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ASSTRACT
CiOSS—REACTIIVITIY BETWEEN MAJCR HISICCCIFATIBIIITY
CCPELEX ANTIGEN ANLC HGCUS SALRCO#A VIRUS—-INLCYVED
TUMOR ANTIGEN IN CHICKENS
_ "
Eric %. Heinzelmann

Juiversity of New Hanpshire, Decemker, 19¢€C

Cross-reactivity betvween rajor histocowpatibilify
ccoplex {MHC) antigen and Rous sarcota virus (RSV)-induced
tumor asscciated antigen [TAA) in chickens was investigated.
The B erytbrocyte allcantigen lccus was the genetic marker
ior the 4HC. B2B2 and BS5BS5S chickers frecm crosses of nighly
irbred lines €~1 and 15-1 and _ggggg chickens from noninbred
lire UNH 10t were usei.

B2B2 chickens rendered partially tclerant to BS antiger
through &eultiple intraperitcreal inoculaticns c¢f either
viable or lysed white blocd cells (WBC) or viable red blood
cells (REC) fronm giji.chiékens had a significartly higher
incidence of tumor progression than untreated, —phosphate
buffered saline treated, or E2Z2E2 WBC inoculated B2B2
chickens. The criteria of tolerance were atlsence of
antitody to tthe cell»type incculated and acceptance of skin
allografts £rcwm BS5B5 Jdonors by E2BE2 chickensa Tte higher

incidence of tumor progqression did not result from a

vi



ncn-gpecific effect of qraft versus host activity {GVH)

E because GVd activity was presert cnly in chickens inoculated

¢ with 3535 viatle ¥BC. 25 antigen-IAA cross-reactivity was

-\

; irdicated &Lecause 3232 <chickens partially tolerant to BS

s _————

antigen were also tolerant to ESV-induced tumor, as shown by
o ar increased incidence of tunmor groqression. Since WBC and

REC share B-F artiqens, arnd bcth wvere invclved in producing

§ the partial tclerance, the E=F regicn of tke MHC was

irplicated in the crcss-reactivitye

b i Cross-reactivity was also observed when 1lymphocytes
froa B2B2 chickens tearing ESV-incuced tumors lysed ip vitro
targets of EzB2 and BS5SBS5 RSV-infecteéed chicker echryc
fibroblasts {(CEF) and BSBS normal CEF, but did not lyse B2B2

and 248324 ncrmal CEF. Lynrhccytes from ncrimal B2B2

e

chickens did not lyse auy of the five types of CEIF targets.

Cross-reactivity was ockserved yet aqain when akbsorption with

BZB2 LKSV-infected CEF significartly lcwered the titer of

5

I
ll\)
[3s]

2 anti-ESES alloantisera. Alloantisera absorpticn

tudies alsc showed that both RESV-infected and uninfected

CEF shared alloantigens, in ©particular B-F allcantigens,

with syngeneic RBC's further supporting the idea that B-F

i
v
i

¥
<
4
¥
i
|
s
4
i

antigen is invclved in the cross-reactivitya.

SRS AR e s ST Ve R

T

Cross-reactivity was nct observed in the IgG from
chickens tearinmg RSV-induced turcrs. Mcreover, use of three
techriques of immurization of EZB2 chickens with ES5BS cells
did not increase tlke incidence cf tumor regression in the

igoupized chickens, and provided no evidence of

SNSRI RN

vii



cross-redactivity. Althéuqh humoral immurity was ckserved in
these two siudies, cell-mediated igrurity may be relatively
nmCra iarortant in tumor regressior and the focus of
crcss-reactivity.

Based upon these findings it is hypothesized that BS5S3S
ASV-induced tumor tearing bhosts rtTesgpcnd Ffccrly tc tumor
pertially tecactse B5 arntigen cicss-fteacts with T2A. BS585
ipdividuals, therefocre, gmay hawe difficulty recognizing
RSV-induced timcr as fcreiqr and this severely ligits the
develorment cf an effective anti-tumcr imounity. Fither TAA
or a TAA-EZ antigen conrlex may crcss-react with ES antigens
Crcss-reactivity invclving cell-mediated immurity may make

tte difference ketvweer tunor reqressicr and progression.
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The major histoccmpatibility complei {(MHC) is a tightly
linked grcup cf cenes which it general ccde for cell surface
aptigqens (Klein 1975). When the MHEC was defined 1in the
mcuse, <trirst as a blocd group lccus and later as a locus
ccrntrolling tissue graft rejecticr (Gorer et ale. 1948) the
¥dC's role in inmmunclogy was not yet imagined- With the
discecvery c¢f tke prcfcurd ccntreclling effect that MHC genes
have on iBrurne resgcnses the MHC tcck a much larger role in
izmunoloqical thought {(Eenacerraf and Xatz 197%). Further
light was sked cn MHC furcticn when a series of experiments
starting with Zipkernagel and TIoherty {1974) stcwed that
cytctoxic T cells lysed orly target cells which tore the
csame foreicn artigen and H4dC antigen as the immunizing
cells. . This pherncrencn was termed MHC restricticne.
Furtkermore, it was fcumd that 4irmune cell cooperation
required MHC homology (Eenacerraf and Katz 1975). It has
recently beer suggqested that MHC Iestriction is at the heart
of all wmajecr MHC foncticns including those of immune
resronse geunes {Wettstein and Frelinger 1¢80).

In hugans MHC harlotyres have been associated with
ceveral disease states 1includirg acute leukemia, Hodgkins
disease, and ticghcktlastic tugcrs (Bcdmer 1978). Imnunity

tc tumors has been shown in many cases to be mediated by

1l
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tumcr-asscciateé anticen which elicits and acts as a tarjet
fer, an iwmnune Tespcrse which leads tb tunor destructicn
{Each 1974). In chickers all cembers <o¢f the Avian tumor
virus grotp induce tumors which share couron antigenic
determinants (Hall et al. 1979). Furtlermore, tle MHC has
a major ircfluence <t the fate of Rcus sarccma virus
{RSV)~-induced tumcrs in chickens (Collins et al. 1977,
Schierman et al. 1677) « 1herefore, the chicker, through
the use of RSV-induced tunors, rrcvides an excellent model
systen for investiqgating how MHC genetics and tumcr antigens
interact tc ccntribute tc the igmune respcnse toward tumorse.

Different types of experimental ttmors in Eice express
anticens Wwhich cross-react with allogeneic MHC antigens and
these detersinants are suitatle targets for ip yivo

anti-tumor ipmynity (Farioiani et al. 1979). Sirnce innurne

LeSFOLSES nay be nodulated by histoccrpatikility
antigen~fcreigqr antigen interacticns on the cell strface and
since scme tuzcrs exhibit allcgeneic MHC antigens, certain
ttnors may strvive in hosts with particular MiC hafplctypese.
In this thkesis I have endeavored tc study, in a well
defined genetic systen, how cell surface antigens may
intefact‘to rrcduce anti-tumor immune reactions. Based ugpaon
this researck I  bypcthesize that particular FEC defined
chickens which normally have progressively growing
3SV-induced tugcrs ttntil death, dc sc in part because host
48C antiqen cross-reacts with tumor asscciated antigen. As

a result cf this crcss-reactivity reccqgnition of the tumor
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as foreign oy thke hcst is severely limited and a wealk igmuce
response is elicited tcward the tumor. My objective was to
search for cross=-reactivity and investigate antigen
phenémcna usicg three qereral arrroaches: a) tc generate
tclerance in chickens toward MHC antigen froni chickens
genetically rredispcsed tc turor rrogression and investigate
the response of toleraat chickens to RSV-induced tumors;
E) to - detect «cross-reactivity through the use cf antisera
and cytotcxic lymphocytes; <¢) to iumunize animals with MHC
antigen from chickens genetically rpredisposed tcwsard turor
prcqgressicn acd investigate the respcnse of the immune
chickens to ESV-induced tumors.

Cross-reactivity ¢f the tyre referred to here may be
the reason tumors sctrvive in rany hosts. If the mechanisn
cegn be understccd the extent c¢f the thenomoncn may be

evalvated and a therapeutic approach develofped
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Rous {1S11) first isclated an aviar sarcoma virus from

chickens and demonstrated viral eticlcgy for reoplastic
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disease. Ectrs sarccma vircts (KSV) was desiqgqnated a type C

e

RS

R¥A tumor vVirecs {Sernhard 1960) and found tc ccentain at
least three genes ccding fcr ccmpcecnents of tlte viriceo
{Hanafusa 1€78) . The gag ge ne ccded for four

menrcglycosylated internal structural proteins, pgl coded for

R O A e

RNA-dependent [NA ©polymerase, and env was the gere for the

3 ervelope glycorioteins (Vogt ané #du 1977). A fourth gene,
§ src, which «ccded fcr a phosrhoprotein with protein kipase
N

é activity, was required for the initiaticn and raictenance of
ﬁ cnccgenic trarsfcrmaticr (Brugge and Erikson 1977).

% Bryan and Harris strains of RSV were fourd tc be

iR

defective ir the synthesis <¢f qglycorrotein qpé€S and were

SR

dependent ¢n helper virts for the formaticn of infecticus

s

virus {Scheele and Hanafusa 1971 . Schmidt-Eugpin,

Carr-Zilker, and Prague strains cf RSV were helper

irderendent (Hianafusa 1675).
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RSV along with 1lyaphoid 1leukosis virus Lkave been
classified irtc sukqgrcups Lkased <¢n =several «criteria:
a) ability tc infect chicken emktryo cells ©rearirg specific
resistance factcrs ior the varicus stogroups; L) ability to
srecificially 1inhibit seccndary infecticn oé infected cells
by a second penber of the same suktcroup, but nct ty viruses
of other sukgrcops; «c¢) stsceptibility to neutralization by
antiviral serunm aqainst any meanker of that subgroug, but not
by antiserun against rcembers c¢f cther subgroups (Wainkterg
and Phillips 1€76) In additicn to envelope sukgroup
specific antigen, ESV %as found tc «ccntain grour specific
antigens gererally thcught tc be an irnternal ccmponent of

all avian 1levkosis virus ard not involved in virus

neutralizaticr (Wainberq and Phillips 1976).

4OST RESISTANCE 1IC HSV INFECTICH

Inherited resistarce tc infection‘ with specific
sukgroups <¢f RSV was referred toc as a first line of host
defense and this resistance appeared tc te effective whether
tte chickens 1iwere exrosed tc¢ high c¢cr low doses of virus
{Crittenden ¢t al. 1967, Payne and Biggs 1870). The
resistance %as a block to the early stages of virus
infection (Piraimo 1967, Crittenden 1S6€) . Other Lkcst genes
may affect tte efficiercy <¢f later =steps in the viral
rerplicaticn cycle or tﬁe efficiency c¢f transforwaticn by the

virus (Critterden t ale 1972) . Evidence that the host
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cell may atfect the nature of tke wviral prcgeny bhLas Dbeen

given by Hdanafresa et 3l (1670) »

IYJUNITY TC 3SV-INTUCEL 1U0MCES

Critternden et al. {1972) referred tc genetic
resistance as a seccrd 1lime of defense. Infection was
required tc iritiate this defense mecharism and resistance
at this level was characteristic cf the intact hcst. Hest
e¢ge at the timre cf RSV incculaticn affected the regqression
¢f HRous sarccmas in chickerns, with younger individuals
having lower frequencies of reqression {Duran~Reyrals ¢t al.
1953, Cotter et al. 1¢73). <Etrength of RSV incculurmr alsa
affects tumor regression {Gyles gt al. 1967, BRadzichovskaija

et al. 1S6&).

mn

Iumor Asscciated Surface Antigens
Tumor associated antigen (1AA) has been presumed both
to elicit, and to act as a target for, an imzaure respense
which leads tc tumor destructicn {Bach 1574). The second
line of defense referred to akcve may involve the igamune
respcnse tcward transformation antigens on Rols sarcoma
cells, Up tc fcur different kinds cf antigens were reported
to te exfrressed on ESV-transformed cells (Haymi gt ale.
1977, Baver et al. 1977a, Bauer €t al. 1977k, lgniatovic

et al. 1978): a) a sukgroup=-srtecific deterzinacrt of the

virus-euvelore glycoprotein gr€é€5 expressed on the surface of
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rrcductively irfected, transfcrred as well as tuntransformed
cells; k) a gqroup~srecific determinant of gp85 expressed
crly orn the surface of virus transforwed cells;
c) cmbrycnic artiqéns, detectable <c¢n virus and chemically
transformed and cn primary normwal embrycnic cells and; d) a
RSV-induced tumor specific surface antigen, not a structural
ccostituent cf the vircvs, and induced in vivo ty all members

of the Avian tumor virts groupe

dechanisas of Immunity to ESV-Induced Tugmors

Hall et al. ({1679) have rcstulated that determinants
0of .the virus ervelcre antigen were more important than TSSA
in provoking relevart immure resgcnses in chickens with
ESV-induced tumors; 1TISSA may ke of greater izpcortance wken
ir ccenjuncticn with tkese VEA deterrinants.

