 hours prior to sacrifice.
They reported the detection of agglutinins.fér erythrothes-éoateﬁf’
with bovine 7;globulin. The material they detected was foﬁnd to
be heat labile at 56°C and lost activity after storage at -20°¢.
These properties are not shared by mést antibodiesvhhich have beeﬁ_
described and, therefore, it is doubtful that the material they

detected was classical antibody.
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Gleoberson and Augrbach (l965)ireported the initiation of
a»primaryvantibo&yiresponse following the‘exposure of spleen exélénts
: from miqe to éhéep erythrocytes. ‘Ih the initial experiments they
. had éretreated'their-animals in vivo with either phytohemagglutinin ,
or Freund's adjuvant. In é 1atervréport (Gl&berson and Aﬁerbach,
1966), they repeated their results without pretreatment of‘the
animals in vivo. Tao and Uhr (1966)-démonstrated the presence of
195 antibody followed by appeafance.of 78 antibody iﬁ drgan cultures
of lymph nodes from non-immunized rabbits which were exposed in
vitro fo bacteriophage § x 174. They concluded this to be sugges-
tive of a érimary response which had been initiated entirely in
vitro. Saunders and King (1966) feported the induction of a primary
response-Qhen paired spleen and thymus explants from non-immune mice were
incubated in vitro with coliphage R-17. The animals used in both
of the above experiments received no pretreatment_ig_zixg, nor was
>it.found necesséry to subject the antigen to any preliminary treat-
ment.

In the'previous experiments, fragments or explants had
been studied. Under these conditions the architecture of the
tissué is more or less maintained. Mishell and Dutton (1966)
exposed dissociated spleen cells from nopniﬁmune miée to hetero-
logous erythrocytes and reported the-inifiétion of a primary
response. They claimed to have shoﬁn'a response in vitro com-
parable in mégnitudé to that seen in vivo.

Fishman (1959, 1961, 1963) and associateS'Have also re-

~ ported the induction of a primary response in vitrp. These workers
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. employed a two-step system in'Which the antigen (hemocyanin or T2i
bactefiophage) was incubated with mécfophages from éeritoneal
exudates obtained froﬁ non—immunize& rabbité. The macrophages
were theﬁ disrupted and the cell free extracts were incubated .
with "normal® iymphocytes. Their experimentslindicate that during
the incubation of thé antigen with the macrophages a macromqlecule,
presﬁmably RNA, is pfoduced which is capable of converting non-
immune lymphoid cells into antibody producing cells._ The antibody
response has been'shown to be'biphésic, consistiﬁg of an early wave
of 19S antibody and a second wave composed mainly of 7S antibody.
Other-workefs (Askonaé and Rhoées, 1965; Friedman et al.,
1965) using the."Eishman system" haVé‘found that émall amounts of
antigen remain iﬁ Ehe cell free extracts ggd‘that the antigéﬁ com-
plexes with the RNA. Therefore, these WOrkers have suggested that
tﬁe macromoleculé acts as an:adjuyant. However Adler, Fishman and
Dray (1966) used rabbits chosen so that the peritoneai exudate cells
-and lymph node éélls Wére from animals of differengAallotypes; With
this procedure they showed>that the IgM antibody.produced by the
lymph node cells contains antigeric markers ;haracteristic‘of the
donor cf the peritoneai cells and the IgG ahﬁibody has the allotypic
specificity ofjthe donor of the lymph‘hode cells. These studies
indicate that the RNA acts in some fashion éther than as an adju-
vant.

From studies on the conversion of non-immune spleen cells -

to antibody producing cells by RNA extracts, Cohenv(1967) has
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poétulated the presence of specific recognition sites on the com-
‘petent recipient cells. The presenqe of specific binding_sités
on recipient cells is predictable from a model of antibod& forma-
tion which requires the coopergtive efforts of two.cell types for
antibody formation. This model postulates that macrophages trénsfe;
an activating orvinformative material to a small‘number of competent
lymphocytes whicﬁ possess recognition sités for the préduct'of the’
macrophages.’

Ihe increase in information obtained,ftoﬁ:studies of 'anti-
body synthesis in vitro has been possible because 6f the develop-
ment of very sensitive asséys capable of detecting small amounts
.éf antibody. -

The technidue of tanned cell hemaggluﬁination was described
by Boyden (1951) and moaified by Sta&itsk§7(1954). This technique
is suitable for detection of antibody to almost any soluble protein
anfigen. The assay 1is extremely sensitive. When combined with

" hemagglutination inhibition reactions and carefully controlled, the ..

- assay 1is reporﬁed‘capable of detecting less than'O;Olug of specific
antibody (Stavitsk?, 1961; 1963).‘

Ranney and andon (1951) déscribed a techniqﬁe which is com-
.parable to the ‘tanned cell hemagglutination method in sénSitivity
‘and can differentiate passi&é‘antibody releése from active‘synthesis,
This technique makes use of radioaéti&elyAlabelled amino_aciQS»which
are incorporated into newly synthesizedAantibody and can be detectéd
by precipitation with the specific antigen or byvco~precipitation

with homologous antigen-antibody complexes.
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Jerne and Nordinm (1963) introduced a hemolytié plaqﬁe assa§
fequiring complgment which makes ﬁossible the detgctioh of hemo-
lysins prédﬁced by single cells'of clones of cells. In the original
assay the antibody producing cells and antigens'(erythrocytes) were 
incorpogated in an agar matrix. Ingfaham and Bussard (1964;.de-.
scribed e similér technique in which‘ca¥boxymethy1 cellulose re-
placed thé agar métrix.l Subsequent modifications of the techniqﬁe
by Sterzl and Riﬁaf(l965), and Dresser aﬁd Wortis (1965) have
improved the method to the point that cells préducing 19S and 7S;
immunoglobulins can be differentiated. Pick aﬁd Feldman (1967)
" described a furtﬁer modification in which they combined autoradio-

graphic methods with the plaque technique and were able to detect

antibody in isolated lymph node cells to soluble protein antigens.

B. Antigenic composition of adéﬁoviruses

| The human adenoviruses wére discovered by Rowe et él.
(1953). This group of viruses is asgéciated with a.variety of
respiratory diseases (Huebner gE_gl.; 1954 Pérrott g£ al., 1954)2
~as well as a Variety of othéf_disease syndromes in man (Soheui,
et al., 1965; Goffe and Maassab, 1967; Boniuk et al., 1965).

| Sgpafation of these &iruses into specific grSUps and types

within a group has become possible aé a‘result oﬁ intensive studies
of their morphology and antigénic pfoperties; A separation of -
" the human édenovifuses'intq>sgbgroupé and types within a gfoup was
préposed b?vRosen»(1960);» TﬁisAmethod.is based on theif abilify
“to agglUtinaté monkéy'and réflerythroéytes.,' | '- |

| The ﬁorbhology oflthe.adénavirusés.was-first’elucidatgd

by Horne et El;>(1959).A These_ﬁorkefs were able to show by «i
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electron microscopy thét the viral capsid is an icosahedron con-’
structed of 252 morphological units. Subsequent studies on the
architecture of the‘adenovirus'capsid have rgvealed tﬁe presence
of 240 non-vertex capsomeres,;l2 vertex capsomeres plus préjectiohs
with terminal knobs (Smith, 1965; Smith gg al., 1965; Valentipé
and Pereira, 1965; Norrby, 1966 a; Norrby et al., 1967)L Multi-

plication of these viruses in infected cells has been shown to

be associated with the synthesis of three distinct soluble anti-

gens (Pereira, 1959) which are subsequéntly incorporated into the

viral capsid (Wilcox and Ginsberg, 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 et al., 1965; Russell and Knight, 1967).

The antigens or morphologic components can be.separated
from each other and from the infectious virions by a varief& 6£7
methods including immunoeleétrophoresis (Péreira, Allison énd'
Farthing, 1959), chromatograéhy onADEAE—cellulose columns (Klem-
perer and Pereira, 1959; Wilcox and Ginsberg, 1961; Haruna éE.il-,'
1961; Gelderbloﬁ et al., 1965;_Huebnerigg_§l,; 1965), density
gradient centfifugation (Allison et al., 1960; Wilcox and Ginsberg,
1963 b; Smith, 1965) and polyacrylamide gel eleétrophofesis (Maizel,
1966; Petterson et al., 19675.A | |

The three antigens associated with multipiication of the

adenoviruses were originally designated as antigen A, B, C

(Pereira et al., 1959). Antigen A is a group-specific antigen



shared by most adenoviruses serotypes of human and animal origin;

antigen C is largely type-gpecific. Antigen B corresponds to the
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cell detaching factor"” of Rowe et al. (1958) or the "toxin-1like"

v .

factor of Everett and Ginsberg (1958). Antigens A and C'have

been shown to ﬁe antigenicéily distinct, ﬁhereas.antigensz‘and

C are related. Pereira (1960) demonstrated that antigeﬁ B is.a
cemplex formed by antigeﬁ C in combina&ion'with an additional com-
ponent. This was subsequently confirmed by électron microscopy
(Valentine and ?ereira, 1965).

These investigations were able to show thgt angigen A is
anélogqus to the non-vertex caposomeres; antigen B is composed of
the vertex capsémereS'plus the'prﬁjections and antigen C is anal-
ogoué to the projections on the vertex capsomeres. The pr6~
jections on different serotypes have gééh shown to vary in length
(Wilcox gg_gl,,’1963; Valentine and Péreira, 1965; Norrby, 1966 a;
Norrby et al., 1967; Peterson et al., 1967).A To standardize
terminology Ginsberg et al. (1966) prOpose& that the name "hexon™
be used for antigen A and "penton" for antigen B to denote that .
each unit of these antigens has six or five nearest neighbors
respectively in the viral capsid. Antigen C is now designéted
as the "fiber'.

The components of the virus which afe responsible for the
direct hemagglutination properties of'different serotypes refle;t
certain differences in the adenovirﬁses types. These'cpmpénents
haQe beén deséribed as the complete hemagglutinin_énd the

\
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incomplete hemaggldtinin, the 1ét§er of which requires thé presenée
bfvheterotypic anfisefﬁm for demonsiration. »fhe two hémagéiuﬁinins:
;resent‘in adenovirus types 1, 2; 4 5 (Rosen's group III) have been
identified as the penton'and,the fibef éntigen (Pereira and de
Fiqueiredo, 1962). The_penton causeé complete hemagglutination;
the fiber causes incompiete hemagglutination and requires the pre-
sence of héterotybic_antiserum. The[complete hemagglutinin of
‘types 3 and 7 (Rosen's group. I) ana type 9 (Rosen's group II) con-

‘ ‘sist of an aggregate of 12 peﬁton units; the isolated penteons are
the inéomplete hemagglutinins (Norrby, 1966 a;vb; Norrby and Skaaret,
'1967; Norrby.gglgl., 1967). In.other serotypes, hemagglutinaﬁion
is associated with both the virus particle and the soluble antigens
(Wigananndqunnf:l966).
| fhe elu;idnipatterns 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 tﬁat with in-
creasing sodium chloride concéntratioﬁ, the antigens separate in
‘the order hexon, penton, fiber (Haruna et al., 1961; Gelderblom,
1965;>Huebner gﬁ al., 1964). The order in which the subunits of
types 2 and 5 .in Group III elute is fiber, pénton;_hexon; however,
components of type 4, also ianroup_II; elute‘in the order of
Groups I, II and III (Klemperer and Pereifa,‘1959;.w11cox a;d :
Ginsberg, 1961). ‘ | . - . -
- The viral subunits are proteips which differ in composition

between related and unrelated serotypes. However, relatively
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little is known about the size or number of polypeptide ;hains
composing the substrucfures. Polyacrylamide(gel‘electrophoiesis
of adenoviruses disrupted by'treatmentiﬁith sodium docecyl sui-
fate and,2«mercéptoethan§l resulted in the separation of ten |
different bands (tiaizel, 1966). Laver et al. (1967) have
'demonstrated the preéence of two N%terﬁinal amino acids (alanine
and glycine) in certain adenovirﬁses. Botﬁ ofvﬁhese amino acids
were found in protein aésociated with.the,DNA of the virus and
wére thought to be associated with an internal proteinlrather
than with componeﬁts of the capsid.

A variety of serologic metﬁods have been used to démoﬁstrate
antibodies to the various components of'the adenoviruses. fhese
'ihclﬁde neuﬁfalizétion of infecti?ity, cqmplement fixatibn,
hemagglutinationAinhibition and indirect ﬁgﬁégglutinétion of
tanned erythrocytes coated with the antigenic componénts, The
nature'oftthe.viral aﬁtigens responsible for thege serologic
reéctions has been the subjeqt of several investigations. The
neutralization of adgnqyiruses is a type specificrreaction and -
was sﬁggestedvby‘Wilgox and Ginsberg (1963 b) to be associated
With both the fiber.and the hexon; Howgvér, recent studies by
fetterson (1967) indicate that purifiedvhéxon.is not capablé of
stimulating neutralizing antiboaigs in rabbits. All the major
components can be demonstrated by complement fixation (Wilcox
and Ginsberg, 1961}. Thé antigens involved in the passive

hemagglutination reactions were reported by Friedman and Bennett
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(195;) tQ be associated with both typgﬁ'énd-group épecific antigeﬁs.
Fufther study of £his.reaction by Ross and Ginsbérg‘(1958) indi- |
céted that- the reéction wés aésoéiatéd with solubié components ,
rathe; than the intact virion. They showed.that the reaétion could
be maae type specifip by'abéorption of tﬁe antisera With a pool of
heterotypicia&enoviruses. Pereira and de.figueiredo (1962)

suggested the reéction may be due Primarily to the group specific

or hexon antigen. However, recent studies by Lefkowitz (1967,

1968) with purified components of‘adenovirus typeé 5 and 12 indi-
cate that the principal antiéen invélVed is the fiber. Some activity
is associated with the pehton, but the hexon could not be éssayed
‘by,this'méthéd and, therefore, apparentiy does not attach to the

tanned-erythrocytes.:

_ Cc. Adenovifus 12 - tumor system R
Since the demonstration by Trentin and co-workers t1962)
of the oncogenic effects of adenovirus type 12 in newborn hamsters,
thé édenovirus tumor system has been widely studied from tﬁe stand-~
:point of humoral antibody response to the structural virion and
tumor or neoantigené. |
Huebner, Rowe and Lane (1962) demonstrated antibodies in-
thé serum of tumor bearing hamsters which would fix complement
in the pfeéence of adenovirus 12_ankigens.  These antibodies were
shown to be essentialiy type spécific and were found only in,serﬁ
from tumor bearing animals. The antibodies were not found in sera

from animals which did ‘not devélop .tumors although the animals had

been injected with adenovirus 12 at birth. In further studies
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HueBner"and associates (1963) found‘thht virus specifid'complemeﬁt
fixing antibody responses'developed in hamsters in which tfans-
planté of adenovirus tumors grew prégreséively and theidegree qf
response could be correlated &ith the tumor size. The tumof
transplants were capable of indpcing.pomplement~fixing antibbdy‘
to adenovirus type 12/even when the animals bearing the primary tumor
from which.the gransplant was made failed to develop ﬁﬁe specific
complement-fixing éntibody.' In view of the repqrted failures to
fecover infectiQus virus from the fqmor célls,.these fihdings
suggested. that although complete infgctious virus waé ﬁot being‘
syﬁthesized, a specific antigen or component of the-ﬁirus was
persiétiﬁg“and'perhapé rebliéating with the-tumor cells. However,
the complemént fixing éntigeﬁ which had been utilized in these
early studies was quite crﬁde_and the reaction was céused in part
byAthe ?resence of tumor antigen which is also present in cells
infected with adenovirus type 12.

Subsequently, Huebner et al. (1963, 1964) demonstrated the
presence of specific.édeqovirus complement;fixing antigen preseht
in virus ffee<cells ffom hamster and rat tumors. ‘The evidepce
presented indicated that the antigen present was the structural
type-~-specific C or fiber antigen rafhér than the sfrug;ural group-
specific A or hexan antigen., The presenée of the structurél fiber
antigen was not copfirmed by Pépe and Rowe (1964) with immun6;
fluoreséent technidues or by Berman and Rowe (1965) with immuno-

diffusion techniques.
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Specificknoh-virion antigens have been demonstrated in

adenovirué 12 tuﬁor or cells transformed by adenovirus 12. These
antigens (neoantigens or tumor antigens) have been demonstrated by .
comp lement fixation regctions (Huebner et él.; 1964 ; Gilead éna Gins-
bérg, 1965), and with iﬁmunofluorescent.techniques (Pépe and Roﬁe,
1964 ; Levinthal et al., 1966; Shimojo et al., 1967). The results’
of the latter studies indicate that the fumor antigené'are local-
ized predominately within the nucleus and are brobably distinct from
the transplantation antigens. The transplantation antigens are
thought to be présent at the cell surface (Winn, 1960 ; Mollgf and
'Moller, 1962; Berman, 1967). |

| Bé;ﬁan aﬁa Réwe (1965) using agar geludiffusion techniques,
found three types of antibodies to ''mew antigens" in the sera of
tumor bearing’hamsters. Only one of tﬁese antigens was demoﬁstrable
in the tuinor. This anfigen is also found during early stages of
. the infectiéus cycle in ﬁissue culture cells; it is ﬁéually referred
to as the "I* or ;tumor" anfigen. Other new antigens may be present
in the tumor; however, these are demonsfrablé Qply iﬁdirectly
through the presence of specific serum.gntibodies‘or‘through trans-
. plantaﬁion resistance.v Antibodies to thé type-specific-C or_fibéf
antigen and a new antigen, termed D, may be found in the sera of
hamsters bearing adenovirus type 12 tumors.

The structural antigens of adenovirus type 12 have been fairly

well charactérizéd. ﬁowever, until recently, much less was kﬁowu

about the nature of the tumor or “I* antigen induced by adenqvirﬁs
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type 12. Gilead and Ginsberg (1965, 1968 a, b) have presented .
evidence that the_"T“.antigeq is a relatively small (Soow 2-58), heat
labile, acidic prbtein_of a single molécular species. Thé protein
' is synthesized early in the course of infection‘before the pro-
ductionn of viral DNA and capsid proteins. Its production is de;
pendent upon ﬁﬁ_ﬂﬁﬁi prote{n synthesis, but it may be synthésized
~in the absence of DNA synthesis. The folé'of tﬁe tumor antigen
remains to be defined. Although the evidence suggests that it is
probably an “earl&(prqtein" or enzymé necéssary for synthesis of
viral DNA; the possibility remains that i£ has no role in either
virus replication or viral oncogenesis and'me;ely serves as a
marker of a functioning poftion of the virallgenome in the tumor
or virus~infected cells.

With regérd to the antibody respogéérin the tumor bearing
bamster, it hag been shown that the antibody'tg béth the tumor of
"MTN aptigen and the structural Virion.antigen are fbund.excldsively
in the 78 fraction of the gamma globulin.(Hollinshead g£ al., 1966;
Fugmann and Sigel, 1967; Van Hocsizr et al., 1968). Iugmann and
Sigel (1967) found that the hamstér 7S‘antibodies to the "I* anti-
gen couldvbe subdivided by DEAE chromatography into two fractions,
v=1 and y-2.

The role of the antibodies in relation to the process of
tumorigenesis has ﬁot Eeeﬁ establiéhedf Several reéent'studies
have indicated thaf the anﬁibodies to the structural components
of the Qirus afford some protection to the host. Eddy and coworkers

(1964) found an inhibition of tumor production in hamsters repeatedly
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injected with live'adenovirus type'12.during‘the péeriod of tumor
formation. ~Pe;‘ies et al, (1S66) demonstrated inﬁibition of the-
formation of adenovirus 12‘inducéd tumof§ in haméters inoculaﬁed
subcutaneously with live adenovirué‘type 5. No inhibition
~occurred when killed type.5 was used. Schild et al. (1967) re~
ported.pfoduction éf tumor inhibition when hamsters were immunized
with both live and.killed adenovirus type 5, live types 2, 7 and
12, 1In thgir study, tumor inhibition was found'to be greater in
animals immunized with the heterotypic viruses than‘with the homo-
logous typé 12, Larson et al. (1967) ‘demonstrated the pfevention
of virus tumorigenesis iﬁ.newborn Hamstérs when'tﬁe mothers had been
immunizedtwith virus prior to conception. This study wés ddne with
the SV«#O system and no report of a similar study with adenovirus
type 12 has been published to date.

| ﬁhile much is known about the.ig vivo immune responses
in tumor bearing hamsters, relétively littie hés been reéorted .
concerning studies of the in vitro immune responses of tissues or
-cells of these animals.

Hellstfomvand Sjorgren (1967) demonstrated by colony

~§ﬁhibition tests that lymphocytes from aniﬁals sensitized to the
" specific tumor antigen of adenovirus type 12‘tumor cells are capable
-of,iﬁhibiting the establishment of the tumor cells when the two
‘ céll types are planted together. This-inhibition wés mediated
iﬁ the absence of complement. Evidence presented in this:report

suggests that the response of the semsitized lymphocytes was
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e

directed against the transplantation antigen rather than CF antigens

present in the tumor cells.



“MATERIALS AND METHODS

CI. Cell cultu;egi _ >,> . . l ‘ ,: Lo

HéLa, KB, and human embryonic kiéney (HEK) cells were grown
as monolayers in 8 or 32 ocunce prescripéion bottles. Adenovirus.
type 12-transformed hamsters cells wéfe grown in 8'ounce prescrip-
' Fion bottles for "tumor"'antigen preparations. Growth medium con-
'qistea of Eagle's mimimﬁm essential 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, Th;\following aﬁtibibtics were added per ml of growth
medium: lOO_unifs-penicillin-G, 100 pg dihydro-streptomycin, 2.5
”g tetragycline, and 30 units nystatin. Eollowing inoculation of
virus, the cultures were maintained with the Qame medium containing
2 per:éent BCS.
I1. Antigen prepa;aﬁion

A. ‘Virus'prqduction

Adenqvirus type 5.(adenoid 75), typé 2 (adenoid 6), type 7a
(S 1058), and type 12 (Huie) were grown in HeLé>or KB cell mono-
1a§ers. The cells Qere hérvested whe€-75 to 90 per cent of the
éell sheet exhibited cytopathic effects. At the time of harvest
the medium ﬁas decanted and the infected cell sheet was washea

twice with phosphate buffeted saline (PBS), pH 7.2. The amount

Aidf‘PBS used was equal to the original media volume.- The cells
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were scraped from the gléss surface into a 2 to 3 ml of PBS(and were
‘centrifuged at 700 x G for 10 minutes. ihe ceilg'were tﬁen‘reéus-
,pendea in PBS to a final volume equivalent to 10 per cent_ofvthe
ériginal volume of the tissue culture fluid. This suépension was
subjected to four to six cycles of freezing (—ZOOC)vana thawing *
(3700) to release iqtrécellular virus. Thé lysed cells were centri-
.vfuged at 1800 x G for 20 minutes to remove the c¢11 debris;‘vSuch
preparations will be referred. to as "cfuded Virus. |

B. Virus purification

Virus purificétion and éeparation of the structural viral com-
ponents accomplished with methods‘of fﬁeqn extraction, CsClidensity
ggadient’cgntrifugation and diethylaminoéthyl (DEAE)‘Cellulose.column
chrématography. The methods employedAwere similar to those described
by Klemperer and Pereira (1959).and Wilcox and Ginsberg (1963).

1. Freon'extraction.,

One volume of crude virqs in PBS (pH 7.2) and'two-
volumes of cold (4°C) freon (Genesolv-D) were homoéenizeq for one
minute in a Virtis "45" hoﬁogenizer at a setting of 30. The virus-
'freon‘mixture was centrifpged for 20 minutes at.1800 x G at’4°C'in a 
Servall RC-2 centfifuge. The reéulting aqueous layer containingx
virus was harvested and re;extracted with two volumes of freon. The
gquedus layer from the_sécond gxtractioﬁ-was collected,. aliquoted,
sterility checked and stored at -20°C hntil used. . These preparations
‘were titrated in HéLa cell cultures for toxicity and infectivity. |

Virus pfeparatioﬁs were analyzed further by passive hemagglutination

N
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(PHA) and complement fixation (CF) fdf antigenic activiﬁy'agaiﬁét.‘»
various reference sera. All adenévirus types listed previoqsly were'
subjected to the freon extraction procedure. Preparations of un-
‘infécted KB ceils weré also subjectéd to this extraction proce&ure;
these preparations were used as antigen controls in antibody aésgys.
Adenovirus types 5 and 12 were purified further. | |
2L CsCl density gradient centrifugation
} Preparative ultraéentrifugation of freoﬁ extfacted
virus was éarfied out similarvto methods described by Wilcox and
Ginsberé (1963). Freon extracted virus éreparations of adenovirus
typés 5 and 12 ﬁere 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 gi&e a final density‘of 1.34. This
mixtufe was placed in a 1/2 x 2 inch cellulose nitrate ceﬁtrifpge
.tube. Equilibrium centrifugation was carried out in. a Beckﬁan Model
"L-2 pfeparative centrifuge, employing the SW-50 swinging bucket rotor.
The éentrifugation period was 24 héurs at 165,000 x G.

After éentrifugation the tubes were placed in a Buchler punc-
turing device and consecutive twenty droﬁ fractions (0.25 mi) were
collected from the tubes by the bottom puéétﬁfe method. Each fraction
was dilutéd to a final volume of 1.5 ml with PBS (pH 7.2) and was
assayed as described fof freon extragted virus. The active fractioﬁs
‘were pooledvand in some cases rebénded in CsCl according to ﬁhe above
proceduré to achieve_further con;entrat@on and purificétion..!The

active fractions were dialyzed against.multiple_changes'of 0.01 M
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phosphéte buffer (pH 7;0)4and %ere-chromatographeé on DEAE céllulose
céldmns to achiéﬁe further purifiéation;aﬁd separation Qf the struc- =
tural gomponénté.

| 3;.’Diethylaminoéthyl cellulose column.éhromatography

The procedure for DEAE column’chromatogréphy was |

similar to tﬁat»géported by Klemperer .and Pereira (19595 with minor
modifications. 'DEAE (Cellex—D, Bio-Rad Laboratories, exchanger
capacity 0.98 meq/gm) was treated with several liters of 95 per cent
'ethy1 alcohol and equilibrated with 0.01 M phosphate‘bqffefA(pH 7,0);
Glass columns 300 mm in length and 8 mm inside diametgr were used.
The equilibrated DEAE slurry was added and allowed to péck by gravity
to a height.of 150’mm. The amount of ﬁEAE'requi;ed to prepare the
columns was approximately 0.7 gm (dry wéight). |

Samples applied to the qolumns were freon extracted virus,
freon extracted KB cellvextracts or pools of antigenic viral material
separated by CsCl density gradient cengrifugation. Prior to apéli-
cation on the column the samples wére-dialyzed overnight at 4°C
.against 0.01 M phoséhate buffer (pH 7.0). Protein detérmiqations
Qere made on the‘dialyzéd samples aﬁd an amount ﬁot exceeding 2.5 mg
‘was épplied to the columns.  The samples were ‘added go the top ofrthe_
DEAE and stirred into. the upper 2 cm. The DEAE was allowed to re-
Vsettle before addition of the elﬁting'solutidns,.

The antigens were. eluted from tﬁé columns by thé stepwise
addition of solutions of increasing NaCl concentfation. ,Thesérsoiu-

. tions were prepared in 0.01 M phOSphatehbuffer (pH 7.0). The NaCl
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concentrations Qere incfeased by.0.025 M or 0.05 M increments and
covered the range.from 0.00 M to 0.55 M. Twenty to 30 ml of each
solution was added to tﬁe column, Ten ml ffactions were collected
and assayed for antigenic activity using refefence sera and culture
fluids. The assay methods were'péssive ﬁemagglutination aqd éom—
plement fixation.

Fractions with low initial activify'were.concentrated'five-fold
by dialysis against polyethylene glycol 20,000 (Carbowax). In certéin
experiments the active fractions from adenovirus type 5 virus pre-
parations, which eluted with 0.05 to 0.075 M and 0.20 M NaCl were
pooled separatel&,lponcenérated and rééhromatographed to achieve
greater purification of the viral antigens. Column chromatogrgphy
was carried at room temperature.

_C. Viral assays

1. VInfectivity titrations’

‘Virus preparations were.titrated in HeLa or KB cell
tube cultures. Serialltenfold dilutions were made in Hank's Bélanced
salt solution (BSS);_O.i‘ml of each dilution was inoculated into each
of four tubes. Tﬁe tubes were.iqcubated fof one hour at 25°C to
allow for virus adsorétion and were fed with 0.9 ml of MEM containing
2 per cent FCS. After 7 days incubation atl37°C, theﬁamount of yirgs
'neceésary to infect 50 per cent of the cultures (TCIDSO) was ;al-
culated by the formula of Reed and Muench (1938) and recorded as the
initial dilution of virﬁé inoculated. - ©

-2, Toxin titrations

Twofold serial dilutions of virus preparations were

made in MEM containing 2 per cent FCS. Duplicate tube cultures of
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HéLa cells were indculated with 0.1 ml of each ailution. After one
. hogr a£ 25°¢ each culture wés fed with 0.9 ml of the mainLenancé
meaiﬁm-;nd incubation was continued at 37°C. Readings for cyto-
pathic effects were made after 4 and 24 hours-in;ubation, Fiﬁty
per cent endpoints were calculated after 24 hourSvincubétioh.

Toxin and infectivity titrations weré done on each virus pfe—‘
paration before and after freon extraction. Active fractions from.
the>CsC1 density gradients and from the DEAE cellulose columns were
also assayed for toxin and infectivity.

3. Protein determinations
" The protein content of the virus material abpliéd to
DEAE cellulose columns and of the preparétions used.to expose-tissue
fragments was determined by measuring .the absofbance at 280 mu in a
Bausch anﬁ Lomb Precision spectfophotome;éf: 'Tﬁe me thod of;Ka1Char
(1947) was used ﬁo correct for nucleic acid absorbance at 260 mu.

D. Tumor antigen preparation

Adénovirus type 12~ transformed‘ﬁamster cells weré‘used as a
source of tumor antigen. The cells weré removed from the surfacg'of
the culture bottles and were washed with two volumes of PBS (pH 7.2).
The cells were resuspended in PBS to contain 2 x 107'cells/ml and the
suspension was sonified with a Branson sonifier. The sonified prepara-~
tions we?e centrifuged at 700 x G for 10 minutes to reméve the cellular

.debris. The resﬁlting supernate was used asvtheAtumor antigen.
E. Antigen titrationé
Each virus preparation and tumor antigen preparation used in

the antibody assays were titratedvin‘checkerboard titrations against
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various reference sera. The optimal dilutions were determined for

passive hemagglutination and complement fixation tests.

III. Apiméls

A. Rabbits

Femélé New Zealaﬁd white rabbits.(S to 7 1lbs) were injected
intravenously (IV) with one 0.5 ml dose of freon extrépted adenovirus

type 5. This was the equivalent of 5 x 104'5 (HeLa) TCID Certain

50°
A-animals weré injected with adenovirus type 5 structural subunits pre--
‘pared by DEAE ceilulose column chromatogrgphy. The latter aﬁimals
were injected threé'times (Iv) with 1.5 ml per ipjection. Serum
antibody titers were determined pefiqdically énd at the time of éacri-
ficé of the animals. Various intervals of time elapsed folléwing the
primary exposure of'thé rabbits to the antigens. The énimais injected
with freon extracted virus ﬁere éacrifiéeduﬁ; 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 and their sera were sayed.for éntibody
aéséys. ‘fhé lymph nodes, spleen and thymus of the animals were re-
moved for maintenance in vitro.

B. Hamsters

Random bred pregnant feﬁale.Syrian hamsters were obtained from
Lakeview Fafms, Vineland, New Jersey. Newborn hamsters from these
-aﬁimals.ﬁere used fof primary tumor induction. Weanling hamsters

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

plants.



li Primafy tﬁmor induction
Newbornlhamétérs were injeéted éubcutaneoﬁéiy on the
‘ dorsal flank with 0.1vm1 (103 TCIDSO) of adenoVirusiéypei12 in order
to ipduce tumors. The animals were injected wiﬁhin 24 hours after
'birth. When tumors became one to two - inches in diameter, the énimalé
were sacrificed by exsanguination. Thé serum was saved for'antibody
assays,'.The lymph nodes and spleen of the animals were removed'forb
maintenance'ig_vitro and the tuﬁors from certain animals were removed 
for tranéplantation.
2. Tumor transplantation
Serial ﬁransplants of the viral inducéd(tumors were
made to weanling (30 to 50 gm) male ané female hamsters. The tumor
tissue fro;nthevdonor animals was reméved aseptically and non-necrotic
portions were washed three to five times in Hank's BSSvcontéining
twice the standard concentration of antibiotics used for cell cultufes.
Thevtissue fragments were finely minced, diluteé with a small amount °
of 'BSS, énd 0.2 to 0.3 ml of the mincé.was injected subcutaneously
into thé dorsal flank of the recipient animals. >Animals'bearing
Atrgnsplanted tumors were studied in a maﬁner identical to the animals
bearing virus induced tumérs.. In this study two serial trahsplants
of four viral induged tumors Qere'made.
‘IV.‘ Organ culture methods
A. Tissue preparatidn
" The tissues ﬁsed in these experiments weré lymph nodes kpopli4

teal and inguinal),'épleen and thymus from rabbits and lymph nodes
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(inguinél and mesentgric) and'spléen frém hamsters. All tiséﬁes
were'proéessed éccording to the following procedure.

. The tissueé were remévea(aspeticélly, washed twice in BSS

containing double éonéentrationé of antibiotics. The 1ymph'nodés
‘ ﬁere trimmed of fat and the caps;1e was removed from the spleens;
The tissues we;é.ﬁinced into fragments appro%imately 1 to 2 mm in
their longest dimension and were subjected to two additional washes
in BSS. The fragments were divided into two groups: (l) a control
group which was exposed only t§ BSS andr(2) a group which was exposed
to appropriate dilutions of viralléntigens in BSS. Dilution of the
virus prepafatiop was based éither on-infectivity determined as TCIDgg
in'HeLq or KB cell cultures or on ﬁrotein content when non-infectious
subunit préparations were used. All dilutions were made in BSS with-
.out‘antibiotics; The hamster tissues were exposed to 100 TCIDg of
ffeon extractedfadénovirus type 12. The rabbit tissue; were exposed

[

to 1000 TCID of freon extracted adenovirus types 2, 5, 7a or 12

50
depending upon the design‘qf the experiment or‘to'approximately 10 ug
.ofbprotein in the viral subunit preparations. In certain experiments
the dilution of adenovirus type 5 Qas varied in order to determine
the efféct of various conceﬁtrations of the antigens on antibody
responses of the tissues. The diluted antigen prepérations and
tissue fragments were placed in one dram vials and incubated at 37°

C for 2 hours in an atmosphere of 5 ﬁer-cent CO, and 95 per cent airﬁ

After incubation the fragments were washed three times with BSS to

remove unabsorbed antigens, then were placed in culture.
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B.. Ofgén cﬁltures,

Methods of,orgén culture ﬁere similar fo.thpse'of Oftiz—Mﬁniz.
and Sigel (1967). The tissue fragments Were‘placed on Noble.agar
discs in 60 mm petri dishes. The agar discs consisted of a'bo£tom ,
layer Qf 1 per cent agar and a toﬁ_layer,of 0.5 per cent agar pfe-

‘ éared in‘BSS adﬁﬁéfed tb pH 7,0 with 0.3 N NaOH. Dis;sAZ.Svcm'in
diameter and 2-3 mm in thickness werefcut Wiﬁh a Bellco tﬁbe closure.
8ix to eight tissue fragments‘wére piacea aréund the periphery of
the discs ané two discs were pléced‘in each culture dish. Thé organ
culfure system is depicted in Figure 1. |

The basic cuitufe medium consisted ofvEagle;s'MEM_suﬁplémented
with 20 per cent heat inactivated FCs énd antibiotics in the céﬁ-r |
centrations used for cell cultures with the omission of fetracycline.
Two.ml of medium was used per culture; Addiﬁional.ingredients weréA
vadded go the baéic medium depending upon the objéétives of the expefif
meht. Hydrocortiéone-succinate (Sdlu-Cdrtef, Upjoﬁn) and pﬁytéhemégglu-
tinin-P (Difco) were used in studies‘of the effect of“compouﬁds which
have been reported ﬁo produce enhanpemént of the‘antibody responsé.v
» In studies with hydrocortiséne succinate, the éomposition of.the
"médium was varied with respect to serum and the steroid. The.com—
V position of the medium was: a) Eagie's MEM cohfaining 20 pef cent
’fCS, b) Eagle's MEM cgﬁtaining 20 per cent serum and hydrocéftisohé
succinété (1 pg/ml), and c) Eagle's MEM coﬁtaining.only hydroéortiséﬁe
succinate. Phytohemagglutinin-~P Waéladded to the basic ﬁediuﬁ‘in a
concentrafidn 6f 250 pug/ml. Some studies were doné in Which the

cultures were exposed to medium containing phytohemagglutinin. 'In



Figure 1. Organ culture system for maintenance of tissue fragments in
vitro. Mag. 1/3X
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‘these studies, the cultures had bgen'maintained 3Q days prior to
the exposure to)phytohemagglutinin. These éulturés were exposed to
ph&tohemaggluﬁinin for 12 hours, then the medium containing the ﬁhyto-‘“
'hemagglutinin_was removed and the culture dishes were rinsed £hreé
times with balanced salt solution to remove the residﬁal phytohemag-
glutinin. Neﬁ mediuﬁ without phytohemagglutinin was added and the cul-:
tures were re-incubated. in other studies, fragménts éf tissue were
exposed to 250 ug/ml phytohemégglutinin fof 2 hours beforé they were
placed in culture.