Chickens tearing avian virus-irduced tumors exhibited
cell mec¢iated ircure LeSpcnsiveness toward antigens
associated with those neoplasms (%ainkterg et al. 1979) .
Thymectomy, Lut nct lursectcmy, +was stimulatory to tumor
growth and akolished sensitized lymphocyte immune
Iesrcnsiveness suggesting that thymus mediated effector
mechanisms and nct artibcdy was invclved in the immune
resgonse to RSV-induced tumors (Cctter gt al. 1975,

t al. 167¢) « Leukocyte migration iohibition

wainberg et
studies {Cotter et al. 1¢76) ard lymphccytctoxicity studies
{PcGrail et al. 1978)‘in chickens bearing regressing Rous

sarcomas suqggested that the thypus dependent cells Lecome
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sensitized tc ard subsecuently effect the destruction of
tLmor cells. ieratclcgical studies suggested that
lysphocytes may Lhave a primary role in the irrcune —respcnse
tcward aSv-irncuced tuscrse vith thetercrhils acting in a
se;cndary manner {Smith et al. 1974). Serum Ltlccking and

tnblecking factors in cell mediated. irmunity may ccntrilbcote

to tumor develcpment (McGrail 1677)

Genetics cf Japunity tc RSV-TIrnduced Iumcrs

A general heritatle nature of reqressioﬁ of Rous
sarccmas has been shown by Greenwood gt al. {1S€4€), Gyles
et als {(1€67), and Cotter gt al. {1973). Furthermore, the
incidence of tumor regression can be significantly modified

by selection (Gyles et al. 1571, Carte et al. 1€72).

A aore definitive analysis of the genetics of
Rsv-induced tumcr reqgression care with the studies of
Ccllins g£ al. {1977) and Schierran et al. {1977) sho
associated reqgression with the E locus, a marker for the
zajor histoccaopatibility complex {M3C) of +the <chicken.
Ccllins €t al. {1977) showed that in FZ <ceneration
seqreqgants cf a cross of inbred lines 6-1 and 15-1 (B2B2,
B2B5, and BSBS5), £, 26, and 93 rercent, respectively, died
cf ESV-induced tumors ty 70 <days post-virus 1ircculaticn.
Neither +the L rcr I allcantigen loci ncr séx had any effect
cn timor grosth. The F2 generaticn studies invelved ten
sires, afpfproximately €5 dams, and some £¢0 prcqgery in seven

hatches. schiersan et al. (1977) studied RSV-induced tumor



regression in inbred 1lines G-B! anc¢ G-B2 and crosses of
these lines. Their experiments involving 90 progery from a
single =sire ircdicated that ZsSv-irduced tumor regression ;as
ccrntrolled by a domirnant gene for regression lirked to the
48C, " desi¢nated E=-Rs-1, with the allele for fprogressive
ttoor growth in homozygous chickens designated g-Fg-l. The
difference betuween the results cf Collins et ale {1977) and
Schierman et al. {1977), a gquantitative resgonse versus a
dcminant gene effect, respectively, has not Lbeen explained
but may be due to the use of qemnetically different chickenrns,
the greater <rumber c¢f individuals used by Collins gt 3l-
{1977) anésor to Collisns et al. {1977) using Eryan high
titer RSV (sukgrour A) and Schierman gt al. (1¢77) using
Scheidt-Ruprin RSV (stbgrcur B). McBride gt ale. (1€€0Q)
fcund that d¢ifferent RSV strains, c¢f identical sutgroup
srecificities, gave siqnificantly different tumor growth
Fatterns 1in the same intred lipe of chickens. 1tkis resvult
réy be due tc the existence of fundamentally different tumor
antigens frcm those previously descrited and irdicates a
rrofound irflvence <¢f «virus strain on the fate of
RSV-induced tumors. Chickens with different MHC genotyfes
may resgcnd differertly to certain virus-induced tumor
antigens.

Recent studies have also indicated that the [E ccmplex
has a prcicurd effect cr RSV-induced tumor regression even
ir poninbred chickers (Collins et al. 1979). 1line U¥H 105

»as a nronintred line of Hew Hargshires recently derived from
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a ccomercial linea. Tte 1lcwest level c¢f regression was
associated with tlte B24 allele, the highest with 826, and
223 gave an interaediate TrCesSpCrse. Ycre reciert' studies
have shonﬁ that the E£23820 genotype gave a significantly
higher incidence of RSV-induced tumor regression than B23B23
and B26B26 as well as the ctker three possible cenotypes.
This provides evidence of heterosis or genetic
ccoplementation of the gemes ccntrolling tumer regressicro
{Ercwn et al. unpublisted).

Genes ©not linked to the JYEC may be involved in
REV-induced tumor regression. Crosses of lines €-3 and 100
gave froceny <seqreqgating at the ¢, L, E, 1, and L
allcantigen 1loci* {Ccllins unputlisked). L gerctype w#as
siqnificantly associated with the incidence cf turor
teqressicn in females, btt nct in rales. 1loci ¢, D, E, and
I had no detectaktle irfluence <¢n the incidence of tumor
regressiona The L locus was nct linked to B (Briles 1964).
darks et al. {1579) ti¢sing lines 6-1, 6-3, and 7-2 and F1,
Fz, apd reciprocal tackcross rgrcgenies of these lines,
irdicated that a locus {or loci) ctker than B c¢r L has a
rcle in ESV-induced tumo; regression. Alternatively, they
sugqgested tkat the ismure resgcnse reqgicn of the MHC differs
in 1lines 6 and 7 ever though the serclogical and/or graft
Vs. host reqions have not been shcwn to éiffer. Lines 6-1,
6-3, and 7-2 were hcmc2ygcus fcr serclogically defined
shared biocd group alleles B2, €5, L1, and £r. The findings

of Marks et al. (1575) were supported ty thcse c¢f Collins
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et al. {158GC) «here lines 100, 7-2, 6-3, and 6-1, ;11
ncmczygous Ez, differed siqnifican;ly in the incidence of
#SV-induced tumor regression with 6.5, 45.5, 68.9, and 91.8
rerceat, fespectively, reyressed tuBCLSe.

Three recent stcdies' shed additional 1light on the
genetics of tumor regression. Collins and Briles (1980)
utilized B ccrrlex reccnbirants and have evidence that the
B-F region of the ¥HC was involved in RSV-induced tumor
regression. watanabe gt al. (1980) have shown that the 71
cross of intred lines G-B1 and G-B3, each of which ncrmally
has progressive tumors, ©LOW Te€gresses tumorse. Backcrcss
data indicated tktat the B ccmplex and a gene not linked to B

were respcnsikle for the gere <ccefplementation. Finally,

Ccllins and Gilmour (unpublished) have shcwn that Th-1 and

13-4 genotyres affected tuszor reqgression in the Fi
generaticn of line €-3 crcssed to line 7-Z. 1Th-1 and Ly-4

are not lirked tc eack ctter c¢r tc the MHCa

TEE MAJOR HISICCOMEATIBILITY CCMPLEX

The 3ajor histocompatibility complex (MHC) has been
found in all mammals studied and in the chicken tut is best

ckaracterized ir the mcrse {(Paul and Benacerraf 1¢77).
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The MHC has been fcund tc ke a crotp of tightly linked
genes first discovered irn the mcuse as a bloéd group locus
and a factor it skin graft survival and desicrated H-2
{Gorer gt al. 1943) The H-2 ccoplex codes for cell
surface antigens which differ‘betueen individuals and are
recognized ir craft rejecticr (Klein 1979). The complex is
alsc involved in a variety of immurnclogical phercrmenae. The
JHC is located in tle riddle cf chroscscme 17, sharing the
chromosome with the I, t grotg «c¢i 1loci “shich ray te a
fincticnal wunit similar to H=2 but involved ir emb:yoﬁic
differentiaticn (Klein 1979). The current H-2 map has beern
divided intc six ;eqicns (K, I, S, G, D, and T) with the I
region divided into five subregions (A, B, J, E, and C{
{Klein 1979). A pcn-ccnservative map includes at least 18
lcci in the regicns with a distance ¢f 1.5 cM between the
eytremes of the complex (Klein 1879).

H-2 1lcci bkave Leer grcuged into three classes
desiqunated artitrarily by Rcman numerals I through III.
Class I loci (H-2K and H-2D) <code fcr 1menrrane round
qlycoproteins 44,000 ®ww which are nomcovalently associated
ir the meskirane with a 12,CCC mw pclyreptide designated
B2-microglobulin (Curningham 1977). <Class I rolecules are
the H~2 mclecules mcst invclved in graft rejectior and can

be found cn mcst tissves of the body {Klein 1979).
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Class Il ceneé, Jccated in the I .region, are of two
typeé, .I regicn associated (Ia) and irmune resgonse {Ir)
genes (Klein 1¢979). 1Tuo Ia genes have been well defined,
cne in  the 2 sukrcegion and the ctler in the E/C subregicns
{Cullen et al. 1976). Ia genes <code for ©mertrane tound
glycoproteins ccnsistirg cof twec noncovalently associated
pclyreptide chains « (3%5,0CC mw) and B (28,000 mw) and an
orknown nupber of cartohydrate chains (Cullen gt al 1976).
Ia antigens have been detected pricarily c¢cn T and B
lymrhocytes ané macrcrhages ({Delovitch and McDevitt 1975,
Press et al. 1¢76, Schuéartz et al. 1977) and have Leen
shcwn to ke izpcrtant fcr the successful collaboration among
irmunoconpetert cells (Pierce gt al. 1976, Uhr et ale.
1€79) « Ia antigens ray be the products of Ir cenes (Uhr
et al 1979).

H-2 linked Ir genes [mapped tc the A, E, C, or E
stbregions) arnd imwune suprressor {Is) genes (magged to the
J stbregion) were first characterized as dJomirant gebnes
€xpressed c¢n igsuncccapetent T and B cells leading to high
¢r low immune responses to various <c¢lasses ¢f antigen
ranqging from synthetic polypeptides tc foreicn antigens
{Eenacerraf and Katz 1¢75). Cf particular interest was that
stsceptibility tc Gross leukemia virus cnccgeresis sas
irfluvenced by an H-Z 1linked gene (Rgv-1) (Lilly 1866,
Tennent and ~  Snell 1€68) « Fér certain antigens tuc
ccrplementing MHEC lirked Ir genes vwere required for

Lesronsiveness (Bemacerraf ard Dcrf 1¢76) . I-region linked
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ccnplementing lceci hav e invelved in resistance +tc rnurine
leukenia {Lcrai et al. 1680) . Ihe « ard E genes of Ia
antigens ray Le the ccinprletenting genes and a cene dcse
efiect may e respcnsitle fcr differential impune responses
in certain cases (Dorf et al. 1979). Most studies of I1r
genes have shown dowinant inkeritance cf high
resgcnsiveness; hosever, in thke H=-2 c¢cntrclled immune
resgponse tc INF-MSA ({Rathbvn and Hildeman 1969) and to mouse
liver F antigen {Silver and Lane 1977) high resgpcnsiveness
cculd fte inherited as a recessive trait. tWicker et al.
{1€80) have shcwn that the domipance-recessive pattern of JIr
Genes cab change as the genretic background o¢f the H-2
haplctyre varies. Berzofsky et al. [1979) have shown that
genes | pmapping in different 1 sutregions independently
requlated antitody and T «cell proliferative respcnses tc

ckterically iscrete regicns «¢f the sanme protein antigen,
Srerum Whale mycglobine

Class I1I cenes, lccated ir tre S region, have bLeen
fcund to code for serum proteins Ss and Slp, both 200,000 ow
ard consistirq c¢f three ccvalently linked polypeptide chains
{Shreffler 1¢76)a These mrolecules were found to be the C4
ccaronent of the classical ccafplement pathway. Moreover,
Dasilva €t al. (1578) have asscciated the C3 ccumponent of
tke classical ccrplement rpathway with tte #-2 ccuplex.

The G regicn ccdes f£cr the arjearance of an antigen on

erythrocytes (Klein 1979).



It islinterestinq to note that the H-2 complex genes
exhitit a very high deqree of genetic peclymorphisn ccmpared
tc cther gotse cenes ({Klein 1¢€79) . Ihé relationship of the
pclycorphism to function is unknown. Also, certain H-2
haplotypes have been fcund to be mcre frequently associated
with other cenes on chrcrosome 17 than swculd be €xpected on
the basis of gene frequencies and the freguency of
recorbinaticr tetweer genes; this has been referred to as

linkage diseqguilibrum (Hammerterq and Klein 1975).