Chloramphehigol and pdromycin were added to the basic culture
med ium iq‘the skudies of the effectsrdf pfoteih>synthesisliﬁhibition.
Chloramphenicol was used at a concentratioﬁ}of 0.15 M (50 ug/ml) and
puromycin was used at two concentrations'(l uM and 3 uM). In thése
studies the ;iséﬁes_wefe cultured inrmediu; containing‘thg inhibiﬁérs
for various periods of time.

In routine maintenance of all culturés, the entiré med fum
was changed every third day and the fluid harVestslwere>asséyed fér
antibody activity immediately -or stored frozen at -ZOOC. Fluids
frqm cultures of raBbit tissues were assayed‘for'antibody‘agtivity
without further processing; howevér, early eXperiments-indicated ’
that fluids from cultures df hamster tissueS»requiréd_concentration
prior to antibody assay. Pools were made of the culture flqids
hérvested over}a nine to twelve day ﬁeriod. Each;pool represenﬁed,

three serial sémples. Pool I contained samples 2, 3, and 4; pool II
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contéiped samples 5, 6; and‘%; pool III.contaihed sampleSiB, 9,‘and
.10+ sémplé 1 Qaé not;includedité‘miniﬁiZe the péssibility of inter-
ference by anf'residual aﬁtigen in this sampie. -The pooléd flﬁidg
were piaced'in 8/32 inch dialysis tubing attached to 500 mi glass.
_buibé and were subjected to pressﬁre (12 ééi)-dialysis at 46c. This
resulted in a fo;r-tovfivefold concentration of the flﬁids. Samples
of complete medium were also subjected to this procédure to sefve
as controls and were assayed along with concentrated cultﬁre fluids.

The production of antibody was taken as one index of the
viability of the cultures; however, éthef criteria were used. The
c#ltures were examined miéroscépically for e&idence,of'cellular
pfdliferétion around the explants; Tﬁé viabiiity of the cells was
determined by the t?ypan blue exéiusion technique (Pappenheimef,
1917). Cells growing from the explant on the surface of the agér
and, where possible, the tissue fragments were examined aftér staining
Qith 1.25 per cent trypaﬁ\blué in normél saline. The cultures weré
stained at the termination of the éxperiﬁent.

Eragmenté from certain cultures werevhérvested periodically
-and histological sections and impression smears were made for cyto-
logical studies; ‘The fragments were fixed for 30 to 60 minhtés in
Zenker-formal_fiiative (9:1){ The tissue sections were prépared.and
stained by the histo1ogyg1aboratory of the Departmept gf Pathology;
Certaiﬁ sections were stained with hematoxylin and eoSin;'otﬁers were
' staingd with periodic acid sSchiff, Iméreséion sméaré were aiso made 6f

of the cells surrounding the explants. These preparations were air-dried,
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fixed in.abso1ute methanol and stained with Wright«Giemsa.:

V. :Antipody ésséys

| A;_ Complement'fixation

Complement fixation.tests were dqne by the micro-technique

described by Léfkowitz et al. (1966). Sera were inactivated ét
5690 for 30 minutés.prior to assay; culture fluids were not inacti-
vated. Twofold seriel dilutiomns of sera or culture fiuids were made
in veronal buffered saline (VBS). Dilutions were made in tﬁbes or
directlf in microtiter U plates (Linbro Plastics) with a 0.025 ml-
calibrated loop (Cooke Engineering Co;). Exactly 0.025 ml of eéch
dilution was mixed with two units éf anéigen contained in 0.025 ml
and two full units of guinea pig complement cohtained in 0.05 ml
were added to each dilution of fhe antigen;antibody mixture. The
mixture was shaken and incubated overnight at 4OC, after which time’
the indicator system was added., This system was prepared by mixing
équal’volumes 6f amboceptof, 1:2000 in VBS, and 2 per cent sheep red
leOd%cell suspension. After 10 minutes ipcubation at ZSOC,VO.OS ml
of the sensitized cell éuspénsion 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 Qetermined as the highest
dilutions of serum or culture.fluid which préduced two plus fixation
of complement. Each test contained é“complement titratiqn and con-
trols for the antigen, serum or culture fluid and sensitized éeils.

All tests routinely contained positive serum controls to assess the

effectiveness of the assay.
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'B. Neutralization ﬁésté

Neutrélization tests wefe cérriedhout wifh'rabbit sera ahd
cuiture fluids‘from the rabbit explants. ' These tests were done in
human embryonic kidney (HEK) cell cultures. Adenovifus type 5-
was diluted in MEM_withoﬁt serum to contain 50-100 TCIDgy/ 0.1 ml.
Twofold serial dilutioné of serum and culture fluids were made in the
same diluent. Equal volumes oﬁ Virgsvand either serum or culture
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 éemain on the monolayef"
for one hour at 25°C before the additipn of 0.8 ml maintenance medium,
The cultures were then incubated ét4370C.

The cultures were réad daily for cytopathic effeéts'(CPE).‘ -
Final readings were made Whén fhe virus.édﬁtroi exhibited three to
four ﬁlus CPE. Neutr;lization endpoints were taken as the highest
dilution of serum or culture fluid which produced compiéte inhibi-~ '
" tion of CPE in all of the triplicate cultures. Virus titrations
were inclﬁded with each fest. |

Pre-and post-immunization~sera were titrated in the same test,
All serémvsamples were heat inactivated at 56°C for 30 min;tes prior
to assay. In assays of culture fluids, samples from cultures whiéh
wére negativé for antibody by other assays were included as controls
on non-specific factors in the fluids which might caﬁse virus

neutralization.
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C. Passive hemagglutination

The procedure of étavitsky (1954) as‘modified.by Lefkowitz -
(1967) was used. Sheeﬁ red blood cells (SRBC) in Alsever's solution
were obgained from Baltimore Biological Labor%tories. The cells
were washed three times in PBS (pH 7.2) and resuspended as a 2.5 g
per cent susPension; EQual volumes of the SRBC suspehsion énd taﬁnic
acid, 1:20,000 in PBS (pH 7.2), were‘incubatéd at 37°C‘fof 10 minutes.
The tanngd cells weré centrifuged at 700'X G for 10 minuteé;rwashed
once in an eqﬁal volume of PBS and‘wefe-resuspenAed to the original
RBC yolume (2.5 per cent) in PBS (pH 6.4).

One volume of the appropriate antigéﬁ dilution, in PBS (pH 6.45,
‘four volumes of PBS (pH 6.4) and one volume of tanned SRBC were in-
cubated at 25°C fof'lO minutes. The éntigén_coated_cells were qentrij
fuged at 700'x G for 10 minutés, washed with two voluges of one per
cent normal rabbit serum-saline (NRS) buffeféd at pH 7.2, and were
resuspended in four volumeé of NRS. The final dilution_of~£he anti-
gen coated cells yielded a 0.625 per cent suspension. 'Iannéd SRBC wére‘
treated in the same manner except an additional volume of the.buffef
.. was substitutgdAfor the antigen'diluﬁidn. -Such preparations were.
used as'tanned ceil—séline cbntrol; and were included with each
assay. Five one-hundredths ml of the final suspension was added gb
0.1 ml serum or culture fluid dilutions contained in the microtiter'
_plates. The mixtures were shaken and all allowed to settle for 2 to

3 hours at room temperature. Titration endpoints were determined



“as the éeciprocal of thevﬁighestAServar culture flﬁid diiﬁtionj‘
fﬁhich>produced é“three'plus agglutination pattern.
| ;Tﬁe optiﬁum diluﬁidn éf‘eaqh virus prégaratibn or ce11 ex§r;c£

ﬁqséd to sensitizé tanned SRBC was determined by checkerboarﬂ‘titra-
tions agéinst reference antiseré. The antigen dilutibn which gave .
“ >maximum>sensitiVity without ﬁoﬁ-specific agglutinaéion of the éRBCv
was used to coét the tanned éel}s.' | |

‘Sega were heat inacﬁivated at 56°C for 30 minutes andiwére : B
_tested for SRBC agglutinins prior to assay for virus épecific anti-
>bbdy. Two or fourfold dilutions df sera or éulturé fluids Wére.madé-
either in tubeé or in microtiter plégés with‘loopskcalibratéd to
déliver 01925 or 0.05 ml. The diluent was NRS. When antibody
dilqtions weré made with loops, apbropriate”volumes of NRS were
aaded‘tofbring the final volume to 0.1 ﬁliﬁfior to the addition
of sensitizeq SRBC.

In addition to the tanned cell—saline‘controls, ;hevfollowing
test controls were used: @H) untannea and uqsensifized SRBC, (2)
~ tanned SRBC sensitized with freon éxtraéted'preparétioﬁs of'unin;
fected KB or Hela cells, (3) tanned SRBC“sensitized'with fetal
lcélf serum, and (4) tanned SRBC coated with freon extracted preparéf
tions of adenovirus types 2, 5, 7a; orilé}‘ A ‘i |

| IfaSsive hemagglﬁtination'iﬁhibition (Hi} tests were &one on the)

‘u'culturerfluids‘in order.to assess further the spécifiéity of’thié
reactign. ﬁométypic and hetérotypic édenbvirus prepérations; KB .f

" cell extracts and fetal calf serum were uséd as the inhibiting or
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" blocking antigens in the inhibition tests. The d'ilut‘iion of the block;
ing antigen usédeas.twice.the concentration which wés found to pro-
duce g'foﬁrfold decreaée»in antibody»ﬁiter when the sbécific antigen-
éensitized.SRBC were reacted with theihomologous antisefum. An equal
VOlumé of the blocking antigen was added to each dilution of.serum
or culture fluid. The mixtures were incuba£ed at 25°C for one hour>
and then weré tested for hemagglutinating'activity for tanned SRBC
sensitized with spécific adeﬂBQirus>test antigen. ’ihe test antigen
"_Was adenovirus type 5 in the studies on the rabbiﬁ culture fluids;
adenovirus type 12 in the studiés on the haméter culture fluidé.
After addition of the antigen céatgd cells, the mixturesvwere.allowea
to settle andAagglutination patterns were read as previously des-
éribed; N |

In HI féété with sefum and culture.fluids from the rabbit
.experiments, the blocking antigens used‘were adenovirus type 5,
str;ctural subunits of type 5, adeﬁovirus types 2, 7a, and 12, KB
cell extracté and fetal calf serum. The test antigen was adenovirué
tybe 5. 1In the experiments with hamsters, the blocking antigens
were adenovirus type 12 or the structural subunits of.type 12'inf
éddition to the same ones used iﬁ the raBbit eXpefiments. The tesﬁ
antigens were adenovirus type inor'the strucfuralrsubunits.

| ,ﬁii,Determination of . the molequlﬁr species of antibody

Sucrose density gradient centrifugation (Kunkel, 1960).of

N t

fluids from rabbit lymph node and spleen cultures was carried out

to determine the moleculaf Species of antibody produced in vitro.
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A'Buchlef gradient forming deﬁicerwas used to;prepare lineér grédienfé
| from 10 per cent (w/v) to 57 per cent (w/v) sucrose. Sufficient |
quantitieé of the two solutions were added to tﬁe mixing chambers
to prepare three 5 ml gfadients simultaneously. Gradients were
formed in celiuiése nitrate centrifuge tubes (1/2 x 2 inch). Sérum
‘or culture fluids were diluted 1:1 with isotonic (0.15 M) saline
and a 0.2 ml sample was layered on ‘the gradient. The tubes were
placed in the SW-50 swinging bucket rotor and were centrifuged in
a Beckman Model L-2 preparative ultracenﬁrifuge at 130,000 x G for
- 16 hours. | | |

Affer centrifugation the tubes were placed in a Buchlér
pﬁﬁcturing device at 4°C. Consecutive twenty drop fractioms (0.25
ml) were collected from a puncture in the.Pqﬁtom of the tube. The
first fractions collected had the;greatest density. Each fraction
was brought ﬁo a final volumé of 0.5 ml with PBS (pH 7.2). Subse-
quent twofold dilutions were made in one pér cent normal rabbit
seruﬁ—séline for assa& by passive hemégglﬁtination or in veronal
buffered saline for assay by complement fixation.

?ortions of ‘each fraction'wére mixed with an equal volume of
0.2 M Z—ﬁeréaptoethanol (2-ME) to tesﬁ for the preseﬁce of 2-ME sen-
sitive éntibody.(Deﬁtsch and Morton, 1957). These mixtures were
incubated at 37°C for ome hpur and at 4°C overnigﬁt before assay by
passive hemagglutination. Some fluid; ﬁere treated with 0.2'M é-ME
prior to centrifugation.' Comparable untréated 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'gg'gl.,'l966) that
neither sucrose nor mercaptoethanol interferred with the assay pro-

cedures utilized here,

VI. Demonstration of adenovirus type 5 iﬁ spléen and lymph node
fragments from rabbits |

Portions of the spleeq and lymph nodes from rabbits originally
"injected with either freon extracted adenovifus type 5 or the
structural subunits were suspended in 2 ml BSS. Each sample was
macerated in a Ten-Broeck tissue grindér. The cellxdebris'was re-
moved by centrifugation at 700 x G forilo minutes. Two-tenths ml
of the supernate was inoculated into triplicate tube cultures of human
embryonic kidney (HEK) célls.' After inocula;ion, the cultures were in-
cubated at 25°C for one hour'and were fed with 0.8 ml MEM containiné
3 per cent FCS. Incubation was then c§ntinued at 37°C. The cultures
were read daily for cytopathic changes characteristic of adénoVirus
infection. ngind passages of negativ; cultures.wgré méde‘éfter 10
days. The qeils were scraped from the surface of the tubesf. The
media and qells from the triplicaté'cultures were pooled and centri-
fuged at 800 x G for 10 miﬁutes. The supernate was removed and .the
cell pellet was resuspended in 0.6 ml of medium. .Thié celi Suspen;
sion was frozen and thawed thfee times and'reéentrifuged. ‘The resql?-
ing supernate was used as inoculum for further passages in HEK cells.
Uninoculated control cells from the preﬁipus passageé wefe'processed.
identically. The paséage cultures were read daily fqr 10 days. for

evidence of the presence of adenovirus.
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The cytopathic agents recovered from the tissues were identi-
fied as adenovirus type 5 by neutralization of infectivity with

specific antiserum.



-RESULTS

PART 1 .

A. In Ziig antibody responses of‘fabbits tovédenovirqs type 5
antigens.

Nine rabbité.were used in .this study.. Seven of the aﬁimals were
injeéted with a freon éxtracted preparation éf adenoviﬁus tyﬁe 5. Two
>animals were injected with more highly pﬁrified sffucfural viral sub-
' unit; prepared by DEAE-cellulose column chromatography. One of these
animals received'thg type-specific Cbor fiber antigen; the oﬁher
) receivea the group-specific A or hexon antigen.‘ The-antibody titers
+of serum samples were determined by complement fixation and passive
hemagglﬁtinatipn methods. The results arévﬁresented.in Tables 1 and
2. The data presented indicate that the animals (001-009) wﬁich re-
ceived a single-injecéion of.infeétioué virus had detectable levels
of gntibody for as long as twelve months after the single exposure.
Tﬁe‘animals (8 and 9) which received multiple injections of the viral
structural subunits dia not 5ave anﬁibody levels at the time of sacri;
fice detectable by the methods used. The aﬁtibody reéponse of animal
9 was detectable only by complement fix§tibn, whereas the antibody
:response of animal 8 was detectable both by complement fixation and
paésive hemagglutination. Animal 9 was injectéd with the hexon énti-

gen, and it has been shown (Lefkowitz, 1967) that the hexon does not

47
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" TABLE 1

IN VIVO ANTIBODY RESPONSES OF RABBITS* INJECTED WITH ADENOVIRUS

TYPE 5 ANTIGENS AS DETERMINED BY COMPLEMENT FIXATION**

- Animal P?eimgu— . Weeks After Initial Injection_
No. nization »
2 3 4 12 24 36 48 52
001 <2 64 o4t
002 <2 32 3ot
003 <2 128 256" .
A T | _ .
005 <2 128 : 16
006 <2 256 - et |
008 <2 64 g
009 T k2 64 T . g+
8 <2 . 8 16 . Y o
9 <2 32 64 . ot

*x

Animals 001-009 received a single injection of freon ex-
tracted adenovirus type 5. Animals 8 and 9 received 3
injections of DEAE-purified structural subunits of adeno-
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.
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TABLE 2 .
’L& VIVOAANTIBODY RESPONSES OF RABBITS* INJECTED WITH ADENOVIRUS

. TYPE 5 ANTIGENS ASVDETERMINED BY PASSIVE HEMAGGLUTINATION“*

Weeks After Initial Injection

No. . nization 3 4 12 .24 36 48 .52
001 <10 250 10,260"

02 <10 eo 10,240

003 <10 2,560 10, 240"

005 <10 10,200 - et
006 <10 40,960 - | A io,240+

008 <10 10,240 | I - 2560"
009 <10 10,240 - o 2560%

'8  <-16- o256 1024 e o est
9 <0 4 4 e gt

*

Animals 001-009 received a single injection of freon extracted
adenovirus type 5. Animals 8 and 9 received 3 injections of

DEAE-purified structural subunits of adenovirus type 5. Ani-
mal 8 received the fiber antigen; animal 9 received the hexon
antigen. '

wE Titer expressed as reciprocal of serum dilution.

Titer at the time of sacrifice.
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‘attach;to the taﬁned efy&hfodyte. Animal 8 was injecteé with_ﬁhe:
fiber antigén.i Ant}bpdy ﬁo this antigen can befassayed by both sero-
iogic pfoqedﬁres.‘ | |
| B.4.lg.yi££g antibody responsesvof rabbit lymphoid tiséueé
exposed to adenovirus'ﬁype 5 antigens

1. Antibody responseé of‘various tissues mgintained>

Lymph node, sﬁleéﬁ and fhymus fragments ﬁere‘ekposed |
iB.XiEEé té freon extrécted_adenovirus type 5. 1In some experiments
lymph node and:spleen fragments were exposed to DEAE~éurified‘strué-
tural subunits of the virus. Fragments of ea;h type of tissue were
also majintained without éxposure“ig_giggg to the virus preparations.