Human

The MHC in man (HIA complex) has been found tc be very
similar to that of the mouse (Albert and Gotze 1977). Class
I genes are it tke A, B, and C regicns, class II genes in
the D and Cr regions ané class II1I genhes mafp Letween the B
and D regiorns. Strcng linkage disequilibrium has been
cbserved withir the HLA ccbplex (Altert and Gectze 1977).
ALA has Deen essociated with aany disease states in @man
including, rteumatoid arthritis, multirle =sclerosis and
acute leukaeria {Bodmer 1978). HLA is mest closely
associated with the disease ankylcsing spondylitis where 90
rercent of the diseased individuals carry the B27 HLA allele
ccnpared to seven percent of healthy individuals (Ivanyi

1€80).
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Chicken

The strictire cf the MHC (E ccmp;ex) in tke chkicken has
nct been as well established as that c¢f£f the mouse or mane
The B blocd cicup syster was disccvered by Briles et al.
(1950) and shown to be a marker for the MHC by Schierman angd
Ncrdskog {1961). The E complex has keen located ¢r cne of
tke medium <sized micrcchrcucscmes {15-18) (Blocm and Cole
1973) and there has beer evidence fcr reccmtinaticn of genes
within the chicken MEC ({Schierran ard McBride 1969, Hala

et al. 1976, Briles andé Briles 1977, dala gt al- 1977,

Pink et al. 1977, Schierman €t al. 1977, and Pevzhper

+

et al. 1678).
Hala et al. (1977) proposed that the B ccmzplex be
divided into at least three regicns; B-F, E=1, and B=G.
The B=F and E~-] regions ccded for surface antigens cn vwhite
tlood cells (WBC) and the E-F and B=G regiors fcr surface
antigens cn reé¢ tlccd cells {EBC). The BE=F gene products
were associated witk B2-micrc¢glcbulin--like moleccleé making
the E-F antigens similar to K and D nwmolecules ipn mice
{(Ziegler and FPFink 1978). EBE~F antigens on RBC sere 20% as
numerous as thcse fcurd cn WBC {Ziegler and PBink 1¢78). E-1
reqgion antiqens arpeared to be identical to Ia antigens in
the mouse (Zieqler and EFink 1976, Hala et al. 1¢77, EwWert
and Cooper 1¢78, and Ewert et al. 1980). E-F and EB-L
region antigens were involved in histoccmpatikility

reactions, but tke E=G regicn appeared tc Lave nc effect cn

ttese reacticrs (Hala et 3gl. 1976, Hala et al. 1¢77, Pink
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et al. 1977, and Simonsen et al. 1977). Imﬁunolcqical
tclerance to wBC surface arntigens, but not FKEC surface
éntiqens, mediated allogereic Skin graft acceptarnce
(Eillinghar €t ala 1€€€, Scaierran and Ncrdskog 1%€4).

Serur hepclytic ccoplement level kas bkeen fourd to be
centrolled Ly a domirant gene asscciated with the B complex
[Chanh et al. 1976).

Pevzner €t al. (1978) <choweé reccmbiraticr between
genes ccdine¢ fecr imavne resgcnse and the serologically
defined reqgicns cf tke B <ccaplex. Antibody response of
chickens to (1,G)-3A-1 (Gunther €t al. 1974), GAT10 and GA
{Fenedict et al. 1S7%) and DNF (Ealcarcva et al. 1974) was
associated with certain B haplotypes, suggesting possitle
close linkage with impune response gehes. Ccntrol of ipmune
resrousiveness to Salmonella pullorum, (Pevzoer et 3l.
1978), spcntaneous autoimmune thyroiditis (Eaccn ¢t al.
1874, wick et al. 1974), and erythroklastosis (Baccn et 3l.
1679) sas linked to tke MHC of the chicken. Susceptikility
tc Marek's disease, which has a Herpes virts as an
eticlogical agent, was lictkedi +to the MHC (Hanscn et al-
1€67, Brewer et al. 1969, razderka gt ale 1975). 1The B
cconplex has a profound effect co the fate of REV-irnduced
temors {discussed previously) {Ccllins gt al. 1977,
Sckierman €t al. 1977). Gebriel et gle (1979) has shown
genetic linkace between the inmmune resrcnse to GAT and the
fate of RSV-incuced turcrs in a Farticular subpopulation of

S1 inbred leghornse
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Recently, Simonsen €t al. ~ (1980) suggested that
linkage disequilibrium of FE=F and E=G genes in outbred
chicken pcrulations may ke relatively strcnger thar 1linkage

disegquilikrium in mane.
MHC EESIEICTICN

Studies in the mouse have given the strongest clue +to
the functicﬁ of the MEC; that of H-2 restricticm cr
asscciative reccgniticr of antigens (Klein 1979). C(Cytotoxic
1 cells primed to virus—-infected <cells (Zinkernagél and
Ccherty 1974), hapten-modified cells (Shearer ¢t al. 1975)
or minor histcccpmpatikility antiqens (Eevan 1¢€75) were
capakle of lysing only target <cells which tore the =sanme
fcreigyn antigen and MHC antiger as the irpmunizing cells.
The rroliferative resycnse cf T cells tc antigen presented
cn the macroghage surface required histcccmpatikility at the
H=2T reqicn ¢of the tuc cell tyres (Shevach and Rosenthal
1673). Also, ccoperation between helper T cells ard B cells
exhibited H=2 restricticn (Katz and Penacerraf 197%). In a

series of exreriments Zinkernagel t al. (1977, 1978)

demonstrated that the.thymus epithelium dictatéd the H-2
ccntext c¢f artigen recoqniticn by lyophocytes. In the
chicken, cytctcxic splerocytes ¢¢rimed aqgainst ESV-induced
timcrs shosed siqnificantly greater killirg of autcchthcncus

REV~induced tuncr cell targets than of allogeneic

ESV-induced tumor «cell targets {(*ainberq g% al. 1974).
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Tcivanen ard Tcivanen (1977) have shcwn that an interaction
cf histoccmpatible «cr seni—allcqene;c B and T cells was
necesséry for the formaticr of qerminal centers in chickers.

170 exglain H-2 restricticon t#wc general types of
hyrotheses have beén proposed; dual recogniticr c1d altered
se€lf hypctheses (Dcherty 1576). The dual recognition
hyrothesis states that T «c¢ells exhibit twc separate
ILeceptors on their surfaces, one with specificity for H-2
antigen © an¢ the <¢ther with specificity for non--g-2
actigens. The altered self hypcthesis suggests ttat T cells
tear a single recertcr capable c¢f recognizing antigens in
association with H-2. Hale ({1980) showed that a close
sratial relaticnship exists Letween a serologically defined
pcrtion of the G rrctein of Vesicular stomatitis virus
{\vSV), the H-2K(k) mclecules and those antigens {virus and
cell =specific) reccgnized by anti-Vsy cytctoxic T
lymphocytes, suggesticg that MHC antigens and foreign
antigens closely associate on the cell surface.

It has teen postulated that Ia molecules, through the
rhencnenon of asscciative reccgniticn, regulate the
interacticn cf T cells sith macrorbages and B cells and lead
tc Ir gene responses {Benacerraf and Germain 1¢€78). If I
and H-2K/D actigens rferfcra sigilar functicns {(i.e.
associative recoqniticn) ther Ir genes shich regulate
sfecifically the ability of cells to rresent artigens to
anticen-srpecific T cells shculd map te both I and X/C

Ieqgions (Wettstein and Frelinger 1980). kettstein and
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Frelinger {1980) shcwed that 4-2zX/LC regicn genes
cspecifically tequlate the inmuncgen;city of a panel of
ncn=--H=-2 lhistccompatitility antiqgens. This study suggested
trat the ¥EC Jirked immine resgcnse phencmenon was due to an
associative recogniticn, perlkars, Lkecatse differert foreign
anticens havirg variakle affinities for particular HMEC

antigens.
ELIEN HISICCOMPATIBILITY ANIIGZNS C) TUMOF CELLS

Iransplantaticn Studies

Immunity to DEA/2 (H-2{d)) or C3Ef {H-2(k)), Lut nct tc
AKE (ﬁ-Z(k)) tissue 1induced a resistance against the
challenge of tke synqgeneic ST2 sarcoma is EBALB/c (H-2{d))
mice (Invernizzi acd Parciani 1975, Parmiacni and Invernizzi
1€75, Invernizzi et al. 1¢77b). 1The itcmunity was resistant
tc 4COR and could be passively transferred by lymphcid cells
tc synqeneic mice. Martin et al. (187¢, 1977) fcund that
igmurizaticn c¢f C3Hf, Etut not (C3Hf X A) F1 mice with normal
B10.A or A tissues 1induced transplantaticn iszunity tc
suksequent challerges of C3Hf 1lung tumcrs ezxpressing
A-2 {a)-like determinants. The extra-H-2 antigers on the
tumors were narped intc the K region of d—-2(a) shich seenms
tc be different than the K regicr of C3Hf wmice (Gipson
et al. 1678, Martin et ala 1976). The transglantaticn
stvdies indicated that dJdifferent types of experimental

tubcrs may express antigens cross-reacting with allogeneic
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4-2 antigens and that these deterrinants were suitable
targqets fcr an efficiert in yivo anti-tumor imrunity

{Farmiarni et al. 1579).

Serclogical Studies
Using tlke C-1 fikrcsarcoma of EALB/c strair (B-2(d))
deschini et al. (1€77), 1Irvernizzi et al. {1977a), and

Cartone €t al. {1978) <showed ¥with antisera abhsorption
studies that the tuzcr ccrtaineé the H-Z{k) alier antigen.
Operatipnally rcncspecific anti--H-2 allcantiserur contained
ccrrlement-dependent cytotoxic activity to apparently -2
urrelated murire leukesia targets (Garrido et al. 197¢,
1€77)a Rcman and Becrivida (1979) showed that SJI (H-2(s))
reticulum cell sarccmas expressed extra--B-2(d) and H=-2(b)
artigens detectakle ty ccrplement dependent cytctcxicity of
anti-—H-2 allcantisera cm tumcr cells; this activity could
be abscrked ty normal H-2(d) and E-2 (k) cells. FEellegrine

et al. {1976) showed the preserce cf extra HLA antigens on

SWO0 transfcroned husar fitrcklasts.

Cytctoxic Lyughccyte Studies

Parmiani et al. (1¢79) showed that «cell nediated
lyurkolysis defined detercinants crcss—reacting with H-2 (k)
existed on BALE/c' sarccma C-1, althouqk they +swere less
immuroqenic than the H-2{d) criginal determinants. Normal
SJL (3-2(s)) lyaphocytes sensitized jn vjtrc tc syngeneic

reticulua cell sarccmas generated effectors capable of
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lysing not cunly syngeneic SJL tumers rut alsc H=-2{d) or
4=-2 (b) allcgeneic 1lymphollasts induced by ccncanavalin A
sticulaticn cit recplastic cells {Fcwman and Boravida 1979).
“creover, SdJdl lympkocvtes secsitized to H-21ik) or #=-2{d)
cells efficiently 1lysed reorlastic 5SJL cells jp vitro.
Russell €t al. {1979) shcwed in EALB/c mice that cytotozxic
T lymphocytes to the EALB/c myelcma tumor MOPC-1€7 caused
essentially £c lysis c¢cf eight cther BALB/c tumors, including
three myelcma tumors, but extensively lysed sizx cit of nine
tumcrs of L[EA/2 ricea Their chbservations stggested that
MCEC-167 exrressed an allocantigen norrally absent in BALB/cC
rice but presert in DEA/2 nmice and in many DBA/Z tumorse.
Prat et al. {1€78) and Eobinscn and Schirrmacher
{1979) showed that amplificaticn of previously undetected
rublic H-2 antigens on tumor cells took rlace c¢n 1lymphomas
cf sSJL (-2 (<)) and DEAy2 strains of mice. Therefore,

shared public antigens nmay ke . the cause cf scme

Cross~reactivitye.

Jatrre of Cross-Feacting Antigens

Invernizzi and Earmiani (1979 and Pargiani and
Invernizzi (1€75) ccncluded that crcss-reactivity of tumor
antigqens with allcgeneic MBC antiqens was due to either
scdificaticn c¢f existing histoccmpatibility antigemns or
Froducts of derepressed silent histccompatibility genes.

Perry and Greene (1980) Ffrrcvided an alternative explanation

fcr cross~-reactivity tetween turor specific transplamtation



23

anticen on chenrically irnduced tumcr cells and allcgeneic H-2
antigyense They suggested that srpecificity of T cell
reccgrition with &regard to tumor antigen ard élloantiqen
reflects tle differential asscciative context in which these
detecrainants are recognizeda They ccncluded that
irteracticn <c¢f tumor antigen and hcst macrorhage I-A
determinants may create a complex antigenic structire which
resetbles anticens ccded by the K cr I-A subregions of the
fcreign H-2 harplotype, at the level ¢c£ T cell recccniticre
H=2-restricted cytctcxic lymrhccytes specific for minor
histccompatibility antigens {Bevan 1877), Sendai virus
{[Finberg et al. 1§78), B-Y éntiqen {Von Boehrer €t al.
1€79), and Herpes simplex virus (Pfizermaier et al. 1980),
selectively ciross-react with allcgeneic MHC determipantse
Ffizeomaier ¢t al. {1980) ccncluded that H-ZLC(k) ©Elus
derres sinplex virus antigenic determinants may e€voke rew
determinants similar tc thcse expressed by allelic variants
of MHC prodvcts, or that cross-reactivity may e due to
cross~reacticr c¢f the arti-foreign recertor on the cytotoxic
T lymphocyte. Ivanvyi et al. (1980) showed that in BALB/c
mice syngeneic immurization with normal 1lymzphcid cells
induced alloreactive antibodies of high c¢ytotoxic titer.
Tkey hypcthesized that virvs wmcdified H-2{d) antigenic
determinants had triqgqered alloreactive B-cell <clcnes to

produce anti--H-2 antitodies.
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Simnonsen {1955) showed that tclerance ttc chicken

erythrocytes in the turkey led tc increased susceptibility

7 cf the normally resistart rmatulre ttrkéy to RSV. Subseguent
% studies have revealed that human grcup A etythrccytés, cheerp
% erythrocytes, and chicker tissue egtracts all have the
% property cf alterinqg the susceptibility of turkeys. all

have in conmcn a Forssman~-like heterophile antigen (Harris

SRR

apd Simons 1¢5¢). In these studies the phenorenon being

YRR A

okbserved may have Leern a hecst-tumer antigen

cross~reactivity.

Evidence bas heen presented which indicates that cell
surface antigens are important to the ismune resgcnse bcth
as targets ard regulatcrs. Furtherrore, tumor cells present
altered MHEC antigens. W¥hetker cr not tlese charces affect

tte outcore cf ary ncn-experimertal necplasms is unknowne
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CEAPTIZF II

MATEFIZLS ANI METEOLS

ANIMALS

F2, F3, 4, and F5 qeneraticn crosses of 1lines &6
stbline 1 (6-1) and 1line 15 sukline 1 {15-1), designated
{e=1 X 15-1), two hiqghly inbred (F > 0.59) Single Comb White
Leghcrn lines developed ard maintained at +tte Regicnal
Ecultry Research laktoratory (RERL) of ¢the UOnited States
Department of Aqrictlttre, East Lansing, Michigan, vwere used
ir this research. Line 6= was homczygcus for
susceptibility to stbgrcep A lyerhoid leukosis (LL) virus
ard resistant to Marek's disease ({dD). Line 15-1 was
segreqgating for cellular susceptikility tc sukgrougp A L1
virus ané sas stsceptiktle tc MD {Stone 1975 and personal
ccmmynication, Sommes 1S75). Farental and F2 generaticn
chickens were tlood typed in the laktcratory of &. EF. Briles
{Cepartment ctf Biclcgical Sciences, Northernm Illinois
Uriversity) andé F2 progeny were kncwn tc te seqrecating fcr
genes at thke B, D, and I allcantigen lcci. Parents of the
23, F4, andé IS qeneraticns and all cffspring except thcse
frcm howmczygcus ratings were tyred for B syster antigens,

the marker for the MHC. F3 through F5 generaticr progeny

25
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were not Llccd typed £for the D and I antigens ftecause
neither J nor I genotyie, ncr sex, significantly affected
timor growth {Collins et ale. i977). Line o56-1 was
hcmezygous EZ and lige 15-1 lLomozygous ES. Line 100
{f > 0.78), a Single Comt White leghorn line developed and
raintained at the RERI, hcmozyqcus [Z (parents tlccd tyred
by W. E.'Briles), was tsed as a blcod source in one
irmunizaticn experiment. Noninbred 1line ONH 105 [PE24E24
chickens frco hcmozygous E24B24 parents (parents tlcod tyred
by Ke Ee Briles) served as a source cf a third MEC héplotype
icr the c¢ytotoxicity and alloantisera experiments and as a
negative ccrtrcl in tite skin graft experimentsa

Animals tsed as tlcod doncrs were either homczygous BS
or B2 and at least 16 vweeks of age. In partial toleiance
exrperiments (6—-1 X 15-1) F3, F4, and F5 generaticr chickens
kere used as experinental animals and tlccd sources for each
€xrerizent were chickens ficm the ¢rrevious generation.
Animals withir an experiment were always c¢f the sane
generaticn, but animals in different experirments cf the same
type may bLave come frcr acre than cne generation. In
immurizaticn experiments (6-1 X 15-1) F5 generaticn chickens
were used as experimental arirals and F4 and line 10C
chickens served as tlccd dcnors. In cytotoxicity and
alloanfisera exreriments {6-1 X 15-1) F4 generaticr chickens
were used ir allcantisera prodtcticn while FS ckickens vwere
tsed as the scurce of effector cells ard most target cells.

Up to five different =sires vwere represented in each
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exreriment Lut progeny of a giQen sire were rardcmized in
apprcximately ecual nusters tc each treatment grotuge.

Chickens were vaccinated at hatching withk Marek's
Jisease vaccine (live turkey Herpesvirus, chicken tissue
cuiture origic, cell-free, Stersuin laboratories Inc.,
Millsboro, Lelaware) and at ten days o¢f age with
Newcastle-Lrcnchitis vaccine (live virus, chicken embryo
orgin, Sterwin Laboratories Inc., Millsbcro, Celaware). 1In
the cytotcxicity, allcantisera, and iomurizaticn exfreriments
€ach chicker alsc 1teceived 0.2 ng gentimicin sulfate
{Garasol, Anerican Scientific Latcratcries, Madiscn,
Wisconsin) mixed witk the Marek’s disease vaccine in a
(.2 1l dose sukcutanecrsly at hatching to decrease chick
mcrtality due to a recurrent respiratory rrcllem at the
University cf New Harrshire (UNH) Pcultry Research Farme

Chickens were brcoded frcm hatching to fouir to six
veeks of age in ccnverticral, electrically-heated brooding
tatteries lccated in windowless Louses at the UNH Poultry
nesearch Farmn. Chickers were moved to semi-isolated
facilities fcr virus incculaticn and +vwere maintained in
ccnventional holding tatteries until the epd of the
eXperiment. Chickens used as blcod sources and for
allcantisera production were kept in scfparate segi~isclated
facilities.

Aall chickens were fed, ad libitunm, ccomercially
Frepared, all gash, redicated {0.004% amprclium and

tacitracin mettylene disalicylate tc aid in the development
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of dmmunity tc ccccidicsis cunder conditions <¢f slight

exposure) chick starter feed.

i‘

la}
[l
-
s

Blood was drawp aseptically via either cardiac puncture
cr the trachial vein in the +wing intc heparinized (50
toits/ml whele blood) syringes. Peripheral whkite blcod
cells ({WBC) were serarated frcm red blocd cells (EBC) on a
Ficoll-hypéqte gradient (Archarkault et al. 1576)a Cells
were counted, checked for viakility using a trygér blue dye
exclusion test (Hudscr and Hay 1976) and suspended in
rhosphate btuffered saline {(PBS) tc the proper dilution. WBC
were lysed ccorletely (assayed by thke trypar Llue dye
€exclusion test) by suspending the cells 1in sterile
dcuble-distilled water for 30 minutes at rocm tegfperature.
WEC rreparaticns contained frco zerc'tc five percert RBC and
AEC preparaticrs ccrtained £r¢m 2erc tc cne percent WEC.

Secondary cultures of chickern emtryc fikrcllasts (CEF)
vao to three days ir cultcre) were derived frcm 10 to 11
day old embryos of 1line 105 anéd the FS generaticn of
(-1 X 15-1) (procedure from Vcgt 1965). CEP were cultured
in Falccn 3013, 25 sqrare centigeter tissue cultvre flasks
with RBIMI 1640 medium surplemented with S% fetal calf serunm,
1C0 pnitS/ul renicillir, 100 tvg, ml streptomycin and £freshly
added L=-glutarine (Zm¥) at 37C in a 5% carlcn-dioxide

atmcsphere. The total redium was designated as REMI 1€4C+.
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Spleens were remcved aseptically and rplaced in EPBMI
1640+ nmediuvna Splenocyte suspensions Qere rrerared by
CEhOFring tlte srleen irtc srmall pieces,- drawing tle pieces
into a syringe {18-gauge needle) and gently ecxpressing thern
tc disaqggregate the srleerna Large stleen <fragments were
allcwed to =settle and the supernate was centrifuged at
400 ¥ g Lor two minuteses The supernate was <¢ocllected,
centrifugyed at 400 x g for five mincttes and the pelleted
cells washed twice in EFFS. Tlke stlenocytes were resusgended
ip aEBFAL 1€4GC+ cediun ard used immediately in the
cytotoxicity assay. Cell wviability was tested by the
akility of the cells tc exclude tryfran Lblue dyee

Tumors ®ere removed aseftically, recrctic tissue
discarded ard healthy tissue rlaced in EPMI 1€4(C+ mediunm.
Tumcr cell susrersicns sere preparéd in the manner of spleen
sctspensiors and used imcediately in the fluorescert antibedy

assavVe
ELOOL AND CFLI INGCCULATICHNS

Partial Toclerance Experimepts

Recirpient {6=1 ¥ 1£-1) B2R2 chickens in kElood
inocwulaticn exreriments wvere inoculated intraperitcneally
{IP) with either 0.5 1 bloocd fromr ({6=1 X 1E5-1) BEBS
chickens or FBS c¢n days zerc {(hatching) and two and with
0.3 tl on days eight, 14, 20, and 23 it all cther

experiments ircculaticn IP sith 0.3 gl of the appropriate
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dilution of viakle KpC or FEC (100 millicn, 1 millicn, or 1

hundred thcusand cells) from ({6-1 X 15-1) BEBE chkickers, 1

rillion lysed %3C from 3535 chickens, or 1 rwillien viatle

“BC from (b=1 X 15-1) 32B2 chickens uas made cn cays zero,

twvo, seven, 14, and 21.

Jmmunjgaticn Experiments

Recipient ({6-1 X 15-1) B2B2 chickens were inoculated
either subcutaneocusly, IP, or intravenocusly (IV) sith either
viable WBC ar RBC fron [6-1 X 15=-1) BSBE chickers,
{6-1 £ 15-1) B2B2 chickers, «c¢r 1line 100 PBZBZ chickens.
Suktcutanecus incculaticrs were =rade im the dcrsal neck
strface and the ventral strface beside the breast tone at 21
days of age. The subcutanecus 1inoculur ccnsisted of 1
xillion <cells in 0.3 vl of an erulsicn of PBS and Freunds
ccoplete adjuvant (Herkert 1978). IP inoculaticns were made
sith 5 millicr cells in 0.2 ml E2S at 21 and 28 days of age.
IV inoculaticrs were nade in the trachial vein of the left
wing with 5 zillion cells in 0.1 ml PBS at 28 ard 41 days cf

aQ€a

TES1S FCR JCLEEANCE

Chickeps in exreriments invelving inoculation of whole
blocd and in tkose invclving incculaticns of 100 #illicn and
1 million #BC and RBC frcr (6-1 X 15-1) B5BS <chickens were

tested omn Gay 27 fc¢r arntibcedy toward cells from BEBS
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chickens using slide tkermagglutiraticn tests {Hudscr and Hay
1€76) . Sera were ckttaired frcm blocd drawn frcm the
trachial veir. Test cells werie srspended at two rercent in
EES; The pcsitive ccntrcl consisted of a kncwr artisera to
cells frco 3ERE chickers. A Cccmbs test {modification of
Ccomrbs et al. 1945) was used to test for inconmplete
antibody in the serum samples frowm chickens inoculated with
100 millicn and 1 =wxillion FEC from [ESE5 chickers. Serum
samples had .teen frczen at =-22C £for approxigately six
mcnths. Cne tenth milliliter of two percent REC in PBS was
pixed with 0.1 1l test serum and incutated at 37C fcr cne
hcur. RBC's were wacshed three times in PBES and 0.1 ol
rabbit anti-chicken IgG {Miles Lakcratcries Inc., Elkhart
IrGiana) acdded. Activity cf the rabbit anti-chicken IgG was
ccrnfirmed Lty its ability tc block the binding of
fluorescin-ccrjugated ratbit apti-chicken Ig6G {Miles
Latcratories Irc., EZlkltart Indiama) cn the surface of %WEC.
The mixture was incutated for tern nminutes, centrifuged for
two minutes at 400 x g, and olserved for clumfped cellse.
Washed, wuntreated RBC vwere rixed with rabbit anti-chicken
IgG and shcwed no agglutination.