The‘fééulté of the antibody:responses obtained are given in

Table 3. Theée‘data ére presented écéording to the tissue type
studied,ithe antigen preparation used, and the time interval between
in vivo exposure of the animai and exposure of the ﬁissueé'té the
viral antigens ig vitro. The lyﬁph node exhibited the most consis-
tent éntiﬁody response. Eighty per cent (57rof 71) of the‘1Ymph:node'
cqlturesAestablished from animals (001-009) injected with the freoﬁ‘
extracted Qirus’éynthesized antibody foliowing eﬁposu?e of the'tiséue
to the viral antigens ig_yiggg. The abil;ty bf this tissue to respond
wads not éffected by proionged inter&alé‘between the in zizg_aﬁd in
vitro exposures: to thg anfigené. Thé lymph node cﬁltures established
- from énimaIS'(S.and:9) hyperimmunized'with the:fiﬁer or hexon anti-

gen failed to respond to exposure to any of the antigenic pfeparations.



TABLE 3

ANTIBODY RESPONSES OF RABBIT LYMPHOID TISSUES FOLLOWING Lg_VITRO
EXPOSURE TO ADENOVIRUS TYPE 5 (Ad. 5) ANTIGENS

Animal Interval Between . Antigenic Exposure Cultures Synthesizing Antibody
" No. Injection and Primary Secondary Total Cultures Exposed In Vitro
Sacrifi;e'(Weeks) (In Vivo) (In Vitro) Lymph Node Spleen Thymus
001 12 Ad. 55 Ad. 5 4/6 2/3 0/4
003 12 ~ Ad. 5 Ad. 5 s L4 2/4 0/4
002 V 24 Ad. 5 L. Ad. S e/ T 2/2 - 0/4
006 36 o Ad. 5 . aAd. 5 - 12/12 ¢ 0/6 - NC
009 48 Ad. 5 Ad. 5 8/12 o/8  NC
008 48 Ad. 5 PAd. 5 .. 12/16 - 0/8 - NC
005 52 . Ad. 5 Ad. 5 . 11/15 0o/7 _  Ne
' ' ' Hexon,
%
A Fiber : : ‘ o
9 36 _ . Hexon : Ad. 5 . 0/8 . 0/8" NC
' - Hexon : o
. : ' , Fiber » : - o
8. .52 A Fiber Ad. 5 S0/ . o/ NC
: ' Hexon ' '
, - Fiber )
* Ad. 5 - freon extracted preparation; hexon and fiber--DEAE-purified structural
subunits. : '

NC. - no cultures.
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_'Each'of_ﬁﬁese animals was sécrificéd as a time'infefyal éomparable
.to the sacfifice éiﬁe of the animals injected.ﬁitﬁ thé ffeon extracteé'
virus. |

The spleﬁic tissue was much less active than the lymph node in
synthesizing antibodies in vitro.: Lgvels‘of‘antibody from cultﬁres
of épléen fragmeﬁts‘which did réspond wereilowér than the levels
from comparable lymph node cultgres._ Only the spleen cultures éstaﬁ—
lished from animals sacrificed within thl&e to twenty-four Wééks
after the iE.XiXQ injection could Be stimu1ated to produce antibody
in vitro. This indicgted that the time inéerval beéween in vivo and
inivitro exposure to the éntigeﬁs may gffect the résponse which can

be evoked from splenic tissue in vitro.

No antibody was detected in cﬁlﬁures of thymic tissue. 1In one‘
experiment fraggents of spleen and thymus, or fragments of lymﬁh node
and thymus were cultured together.‘vLow levels of antibody were de-
tectable in the fluids from the cultures bf thymﬁs and lfmph node;
however, the response was probably the result of antibody synthesis
by the lymph node tissue. Antibody waé not detected in éﬁlture fluids
from the thymus and spleen.fragmenté;

In all ahtibody—producing cultﬁfes the tissue fragments had
been exposed to the viral antigens in XiEEE-i Cﬁltures of fragments
maintained without in vitro exposure'aid not produce:anéibbdy'at
detectable ievels. |
| 2. Time course of-antibody reéponses in vitro

. Figure 2 represents a typical response of the lymph node

.o

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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. isvexp;esged'in termsAaf tiﬁe bf appearance'of antibody,Aievels of
antigo&y attainéd'and duration of synthesis of antibody.
As ?ndicatéd in the figuré; tﬁé antibody was detectabie-both
by comple@ent fi#étioﬁ and passive hemaéglutination methods. wa-
ever, the passive hemaéglutination method was the more sensitive
of the two.‘AAﬁfisqdj was not detected until the tissues had'beeﬁ
in culturé for:six.to niﬁe days. Thisllég phase was a conéisteﬁt
findihg iﬁ all experiments. Once aﬂfibody becéme deteétéble, thereb
was a rapid rise in titer within the following‘two orAﬁhrée sampling
periods. Peak titers were genera11y>reached within twelvé to fifteen
days after initiaﬁion of the dultﬁ;e. The levels of antibédy remained
faifly ;tationéry for periods up to.thirty to foftx-five days, then
- began a gradual decline. Most of the experiments were terminated
within sixty to eighty days after 'initiation; however, one experiment
was contiﬁued for 120 days. At the termination of thié‘experiment
low 1evelé (1:32) of antibody Qére'stillkdetectable by passive hemag-
glutination. Tﬁe antibody titers of flqidé frém the spleen cqlturés weré
a;wgys lower than the titers of sémples from the lymph node‘cultureé.
Replicate cultures established from the tissues of individual
animals weré, in genera1, comparable in antibo&y levels; -Gféater
differences were noted, however, between cgltures established from
tissues of different animals. Table 4 is é composite of'aata from
replicate lymph node cultures establiéhed from animals QQl-OO9.V All
of the cultures were trgated in an identical manner as to the.;mount

of virus used for in vitro stimulation of the tissue and the medium
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TABLE 4 '

* ANTIBODY TITERS FROM REPLICATE CULTURES bF LYMPH NODE TIS§UE FROM
'RABBITS INJECTED WITH ADENOVIRUS TYPE 5 ANTIGENS™

Animal Culture » A Days in4Cu1ture

No. Nooo 3 o 15 21 33 51 66 120
001 1 <4 256 16,384 16,384 4,096 64 64 ns -

2 <h 64 4,096 4,096 4,096 64 ns ns.

002 1 <4 1024 16,384 65,536 65,536 4,096 4,096 ns
2 <4 256 16,384 65,536 65,536 4,096 4,096 ns

3 <4 1024 16,384 65,536 65,536 4,096 1,024 ns

003 1 <4 256 4,096  4,096. 4,096 1,024 256 32
2«4 . 6k 4,096 4,096 4,096 256 64 32

3 <4 64 1,024 1,024 1,024 64 64 16

005 7 < 256 65,536 65,536 65,536 16,386  ns ns
-8 <4 256 65,536 65,536 65,536 4,096 ns  ns

: 9 <& 1024 262,144 262,144 262,144 65,536 ns ns
006 6 <4 4 16,386 16,384 16,384 ns . ns ns
: 7 4 16 16,386 65,536 ~ 65,536 16,384 ns ns
8 4 4 16,386 . 4,096 16,384 . ns ns ns

008 17 <4 16 512 4,096 4,096 ns s ns.
‘ 20 <4 64 1,024 1,024 4,096 ns ns ms
009 3 - <4 4 1,024 4,096 4,096 ns ns mns
7 <4 16 512 1,024 1,024 ns ns ns

24 <4 64 4,096 4,096 4,096  ns ns ns

Passive hemagglutination titers éxpressed as reciprocal of
dilution.

ns - no sample
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' useq for maihtenance of the culﬁpfesi. The antibody ﬁas éssayed by
passive hemagglutination. The data presented in the table were ob- )
tained from a test;in which all the samples were assa&éd at the samé '
time in order to héye the test conditions standard.
Five samples from each of three lymph node culturés were
assayed for the preéence and pérsistence of neutralizing antibodiés.
Two of thé cultures seieéted were fromlfhe same animal (005) and the
thi;d from a different animal (002). All of tﬁg culturesﬂwere ﬁfo-
ducing antibodies detecﬁable by the other assay methods (PHA and Cf).
The ;aﬁples of all cultures tested were harvested 6, 12, 18, 24, and 45
days after initiation of thé’cultureé.A Samples from non~aﬁtibody pro-
duéing lymgh nodg cultures from both animals.wefe inciuded~invthe tests
as control oﬁ non-épecific neutralization of the test virus. The re-.
sults are given in Table 5.. The bomplement"fixation gnd passive-hemag—
glutination titers are included for comparison. 'Neutralizing énti-
bodies were detected in the thrée cultures tested. This activity was
quite low; the maximum titers’obtained were 1:8. Tﬁe presence of
neutralizing antibodies could be‘corfelated in time witﬁ the appearan;é
qf antibodies detectable by the other tests. There was, however, é'
more rapid decline of antibodies detectable by'neutralization tésts
-thap by complement fi%ation or passive hemagglﬁtination.
3, Effect of variogg concentratiéns of viral antigens
on antibody responses in vitro
A standard amount of virus (1000 TCIDs,) was used in

_most experiments. One experiment was designed to measure the limits
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ANTIBODY RESPONSES OF LYMPHOID TISSUES EXPOSED lﬁ_VITRO,TO
'ADENOVIRUS TYPE 5 ANTIGENS AS DETERMINED BY NEUTRALIZATION,
COMPLEMENT FIXATION AND PASSIVE HEMAGGLUTINATION TESTS*®

Animal Culture Assay*# - Days in Culture '
No. No. ‘ 6 12 18 24 45
002 19 NT 2 2 8 2 <2
cr <2 4 8 8 8

PHA 4 1,024 16,384 65,536 65,536
005 8 NI 6 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 65,536 262,144 65,536 65,536

Titer expressed as reciprocal of dilution
**NT' - neutralization test

CF - complement fixation

PHA - passive hemagglutination
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of sensitivity.of'the antibody response. The freon extracted virus
preparation was prepared in dilutions to contain infectious units

6

from 10 TCID to 10° TCIDgg. The results of this experiment are

50
presented in Figure 3: The fesponse of the lymph node fragments

from this agimal (006) to dilutions of Virus‘containing from 10% to

[ 106 TCIDgg was essentially the same. There was no apparent inhibition
of the response when the high concgntrétion (10§ TCID50).wa$ used.

‘At thé lowest cOncentrétion (1O.TCID50) some @eérease in thé response
was noted, and there appeared to be a é1ower rise in the titer. Thé
maximum ieQels attained by thése cultures:wefe not és great as the
1eveis attained by the fragments exposed to higher donéentrations

oﬁ 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 mﬁ, the proteéin content of the preparations ranged
from 50 ug to 3}.1g/m1..
| Ba.ﬁ Antibody responses.following re—eﬁpdsure to
ahtigens after initiatiqn.of ﬁhe cultures
"Several attémpts wefe made to evoke additional antibody

;esponsesAafter the tissueé had.been in culture for se&efal weeks,
When antiﬁody production appeared to have reached a stationary 1evé1;

£be cultures were exposed again to the yifal antigens. The‘fragments
were not removed from thé surface of'thg agar blocks when the re-
exbosure was carried out. The virus dilution was added to the culture

v

dishes and allowed to remain for two hours. The:.culture dish was

washed with several changes of balanced salt solution before new .



Figure 3. Antibody responses of lymph node fragments exposed to various
concentrations of adenovirus type 5.
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'ﬁédiﬁmiﬁas'édded‘gnd.thejéultﬁré‘wéé re;incgﬁéted: |

A11>é£témpts,to§iﬁduce ;dditiénai antiﬁod? résponsesvﬁéfe‘un?
'Suécéséfﬁl. ‘ihe fluids»hérveétéd at the first sampiing‘périod aftér_‘”
vthe Eulturés wefé re;e#posed tb the>vira1 anﬁigeas_geneféilj had
lower titers than the flﬁids harvésted just.prior ﬁovre-éxpééure.
Titefs,of the‘flpids.from subsequent samples usually rose to‘approx~
imatély th; same iével'as the titers ofithe fluids téken just pri§rr
‘to re-exposdre,‘but never exceeaed tﬁese‘t{ters{ |

4; Specificity of the antiﬁédies synthesized.ig_yiggg

Three tests we?e used to determ{ne the specificity of‘ 
“thg antibodiés';ynthesizedvig_yigzg, These were: 1) passive hemag-
;glutination tests in which antigens other than adenovirus typé 5 ﬁere
ﬁséd to‘sé;éitiée the erythro;ytes,'Z)vﬁéséive heﬁagglutination inhibi—
tion tests, and”3) comp lement fixation tests. The antigens used in
the above tests were: fetal_calf serum, ffeoh e%tracted preparations
of KB cells and freon extracted preparations of adenovirué types 2,
5, 7a, and 12. Included in some tests Were DEAE—purified struéturél
. subunits Qf a&éhovirué type 5. The ?esulﬁs ofbtypical experiments
are given in Téﬁles 6, 7 and 8.’ The same samples aré‘fecdrded.in
ali t#e tables‘for compérative'purposes{

The resulté.shown in Tgble 6 were obtained witﬁ passive hemag-
élutination tests on the culture fluidé.: Thé‘erythrOCYtgs'were
‘sensitized with the various antigens 1isted in the table. ‘Untannedl
4’and tannedFunsensitizéd;erythrogytés were inclpded as coﬁtfolg.'
There was no agglutihation‘of_the_éontroi erythfocftés whiéh indi-

" cated that;there were no non-specific féctors»in the fluids which



TABLE 6
‘SPECIFICITY OF ANTIBODY SYNTHESIZED IN VITRO AS
DETERMINED BY PASSIVE HEMAGGLUTINATION™

Antigens on RRC

Animai Culture ' :
No. No. Ad. 5 Ad. 5 Ad. 5 Ad. 2 Ad. 7a Ad. 12 FCS KB.  SRBC
) Hexon Fiber

001 7 2 8 2048 4 2 2 2 2 . 2
002 1 2 512 16,384 8. 2 2 2 2 2
19 2 256 16,384 16 2 2 2 2 2

003 3 2 i6 512 2 2 2 2 2 2
4 2 32 . 1024 4 2 2. 2 2 2

005 7 2 1024 16,38 64 2 2 2 2 2
8 2 1024 16,384 16 2 2 2 2 2

006 72 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 22 2 2
20 2 16 1024 4 2 2 2 2 2

009 3 2 32 4096 4 27 2 2 2 2
3 2% 2 64 8092 4 2 2 2 2 2

*  Titer expressed as reciprocal of dilution.
Ad. - adenovirus, freon extracted preparations, numeral indicates type
Ad. 5 Hexon - DEAE-purified fraction eluted with 0.20 M NaCl
Ad. 5 Fiber - DEAE-purified fracLlon eluted with 0.05~0.075 M NaCl
FCS - fetal calf serum
KB - freon extracted preparation of KB. cells
SKBC - shecp red blood cells, unbanned and tanned, unsensitized- sallne controls

~
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'wouldﬁcause égglﬁtihation of the sensitized cells used in the test.
‘There was no reaction of the fluids with ﬁhevcells'sensiﬁized with
either KB cell extracts or fetal calf éerum.‘ Antibody. éctivity was
»detected'oﬁlybﬁith ceils sensitized with adenoviral ahtigeﬁs. Higher
titers were detééted'when the fluids were tested with cells seﬁsi—
tized with freon extracted adenovirus type 5. Significant titers
‘ﬁere,algo obtained wifh.celis sgﬁsitiéed with the DEAE—pufified\
.fibef or C antigen. No agglutingtion was obtained with cells treated
. with the DEAﬁ-purified hexon or A antigen. ‘This was ﬁot surprising
since, as previously mentionéd, the~hekon;épparently does nét a;tach
to the grythrééyteé. Some éroés—reactivity waé obser?ed with cells
'-sénsitiéedrwith adenovifUS'type 2 antigens. There was no agglutination
of cells sensitized with adenovifusitypes 7a or 12,

The resulfé of the complement fixatién“tésts are presented in
Table 7.. There was no complement-fixing activity observed when the
fluidé were reacted with KB cell antigens or fetal calf serum. The
activity was present only when the viral préparationé wereluéed as
_énéigens.‘ The highest titers wére bbtained with the homotypic édeno-
.virﬁs type 5 aﬁtigens. When both the DEAE-purified Eexon and‘fiber
antigens were used, positive reactions-were also obtained. There
was more evidence of cross-reactions with:the antigens of the hetero-
t§pic‘adeﬁovirus types 2, 7a, and iZ_tﬂan was.nqted in the passive
hemagglutination test, This was attriﬁute& to the fact-thatqgomple;
ment figatioﬁ measures antibody to the hexon antigen as well as

antibody to the fiber and penton antigens.