Allograft tcleratce vas tested by cbserving the fate of
dorsal skin grafts on (6-1 X 15-1) BZBZ recipierts. Skin
donor chickens were killed and porticns of dcrsal =kin
arrroximately three centizeteis sguare immediately removed
and floatéd on FEMI 1640 medium. Graft recipierts, U-vweeks

cld, were plucked cf dcrsal feathers, swabbed with tincture
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of iodine, and anesthetized with 17zq/100g9gn kody weight of
ketamine intraruscvlarly in the thigh. Twe q:éft beds,
arrroximately C.5 centinreters scuare hére prepared or each
recipient. SKin frew (6-1 X 15-1) EESBS donors was placed in
cne qraft ked and skin frcom either (6-1 X 15-1) E2E2 or line
165 B24Bz4 donors fitted intc the secend bed. EFach graft
was covered with sterile gauze and taped securely.
Fecipient chickens were individually caqed and gcritored for
acute graft rejecticn ¢r éays five, seven, nine and 14 after

graftinge A dry, brittle, black graft was interjreted as a

pcsitive indicaticn of rejecticno (Pclley et al. 19€0).

MEASUREMENT CF GEAFT VS. HOST [GVH) ACTIVITY

A sSpleen weight assay was tsed to assess GVE activity
resulting frcr cell incculaticne. Samples of ccntrol and
cell recipient chickens were sacrificed cn day zerc, eight,
15, 22, and Z&, body veiqht reccrded and the spleen removed
and weighed immediately. GVHE response was calculated

according tc the follcwing spleen index (Ford 197¢€):

Spleen weiqght . Spleen weight
Srleen index = -~~--- ~<<==~-~/ rean =-—--==—=———--- ccptrcls
Body %eight Bcdy weight

AL ipndex cf 1.3 or greater was ccnsidered significant (Ford

1¢78).
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BECLUCTICK

Adult half-sib 3232z and ESE5 (6-1'X 15-1) chickens were
given 1V incculations in tke tractial vein cf cre ml cf 500
rillion cells/ml, Ficcll-Hypaque serarated #®BC fror the
recirrocal gerctyre. After tisc weeks they were re-immunized
with cells frcm the same source used in the ©primary
igmupizaticn. Six days aiter the second immunization serun
vas collected and tested for agqlutiration of kctk symgeneic

and dcnor WBC and EBC. Blccd was drawn aseptically via the

brachial vein.
ABSOEETICN OF ALICANTISEERA

Allcantisera diluted 1:10 ir ©PES were srecifically
alscrted Lty seccndary cultire monclayers {apprcximately 3-4
million cells/mcnolayer) of {6-1 X 15-1) B2B2, ESBS, and
line 105 [EZ4E24 CEF, including Loth PRous sarccma virus
{ESV) ~infected and uninfected cultures. The
cell-allcantisera pmisture was incuktated at 37C fc1 cne hour

with gentle shaking. Abscrrticr vas regeated three tinmes.

AGGIUTIM TICN ASSAY

The allcantisera were tested for atkility to
srecifically agqlutinate (6-1 X 15-1) FS generaticn B2B2 and

ESE5 KBC (2% in PES). £fera frcm «chickens in ipsmunizaticn
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exrerinents were tested for agqlutiratirqg antitcdy toward
tke cell tyrpe ircculated. Control chickens were tested fcor
aqqluiinatinq antibcdy tcward RBSES ﬁEC excert ip the line
10 experiments where line 100 WBC were used. The sera were

tested in a doubling dilution series starting with a 1:2

diluticn. Ccrpticls of cells in PBS were used thrcughout.

FIUOEFSCENT ANTIBCIY ASSAY

One tenth milliliter of a 1% cell suspensicn was mixed
with ‘0.1 ml of 1:16 PBS diluted rakbit arcti-clticken IgG
{Miles Latcratcries Irc., Elkhart Indiana) and shaken gently
at - 37C for ten minutesf Cells wuwere vwashed in PES and
resuspended in 01 ml EES, 0O.1 ml test serur added and
shaken gently at 37C for tern micutes. Cells sere washed
twice in PES and resuspended in 0.1 1l PBS, 0.1 ml FITC
ccnjugated raktit arti-chickern Ig9G {¥iles Laboratcries Inc.,
Flkhart Irdiana) adde¢ and shaken gently at 37C for ten
ninvtes. Cells were washel three times ir PBS and
resuspended ir 0.1 3l PBES, a set mcunt prepared and cells
ckserved for fluorescence with a Reichert flucrescence
ricrcscope (exciting filter #KG-Z/BG-1Z, barrier filter

$1.5/C61 1,6G6-%) . One hundred cells were countede
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CITOICXICITY ASSAY

lynrkocyte cyrctexicity was test?é veing a mcéificaticr
cf the 51Cr urtake nmicrccytctcxicity assay {¥cre gt al.
1€75, #4cGrail et al. 1978) Effector cells Were
splenocytes ftrem six vweek <¢ld <chickers with RSEV-induced
temcrs {tumcr scores c¢f three ¢r fcur at time <¢f spleen
harvest) and from chickens uninoculated with R:fV. Target
cells were [6-1 X 15-1) F5 generaticr EzEZ, BEBE, and 1line
105 B24324 CEF irncluding 8SV-infected E2B2 and B5BS CEF.
Aliguots c¢f ter thousand target CEF, suspended in 0.1 rl
REMI 1040+ medium were seeded intc appropfiate vells of a
Falccn 3040 microtest 1] tissue culture micrctiter plate.
Rsv-infected CEF were 1in serarate rplates from tninfected
CEF. After 4€ hours ircultaticn at 37C, the @medium was
discarded and 0.1 ml EKEMI 1640+ ccntaining <cre million
lymthocy tes added t¢ afrrrcgriate wellsa. Fach
effector~-target cell corbinaticn was repeated ir five wells.
Two sets cf target cells (five wells of each of tte five CEF
tyres per set), incutated in rediuvr c¢nly, vwere used as
ccutrols. The ricrotiter plates were incuktated at 37C for
48 hours, the medium with dead cells discarded and the wells
washed thoroughly with PBS. Na2{fl)cCrc4 (sodium chromate,
specific activity = 50-400 mCi/mqCr) was added tc each well
at a concentraticr c¢f C.5 vCi ir 0.1 ml REMI 1€40+ mediun.
The plates vwere incukated three hours at 37C, the medium

discarded and the plates washed threce times with PBS. The
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remaining targqet- cells were trygsinized, trarsferred tc
irdividual BEEM capsules and ccinted for orne rxircte in a
Packard tri-carb liguid scirtillaticn ccunter {Fcdel 3320)
with an attached autogacma spectrcmeter.

The percernt cytctcyicity fcr each effector-target cell

ccmbination was calculated as follows:

Mean S51CT Caefele CchtIC]l - Mead 51CL C.f.0N- test sample

et TSRO ————————- X 100

Mean 51Cr C.pe.ms ccntrol

Negative cytctcxicity valtes were interpreted as complete

aksence of tarqet cell lysis.

VIRUS AND VIELS INCCULATICN

A highly purified fseudotyfre of Bryan Higk-titer Rcus
sarccma vitts, sukgrctr A, designated B# ESV (FAV-1)
akkhreviated FSV-1, supplied by L. E. Crittenden of the RPRL,
aréd stored ir liquid Nitrogern, wsas used in this research.
The stock virvs was diltted ir Hatks balanced salts solution
ccntaining 5% fetal calf serum, 1C0 units/ml rericillic, 100
ug/ml streptbuycin, ard 100 wuwg/mrl hyalauronidase. Virus
incculated chickens received 0.05 1l of a 1 : 1000 dilution
of stock virts (approximately 10 pock-fcrrimng units c¢n the
choriocallartcic fegkranes of susceptible emkryos)
iptradermally, in the left wingwet at four weeks ¢f age in
rartial tclezance, cytétoxicity and allcantisera experiments

and six weeks cf age in imnmunizaticn exfperiments.
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KSV=-1-—-infected C(CEIF WELE attained ky using a
pcdificaticr ct the technique of Harafusa (1S69) «
Arproximately SC¥ ccrflrent mcrclayers'kere overlayved with
0.1 ml of CEaE-dextran in EFHI 1540+ (240 ug/nl) ard 0.5 11
of RSV-1 at a 1 : 1000 final diluticn in EPMI 1&4(+. After
ac¢scrption c¢f virus £fcr cne hotr at 37C the cultures were
washed and re-incukated in EPMI 1€40+ for 48 hours pricr tc
use 1in the allcantiserum c¢r cytctoxicity assays. Virus
irfected and urinfected cultures were handled at separéte

times and in serarate facilities fprior to cytotcxic assays.

Tumors appeared on the site of virus inoculation at
atrroximately ten days pest inoculaticn (PI) and were
subijectively sccred fcr size at weekly intervals tetween 14
ard 70 days Fl. Tumor scores were ktased upon the follcwing

criteria (Ccllics et al. 1977).
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score Critericn

=£
0 No ralpable turor
1 Tumor > 0 and < 0.5 c¢n éiameter
Z Turcr > 0.5 cr ard £ 1.2 co diameter
3 Tumcr > 1.2 cr and £ 1/2 wingweb area
i Tumcr > 1/2 bt < total singwel area
5 Tumcr fills singweb
6 Tupmor extends Lteycnd wingwelb

Based upon the criteria below a tumcr fprcfile irdex {IPI)

was assiqgned (Ccllins et al. 1¢77).

TEI Critericn

Ccrrlete recressiceo by 28 days.

p————
Bty R e e et it a1 A e e 3 e N

1

Z Ccrrlete regressicn by 56 days.

3 Ccoplete regqression by 70 days,
3 cr & decreasing slore, €I ccomflete regression
b by 56 days fcllowed by recurrencee.

g General upwaré trerd, cr plateau;
slight regression after S€ Jdayse.

5 Terripal tumcr fpricr to 7C daysa.

A pecropsy was performed upon chickens which died during an

€xperiment.

STATISTICAL ANALYSES

N A B e S T PR A I TC e ss b

Analysis of variance was used to statistically examine

the data sith. statistical significance deternined at

SRR Ty,

P € 0.05 (Snedecor and Ccchrar 18967). A mean separation
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test apprcrriate tc egtal and unegral stkclass nuckers, was

teed (Dixcn ardé Duncan 1975).

Eartial Tclerance Experinents

Tumor eXperiments were arranged ico a ccnpletely
rendcmized dGesign with the derendent variable keing TPI aad
the independent variakle teing type ¢f incculum. Error mean
squares cf exrerirents withir the sane éxperiment type vere
tested for hcrcgeneity c¢f variance and in all cases the
@rIror umear sqtares proved to Le Lcxcgenous allcwirg pooling
cf experinents. The jccled exferinents were arranged 1in a
randcmized block design with experiments treated as blcéks.

The dependent variable was TPI and the independent variable

wWas type of inoculur.

Cytotoxicity ard Allcantisera Exrerimerts

Percent cytotoxicity and percent fluorescing cells were
aralysed 1in the same way. Percentaces were ccrverted to an
atqle {angle = arcsinyJfercent) and in the case <¢f percent
cytotoxicity vwere coded to a positive value pricr tc the
aralysis c¢cf variance ({Snmedeccr and Cochran 1¢€7). The
exreriments were arranced in a completely randcrized designe.
In the cytctcxicity experiment the dependent variable was
the transformec percert cytctoxicity and the independent
variable was the type of tarcet cell. Data ccncerning
lympbocytes £frcm rcrmal chickerns were analysed separately

from that cf tumor tearinq chickens. In the flucrescence
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experinent the dependent variaktle was the transformed
percent f£lucrescing cells and thke independent vériable was
days postinccrlaticn. Data cn each of the four target cell
tyres were analysed separatelvy.

In allcantisera experiments titers of <2 were taken as
! in the analysise. Titers +vwere transformed by taking
lcg (titer) befcre anmalysis of variance ({Lutz 1¢758). The
experiments were arrarced in a comrletely randomized design.
Tke dependent variakle was the trarsformed titer value and
tte indeperdert variatle was the tyre of aktsorbing CEF
ccmbined with one of the BRBC targets. Data Hére not

analysed tetween allcarntisera tyres.

Ippunjizaticn Exreriments
Jumor exfperiments were arranged in a ccnfpletely
randcmized <cesign with tke dependent variable being TEI and

the independent varialle beinc the typre of incculrin.
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RESULIS

This research may te divided ipto three segments:
a) pPartial tclerance exXfperigents; b) Cytotozxicity and
allcantisera exreriments; and c¢) Iomunizaticn exferimentse.
211 cf the studies were designed tc test the hypothesis that
[6=-1 X 15-1) BEBS5S chickens have RSV-1--induced tcrmors that
grcs progressively to death, 1in pfpart because host MHC

artigen cross-reacts with tumor associated antiger.