TABLE 7

SPECIFICITY OF ANTIBODY SYNTHESIZED IN VITRO AS
‘ DETERMINED BY COMPLEMENT FIXATIOﬁk ‘

Antigen

Animal - Culture _
No. No. :
‘ Ad. 5 Ad. 5 Ad. Ad., 2: Ad. 7a Ad. 12 FCS KB
Hexon Fiber :
001 7 2 2 8 8 2 2 <2 <2
002 1 2 2 16 8 2 2 <2 <2
19 2 2 8 4 2 2 <2 <2
003 3 42 <2 2 42 Z2 <2 <2 <2
4 2 2 8 4 <2 2 <2 <2
005 - 7 8 4 64 16 4 4 <2 <2
8 16 4 32 4 4 4 Tz2 &2
006 7 2 2 16 A 2 2 <2 <2
' 8 2 2 16 4 "2 2 <2 <2
008 17 2 2 8 2 2 2 7Y
20 4 2 8 2 2 2 £2 <2
009 3 2 2 4 2 23 2 2 <2
24 2 2 - 8 4 2 2 - <2 <2
Titer expressed as reciprocal of dilution.
Ad. - adenovirus, freon extracted preparations, numeral indicates type

Ad. 5 Hexon ~ DEAE-purified fraction eluted with 0.20 M NagCl ,
Ad. 5 Fiber - DEAE-purified fraction eluted with 0.05-0075 M NaCl

FCS =~ fetal calf serum .
KB - freon extracted preparation of KB cells

€9



64
: ';The results ob;a;ned with'tge paSsive hemagglutinafion in-
»hibition testsv(Table 8) furthef éubstantiated the.éonclusioﬁ that
tﬁe anti@ody detécted in the cultufé fluids Qas speéificallf.anti_
bédy to Fhe viral aﬁtigené; There was ﬁo inhibition of the agglufina-v
tion of grythrécytes Sensitized‘with adenovirué type 54antigeﬁs when
the heterologogévanpigens (KB or fetal calf serum) were qsed as the
'Aﬁbloékihg" antigehs. When homotypic adenovirus type 5 (freon extrac-
ted preparatibn) and the fiber antigen of adenovirus ﬁype 5 were used
éélthevﬂblocking" antigené; there was a marked réduction inﬂtheAtitgrs
obtained. When:the hexon anfigen was uéed‘as'the "blockinga antigen,
" there was no inhibition of tﬁe reaction. " This furthef substantiated.
thé éoqclusioﬁs that the passive hémagglutinétion test measures anti-
quies to the penton and fiber antigens rather thén antibodiés to the
héxon‘antigen. " When the heterotypiq adenovirus types 2; 7a, and 12
.were the "blockinéﬁ ahtigens, only type 2 caused any inhiBition of
égglutinétion of the cells sensitized with antigens of adenovirus
type 5. This inhibition wasAless.than a.fourfold reduction in the
;i?er. Adenovifus types-7é and 12 did not_inhibit the rgactioﬁ.
5; Antibody responses of 1ymph§id tissues exposed in.
" vitro to antigens.of homotypic and heterotypic adeno-.
viral antigens' |
An experiment was desigﬁed to compare the response of
lymph node tissue exposed iE.YiEEQ té antigens of homotypic adéné—
’virus_tyﬁe 5 with the response of tissue exposed fo antigens‘bf hetero;

typic adenoviruses. The animals (005) from which the tissue was taken



TABLE 8
SPECIFICITY OF ANTIBODY SYNTHESIZED IN VITRO AS
DETERMINED. BY PASSIVE HEMAGGLUTINATION INHIBITION™

Hexon-DEAE - purlfled fraction eluted with 0.2 M NaCl

- Fiber-DEAE- purified fraction eluted with 0.05-0£75 M NaCl

KB - freon extracted.preparation of KB cells
FCS - fetal calf serum

" Antigen™™ Blocking - ‘  Animal No./Gulture No. ‘ , . )
on RBC  Antigen  441/7  0o2/1 002/19 003/3 003/4 005/7  006/7 008/17 009/24
Ad - 2048 16,384 16,384 512 1024 >16,384 16,384 2048 8092
Hexon - : £2 <2 @ &2 %2 2 0 22 &2 ) 2
Fiber -~ 8 512 25 16 32 1024 64 64 64
Ad. 5 Ad. 5 2 4 4 <2 <2 16 4 <2 <2

L Hexon 2048 16,384 16,384 512 1024 >16,384 8092 1024 8092
" Fiber = 4 64 64 8 - 16 64 64 16 64
" Ad. 2 2048 8092 8092 512 1024 >16,384 4096 512 4096
" Ad. 7a 2048 16,384 16,384 512 1024 »16,384 8092 1024 . 8092
" Ad, 12 2048 '16,384 16,384 ‘512 1024 +16,384 8092 . 1024 8092
a KB 2048 16,384 16,384 512 1024 >16,384 8092 . 1024 8092 .
n FCS - . 2048 16,384 16,384 512 1024 >16,384 8092 1024 8092
'f Titer expressed as reciprocal of dilution.:
e Ad. - adenovirus, freon extracted preparation; numeral indicates type .

<9
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was injeéﬁed with freon.extraptéd adenovirus type 5. ‘Tissgé;ffag;
' ménts’were exposéd fo'the antigens listed in Tables 9 and 10. The
”_fesulps of the complement fixation fests bnvtﬁe cultﬁfg flﬁids are
given'in Table 9. Fragments exposed to the hexon_antigeﬁ of.adeno;
vifus type 5 produced‘antibody which~reactédﬁwith all.the viral test
"antigens excepf the fiber antigen of type 5; Fragments exposed go'
the‘fibé£ antigen produced antibody reactive with the hex6n, fibér
and frepnvextraéted préparationé of‘types 2 and 5; However, no fe-‘,
‘action was observed when types 7a and'iz were the test antigens.
These results indicated that the antibody crdss—reacting with the“'
bﬁetefotypic adenovirus types was antibody to the hexon antigeﬁ Whicﬁ
is common to all the adenoviruses. Fragmentébexposgd'to freon éx—
tracted adenovirus types 2 and 5 produced antibody reactive with all
viral antigens used in the test. Iﬂ'gene;§E3 the higherrtitersvwere
obtained with fluids from tissues eéposéd to type 5. The freon ex—j
tracted preparation contained the hexon, fiber and penton antigens; .
‘therefore,Athe én;ibodieé produced ig_yigzg_would be expected to react
with béth the fiber ana the hexon antigéns. The'antigeﬁ in the pre-
parations of types 7a and 12 which stimulated antibody prodUctioh w;s
mére than likely the héxon antigén. Thié is indicated by the cross
Vreactivity which was found wifh<ail test anﬁigéns egcépt'with the
fiber of type 5. - These reactions simﬁlaﬁed thése oBserved when the
purified hexon of type 5 was the antigén used to stiﬁuléte Ehg frég—
-ments in XEEEQ: No reactioné were obsér&ed in;cultpre.fluidé’frém |

‘fragments exposed to the KB cell antigens.




. TABLE 9
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ANTIBODY RESPONSES OF LYMPH NODE TISSUE EXPOSED IN VITRO. TO

HOMOTYPIC AND HETEROTYPIC ADENOVIRUS ANTIGENS “AS
DETERMINED BY COMPLEMENT FIXATION

<2

Culture Antigenic - Test AntigensA.
No. Exposure : .
’ In Vitro Hexon Fiber Ad. 5 Ad. 2 Ad. 7a Ad. 12 KB
1 - <2 <2 <2 <2 . <2 <2 <2
2 - <2 <2 <2 <2 <2 <2 <2
3 Hexon * 4 <2 4 2 2 2 <2.
4 " 4 <2 4 2 2 2 <42
5 Flber 8 16 32 4 - <2 <2 <2
6 " 8 32 32 4 <2 <2 <2
7 Ad. 5¥FF g 4 6 16 4 4 <2
8 " 16 4 32 4 4 4 <2
9 Ad. 2 8 2 32 8 2 4 <2
10 " 8 4 32 16 4 4L <2
11 Ad. 7a 2 <2 4 2 2 2 <2
12 Som 4 <2 8 8 4 4 <2
13 Ad. 12 2 <2 4 2 2 2 <2
14 " 4 <2 8 4 2 2 <2
15 KB¥FF <o 2 2 <2 2 <2
16 " <2 @2 <2 <2 <2

£2

“ Titer expressed as reciprocal of dilution

ok

Hexon - DEAE-purified fractlon eluted w1th 0. 2 M NaCl

Fiber - DEAE-purified fraction eluted with 0. 05 0.475 M NaC1l

****

- adenovirus

freon extracted preparatlons, numerals in-
dlcate virus types

KB - freon extracted prepafation of KB cells
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The results of the passive hemagglutination tests are shown
in Table 10. The tissues exposed in vitro to the hexon antigen
prcduced 1éw 1évels of antiBody detected only with cells.sensi-
tized with the fiber antigen or the freon extractéd_adenovirus.type._
5 preparation. vNo»reactions>occurred‘wi;h the other test antigens..
Tissue éxposed to the fiber antigen, likewisé, produced antibody
detected only with celis sensitized with the homotypic antigens, and
antibody 1évels in these cultures were higher, %1uids from tissue
fragments exposéd to freon extracted adenovirus tfpé 5 had the high-
est antibody titers when assayed with cells sensitiéed with the homo-
typic antigeﬁs;'although some Cross regétivity with adenovirus type
2 occurred. The tissue expose& in vitro to>adenovirus type 7a pro-
duced aﬁtiﬁédy‘detected only wﬁen type 7a was the antigen coated on
the erythrocytes. The tissues exposed'to adenovirus type 12 did n&t
produce antibody detectable By passiv; hemagglutinafion.
6. Molecular species of antibody synthésized.ig_zigzg
To determine the molecular species oflantibody éynthesized )
in vitro, culture fluid samples were subjected to sﬁéfose'density
gradient centrifugation. Fluids from culturés of lymph nédes of
seven different animals and a spleen culture were analyzed. The
results of a representative experiment are given in Figure 4. The
greatest activity of all the samples tested Qqs found in thg 78 région
of the gradient. The antibody detected in this regibn was fesistant
to treatment with 2-mercaptoethaﬁol.v_Antibody activity was also found
in the 19S5 region of tﬁe 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 ANTTGENS “AS
' DETERMINED BY PASSIVE HEMAGGLUTINATION®

69

Culture Antigenic

Test Antigen on RBC

whd%

kdekd

Titer expressed as reciprocal of dilution

Hexon - DEAE-purified fraction eluted with'0.20 M NaCl .
Fiber - DEAE-purified fraction eluted wiht.0.0S-OAﬂS M NaCl

Ad.

KB - freon extracted preparation of KB cells

- adenovirus,
indicate virus types

freon extracted preparation, numerals

No. Exposure : v .
In Vitro Hexon Fiber Ad. 5 Ad. 2 Ad. 7a Ad. 12
1 - Z2 £2 <2 <2 <_2 {2
2 - <2 {2 <2 <2 <2 <2
3 Hexon™* <2 2 32 <2 <2 <2
4 " <2 2 32 <2 <2 <2
'5 Fiber <2 4096 16,384 <2 <2 <2
6 " <2 1024 4096 <2 <2 - <2
¥k
7 Ad. 5. <2 1024 »16,384 64 <2 <2
8 " <2 1024  »16,384 16 <2 <2
9 Ad. 2 <2 16 64 . 64 <2 <2
10 " 42 16 128 32 <2 <2
11 Ad. 7a <2 <2 <2 <2 4 <2
12 " <2 <2 2 <2 8 <2
13 Ad. 12 <2 <2. <2 <2 <2 <2
14 " &2 <2 <2 <2 <2 <2
15 KB K 2 <2 . <2 <2 <2 <2
16 " <2 <2 <2 <2 <2 2?2
*



Figure 4., Sucrose gradient centrifugation of antibody synthesiéed by
‘lymph node fragments in vitro.
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with 2;mercaptoethanol.- This ErOQidéd further evidence fhat the anti-
body was a 195 macfoglobulin.

The reéults éf the assays of serial samples from the same 1ymph
node culture ére given in Figure 5._.Low titered’antibody’activity in
the 78 region was presentvin the 9 day gample; The activity in this
region inéreaéédvin the subsequent samblesa . The antibody in the 195
region became detec;able in later samples. The antibody may have been
presené in the 9 day sample, but at é'level Eoo low to be detected
even with a mefhod as sensitive as passive hemagglutinétién. 

Antibody éctivity was detedtable in both the 195 and 7S regions
in the sample from the spleen culture tested;- The 1ymph pode cultures:
ffom this animal also synthesized 19S éntibody.'

Activity in the 198 region was detectable'by.paésive hemagglu-
tination only. Complement-fixing antibody.was‘deﬁectable in the 78
region; but only in the sampleé which had titers of 1:64 or greater

' when measured by passive hemagglutiﬁatioﬁ.
7. Effect 6f various compounds on antibody synthesis
in vitro |

a. Effect of hydrocoftisdne—succinate

Sevéral-investigéths (Ambrose, 1964,'1966?
Ortiz-Munié ana Siggl, 19675 have reporfed that antibody synthesis
ig_zigzg;could be enhanced by the addition of hydrocortisone-succinéte
(Solu-Cortef) to the culture medium. Thesevinvéstigators have fpund
that the compound could eliminéte the requirement for serum iﬁ‘the

culture medium. To assess the effect of addition of the compound to



Figure 5. Antibody distribution after suecrose density gradient
centrifugation of sequential samples from a lymph node
€ulture,
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the cﬁltgré'medium ﬁse& in this study,‘sevérél éQitures were set up
in QH{;E tﬁé compositioﬁ of the medium wasﬂvariedfwith resﬁect ﬁo" 
- serum and hydrocortiéone—succinate.

| The'resulﬁé.of the e#periment are shown in‘Figure 6. - No dif-
ference in the antibody syﬁtheéié“could be déﬁecﬁed between cultures
méintained_in the medium containing serum and hydrocortisone-suce¢inate
and.the cultures maintained in the medigm'containing serum only.

There was né detectable antibody in.tﬁe fluids from_Cu}tﬁres main-
tainéd on the medium which contained hydrocortisone-sucéinate with-
out serum. VThe requirement for serum could ﬁot Be eliminated by the
addition of the steroid.

"~ "Some fragménﬁs which were not exposed to the viral antigens in
vitro were;aléo maintained on the different media. No antibody was
detected in the.fluidé from these cﬁltures. Therefdre the addition of
hydrocortisone-succinate to the culture ﬁé&iﬁmjﬁsed in this study did
not produce any effect either in terms ofrenhancing the anﬁibody pro-
ductipn or as a»substitute for sgrum.'

b. VEffect of phytohemagglutiﬁin-P

" Phytohemagglutinin has been reportea to evoke
specific‘anamnestié responses when '"primed" or sénsitizéd tissues
are exposed to the compound (Tao, 1964). Therefore, experimenﬁs
were designed to study the effecf of phytahemagglutinin on anﬁisody:
sy#thes#s in lymphoid tissues from the rabbits sensitiéed to adeno-

virus type 5.



Figure 6., Effect of 'hydrocortisone-succinaté on antibody synthesis
. by lymph node fragments in vitro.
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In the first expgriment, fié;pes which had been méintaiﬁéd in
culture for 30 days were éxposed to phytohemagglqt&nin-P. .

Figure 7'dépicts the results of>this egperiment. Cultures
exposed to phyﬁohemagglptinin on aay 30'éﬁhibited a definite in-
greaée in antibody_syﬁthesis:as‘compared with the cultures which
we;e maintaineq without expoéure'to phytohemagglutinin. - The aﬁti-
body levels were méintaiﬁed approximately two weeks and then theré
Qas a gfadqal decline, Although.avdecline‘was observed, tﬁe treated
cultures were still producing aﬁtibday at higher levelg than~thé un-
treated cultures.at the termination of the experiment. The response
was specific in terms of the antibody produced. This was determined
by tésts designed to show that the aﬁtibody detected was specifically
viral antibody. These tésts‘Were described in a previous sectiomn.

‘\Althgugh pﬁytohemggglutinin can cause-aggldtination of red biood
cells, the inéréase in antibody titer detected‘by passive hemaggluti-
nation was not the result of non-specific agglutinétion of the anti-
.gen-coated erythrocytes. There was no. agglutination of the saline-

- control ténned éells, nor did the fluids from cultures which were not
'prdducing’antibody priof to addition of phytohemagglutinin cause
agglutination of the antigen coated cells. |

As a result of the findings in the first experiment, a second
experiment %as designed to study the effect of exposure of lymph nodé
ﬁragmeuts to phytohemagglutinin prior Eb their being placed in culture.
'Some fragments were exposed in iiggg_only to phytéhemagglutinin; somg
were é#poéed only to the viral éntigens; and some werg‘exposeé to the

viral antigens and phytohemagglutinin together.



Figurév 7. Antibody responses of lymph node fragments exposed to
phytohemagglutinin 30 days after initiation of cultures;
—~> indicates time of addition (day 30) of phytohemagglutlnin.
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. The;fesulﬁs of this experiment are’given in Figure 8. Fromr
the data it was coﬂclﬁded that phytohemaggluginin did not produce
‘either enhancemént or inhibitioh of the antibody response of the
lymph node fragments. Thére,ﬁaé no appfeciable difference in the
response of the fragments exposed only to the Viral>antigeﬁs and
those exposed both viral antigens and phytoheﬁagglntinin. Phyto-
hemagglutinin did not.evoke a response in tﬁe tissue which was not
exposed to the viral antigens iﬁ.YiEié: The difference in the find-
ings of‘the first and secoﬁd experiments’may'be the result of the
difference in the length of time the fraéments were exposed to phyto-
hemagglutinin.
c. Effect of cﬁloramphenicol
Experimenté Qeré designed to determine if the
antibody detected iE.XiEEQ.WaS the‘resﬁlp of gg_gggg_synthesis.. In
the first expériméntliymph node aﬁd spleen fragments-were éxbosed to

the viral antigens as described previously. Certain of the cultures

were maintained on medium which contéined chloramphenicél (50 pg/ml).
Compérable cultures were maintained on inhibitoréfree medium. The
antibody titers of the culture fluids were compared. These resulﬁs
are given in Figure 9. When chiorampheni;ol Wés incorporated into

the medium at the initiation of the culture (tiﬁe 0), no antibody
could be detected in tﬁé fluids from the spleen cultures. The tissues
which were exposed to virus and ﬁainﬁéiﬁed on inhibitor-free med ium
produced'antibody. Although the.inhibiﬁory effect ofvchlorambhenicol

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 antibédy responses of lymph
node and spleen fragments.
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f;agments,.lower levelé of_antibody were detected in the cultures
" maintained on the medium containing'chloramphenicpi than in the
cultures maintained on the inhibitor-ffee meaium.

A'second experimenﬁ'was deéignéd to determine the effect of
the presence of chloramphenicolVfor‘different periods of time. Lymph
node fragmentsvﬁéée used in the experiment. The results of the éxperi—
ment, given in Figure 10, indicate that ﬁhe inhibitory effect of chlor‘~
émphenicol depends upon the time of addition of the inhibitor. When
the fraéments were exposed to the viral antigens and chlorémphenic§1
for a short period of time (2 hou?s), the effect wés negligible.
There was a slight delay (3 days) in theAappearance'of detectable
aﬁtibody; however, the fragments respoﬁded by synthesizing antibbdy
at levels comparable to fragments which were exposed only to the
viral antigens. The continued presenée of chloramphenicol appeared
to be necessary for maximum inhibitory effects to be prodﬁced. Thi;
is indicated by the results from cultures maintainéd on chloramphenicol
from time 0. It is interesting that cultures whichrhad been exposed
to the inhiBicor from.time 0 did show élight antibody production when
Vthe inhibitor was removéd on day 21. Once antibody productioh had
begun‘thertissue 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. Additibn of chloramphenicol on
day 15 had little inhibitory effect. From these'déta, it appeared
~that the effect of chloramphenicoi is most pronounced during Ehé early
or inductive phaée of antibody productién rather Ehan at a léter stage

when active synthesis is in progress.



Figure 10. Effect of chloramphenicol on’ antibody responses of lymph node
fragments, — indicates add:.tlon (day 15) or removal (day 21)
of chloramphenlcol .
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d. Effect of“puromycin;
The effect of puromycin on antibody synthesis
by lymph node frégments was studied as a part of the experimeﬁts de-~
signed to determine whether de novo antibody synthesis was oécu;ring.

i The design of this experiment was.similar to the design of the'
second expariment witﬁ chloramphenicol. The tissue fragments were
exposed to the viral antigens andvto'the inhibitor for varying periods
of time,

The results (Figurg 11) indicated that the antibody.response
was inhibited by puromycin and(thét this inhibition was concentration
depgndent. Fragﬁents exposea.to‘3 uM puromycin for a period of only
‘2 hours were completely inhibited. In contrest, fragments‘exposed
to 1 uM from day‘O through day 30 wefe only<Partia11y,inhibited. The
appearance of detectable levels of antibody waé dela?ed in these latter
cultures and the levels did not reach tho;é of,thé cultures which
wére not exposed to Ehe_inhibitor. The inhibition of tE? cultures
exposed to the higher conceﬁtratién of puromycin was not the result'
of toxicity of this concentration. These cultﬁres remained viable
as determined by tryﬁan blue ‘exclusion tésts. In coﬁtrast to chlor-
amphenicol, purbﬁycin was found to exert an inhibitory effect on
antibody production Qheﬁ.the inhibitor was added on day 21; A
markedAdecrease in detectable 1évels of antibody was observed with-
iﬁ the next sampling ﬁeriod éfter the édditién Qf thé inhibitor.

These da;a indicate thatjantibody synthésis is‘sensitiVe to puro-

mycin 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 3 uM
puromycin.
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8. Recpéery of infe;tious virus ffom rabbitg immunized
briwith adenovirus type 5
Attempts~were made to fecover infectious'adenovirus~
type 5 from the spleen and lymph nodesiof eight of the nine rabbits
ﬁsed in this study. Tissué.homogenates were inoculated into cell
cultures of huﬁaﬁwembryonic kidney (HEK). Tﬂis cell line was ;sed
because of its sensitiviiy to small quaritities of adenovirus. The
resul;s of this study are éréseﬁted in Table 11. Agents producing
~ the characteristic cytopathology induced by adenovirus 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
cuiturgs. The isolations were made froﬁlspleens'of animals which had
been injected with the freon extracted adenovirus type 5 preparation.
The isolates were made from animals whichi@g@ been injected three,
ten and twelve months prior to sacrifice. Two isolates were also
obtained‘from the 1ymph nodes. One of the animals was injected three
months prior to sécrifice; the other was injected ten monthé‘prior
Féusacrifice. The negative cultures were passaged a third time, but
these.remained neéative. The isolates were identified as adenovirus
type 5 by neutralizgtion‘of thevinfectivity with specific antiserum.
These results were taken as evidence that;adenovirus tjpe 5 pro&uées'
an iﬁfection iﬁ the rabbit which becomes persistent although the in-
féction'produces no outward‘symptomé-oﬁ disease. The animals remained.
healthy thfoughoqt the period §f7the study. ' S
ABeéause'adenoyirusesnwerg originally discovefed in 1yﬁphoid

tissues maintained in culture for periods of time, an attempt was
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- TABLE 11

- RECOVERY . OF INFECTIOUS ADENOVIRUS TYPE ‘5 FROM LYMPHOID TISSUES

OF RABBITS INJECTED WITH VIRAL ANTIGENIC PREPARATIONS®

Virus Isolations

Animal Weeks After - Tissue Homogenates ~ Cultured Fragments**
No. Injection_ Spleen Lymph Node Spleen  Lymph Node
001 12 o 4 e +
002 24 - ' - NT +
006 36 . - -
008 48 4 ¢ . Nt T

009 w - - - -
005 52 + .NT NT | : NT

8 . . 32 . - ~>-! - -
9 .36 : - - - - - -
%

k%

Animals 001-009 injected 1ntravenously with freon. extracted
adenovirus type 5.

Animals 8 and 9 injected 1ntrav9nously with DEAE-purified
subunlts of adenovirus type 5.

Tissue fragments tested after perlods of time in organ
culture.

NTV- not tested,
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made to recover virué_frqm somerf therfragments which were mainﬁained
in culture without re-exposure ighziggg‘ﬁq the vifﬁs. .Thé cultures
froﬁ which thevfragments were.takgn were not producing détectablé
levels of antibody.‘ All fragments tested were erm cultures whiéh
had been maintained aé least 30 days. The results are included in
Table 11. With this procedure virus isolatioﬁs were made from tiésue
of two animals k002 and 006) which had not yielded virus directly in
thevtiésue homogenates.

Rabbits 8 and 9 were the animals which had been injected with
fhe structural subunits of adenovirus tyée 5 rather than infectious
virus. Virus 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 é totél of
seven litters were used to obtain the viral induced tumors. Tumors
which developéd.in the newborn hamsters were used as a source of
ﬁéferial for serial transplantation to Qeanling haméters.. Two serial
transpiants of four separafe Viral indﬁééd tumors ﬁere made.
’ The fesults of tumor induction and transplantation are given
in Table 12. Tumors generally appearéd within 30 to 60 days after
the injection of virus into the animals. It caﬁ be seen that the
incidence of tumor induction was quite variable among the seven '
litters.

The tﬁmors used for transplantation were taken from animals
in litters 2, 3, 5, and 7. The pefcentage of successful transplants
was somewhat higher in the first passage of the tumor than in the
second pass;gé. Palpablertumors were detéctable within‘ﬁine to
fifteen days following transplantation.

When the tumorsbreached 1 to 2 inches in.diametér, the animals
were sacrificed. The sera were assayed for antibody to the viral

antigens of adenovirus type 12 and for antibody to the tumor or "T"

~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

Incidence of tumors in newborn hamsters injected with 2 x 103
TCIDgy adenovirus type 12

Litter No. No. Injected No.. Tumors:- Per Cent Positive
1 o 6 0 0

9" .8 3 38

3 9 6 67

4 9 0 o

5 9 7 - 78

6 9 1 11

7 6 1 17

Incidence of tumors in weanling hamsters injected with 0.2 ml
tumor mince ‘ :

Primary = No. Injected No; Tumors Per Cent~Positive
Transplant ‘ '

ﬁAZU . 9 5 56

HA3 8 5 63

HAS ‘ 1% I 64

w7 12 4 33
Secondary No. Injected No. Tumors Per Cent Positive
Transplant ’

HB2 22 3 14

HB3 : 21 9 43

HBS 26 8 30

HB7 o 12 6 50
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stimulation with antigens and for culture. Table 13 is'a‘composite
of tﬁe data on the animals whose‘lymphoid organs were used for cul-
turing. The following data are presentéd: 1) method of tumor in-
duction (viral induced or transplanted),AZ) tumor size (mm), and
3) serum antibody titers to both the viral and tumor antigéns;

Antibody‘to the viral antigens could be’detected in serum
from animals bearing viral indgced tumors both by complémeqt fixa-
tion and by passiﬁe hemégglutination tests, Thislantibody was de-~
tected in eight of the twelve animals. ‘Antibody fo the tumor antigen.
“was detected by'complemént fixation in serum from all the animals
bearing virél induced tumors. Antibody to the tumor antigen .could
not be detected when passive hemaggiutination was the method of assay.
Apparently ;he tumor antigen does not attach to the erythrocytes. No
antibodies to either viral‘or tumor éntigéﬁs wére found in the_serum
from animals 33 and 34 which were injected as newborns but did nﬁt
develop fumors.

Anfibody to the viral antigensiwas detected by complement
fixation or passive hemagglutination in serum from only four of
the twelve animals bearing transplanﬁed tumors. AntiBody to the
tumor antigen was found iﬁ the sera of ten of the twelvé animals.
Animals 35 and 36 were injectéd with tﬁmor"mince.but did not deve}oﬁ
tﬁmors.

B. Antibody respoﬁses in vitro of lymphoid tissues frqm

hamsters bearing adenovirus type 12 tumors.
The deéignvof the experiments in which the lymphoid tissues

of the tumor bearing hamsters were studied was similar to the design



TABLE 13 ..

SERUM ANTIBODY TO VIRAL AND TUMOR ANTICENS OF HAMSTERS
BEARING ADENOVIRUS TYPE 12 TUMORS

Animal No. Tumor Size Serum Antibody Titer™
- (mm) , Viral Antigens Tumor Antigen -
cF puattt CF PHA
HO 1% ' 40 - 16 640 4 A
HO 2% 41 : Y 4 <4
HO 3% 51 L <4 <4 64 b
HO 4% 50 <4 <4 4 <4
HO 5% 40 <4 , <4 4 <4
HO 6% 40 ‘ 64 2560 A <
HO 7% 30 4 40 32 <4
HO 8% 32 . >256 2560 16 <4
HO 9% 42 4 160 64 <h
HO 10% 38 <4 . <4 16 A
HO 29% 40 64 640 >256 <h
HO 30% 30 64 40 128 <
HO 33% --a <4 <4 A <4
HO 34% - --a <4 k4L <4 <4
HA2-13%% 45 64 2560 >256 <4
HA7-37%%* - 50 b b > 256 <4
HB3 - L4¥#* 49 <G <4 4 <4
HB5-15%% 47 4 <4 16 <4
HBS5 - 16%* 45 4 40 - 16 <4
HB2-31%% 65 <l 40 <4 A
HB7 -4 6%*% 58 <4 ) <4 - 32 ) <4
HB7-47%% 60 <4 <4 16 <4
HB7-48%% 50 4 <4 16 <4
HB7 -49%% 38 <4 YA 4 cb
HB7-51%% : 60 o <4 <4 16 <4
HB7 -52%% 35 ' <4 <4 16 "<k
HB5-35%% --a . <4 <4 <4 <4
HBS5-36%* L --a <4 <4 <4 <4

¢ Titer expressed as reciprocal of dilution
++ Complement fixation ‘
-~ Passive hemagglutination

% Viral induced tumors

*% Transplanted tumors

a No tumotr ’
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Qf the experiments préviously descfibed in:Part I._“Frégméﬁts ofl
.spleen, mesenteric aﬁd inguinai 1yﬁph‘nodes were egposéd.ig 21552; ;‘
‘to-vifal‘ér tumor antigens.

1;' Aﬁtibody responses of 1ymphoid tissué expoéed in
vitro to viral antigens | |
;Tﬁé resu1ts are recorded in Table 14. Oniy therf;ég;
méntsvwhich wefe‘exposed ig KEEEQ to the viral antigens responded by. 

production of anfibody. No antibody.was detected_in the culture
fluids ffom the fragments which were not exposed té'the«aﬁtigens iﬂ,
vitro. Only the 1ymph node fragments'cdﬁld be stimulated to respond;
The spleen fragmenﬁs from all the animals did not synthegiée dé;
tectable amounts of antibody.; As can be seen from this table, the
titers §btained with cells sensitized with frebn extracted prepara-
tion of adenovirus type 12 or with the‘DEAF-purified'fibe? antigeh '
of adenovirus type 12 weré comparable, This‘was taken as eVidéﬁce
that the antibody which was measured was éntibody to the'fiber'qglc
antigen. Antibody was detected mdre.freduently in the'firéf,andz',
segohd ﬁools of the culture fluids than in the third, - The.antiﬁqdf
cqﬁld be'detected longer in the culture fluids %rom éﬁiméls bééfiﬁg 
tﬁe viral‘indu;ed tumors as evidenced by ‘more positi&é Pobi‘II
samples from this groﬁp of animals.

Complement~fixing antibody'wgs detected in pools'ﬁfAcuLtufe ﬁ  
fluids from only one an?mal,vnumber 31. Antibody was foundloﬁly ;
in the second and third pool of the samples, and.the_titef‘wég‘iqw o
(1:4). it will be noted that both poois had titers of 1532'Wﬁéﬁ‘

measured by passive hemagglutination.
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ANTIBODY RESPONSES OF LYMPH NODE FRAGMENTS'FROM TUMOR
BEARING HAMSTERS EXPOSED IN VITRO TO ADENOVIRUS TYPE 12 ANTIGENS

,Animai No.

Antibody Measured by pHA™T

Pool I . Pool II Pool III
Ad. 12Tt Fibert™t  Ad. 12 Fiber Ad. 12 Fiber-
HO ~1%’ '8 16 <4 <4 A <4
HO 2 8 8 - 32 32 <4 <4
HO 3 8 8 16 32 <4 <4
HO & 8 4 16 8 A
HO 5 <4 <4 16 156 <4 <4
HO 6 16 16 16 32 <4 <4
HO 8 24 <4 16 32 <4 . <4
HO 9 <4 <4 8 - nd - <4 <4
HO 10 8 8 6 16 8 16
HO 30 16 16 < <k -ns ns -
‘HA2 13%* 8 8 16 16 . <4 <4
HA7 37 8. 3 16. 16 R <4
HB3 14 = <4 <4 <4 < <4 <4
HB2 31. 16 16 16 32 32 16
HB7 46 = & 4 <4 - <4 <4 <4
HB7 47 16 16 ¢4 <4 . ns ns
HB7 48 8 8 <4 <4 L4 <4
HB7 49 4 4 <4 <4 <4 <4
'HB7 51 8 8 <4 YA <4 <4
HB7 52 8 8 G < 4 b
+ Passive hemagglutination, titer expressed as reciprocal of
‘dilution - : = 4 '
#+  Ad. 12 - freon extracted preparation of adenovirus type 12
++t Fiber - DEAE-purified fraction eluted with 0.20 M NaCl
* Viral induced tumors ‘
*% Transplanted tumors
.nd Not done
ns No sample



| 2. . Antispdy reséénses of lymphoid tissue éxposed ig
vitro t§vtumcrbéntigen | |
Attempts were made to.stimulate the lymphoid tissues
to préduce-antibody to the tumér antigen. Tissues taken from one
“animal bearing a viral induced tumor and from two animals'bear;ng
transplanted tumors were exposed in zié;g to tﬁe tumor antigen.
Table 15 gives the fesults of this experiﬁent.. It caﬁ be seen
that the sera of these animals did have complement-fixing anti-
body to tﬁe tumor antigeh. Howevér, antibody could not be detec-
ted to the tumor'antigen, nor could antibody to the viral antigen
be detected in the fluids by passive_hémagglufination. |
-.. 3. Antibody fesponsés of lymph node tissue from
non-tumor bearing hamsFers exposed in 21559 to
antigens of adenovirus ;f;e 12
Four non-tumor bearing animals wefe used in this
experiment. Two of the animéls weré_iﬁjected as newborns with
virué, and two were injected as weanlings with tumor mince. None
of'ﬁhese animals developed tumors nor had serum antibody to either
the viral or tumor antigens. The lymph nede tissues were expoéed
to the virgllantigens in vitro in an attempt to stimulate antibody
synthesis. Antibody could not be detected in Lhe culture fluids
from any of the cultures from these animals. |
4.> Specificity of antibody synthesized in vitro
The speéificity of ﬁhe antibody éynfhesized in vitro

was determined by testing the culture fluids with erythrocytes.
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TABLE 15

RESPONSE OF LYMPH 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 Ag. Viral Ag.
crtt PHA™H .CF ' PHA
HO  29% 2256 2560 : "4 <4
HB5-15%% 16 <4 <4 <4
HB5 - 16%% 16 6 <4 <4
+ Tite}.expressed‘as reciprocal of dilution ¥
_*ht  Complement fixation : ‘ o
4+ Passive hemagglutination - A
* yiral induced tumor
*% Transplanted tumor
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sensitized with»heteroiégbus antigéns and by passivé hemagglutination
inhibition £ests.' Table i6 gives the‘resultg‘of represgntativé‘tegts
in whicﬁ various an;iggns‘were céated‘on the red Blood qells. It can‘
be seen that the.reaction was positive only when adenovirus type 12
antigens weré thg antigens on the red cells, |

TabIe_l7 gives the results of the passive'hemagglutination
inhibitiqn tesgs. Only.adenovirus type 12 viral antigens caused
a fourfold or greater deéyease in thé antibody titer. Little‘or no
inhibition was seen wﬁen adenovirus type 5, tumor antigen, KB cells
or fetal calf serum were used as the "blécking" antigens. |
- 5. Effect of chloramphenicol on antibody synthesis

S?nthesis of antibody could be inhibited by incorpora-
tion of chloramphenicol (50 mg/ml) in the culture media. An exﬁegi-
ment ﬁas set up in which the tissue frégments were divided in;o three
:.groups; One group was cultured»withouﬁ~exposure’to the viral anti-
'gens; the second group was.exposed to the viralrantigené’and cultured
in medium éontainiﬁg’chioramphenicol; the third grdup was ekposed to
thé viralfantigens aﬁd cultured in medium without chloraﬁphénicol;
Antibody was detected.oniy in’ the fluids %rom’therléttér group which
ihdicated that the antibody was the result ofjgé_ggzg synthesis.

. Table 18 is‘a summary of the findings in this study. Of the
hamsters bearing Girai induced tﬁmors, 50 to 60 per cent had anti—

I

body to the viral antigen in their serum. All the lymph node cultures

from these animals produced antibody'aftér stimulation in vitro with



TABLE 16

SPECIFICITY OF ANTIBODY SYNTHESIZED IN VITRO AS
DETERMINED BY PASSIVE HEMAGGLUTINATION®

Antigen on RBC**

Animal No. .
: T Ad. 12 Ad. 5 FCS KB  SRBC
HO 1 16 <4 <k <t <t
HO 2 32 <4 . <4 b L <4
HO 3 32 b <4 <4 A
HO 4 16 <4 <L - A <G
HO 5 16 <4 <4 <4 C<h
HO 6 32 <h L4 . <4 <4
“HO 8 32 <4 <4 <4 YA
HO 9 16 ' <4 <4 24 <4
HO 10 16 b <4 A A
HO 30 16 4 . &4 Y <4
HA2 13 16 <4 <4 pan <4
HA7 37 16 - <4 <4 P A
HB3 14 T 4 A < - <4 A
HB2 31 ' 32 L4 pA <4 <h
HB7 46 ‘ 4 <4 R ¢4
HB7 47 16 <4 < b <4
HB7 48 8. <4 <4 <4 <l
HB7 49 4 <y - T4 Y
HB7 51 8 <4 §ZA <L A
EB7 52 8 <4 <h A a4

Titer expreqsed as rec1procal 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 - sheep.red blood cells, tanned unsensitized-saline -
' control o



TABLE 17
SPECIFICITY OF ANTIBODY SYNTHESIZED IN VITRO DETERMINED BY
‘ PASSIVE HEMAGGLULINATION INHIBITION*

" Antigen Bioeking . . Animal No.

" on RBC . Antigen

HO-3 HO-4 HO-5 HO-6 'HO-8 HA2-13 HA7-37 HB2-31 HB7-47 HB7-48

ad.
“Li Ad.
'[fAd;
- :‘ Ad _'.
'*ﬂf~Ad.

Ad.

12 - 32 8 16 32 32 16 16 32 16 . 8
12 Ad. 12 <4 <k <4 4 <4 <4 '<4§ <4 s PR <4
12 Ad. 5 32 8 16 32 32 16 16 . 32 . 16 8
12 " ag. - 32 8 16 32 32 16 16 32 6 - 8
12 ®Bcells 32 8 - 16 32 32 16 16 32 16 8
12 Fs .32 8 16 32 .32 16 16 32 16 8

Je

- Titer expressed as rec1procal of dilution

Ad. 12 - DEAE-purified fraction eluted with 0.20 M‘NaCl o
Ad. 5 - freon extracted preparation : \

"I ag. - adenovirus type 12 hamster tumor cells, 2 x 107’cells/ﬁ1; sonified

preparation ' )
KB cells - crude cell preparation

© FCS =~ fetal calf serum
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T ' TABLE. 18

'SUMMARY OF IN VIVO AND IN VITRO ANTIBODY RESPONSES OF
HAMSTERS BEARING ADENOVIRUS TYPE 12 TUMORS

Tumors Total Animals Positive Sera Positive Cultures

CF*  PHA™ PHA
Viral Induced 10 S 6 (60%) 5 (50%) .10 (100%)
. Transplanted . 10 . 1 (10%) 2 (20%) 9 (90%)

Complement fixation

** Ppagsive hemagglutination
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_thé viral antigens. Only_10 to 20 perrcént of -the hamétérs‘bearing’
4trénspianted tumofs héd detectable serum’antiﬁodies; however, the
lyﬁph no&e tissues from all but one of~these,animals respondedAby
prbduction of antibody in vitro.
C. Hisﬁblogicél studies of tissues maintained iﬁ vitro

g Limitéd histoiogical studiesg wéreidoﬁe in an attempt to learn
éomething ofl£he cell type which persisted in the organ culture
syétem‘used in this investigation.