(6=-1 X 15-1) B2BZ and ESEBE chickers were usec in these
studies. B2B2 <chickers wete always the host chickens ir
whkich partial tclerance to B5 amtigen was elicited. Line
UNH 105 B2uBzU4 chickers were tsed as a negative ccntrol in
the skin gqraft experiments.

The &@mechanism <¢f +the fartial tolerance was not
irpcrtant toc these eiperiments. What was important was to
ctserve shether or not cells frcm ESBS individuals elicited

a state of specific iwmune fparalysis which in turm would

aifect RSV-1--irduced tvmor growthe

41
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The criteria eof fartial tclerance were alsence of
ccmplete ané inconplete antibcdy toward the cell type used
tc induce rpartial tclerance ard 'acceptance of skirn
allcqratfts frca BEBESE dcrcrs by E2EZ chickens. Antibody
against tlke cellular tyres was not detected in any tested
chickens at 27 days of age. Dorsal skin graft results are
given in Table 1. In uninoculated E2B2 chickers 30 percent
of 15 grafts from E2E2 donors were still healtky cn day 14,
whereas all 15 grafts from BS5B5 dcnors sere redjected by day
seven. Where WEC or FEC from B5BS5 chickens were ircculated,

grafts frce EZE2 donors served as graft acceptarce ccntrcls

and qrafts from B2UB24 donors as gqraft rejection coantrols.

Twenty-six tc €1 percent of the grafts of E2B2 dcncrs sere

healthy on day 14. For grafts of E24B24 donors frcm zero to
12 percent sere healthy on day seven ktut all were rejected
by day onirne. ¥ith inoculatiocrs of viable WBC, RBC, and
lysed wWBC, frcm 8535 chickens, 41, 34, and 35 percent,
respectively, of grafts from BEE5S dcnors were healthy on day
seven coikpared to zero rercent for those receiving no cell
incculaticns. On day 14, 28 and z1 percent cf grafts fronm
BEBS donors cn chickers incculated swith viable and lysed WBC
frem BSBS iandividuals, respectively, were healthy compared
tc 2zero percent for the grafts frcip BSES5 donors on chickens
inoculated with BSES REC and cn wuninoculateé¢ chickers.
These results indicated a partial state c¢f tolerarce toward
E5 cell surface antigens existed in treated B2B2 ctickens 14

days after skin gqraftinge Furthermore, partial tclerance



Table 1. Skin graft results from (6-1 X 15-1) B2B2 graft recipients
receiving an inoculum containing 106 viable WBC, RBC, or lysed

WBC from (6~-1 X 15-1) B5B5 chickens.

43.

Type of cell Number of B genotype of Healthy skin grafts (%) on day:

inoculum grafts? graft donor 5 7 9 14
Uninoculated 15 5/5 30 0 0 0
15 2/2 47 40 30 30

Viable WBC 32 5/5 68 41 31 28
16 2/2 81 8l 8l 81

16 24/24 38 13 0 0

Viable RBC 35 5/5 43 34 0 0
17 2/2 82 71 47 41

18 24/24 22 1 o] 4]

Lysed WBC 34 5/5 44 35 21 21
19 2/2 37 32 26 26

15 24/24 20 0] o] 0

amwo grafts per chicken.
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was specific tc 35 antigen since qrafts from BSEE chickens
were ifrequerntly accerted but grafts from BZHE24 chickens
never Werea

Table 2z yives thke response c¢f rartially tolerant and
ccntrol chickens to RSV-1--induced tumors presented in twc
ways: 1) as gean TPI and; 2) as the rercent distribution
cf animals according to TPI. E2E2 chickens were inoculated
vith B5 antiqen in the manner stkown in the previots set of
cxfperiments tc rrodcce partial tolerance to BE antigen.

With restect tc gean TFI, particulate ceontrol
inoctutlaticns of B2E2 WEC or EBC into B2B2 hests gave mean
TEI's of 3.C and 2.8, respectively, and each was not
significantly different from +the 1uean TPI cf 3.1 focr the
urincculated BzBZ chickens. B2E2 chickens inoculated with

BEB5 blood had a- mean TPI of 3.7 which was sigrificantly

higher than the mean 1TPI's of 2.8 and 3.1 for FPEPES treated
ard tninoculated E2E2 chickens, respectively. [EZEZ chickens
inoculatad with 100 million BSES viatle ®8C had a mean TEX
cf 3.9 which »was sﬁqnificantly kigher tbhan the mean TPI of
3.1 for unincculated  E2B2 chickens.  B2B2 chickens

incculated with 100 gilliom BEES viable RBC, however, had a

mean TPI of 3.4 which was nct significactly different from
that of 3.9 for B2B2 chickéns incculated with 100 million
BEBS viable ®WEC and that of 3.1 for uninoculated B2B2
chickens. EZEBZ chickens inoculated with 1 million B3BE5

viable WEC or BRBC  had mnpean 1IPI's cf 4.3 and 3.8,

respectively, which were not siqgpificantly different fron




Table 2. Mean TPI® of (6-1 X 15-1) B2B2 recipients with inocula containing various types and numbers of
cells. :
B Genotype of Type of cell No. of cells No. of No. of Percent distribution of Mean
cell donor inoculum inoculated experiments animals animals according to TPI: TPIC
1 2 3 4 5
2/2 viable WBC 22 14 27 23 23 14 3.04
Viable RBC 106 2 19 5 21 42 11 21 2.8A
Uninoculated 29 7 28 24 34 7 3.1A
5/5 Blood 36 6 6 25 44 19 3.7A
PBS b 2 28 14 36 21 18 11 2.8B
Uninoculated 29 7 28 34 14 17 3.1B
5/5 viable WBC 28 0 "7 32 22 39 3.9°
viable RBC 108 3 37 3 19 35 22 22 3.4RB
Uninoculated 41 7 17 42 29 5 3.1B
5/5 Viable WBC 26 0 o 19 31 50 4.3A
Viable RBC 106 3 24 ) 17 13 42 29 3.8A
Uninoculated 28 7 25 32 36 0 3.0B
5/5 Viable WBC 23 o 9 17 31 43 4.1A
Viable RBC 103 3 24 0 8 25 17 50 4.1A
Uninoculated 27 11 37 22 19 11 2.8B
5/5 Lysed WBC 106 3 27 0 11 22 30 37 3.9
Uninoculated 31 10 42 19 26 3 2,78

a Tumor profile index of RSV-induced tumors

b see Materials and Methods

C Means within a given experiment type having no superscripts in common are significantly different,

P < 0.05,

14
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each other but each of which was significartly different
from the 1near TPI <¢f 3.0 fcr trincculated B2Ez chickense.
E282 chickers incculated with 100 thcousand BSES viable WBC
or aoC haé¢ wmean TEI's <c¢cf U.1, <e€ach, and each vuas
significantly ciffereert fromn the mean TPI of 2.8 for
unihcculated EZB2 chickens. E2E2 chickens inocculated with 1
million 1lysed WBC had a mean IPI c¢f 3.9 which ¥as

significantly higher than tte mean TPI of 2.7 for

urincculated EzB2 chickens.

Hith tespect to percent distributicn of animals
according to TPI it was shown that the increase ir mean 1PI
exhikited ky EZ2B2 chickens partially tclerant tc Ef antigen
was due tc a decrease in the ruskter of chickens with IPI's
of 1 amé 2 (ccarletely 1regressing categories) and an
increase in the numker of chickens with TPI's c¢f 4 and 5
(Frcgressing cateqcries), wher ccmpared to urpinoculated
ceotrol B2C2Z chickens. Fecr example, E2E2 chickens
inoculated with ' million B5E5 wviable WBC shcwed zero
percent c¢f the chickens in 1PI cateqories of 1 ard 2 while
5C percent sere in TPI category 5 <compared to 7 and 25
percent cf wurinoculated B2B2 chickers in TPI categories 1
and 2, respectively, ard zero petcent in category %

To determine wketker cI nct a sévere GVH resgonse 4Was
cccuring in +the test chickens ¢during antigenic exposure a
GVH (srleen weight) assay was vtiliczed. In this assay a
nean spleen index > 1.3 was intergreted as a siqgnificant

srleen enlargerent over sgleens of uninoculated ccntrol



Table 3. Graft vs. host response to inoculations of 10® WBC or RBC ﬁrom (6-1 X 15-1) B5B5 or B2B2

donors into (6-1 X 15-1) B2B2 chickens.

B Genotype of Type of cell Number of chickens Mean spleen index (days)
cell docnor inoculum sacrificed each day 0 8 15 22 28
5/5 viable RBC 10 0.99 1.22 1.05 1.13 1.09
5/5 Lysed WBC 10 1.07 1.27 1.22 1.17 1.27
2/2 Viable WBC | 10 1.01 1.20 1.16 1.10 1.22
_5/5 viable WBC 10 1.06 1.27 1.51 1.24 1.82

4 Mean spleen index > 1.3 was interpreted as a significant spleen enlargement over spleens of
uninoculated control chickens (Ford 1978).

Ly
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chickens (Fcrd 1978). Table 3 gives the GVH response of

EZB2 chickens to incculaticn %itk 1 rillion cells. Neither

REC or 1lysed WBC frcm 5535 <chickens, nor BC from BZB2

chickers Jave siqnificant Sstleen enlargemernt over
unincculated EZE2 chickens. Incculations of viakble WBC fro:z
ESB5 chickesns, however, gave significant sgpleen e€rlargement
F cver unincculated chicketrs cn days 15 and 28, irndicating a

GVH response€a

In sunmary, these experiments showed that cicsses of
lines 6-1 and 15-1 havirgq a BZR2Z2 MHC genotype when made
partially tclerant tc viakble WBC, RBEC, <¢r 1lysed WBC from.
ccrresponding chickers cf BSES5 MHC genotype, e€xibited a
qreater frequency of rioqressing RSV-1--induced ttgcrs than

untreated B2EZ chickens. Cell inocula ccnsisting of 100

pillion, 1 millicn, <c¢r 100 thotvsand <cells gave similar

AT O A

resulcs. BZBz ccntrcl chickers irncculated with BES, or with

g

cells from B2BZ chickens, gave results not <csignificantly
different frcm unincculated B2B2 chickens indicating that
i increased tumcr growth did not result frcma a ncr-specific
effect resulting from the cell incculaticas.

A ncn-sfrecific effect c¢f chrcunic GVH on tumor growth

R —

S ——ere————— v ——————,
IR B O TR N R R C S OR o)

sculd not arpear to be the explanaticn fcr the results

tecause: a) Lysed &BC and viable EBC <contrilkuted to

increased tumor growth tut not to GVH; L) differential skinm
gqraft results s€re cbserved ircdicating specificity in the
partial tclerance;  ¢) turor giowth patterns were changed

siqnificantly and in a manner that sculd pot agpear tc be
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attributakle tc a mild effect of GVH.

CYTCTCXICITY NI PLLCANTISFiA EXPERIMENTS
These eXrerirerts WELE designed tc detect

cross-reactivity between BSBS5 antigen and RSV-1--induced
ttmor associated antigen. E2E2 and B5B5 chickens were from

the F4 and FS generaticns of a cross of lines 6-1 and 15-1.

4524 chickens were frcm line UMB 10S5.

Twenty six-week ¢1d EZBZ chkickens, ten urinoculated

with RSV-1 ard ter learing BRSV-1--induced sarcomas {two
weeks post-RSV-1--incculaticn), were tested for cytolytic
lynghocytes (CL) against B2EZ and BEBSBS5 chicker embrye
fibroblast (CEF) targets, Lottt uninfecteé and infected with
FESV=-1. .Six of the E2E2 FSV-1--inoculated chickers ard six
of the unircculated clickens uele alsc tested for CL against
EZ4B24 CEZTF tarcets. |
Table 4 gives mean <cytotoxicity percentages for the
effector-target cell ccmbinaticns. Lymghccytes frox
chickens usniccculated with RSV-1 (ncrmal chickens) gave mean
cytctoxicity percentages touward the five target CEF tyrges
ranging from -1.4 to 0.0: ncne significantly c¢ifferent.
Lymrhocytes frcm chickers with RSV-1--induced tumors gave
mean cytotoxicity percentaqes of 49.0, 28.3, and 37.8 for
tarqets of gﬁg_ apnd BSES RSV-1--infectec¢ and BEBE uninfected
CEF, respectively, all three significantly different fron

the cytotcxicity percentages cf -9.0 and -3.8 for targets of
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Table 4. Mean cytotoxicity for lymphocytes from (6-1 X 15-1)F5 B2B2
chickens with and without RSV-l--induced tumors tested
against each of the five target CEF2 types.