. Microscopic examination of the intact cultures revealed tﬁe
presence of cellular proliferation aroﬁnd the explanted tissues .on
‘the surface of the agar blocks. Figures 12 and 13 are represqntative
of the appearance of the fragments and,cellular outgrowths argund
them. The explants shéwn are lymph’hode fragments from hamsfers.

. The cultureé of the spleen fragments and lymph node fragments from
rabbits had thé same genefal appéarance.ﬂ;“‘ |

Some of the ffagmehts were fixed and histologiéal sections
were made. Figures 14 and 15 are sections from a rabbit lymph node
and spleen fragment, respectively. These fragments were‘exposed in
vitro to the viral antigens prior to culture.. The culéures‘ffom ﬁhich
'the fragments were taken were producing antibody. These particular
ffagments‘had been maintained in culture for éighteen days. 1In general
the éellularity and architecturebof thé tissue were ﬁell maintained

.over the period of cultivation. However, no striking differences

could be detected between sections of the tissues which were exposed

€



Figufe 12, Explant of hamster 1lymph node fragment gruwing on surface
. of agar disc showing cellular proliferation Unstained.
Original mag. 45X. '

_Figure 13. Area of cellular prollferaticn around explant of‘hamster'
' lymph  node fragment on. surface of agar d1sc Unstained.-
Orlginal mag 125X : )

T
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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. 50x.

Figure 15, Section of rabbit spleen fragment after 18 days in culture,
Periodic acid Schiff stain. Original mag. 50x. '
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Figure 14

Figure 15
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to the viral an;igensrig yiggg!éqd.those which were maintained without
in vitro stimulation. | '

.In an attempt to determine the types of cells which were growing
around the explants, impression sméars were made of the~agar blocks
after the tissggrfragments,were removed. This type of preparation
prdved to be of 1iﬁited value because of the difficulty in obtaiﬁing
satisfactory material for ;tudy. Therefore no strict.differentiation
of the cells could be made.' In.genefal the cells Whicﬁ adhered to the
slides were mononﬁclear cells which had cha;acteristicg of the lymph-
ocytic series. Cells in éll stages of maturation were found; however,
the medium and smail iympﬁocytes were the most readily identified.
Somé of the cells exhibited characteriétics of mature plasma ceils,
i.e. an abundance of basophillic cytoplasm and a mature, eccentric
nuéleus. | ‘ ' ‘ | S

.Figures 16 through 19 are’representatiﬁe of the‘gells which were
most frequently seen. The cells sﬁown were from cultures of tissues -
which had>been stimulated in vitro, and these cultures were producing
antibody. No strikihg differences Qeré noted, Héwever, in cell types

when the impression smears were made from the control cultures.



Figure 16. Lymphoid cells recovered by impressioh 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=Giemsa -
stain, 0r1g1na1 mag. 450X

/

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-Giemsa
stain. Original mag. 450X o



103

Figure 16

Figure 17




~ Figure 18.°

‘Figure 19.

Lymph01d cells recovered by 1mpression smear from a culture
of rabbit lymph node fragments after 15 days in culture. _
Tissue fragments were exposed in vitro to adenovirus type
5 antigens prior to being placed in culture Wrrght-ciemsa

-stain. . 0r1gina1 mag . 450X

Lymphoid cells recovered by 1mpress1on smear. from a culture
of rabbit spleen fragments after 15 days in culture.

- Tissue fragments were exposed in vitro to adenovirus type. .
=5 antigens prior to being placed in culture Wrighthlemsa
~ stain. . Origlnal mag. 200X. b . _—
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Figure 18

Figure 19



DISCUSSION

The results of the studies of anfibody synthesis iﬂ vitro -
by fraéments of rabbit lymphoid tissués-Were, in genegal, consisteﬁt
- with the findings reported by Michaelides and Coons (1963) and. by
Dutton and Eady (1964). Theltissues responded to specific stimula-
tion in vitro as eﬁidenced by production-of antibodies detéctable
by complement fixation, passivé,hemagglﬁtination?-and neutraliza-
tion tests. The'lymph node fragments‘could consistently be étimu—
lated to respond to in vitro stimulation with the specific viral
antigens regardless of the time interval bgtwéen the initial exposure
in vivo and the re-exposure in vitro up to the limit of the study.
When the tissues were placed in cultures there was a c§n~
sistent lag period of six to nine days before the‘levels of antibody
became detectable even with the most senmsitive aéséy used. - Tﬁis lag
periéd has been the general finding of other investigators (Micﬁaelides
and Coons, :1963; Tao, 1964; Kritzman and Harper, 1966). This interval
has been attributed to: 1) the necessity for adaptation of the tissue
to é‘changed.environment; 2) the maturation and division of precursor‘
cells to a state of active antibody synﬁhesié; and 5) ih the present
study, the presence of sufficient residual antigen to combine Wifh
the earliest antibody produced. The 1é£t¢r point is supported by

the recovery of infectious virus in the first (3 days) fluid harvests.,

y

=
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ané-fhe antibody lévels became detéctable to.the asééy procedureé
thé virus couid né longer Be reéovered from the fluids. After anti-
bodf synthe;is began; the peak titers were reached in abouf 12 £§ 15
déys and remained at a constant level for 30 to 45 days foilowed:by
a gradual decline., The prolonged survival of the.productive fragments
_was attributed’to the organ culture system utilized in this study. .
}The preservation.of the érchitectufg of the tissue fragménts‘and the
retention of the productivé cells oﬁ the surface of the agar discs
was considered to haVe‘exﬁended'the period of antibody production.
| The concentration of viral antigens uééd to stimulate the
fragments was not extremely critical.,,Lymph node fragments responded
equally well to a’concentration range of antigen from 102 to 10% TCIDg,.
of the virﬁs preparation used for in vitro stimulation. Séme decrease
in.effectiveness was noted at tﬁe 1owe§£ C6hcentrati0n (10 TCID5O).
This possibly was near the limits of sensitivity of the reépbnse.
Other wofkeré have reported similar findings when wide concentration
ranges were used to stimulate "brimea" tissues in vitro (Michaelides
and Cobns) 1963; Dutton}and Eady,”1964)ﬁ '
- The attempté to inducé additional antibody responses after
the fragments had been in culture for various periods‘df time were
un%uccessful. The drop in tifer‘of thé fluids.ﬁhich was noted immedi-
ately after re-exposure to the antigen was thought to be the result of
the antigen combining with the antibody being synthesized. ?he titers
of thé‘fluids genera11§ returngdvto the same levels as before re-
‘2 e#poéure to the ahtigén. The freon extracted preparations of adenovirus

‘type 5 which were used to re-expose the tissues contained, in addition -
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to other virion‘antigéns, the‘éenton Aﬁtigen (;o#in) wﬁich is 
associéted with the "early”'cytppathology caused by thig virué;-
iThé_action of this toxinvon.thé"exposed cells>growing.on the suf—
face of the agar discs may have caused sﬁfficient damage td the
célls to‘prevent’more active antibbdy‘productidn. No attempts
were ﬁade to remove the fragments from the agar discs and re-
expose them t§ the freon extrécted.virué or to the individual
structural subunits. .Several other factors may élé§ account for
this lack of increased response. All of the anﬁigen-senéitive cells
‘may have respoﬁded to the ini;igl ig_xiggg stimulation and the frag-
-ments could have'been synthesizing anfibody at their maximum Eapaciﬁy.
Although the culture dishes were washed following the re-exposure.per-
iod, sufficient virus may have remained in the agaf discs to‘have pre-
vented detection of any ipcreaséd aﬁtiboé}rﬁroduction;

The fragmeﬁté‘éf ali 1yﬁéhoid fiééﬁeé from the animals which
had been hyperimmunized with thé individual hexon or fiber antigens
failed to respond to stimulation with any of the variops_antigen pre-
parations. The failure of the tiésﬁes 6f these animals to respond't§
-in vitro stimulation could be taken as evidence of the necessity of
the continuing presence of antigen ié_zizg. Iﬁjection of the'subunits
would not establish a latent infection. Also the serum antibody titers
of these animais declined considerably’dufing the courée'of these ex-
periments. The animals which wére injected with the freon extrécted

.- virus were under continued stimulation by the viral antigens. This

statement is substantiated by the fact that virus was recovered at

~

the time of saérifice_from the lymph nodes ‘and SPléeﬁsAof some of

" the animals.injectediwith the infectious virus..
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‘:‘5 épleen fragments.did not synthesize antibodles as con31s-:
nf‘tently or at 1evels Pomparable to the lymph node fragments., The.:'h
jjspleen‘fragments Whlch did respond to in giggg stimulation were
"ifrom anrmalsfsacrificed-within 1?.to 24’weeks ‘after the‘initialr::
--‘injection of»theovirns;h'This‘indicated'thatlthe time intervai be-:

- tween the in vivo and in v1tro exposure to. the antigens may effect

"5,>the response which can be evoked by splenic tissue in v1tro. 'Dif--

.fiferences-in‘the'ability of the 1ymph ‘node and spleen to respond to
‘ain.zigzgystimulatlon have been reported by others (Stav1tsky, 1961):
?;There 1s.apparent1y a‘correlation between ‘the tlssue weight and thev
'psynthetlc capac1ty of the spleen In the present stndy the,number
,;:of fragments of lymph‘node and spleen plaoed in_cnlturevwerefalways.
‘nthe'same;,but the tiSSue‘Weights were different. -Thévdifféreﬁcé in
- the>architecture of the two organs may‘aiso“aooount for the dif-
ference-inhthe antibody produotion in.vitrg} Alfragment of lynph'
vrnode would be'expeoted’to contain more_oellsfcapable.of synthesizing'
,antibody‘than an‘equivaient fragment of spleen. |
bThe'laok‘of response'to»in vitro stimuiation observed with
the fragnents'of thymus‘are con51stent w1th the findings of Askonas
4h_ and-White (19565 and Askonas and Humphrey (1958) ' Ortiz-Muniz and j»}

”g Sigel (1967) did report antibodv production by thymic fragments

'zg,ﬂ'from animals 1mmunized w1th bovine serum albumin ‘however, the“y~

‘~g<1evels_were'quite low and these investigators suggested that;the_"

o antibody may have arisen from IVmphoid ceilsftrapped’inithe thymus

~'rather than be 1nd1cat1ve 0f the antibody synthe31z1ng ability of

:,l__-che thymocyteS« ; | “



,“*The reseits of teste de51gned‘to determlne the spec1fic¥ty;:'
'Lf.of the antlbody synthe51zed 1n v1tro 1nd1cated that the antlbody

” detected was.speeltleal}yfantLVLral The lack of react1v1ty of
fthe;eﬁithre fluids with KB cell antigens; fetelhbovine eerumMend
Aéphttol éheep,etythfocytesfﬁae teken ae:evidehce that the ahtihody
:heing meaeured wasfspecific for the vifal'antigens used‘in,the
serologic tests; To determine the speeificity of the viral antif
“body,:the‘fiuids-were reacted ih passive hemaggiutinatioh and ¢¢m{
~pp1ement’f1Xatlon tests‘w1th the antlgens of the homotyplc adenov1rhs'
.type 5 and with the antlgens of the heterotyplc adenov1rus types 2,
Ze and tZ, The'results obtained in the passive hemagglutlnatlon
.tests‘iheicated that the.entibody meaeufed hy thisvmethed was{pri-
;meriiy entibody’to the fiber.and penton antigene,of type 5. nghest
1:.t1ters were obtalned with erythrocytes sen31tlzed with the freon
'extracted prepatatipns of'type:S. Significaht titers were aleo.eb-
_taihed with etythrocytes with the fiber antigen'of type 5. The'.
Veiffefenee'ih titers‘pbtaihedeith the two entigenic preparations
e:ﬁes attfibytédhto the'fact that‘the'f:ebn exttacted preperatiohe
"eontaiﬁed both the.fiber‘and pehton ehtigens and the,DEAE coiumh»i 3
. T _ : o » , ‘ ,

- fraction contained only the fiber antigen. Also there was a qpaﬁ-,

"i;:itetive différenee ihethe amoqnt oanntigen in.the two preperétions{,j
1‘As previoﬁslybmehtiohed,,the hexon‘pf;grquppspeeific entigehfeppar-e
-ently dees not attaeh:tb the erythrocytes{ therefofeé passiye 1

1:hemaggihtination‘does=net meaeure antihbdy‘tohthis antiéen end.isn

) je.more typeeépecific aséé&.' Thls is supported by the lack of re-'”

igact1v1ty of the flulds w1th cells sen51tlzed w1th adenov1rus types
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7a‘aﬁ& 12 and the»siight‘Créss;reaétiVity of_thé flui&s with‘cellglvv
senéitized with’adenovirus_tyﬁé,Z.- Adeﬁoviru;vﬁyPé 2_15 a meﬁﬁér

. of»the séme subgroup (III) to'&ﬁich'type S‘belongs; adénovirus
) types 7a and 12 are members of subgrbup§ I and IV, respectively.‘

Therefore, one might gxpect some croés#reéqtivity witﬁ adéno&irﬁs
type 2, particularly siﬁce both the fiEerland penton antigens of.
tjpe 2 were present in the'prebaration used to sensitize the erythro-

éytes. This cross-reac;ivity of types 2 ;nd-S in the passive hemag-

glutination reaction.has.been previbuély described (Lefkowitz, 1967).

The passive hemagglutination inhibition tests further sub-
stantiated the conclusions that the antibody synthesized in vitro
was antiviral andvthat this assay measures antibody to the fiber and
pénton antigens rather than anfiBody.to the Hexon. This wasvdemon-‘
égrated when the he#oﬁ was usea aé the'gﬁiéékiﬁg"_gnfigep. In these
tests there was no.reduction in tﬁé antibody titers obtained using
erythrocytes sensitized with freon extracted type 5 és the test anﬁil
gen. Howeﬁer,_when-either the fiber or the freomn ext;acted prepara-
tion of type 5 were the "blocking" antigens, marked reduction i;

B anﬁibody titers were obtained.

In the’Complement fixation testé, antiboéy was detected to
the pﬁrified hexonvand fiber antigens of adenovi?us type 5. Higﬁest
.titérs'wére'obtained with the fréon-extraéted4type.S.as the test
antigen; This was expected since such‘a prgﬁaration coqtains’the
fiber, penton and hexon an;igens.f There ﬁas‘moré’cross-reactivity
bgtwégn the antiﬁbdies in the culture fluids éndvthe.antigens of .'
'jﬁeﬁeroﬁypic édéﬁovirﬁé typéévﬁhén‘was~§éen.iﬁ:£he_pas$i§é ﬁeméég1uf

©".: tination tests: This was attributed to the fact that complement - .




i*i fixetlon\ﬁeesures‘ehtlbody to the”hexoh‘entlgen as we11 asAantlbody
{;Tto the flher and pentohlantlgens.\ The hexon or- grodo'antlgeh 1sA}ew;{h; _Ji
fh>coh31dered tovhe'commonvto allbadenov1ros types.and.to oossess e'f‘
d{jf31néle antlgenlc determlnahtA(Peterson et al., 1967) ’
: e Ihe reSgohses of,adenovirus_type S-sensitized'lymph.hode
>2:tissuetto'stiﬁuietion hith homotypic.and”heterotypic'adehovirai'}"
“ehtlgehs prov1ded some dnterestlng observatlons; The purlfled
'Ayheton antlgen of type 5 strmulated the fragments to produce antl-
Vfdetecfable by both complement‘flxatlon and pa551ve hemagglutlnatlon
>'Jmethod . Therefore 1t‘was essumed that antlbodle; to all three

*'structural antloens were belng synthe51zed by these fragments Stlmd"

f: lated by the hexon antlgen of type 5 However, the response»ot the,

u“itlssde to the hexon was not as great as the response to the pur1f1ed
S:fiber antigen or to~the freon extraeted preparationsiof type 5.

The antlbody detected by paqsrve htmagglutlnatlon'in the
flulds of the adenov1rus type 5- sen31tlzed tlssue exposed 1n-yi££2~>:
" to adenovirus type 2 waS'considered to'havenresulted from,thevpre-”
'sence of some - COmmOon or closely related antxgenlc determlnant on the,

f-frber or oehton‘antloens of the two v1rus types.v The purlfled flber ;
'ftfrand penton entigens of type é were not avallable for testlng, there— o
[~fore, no conc1L51oh would be made-concernlng whlch antlgeﬂ wasbre;"i'
- ispon31ble-for caus1ng the response._‘ - |
,The ahtibody detected by comolement;ﬁrgatioh in the'fidrds:‘

ffrom the edenovirus type 5Fsensitized_tissues,exposed to types 7a‘end ‘




x,éilz was-con81dered to.havefresulted fron the”responseato”stlnulatronv
'i':by the common hexon antlgen.t Thls ls supported by the lack of re-}i“
st:fpact1v1ty of these flulds w1th the flber antlgen of type 5 Also the iffrf‘"
\'f;jfdflack of cross-react1v1ty’detected by passive hemagglutlnatlon whlch
‘j‘was ohserved in- the.complement flxatlon tests supports the conc1u51on
: .that the cross-react1v1ty observed ‘in the complement flxatron tests(

- was the result of the antlbody to the hexon antigen._

The major portlon of antlbody degonstratediin.the organ cnlﬁ

7{fture f1u1ds had the propertles of 7S ,JHonever;.tissues from four_:
.:of’seven animals'produced antibody whrch had.the characteristics,ofvlés.
The t1ters of. thlS antlbody were low and were detectable only-by pass1ve
hemagglutlnatlon after the tlters of the 7S antlbody reached 1 32 or
-Qreater., The Fact that the 19s antlbody appeared after 7S in the ser1a1 o

' 'cultnres is con51aered to reflect the extremely low 1evels of ‘this
yantibody rather than indicate a_sequence relationship in,the.antibody
produced. lNo correlationdcould he'made‘between:thelpresence of ;9§ ;h
rlantrhody;in‘the cultnrehfluidsfand,the:time interva}hhetween‘the

",pprinaryvin.zizg'exposnreiofdtheianinai to theiantigen andithe‘in Zléﬂll

'l,re—exposure of.the'tissnesr‘ The presence or absence of the’19S,anti# o

" - body was{consistentfin1replicate?cnltures from the same animal. This -
- indicates that‘thervariation in'the'response'was theﬁresult”of indivi-

~ dual variation among the animals rather than variation among cultures

‘“from}theisame animal.v

The addltlon of hydrocortlsone succ1nate to the ba31c medlum

'used 1n thls study dld not enhance antlbody productlon.” In the »

:presence ofiZOvpervcentnfetal bovinefserum:‘antibody*synthesiS'was
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‘;PfOCeeding"atfthe'nakinum,leyeIQreéardless oftthefpresencehotiﬁfh

fhydrocortlsone succ1nate.; In contrast to the flndlngs of Ambrose

|

-HT“;(1964 1966) and Ortlz-Munlz and Slgel (1967) hydrocortlsone-i
tsucc1nate did. not- substltute for the serum requlrement In Ambrose s o
vvg“studles, Eagle s MFﬁ was useo but addltlves‘such as 1nsu11n and
"Lcertain "non-essential”famino ac1ds were also present when max1mum 'p14
‘;enhancementrwassobseryed. 1N91¢ddlLlOnS to the Eagle s MEM other'
: :than thegsteroidfwere made in,the presentrstudy. In”the studies;p'
';ofhortia-MunlzianduSigel,lthejba31c medlum was Medlum 199 whlch
,r;contalns‘ingreoients'ln.addltion'to.those in’Eagle's MEM The dlf-
.ference in.the'conposition ofwthe medium could,account>f0r theflack:.

of response to hydrocortlsone succrnate observed in the present study.

h( Addltlon of phytohemagglutlnln-P to the medlum of cultures

- after 30'days oultivation resulted in an‘ihérease in the synthesis

of specifio viral antibody. This. increased production was, however, -

noted only in cultures,ofhfragments whichnhadzbeen stimulateH'With

.viral antigens prior to being placed in,culture. Antibody was not

synthe31zed in cultures of fragments whlch were eyposed to phyto--

hemagglutlnln and ma1nta1ned w1thout re exposure in. v1tro to the

viral antloens.' There are several pOSSLble-eXplanatlons for these

findings. Phytohemagglutlnln has been shown to 1nduce blasL01d ‘trans -

'j’rormatlon and m1t031s in rabb1t lymphocytes (Flkrlg, Gordon and Uhr,,p
-l1966 Sabe31n 1966) however, the hlghest m1tot1c 1ndex generally
'_rocurs four to flve dajs after exposure to phytohemagglutlnatxon.izﬁfsf»Th;h

'“faThe 1ncreased antrbody productlon was noted 1n the next sampllng

*fperlod (3 days) after tht adaltlon of phytobemagglutlnatlon to the
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cultures. Therefofé the éffect‘of'fhe compound must ﬁavebﬁeeﬁ-on a |
‘métaﬁolic process.other thén, of_iﬁ addiﬁion fo,'inductiép of cell
,divisioﬁ. Severél iﬁvestigators'(Muller and Le Mahieu, 1956§'C06per
and»Rubiﬁ, 1966) héve shownbthat nonf:ibdsomal RNA synthésis‘and pro-
tein synthesis are accelerated in lymphocytes stimulatéd witﬁ phyto-
" hemagglutinin. "ThisAaccelerated,synthesis can be seeﬁ as. soon as
24 hours after addition qf the compguﬁd. These findings would sug-
 éest that thé rapid increase in antibédy'éynthesis observed_iﬁ‘the
Srgan cultures was probably the resulf of accelerated synthesis of
‘RNA.and specific antiﬁody protein. _Thé cgntinued production of 
elevated levels of éhtibody may have peen the resuit of an'increased‘

number of cells prpducing specific antibody as a result of cell

division.

The exposure of the tiésue frag&éﬁfé gb pﬁytohemagglutinin
alone or to both phytohemagglutinin aﬁd the specific viral antigens
prior to cultivation procduced no demonstrable effect. fhis is in
contrast to the findings of Tao (1964) who claimed to have shown a
- specific anammestic response(in'lymph node fragments frém rabbi%s
hyperimmunized with human chorionic gonadotfopin or bovine serum
.albumin. This reéponse was, however, nqt an all-or-none phenomenon.
Iissues,ffom only four of the seven animals hé used responded to
stimulation with phytohemaggiutinin. He also used a higher concen-
't;atioh (600 pg/ml) than was used iﬁ the present study. Sevgral
fgctors can, therefore} account for the findihgs reportea in -the

-’ﬁresent study. The. length of time.(2 hours) may not have been
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ysiifsuff1c1ent for phytohemagglutlnln to produce an effect at the con-%‘

‘centratlon used; The tlssues from the an1mal used in thlS experl-‘j
_ment may 51mp1y have been unrespons1ve to phytohemagglutlnln Con-‘fﬂr

‘ _51derat10n must- also be glven to the antlgen used in thls study._

>

\Monthmery QEAal \\1967) have recently reported that certa1n>v1ruses
vlnhibit the'lynphocyte_response‘to phytohemagglutin._ Although adeno- B
,fulrusesvwere;notjamong the viruses studled,byithese anestrgators, o
'K'the observations‘nade>inbtheApresent-studg maf'beipertinentfto thls{t'

| .report.

."The:effect:of‘chloramphenicol and buromycln on antibodyz.h.

'1SYnthesis in thls‘system was conslstent:with the findingstreported:Ab
»by Ambrose (1966) and Svehag (1964) Chloramphenlcol was 1nh1bltor§
. to antlbody synthe51s at the concentratlon used (50 ag/ml) "'This ;r,
‘effect‘wa54dependentfuoon the-tlme of addltlon of the antlblotic‘A
, and‘the length'of‘the exposure[ ;lhe antibiotlc,had‘to berbresent
- at all tlmes to produce‘max1mum inhibition. A short (2 hour) pulse

L exposure had 1ittle~effect and addition after 15 days produced llttle.v

‘or no'effect These flndlngs 1nd1cated Lhat the antlbody produc1ng

. cells are most sen31t1ve to chloramphen1col durlng the 1nduct1ve phase

of antlbody synthes1s and less sen51t1ve durlng the productlve phase._
ThlS dlfference 1n sens1t1v1ty has been suggested (Ambrose, 1966) to be 3

the result of the presence of a. longer lastlng messenger RNA durlng

’_ithe prooUctive phase or to be the‘resultvofvthe;formatlon_of;less-’

'lsensitive”messenger RNA-ribosome complexeS'during the;prOductivesphase},




Pproﬁyeln was markedl& 1nh1brtor§ tolahtrbon synthe31s at-
A:Zthe B‘hM.eontentratloh but>1ess 1nh1b1tory at the 1 uM concentre
~f£1§n eveh‘when the latter concentratron wes present throughout thehff:ﬁ
':fdurateoh'of the experlment Addltlon of 3 hM'puromy01n after act1ve
[fsynthe31s had begun promptly termlnated antlbody synthe51s. These4"
i‘studles are also in agreement with those reported by Ambrose (1966)

| aho rndicete.the~extreme_sens1tiv1tyro£ the cellseto an inhlhitor;;v'

whichpaets‘atﬁé terﬁinal:step ih‘protein'sfhthesis;t Thé5fésﬁ1ts Sf‘:'
Tthese studles w1th chloramphen1col and puromyc1n lndlceted that the.
o antlbody helng oetected in 25559 was’ the result of de novo synthesisi>h'n
',frather than the result §£ passrve release §£ preformed antlbody
'A'persxstent 1nfect10n was establlshed in the rabbets. ThlS
e was shown by recovery of v1rus from the spleens.and lymph nodes of
the anlmals 1nJected with 1nfect10us v1ruswpreparat10ns.: These re- - o
j'sults ert con81stent w1th the flndlngs of Pereira and Ke11y (1957),

. who were able to demonstrate virus in the spleen»of animals_sacrificedl

-e'_fthree:mohths‘after'injection.of.the virus. As a result of this per-

- 'sistent infection the animals were under constant antigenic stimula-

1?o{£ion; .This Wes evidenced by thehlevelsrof serumvantibody‘injtheseﬁ;

. animals ‘at the time of sacrifice. This constant stimulation in vivo & -

w?wis thought.towec00unt in part for~thejSuccessful,deﬁoﬁstratidn’oﬁ‘f

. immune responses in vitro following exposure of the tissues to the..

lzifﬁirai'entigens; The’absence of detectable serum ahtibody enﬁithe‘p’f

\1ack'of response in vitro to stimuIEtion of‘the tissoes‘takeﬁffromfi

'the anlmals hyperlmmunlzed w1th the non- 1nfect10us structural sub-s,eh~7 ‘

un1ts tends to support the conc1u51on that the,per31stence of v1rus,f?p7*"
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+-in vivo is necessary for maximum responses in vitro; at least under
‘the conditions of this study. . "~

et Y i s i

possible for thetrabbit cultures. yHowever, it‘did appear that Syne'f‘

' The resultslof~thelstudies with‘hamster.lymnhoidvtissues .5?}? L

in vitro'wereg in'general comparahle,withlthe‘reSUIts7of the'studies

_w1th the rabblt lymph01d t1ssues. Under the condltlons of th1s study,

only the lymph node fragments syntheS1zed antlbody in v1tro. There.

':_was no detectable antlbody synthe31zed by the spleen fragments 1n
i'ggggg. Only those 1ymph node fragments whlch were exposed to v1ra1
'antlgens in XlEEQ produced antlbody' iThere-was-no ev1dence‘of con-li:f

'?itlnued synthe31s as a result of in vrvo stlmulatlon in fragments 114.
.malntained w1thout ig_zitzg;exposure to‘the'viraltantigens. These

vflndlngSISuggest’that the in_zitrg Stlmulation may cause proliferation .

and maturatlon of the antlbody produclng cells.‘

Slnce it was necessary to pool the culture flulds because of

d the'low antibody titers;«no definite’timescourse.of antibodyfpro~ .

~ duction could be established for the hamster tissue cultures as was

thesis of antlbody at’ detectable levels d1d not contlnue as long in the'

hamster cultures as'in the rabbit cultures. ThlS is 1nd1cated by the

frelatlvely few p081t1ve Pool III samples. Apparently the most actlve A
"'synthes1s of antlbody occurred w1th1n the flrst 2 weeks of culture

. ThlS dlfference in the perlod of actlve synthe51s may s1mply reflect

- the dlfference in the productlve capac1ty of tlssues from dlfferent

"3,Qspecies.5 However ‘since adenov1rus type 5 w111 repllcate in rabblt

lymph01d tlssue and‘adenov1rus type 12 does not repllcate 1n hamster
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lympﬁgid fissue; the:difference in ﬁhe iéngfh of ‘the response ﬁayi
reflect reéponséé torresiduéi or persistent antigen in Cﬁltures of.
rabbit Eissueé which ngid not be éreseﬁt in the culfures of the
haméter ﬁissqes. | | |

Antiﬁodies obtainéd from .the culture -fluids could be aééayed
readily by passive hemagglutination. Cqmplemeﬁt-fixing antibodies
were detected in the_péols from avsipgle culture. The fluids which
were positive in compleﬁent fixation tests had:passive hemagglutina- - -
tion titers of 1:32. The findings that relatively few of the samples
were positive by complement fixatidn was-not’éurprising in view of
the greater sensitivity of passive hemagg1utination methods as com-
pared>to ggmplement fixation meﬁhods. .This ié especially ‘true in
lighﬁ of the low .titers obtained by.passivefheﬁagglutination.

Although the levels of antibody éyhtheéized 15 21££9;were
.quite low, the antibody was specifié for an aptigen in the viral
preparations. The lack oﬁ,cfoss-reactivity of the fluids with anti-~

.gens of adenovirus type 5, KB cells and fetal bovine serum supported

|
|

this Eonclusion. The antibody cquld be "blocked" in the passive
hemagélutination inhibition tests_only with the freoﬁ extracted
adenovirus type 12 or the fiber antigen of adenovirus type 12. Thefel
waé no inhibitibnvof the reactibn when heferologous antigens were
ﬁsed as'thé "blocking' antigens. The %ailure of the tumor antigen

to inhibit the reactioﬁ was taken as mére evidence that:the.antibody
detected was to a vifus;specific antiéen. |

The absence of detéctable antibodyvin the fluids of cultures

‘of lymph node fragments exposed tq'the tumof_antigén was somewhat
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ddi;urﬁrising.wlIn“uieuﬁofftheigactvthat“alllthefanimalshusedfin”this&fﬁﬁ‘
'H'Fexperiment had\serum antibody to theﬂtumor antigen, one might‘exhect
_ ‘5the lymph nodeAto respond to in v1tro stimulation However, the.

u:;ffailure to detect antibody may reflect the 11m1ts or the sen31t1v1t§

"fof'COmplement fixation‘as.an'assay method rathervthan,indicate thatk_

- the:tissues were not producihg antihodyr.
- Consistent with the ohservations in.the studies orjthe'rabhit
' :ilymphoid>tissues;~theladdition’of chloramphenicol suopressed'antibodyA
‘fS}nthesis‘invthe hamster-lymnhinode Culturesv .These results 1nd1cated
‘fthat the antibody deteCLed 1n the culture fluids.was the results of
'de novo. synthe51s rather than release of preformed antibody
The most 51gn1f1cant finding in this. study was that lymph node i
ifragments from’tumor-bearingfhamsters‘which dld not have detectahle
) ﬂilevelsjof>serum antibody»would synthesise@antihody_if stimulated inr
vitro with theispecific viral antigenl Thislobseryation indicatedtb
rthat thevlymph‘nodes of tumor-hearing hamsters are sensitized‘inIVivo
fsuffic1ently to respond readily to stimulation in z;trg_w1th the v1ra1.
““ﬂ;antigen. ThlS in v1vo SenSltlzatloﬁblS thought to be the result oi )
xthejpresence Of the viralAtype specific antigen which~has been‘shown) [i L
ld  to per51st in the tumor cells (Huebner et al., 1964) The“lack.of
:{'response observed in- tissues'from animals which did not develop 'lf
'h‘tumors:althOugh”they*werevexposed.to adenoyirus tyoe!IZ ig zixg in-f;
-fi dicates'the‘necessitf ofithe:oersistehce of:at:least some{antigenicai

"% component of the virus for in vitro responses to occur.
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The results of thls study of the 1mmune responses ln v1tro‘?hﬂ

'11n a model system 1n whlch 1t is. establlshed that a portlon of the'
”*ffv1ra1 genome per51sts w1thout the productlon of 1nfect10us virus:

Vuiileads one to speculate on the utlllty of thlS type of approach for P

?the detectlon of the presence of - 1napparent 1nfect10ns or h1dden

genomes in othér_syétems'in which the viral.etiology,gf a process

" is suspected but can not be demonstrated by the conventional methods

~ of virus isolation or demonstration.of serum antibody to the virus. .




. SUMMARY

The‘result; of the studies of rabbit lymphoid ﬁissues

" maintained ig.ziggg;indicate that:

| 1) the sensitized tissues wq&ld respond to ig'!iggg stimu-

lation Qith speéific viral -antigens in a concentration range from
108 TCID. . to 10 TCID, . ; |

. » 50 50° _

2) the lymph nodeAfragmehts were more active in the synthesis

- of antibodies in vitro than were the_fr;gments of spleen and thymus;

3) the lymphoid tissues reééonded to sfimulatioh in vitro
by produc;ion of specific antibodies which appeared in the culture
fluids after a 1§g'périod, ro;é to peakif{teré«in two to tﬁree>weeks
and Aéclined gradually;

4) the antibodies produced igjgigzg_were specific.for adeno-
virus type 5 and coula be detected By complement fixafion,‘passive
"hémagglutingtion and neutralization tests; N

5) antigens of heterotypic adenoyiruses couid also étimdléte
antibody synthesis in lyﬁph ﬁode fragments; this response %as evoked
by the hexon antigen which is.common.éo 511 the adenoviru;es;

6) the antibodies syntheéized EE_XEEEQmweré prédominéntly

-7S; some cultures also produced‘19S antibodies;

-7) the addition of hydrocortisone-succinate did not enhance

- .

lantibody producqion'nor could ‘it substitute for serum in the culture

-medium;




;8) exposure to phytohemagglutlnln e11cited a speciflc re-"ﬁ.:giﬂi“

‘t;sponse in tlssues wh1ch had been malntalned 1n culture for 30 days;u

h;;but had no effect on fragments exposed slmultaneously to.v1rus andlstf
:~i{phytohemaéglut1n1n or.on fragments exposed only to thlS compound 1np
'tthe absence ofwthe spec1f1c v1ral antigenstf" L e »
9) the" productlon of antlbody could be 1nh1b1ted by addltlon,
‘;fof chloramphenlcol and puromycln‘fft B ‘ - | g

10) adenov1rus type 5 estaollshed a persrstent 1nfect10n 1nf :

:;the rabblt and 1nfect10us v1rus mas recoveredlfrom spleen or. 1ymDh
’Tnode>for perlodskup to lbvto lé months after 1n1t1al‘1nJect1on of
~ the virus;‘ | B | |
lll)‘lymph?node:tlssuesJfrom anlmals injectedilV wlthiinfectious
;adenovirusstype,5:respondedptohin iiEﬁQ stimulation‘up to l2 months h
- after the initialvinjection ot~virus, uhereas tissues:from'animals
| h'hyperimmunized withvnon?infectiousfstructural suhunltslcould nOt‘be

"I stimulated to respond in vitro 9 months after the final immunization.

h”’??;' “:f:ﬁl' ”i;The'results of. the studies.of.hamster'lymphoid.tissues main-

~"“tained in‘vitro indicate‘thatzl

1) the 1ymph node fragments from hamsters bearlng v1ra1

:l1nduced or transplanted adenov1rus type 12 tumors could be stlmu-
":‘lated in v1tro to produce spec1f1c antlbody to an antlgen of aden04:
i:fi?f;f:virus type 12 o ‘i,w'

2) thlS response could be evoked ln tlssues from tumor-

'ﬁ_bearlng anlmals regardless of the presence or absence of detectable&

,serumdantlbodymto the'VLral,ant;gen‘:
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";ffij)”only.thgéé‘frégmenﬁs Wﬁi§h weré’exposed‘§$ antigen in "
i‘yigzg_prodﬁced‘antibody'a£ detectable‘levels; o |
‘ ‘t ;4) thé tissue; from tumor-bearing hamsters.eprééd in XiEin
',Eﬁbrﬁﬁmér antigen did-not prodﬁce~anfibody detectab1e with‘Ehe asséj
methods usedj,
| '5) the;sp1QEn fragments stimulated ig vitro did not prodﬁce
, éntibody at deféctaﬁlé’levelég 5 ‘

.. 6) the synthesis of antibody could be inhibited by chlor-

’

. amphenicol.
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