Target CEF Mean cytotoxicity (pércent)bc
B Genotype RSV-1 status normal chickens tumorous chickens

2/2 not infected ~0.48 ~-9,08

l: 5/5 not infected 0.0R 31.88

; 24/24 not infected -0.82 -8.82

[s 272 infected -0.5A 49.0B

L 5/5 infected -1.43 28.3B

3 g @ chicken embryo fibroblasts.

A b splenocyte preparations from 20 B2B2 chickens, ten with tumors and

ten without, were tested for cytotoxicity against each of the five
target CEF types except for targets of B24B24 CEF where only six
chickens from each group were used.

€ Means within one column having no superscripts in common were
significantly different, P £ 0.05.
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ncn-aSV=-1--infected 38232 and B2ZUB24 CEF, respectively.
Megative ard <zerc rfercent cytotoxicities indicated no
lyerhocyte-Tediated lysis cf target cells. Positive percent
cytctozxicities indicated target cell lysis by lymrkccytes.
Table 5 gives EBC agqglutinaticn titers of CEF absorbed
alloantisera. Specific DBSBS anti-B2P2 and BZBZ anti-BSBS
allcantisera were prodéucec and tested pricr to the start of
the experiment (see Materials and Methods, Allcantisera
Producticn, race 33). carrles ¢f allcantisera uere aksorked

kith CEF and the resulting atsorkted allcantisera tested for

or B5BE ERBC. 1Three separate

3

the akility tc agglutirate B2

allcantisera absorrticns sith subsecuent tests for
agglutinaticr were used tc calctlate mean titers. Anti-BS5SES
allcantisera rfprcduced in B2BZ chickens, agglutinated BSBS
GEC, with mean titers froxr 1.0 tc Zz1.3, tut not EZ2B2 R3C,
with mean titers all < 2. Likewise, anti-RB232 allocantisera
rrocuced in BSES chickers, agglutinated E:zB2 RBC, with mean

titers frcm 26.7 tc 42Z.7, but nct ESES5 REBC, with mean titers

all < 2. Abscrgticn of anti-gSBS alloantisera with
RSV-1-—-infected cr unicfected BSBS CEF removed all
agglutinaticep activity frcm +the allocantisera giving mean
titers of < Z, each, and each wag significantly different
from the wmean titer of 21.3 for unabsorbed anti-BSBS
allcantisera, when tested aqgainst E5FES RBC. Akscrpticn cf
anti-B2B2 allgantisera sith FESV-1--ipfected or  uninfected
EZB2 CEF removed all agglotiration activity <£from the

allcantisera giving mean titers of < 2, each, and each was
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Table 5. RBC agglutination titers of alloantisera absorbed with CEF2.

Mean titer for
agglutination of RBC

Absorbing CEF of genotype:°°¢
Allcantisera B Genotype RsV-1 status B2B2 BSB5
B2B2 anti-BS5B5 2/2 not infected ° ¢2A 21.38
5/5 not infected ¢2” 2 A
24/24 not infected ¢2A 16.0BC
2/2 infected ¢2A 10.0€
5/5 infected A £2 A
No absorption ¢2A 21.3B
BSB5 anti-B2B2 2/2 not infected €2 A <23
5/5 not infected 26.7B ¢2A
% : 24/24 not infected 42,78 ¢2A
2/2 infected L2 A ¢2A
5/5 infected 32,08 <2”
No absorption 32.08B ¢2A

2 chicken embryo fibroblasts.
b Mean titers based upon three observations.

€ Mean titers within the same alloantisera category having no
superscripts in common are significantly different, P S 0.05.

e B e
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siqnificantly differert frcm the nmean titer of 3:.0 for the
tnabsorbed anti~-E2E2 alloantisera, when tested agaipst E2B2
REC. icne of the cther CEF-allcantisera ccgkigpationsg
resulted ir significantly reduced agglutiraticp titers when
tested acgainst their specific FBC except that abscrption of
anti-B5385 allocantisera with RSV-1-—-infected B232 CEF gave a
pean titer o¢f 10.0 shich was significantly lcwer than the
21.3 mean titer of unaksorked anti-BS3S alloantisera, whern
tested agqainst BS5BS RBCe. The latter result indicates
cross-reactivity betweer ESV-1--infected B232 CEF and BS
artigen.

Antisera from B2BZ chickers with KSV-1--induced tumors
sere tested for crcss-reactivity with BS5SBS célls using a

fluorescent antibody test. Table 6 gives the fluorescent

actikody test of ferun frenm BZBZ chickers with
Esv-1-—induc€d tumors fcr qu against BS5BE cells. Ten—vweek
cld unincculated B232 chickers served as negative controls
and.qave low nean percert flucrescing cells; C.4, C.8, 1.2,
and 1.8 £for sarcoma cells, ®WBC, EFBC and CEF, resgpectively.
At all days EI tested, BZEZ ESV-1--induced tuncr Learing
chickens «ccrtaired 1Ig6 that bcund to B5BS RSV-1--induced
sarccma cells with mean percemt flucrescing cells ranging
from 60 tc 78 percent and with no significant éifferences
Fetween age crcups, but all sigpificantly different from the
mean percent £fluorescing cells {0.4) found when serum fronm
chickets uriccculated witk ESV-~1 was added to sarccma cells.

The fluorescence 1ir sarccoma cells served as positive



Table 6. Fluorescent antibody test of serum from (6-1 X 15~-1)FS B2B2
chickens with RSV-l-~induced tumors for 1gG against (6-1 X 15~-1)
FS5 BSBS cells.

54

Number of
pay P12 serum samples Mean percent fluorescing BS5BS cellsd
sarcoma cells WBC RBC CEFC
UninoculatedP 5 0.4% 0.82 1,24 1,83
14 5 708 1.4 0.2 1.6P
28 5 778 0.82 2,68 1.4A
42 5 608 2.42 0.42 o0.8R
56 5 78B 2,42 1,82 1.8A
; 70 5 63B 1.08 1.6A o0.6”
2 post-RSV~-l--inoculation.
b 10 weeks old.
€ chicken embryo fibroblasts.

d Means within the same cell type having no superscripts in common are
significantly different, P £ 0.05.
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ccntrecls Lecatse the sate serur samples sere always tested
fcr IgG  tinding to each <¢f the four target cell types.
Zinding of IgG to BSE5 WBC, ®REC, or CiF wWas nct chbserved.
311 sarples frcm 14 tc 70 days PI gqave mean rercent of
flucrescing cells nct sigrificantly different than those
associated with tke serun sarnfples from urinoculated
chickens. The ¢ata irdicated that the IgG was tinding to
the sarccma cells because of affinity feor tumecr associated
antigen and nct affinity fcr BS antigen.

In summary, the alloantisera atsorption studies showed
that the RE&V-1--infected ard uvnirfected CEF shared antigen
with syngeneic EKREC. Absorption with BSV-1-—infected BZ32
CEF significantly lowered the BS5E5 REC agglutination titer

of BzB2 anti-ESES allcantisera sucgesting crcss-reactivity

betveen RSV-1-—-infected cells and B5B5 REC. [E2BZ cytotoxic
lynghocytes Ffrimed against ESV~1=--induced tuncre cells

2 CEF and bkoth

srecifically lysed FSV-1--infected B2E
REV-1--infected ard uninfected BSBE CEF; again
Cross-reactivity was indicatede. However, no
Cross-reactivity was cktserved in IgG frcm chickers bearing

REV-J=--induced tumorse

If B5 antigen crcss-reacts with RSV=-1--irduced tumor
associateé antigen it was hypcthesized that it should Le

Fcssible tc iwmunize a chickern aqgainst B5 antigqen and that
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this should enhance the icrune resprcnse tcward an
FSV-1=-—-induced tumcre. Tre follcwircg experiments Wwere
desiqned tc test this bhyrpcthesis. In-all cases tle chickens
irmurized were {6-=1 X 15-1) F5 generaticn B2B2 chickernsa.

The immunizing cells were (6-1 X 15-1) F4 generaticon BS5BES

WBC and REC, EzE2 WEC (as an incculation ccntrcl) and line

10C WBC and REC. Line 100 chickens have a B2B2 denotype Lut

tkeir ESV-1--induced tumors grow fprogressively ip a manner
similar tc tkcse «c¢f (6-1 X 15-1) BEBE chickeres (Collinms
et al. 1980).

A sulkcutanecus isgunizaticr technigue witk the cells
€nulsified with Freurd's adjctvant sas tried initially. Two
similar exreriments were conducted. The chickens were
irmunized <cnce at 21 days of age, allcantisera titers were
cttained at 42 days of age and FSV-1-—iroculaticn made at 42
days of age. The titers were tsed tc give an indication of
the effectiveness of imzmurnizaticn. It was hoped that the
three weekK interval tetween immurizaticn and
REV-1--incculaticn wculd allow a strcng secondary dimmune
respecuse to develop toward the tumor if cross—reactivity sas
present.

Table 7 gives the results following stlcutanecus
igmpunizaticn. In Etcth exgeriments 1 and 2 antisera titers

restlted frcp immunization. In experiment 1, hcocwever, the

tcan titer values wwere 69 and 90 for BSBE WEC and RBC,
Lespectively, while ir experigert 2 the corresronding mean

titers were crly 26 and 3C. In experiment 1 mean TPI's for




Table 7. Mean antisera titers and TPI's2® of (6-1 X 15-1)F5 B2B2 chickens immunized subcutaneously at 21
days of age with (6-1 X 15-1)F4 B5B5 cells followed by RSV-l--inoculation at 42 days of age.

Immunizing Number of Mean titerbcd Percent distribution of Mean

Experiment cell animals of antisera animals according to TPI: rp1d
1 2 3 4 5

1 viable WBC 6 697 - ) 67 17 17 ) 2.5A

viable RBC 5 90A 20 40 20 o 20 2,68

Uninoculated 5 <2B 0 20 0 80 0 3.6R

2, viable WBC 12 26R 17 17 8 50 8 3.2R

Viable RBC 12 308 17 25 8 25 25 3.28

Uninoculated 12 <2B 8 50 17 17 8 2.60

2 Tumor profile index
b antisera collected at 42 days of age

C Antiserawere titered for activity toward the immunizing cell type; samples from uninoculated controls
were titered for activity toward (6-1 X 15-1)F4 B5B5 RBC's.

d Means within the same experiment with no superscripts in common are significantly different, P < 0.05.

LS
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chickeus imnqnized with BSB5 W3C, RBC, or uninoculated were
2.5, 2.6, an¢ 3.6, resfrectively. Althcugh the mean TPI's of
tte impunizing cell tyges did rct differ significantly from
eaci cther there %was some irdicatice that the iumunizaticn
wWwas sSuccessiul becatse the »npean TEI's of roth cell
inoculated gqroups were aprroximately two-thirds that cf the
unincculated group. On thbe cther hand, the mean TEI of fhe
uninoculated group {36) was Ligker thar wculd Le expected
ir wuntreated (6~1 X 15-1) BZE2 <chickens {see partial
tclerance eXfperimernts)e. Morecver, the sample size wuas
srall.s In Experiment 2 results arpeared to be offrosite to
those of experiment 1. Tke mean TPI's of BEBE WEC and RBC
irmunized grougs {3.2) sere higker than the meanm TEI of the
urinoculated croup (2.€), althcugh the differences were nct
significante 1Tle differences ir wmean TPI's in experiment 1
Tray have Dbeen 1inflvenced Lty sarple <size. But antisera
titers in exprerizent 1 sere higher than those in experiment
2 and this cculd have ccntributed to the different results
in the two exfperiments.

To attexpt tc igprcve the imgunization results
intraperitoneal inoculaticns were tried. Furthermore, twc
incculaticns, cne at z1 days ard an cther at 28 days were
utilized in an atteaopt to develop a strcnger izoure resgchse
tcward the tupcr than that which resulted £from stlkcutanecus

iggurizaticns. BRSV=-1--incculaticn was at 42 days cf age.



Table 8. Mean antisera titers and TPI's® of (6-1 X 15-1)FS B2B2 chickens immunized intraperitoneally at 21
and 28 days of age with various types of (6-1 X 15-1)F4 cells followed by RSV-l--inoculation at

42 days of age.

Number of

Mean titerbcd

Percent distribution of Mean

Immunizing cell animals of antisera animals according to TPI: pp1d
1 2 3 4 5

B5B5 Viable WBC 16 7A 31 13 31 13 13 2.68

B5B5 Viable RBC 11 oA 55 18 9 0 18 2.18

B2B2 Viable WBC 16 <2B 38 19 19 6 19 2.5R

Uninoculated 13 ¢2B 23 31 23 8 8 2.68

4 Pumor profile index

b antisera collected at 42 days of age.

C Antisera.were titered for activity toward the immunizing cell type; samples from
were titered for activity toward (6~-1 X 15-1)F4 B5B5 RBC's.

d Means with no superscripts in common are significantly different, P < 0.05.

uninoculated controls

6%
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Takle 8 gives the restlts aof intrageritoneal
irpmurizatione. The antiserun titers, tested at 42 days of
age, showed that anti-ESBES antitody had teen fcrzed giving
mean titers «c¢f£ 7 and 9 for E2EZ chickens incculated with
ESE5 vialtle ®BC and RBC, resrectively. Each was

e

significartly differenmt fror the titers of < z for B2B2

chickers incculated with viable PB2B2 WBC or uninoculated
chickens. Ncre cf the differences among the mean 1I1PI's as a
Iestlt cf tsing differernt irmurizing cells Wwere
statistically significant. All qrcups were at tte level cf
turor resrcpse expected f£cr untreated chickens.

In the third ismunization technique iptravencus
incculaticns were tried kecause sukcutanectvs and IP
incculaticns did r©nct lead tc altered tumor growth.
Irmunizations +were nade atl 28 and 41 days «cf age and

ESV~1--incculaticn at 42 days of age. The inoculation at 28

tn

dey was iptecded tc¢ elicit a primary immune resgonse and
the one at 41 éays to procuce a seccndary irmure resgcnse.
It was hypctlesized tkhat a strcng seccndary immure response
wculd develofr tefore tumor formaticn and that this would
alter tumcr grcwth. 1The antisera was titered at 49 days of
age to check the immune resronse after RSV-1--inoculaticn.
Table 9 gives the rTesults of the irtravencus
irpunizaticnsa The 1neart titers showed a stronqg immune
Iespcnse to the cells after RSV-l1--inoculaticn. Houever,

the mean TPI's showed that tumor grovwth it the immuonized

individuals was not different frcm that of urinoculated



Table 9. Mean antisera titers and TPI's® of (6-1 X 15-1)F5 B2B2 chickens immunized intravenously at 28 and
41 days of age with various types of cells followed by RSV-l--inoculation at 42 days of age.

Mean titercdf

Number of Percent distribution of Mean

Experiment Immunizing celll animals of antisera animals according to TPI: rp1f
1 2 3 4 5

1 B5B5 Viable WBC 13 3158 23 23 39 15 0 2,58

B5B5 Viable RBC 14 363A 36 21 36 0 7 2,28

B2B2 Viable WBC 11 <2B 18 18 36 9 18 2,98

Uninoculated 10 <2B 20 20 40 10 10 2,7R

2 BSBS Viable WBC 10 416? 30 20 30 10 10 2.52

Uninoculated 7 <2B 0 57 29 14 0 2.6A

3 B5BS5 Viable WBC 11 548h 18 36 46 0 0 2.38

B5B5 Viable RBC 7 411A 0 29 71 0 0 2,78

B2B2 Viable WBC 8 ¢2B 0 25 50 25 0 3.0R

Uninoculated 7 <2B 14 44 14 14 14 2.78

4 Line 100 Viable WBC 11 328 45 9 18 18 9 2,48

Line 100 Viable RBC 15 20” 33 13 33 13 7 2.4R

Uninoculated 15 <2B 47 7 13 20 13 2,58

2 Tumor profile index

b a11 (6-1 x 15-1)F4 cells except in experiment 4 where Line 100 cells were used.

€ Antisera collected at 49 days of age.

d

Antiseravere titered for activity toward the immunizing cell type; samples from uninoculated controls

were titered for activity toward (6-1 X 15-1)F4 BS5B5 RBC except in experiment 4 where Line 100 RBC

vwere used.

f Means within the same experiment with no superscripts in common are significantly different, P < 0.05.

19
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chickens. fxperiments 1, 2, ané¢ 3 gave mean TP1's ranqging
from 2.2 tc 3.0. Exfperiment 4 was desicned tc irvestigate
ahetber line 100 cells wculd act similarly to {6=1 X 15=1)
ES5E5 celis ana produce crcss-reactivity tLbetweern host and
tumor. Iire 100, which is BZ2EZ2, &rcormally tas a high
ipcidence c¢f fricgressing tugors as do B5BS5S chickens {Collins
et al. 1980) dcwever, the effect of immunization was no
different in experiment fcur tham in +the ©previcus three
eXperiments.

In summary, three different techniques of inpsupmization
cf (6-1 X 1E-1) F4 generaticn E2BZ chickens with ESBS cells
vere used tc attempt tc imrrove the imcune Tesponse toward
RSV=1=-—-induced tumcrsa. In nc case, hcwever, uas tumor
grosth significantly altered. Tte first stlcutaneous
imourizaticn experimernt <sugqested that immunization might
assist in eliginating the tumcr, tut the second stkcutanecus
irrurizaticr experiment, the dintraperitoneal immunization
exrariments and the intravenous irgurnizaticn experirents did

nct supgcrt this resvlte Imnmpunization with line 1C0 cells,

alsc, did not alter tumcr growthe
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ICLEFANCE ZXPFRIMENIS .

(6=1 X 15-1) B2E2 chickens rpartially tolerart tc B3
antiqgen had a significarntly higher incicence of
RSV-1=-~induced tumcr [frcqgression than untreated B2B2
chickens. It arrears likely that E5 antigen crcss-reacted
with tumor associated antigen ard tkereky severely 1limited
B2B2 host reccgpition of the tumor as fcréign.

Partial tclerance may invclve rklocking factcrs and/or
surrpressor cells (Brert et als 1976). 1The akbsence of Loth
ccirplete and incomplete antibcdy at four weeks c¢f age tcuard
the cells inoculated incdicated that artibody did rct mediate
the partial tclerance <clkserved. The partial tolerance
rrodttced was specific because rartially tclerant B2B2
chickens frequently accepted ESES skin gqrafts Ltut always
rejected EZUEZ4 qrafts.

The E genctype has a major influence cn the atility of
the <chicker to regress ESV-induced tumcrs (Ccllins et al.
1677, Schierman et ale. 1977).  E2B2, E2p5, and BS5ES
chickens frcm an 52‘qeneraticn crcss of lines 6-1 and 15-1

had mean TFI's of 2.9, 2.8, and 4.6, respectively ({Collins

63
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et al. 1577) « The dJata presented tere indicated a clcse
associaticn tetween BE cell surface antigen and Gfrogression
¢i E3V-1=--irnduced tumcrs. Mcrtality frcm RSV-1--induced
tumcrs was higlter in 32E2 <chickers rartially tclerant to
BEBS ée;ls than in rnorwal 32B2 chickens. The E-F region
antiqen{s) was the cnly MHC antigen found on bcth WBC and
REC (Hala gt al. 1577). The invoclvement c¢f kcth WBC and
EEC antigens in tumor growth suggests, therefore, that the
class of w@clecules <c¢cded for Ly tke B=F regicr may have
ccn{rihuted tc increaseé tuimor gqrcwthe

Not all EZ2P2 chickens made partially tclerant to ES5
antigen showed the.same bigh deqgree of tumcr fprcgression as

ctserved in ES5ES chickens ty Collins et al. {1977). A few

E2B2 <chickens incculated with cells from BEBE individuals

had low TPI's (i.c. 1 ¢r 2) which 1lowered the 1ean TPIl.
Partial tclerance rmay be strcrger in scre individuals than
ir others. Ncne of tie treated <chickens tested had
detectable ertiktody tcward the B5 cell surface antigens.
Skin qgratfts frcm B5BS donors were rejected, however, Lty 72
and 79 percent of the partially tclerant chickens imnoculated
with viable and lysed WEC, respectively, from BSBE chickens.
Variation ir the degree <c¢f ©partial tclerance vould be
expected to increase the variaticn among the TEI's.
Frrthermore, tclerance may have been present at 4 tc 5 weeks
of age but may have disarpeared pricr to the end of the
exfperiment (14 weeks of age) allowirg scme of the B2B2 hosts

to reccgnize the tumor as foreign and kelatedly tc mount an
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eifective anti-tumor imEIube CeSECNSE. B2B2 hcsts having
Frogjressive tupors may have a strcng state c¢cf tolerance to
BE antigen wtich, 1if fresert fcr c¢crly a sheort period of
tipe, might rerwit estaklishment of the turxor arcé¢ vprevent
its ultimate rejecticrea in the nmrcuse strong neonatally
induced transplantaticn tclerance is zuch more difficult tc
estatlish wter dcncr and recipient differ at the K region of
"the HHC than sken they differ at the [ ands/or ] regions
{Eolan gt al. 1978). In the chicken the total subregion
structure of the E2 and ES5 haplctypes 1is rct knosn.
Therefore, ttese twc harlctypes cotld te similar in regions
that woulg cthervise Frcmcte strong tolerancea.
Alternatively, the gene codinq for the crcss-reacting
antigen may te lccated in a regicn of the HMAC which does not
FIcmote strcng tolerance.

Both RBC ard WBC cell surface antigens contriktuted to
altered tumor growth in partially tclerant B2P2Z tumcrous
hcsts, but tolerance to REC antigens had nc effect cr
acceptance cf skin grafts. Pcseibly this difference Lketween
the tumor and skin graft results may Le explained by the
difference Ltetween the density cf the B=F antigens on the
RBEC versus the WBC. F~-F antigens ¢n tke RBC are only 20
percent as ' numerots as those on the WBC (Zieqler and Pink
1€78) « Tke 1lcwer artigenic dcse on the REC may ke
insufficient fcor skin gqraft accefptance Lut adequate to
inhikit the imsure system during gqrcwth of amn FSV-induced

tthora
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Simcrser (1955) shcwed that tclerance to chicken RBC in
the turkey 1led to increased.stsceptibility of the normally
iesistant matvre turkey to ESV. Suksequent studies showed
ttat human gtcur A erythrccytes, sheep erythrccytes, and
chicken tisste extracts each have the property «c¢f altering
the susceptibility cf turkeys to RSV. All have in common a
Fcrssman-like heterophile antigen (Harris and Simcrps 1958).
1he B35 antiqer--RSV-induced tuzcr relationshifp may ke a
simpilar exanmple which, in the BS35 chicken 1leads to tumor
Froqression.

General artigen ccrpetition or a ncn-épecific effect of
chrcnic GVH dces nct arpear tc fprcvide an exglanation for
the partial tclerance otserved becauseﬁ a) Tclerant B2B2
chickens rapidly rejected skin grafts frcm B24P24 chickers,
while accepting skin qrafts frco ES5BS chickens indicating
specificity in the partial tclerance; t) Tke respcnse to
tke seconé antigen {i.ec. RSV-1--induced tumor) persisted
fcr ten weeks, a situatior nct cormmcn with antigenic
ccupetitior {(Pross and Frdinger 1S74); c) Lysed 4WBC and
viakle B8BC ccrtributed tc increased tuzcr growth tut not to
GVl and d) Tumor growth patterns were siqrificantly
changed; whereas ir rcrmal B2R2 chickens many completely
reqressed tteir tuzcrs, under cpartial tolerance many
chickens died with tuascra

BS antigen uay cross-react with antigqenic determinants
¢cn tumor asscciated. antigern, thereby severely 1limiting

reccgniticn ctf FSV-1--induced tumcr as foreign. Rapid turcr
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grosth c¢culd overcome a small immure Tespcnse tc the tumor
and lead tc tte death c¢f the hcst. BZ2Z individuals reqress
RSV-1--induced tumcrs fresurakly due, in part, to a strong
reccgniticn c¢f the tumecr as foreign. {6=-1 % 15=1) F2
generation ESES chickens had a significantly higher
incidence cf tumcr picqgression than E2BZ2 chickens [Collins
et ale 1€77) . Since tumors in Loth B2E2 and ES5ES
individuals were induced by the same sukgroup (A) and
qtantity of virus, these turors share c¢cpacr subgrcug
specific and crcur specific deterzinants as well as the
rcn-virion tumor specific surface antigen. If B5 antigen
cross—-reacts with ary of these ccmmen antigenic
determirants, E2B2 individuals tolerant to tke BS5 antigen
should show increased tumor progression. The —rechanism of
the partial tclerance is not important to this kyrothesis.
Required is that cells frcm BSBES chickens elicit a state of
specific izmune paralysis which in turr affects

EEV-1=-=-induced tumor growtha

CYTQICXICITY ANLC ALLCANTISEEA EXEFEIMENIS

'The MBC cf the chicken has been shown tc ccde for at
least three artigens, the B-G fcund on REC, the B-1 found on
WEC, and the E-F found on Ltoth REC and WBC (Fala gt al
1€77) « The alloantisera used in the present experiments
were raisec¢ against, aré agglttinated, WBC and rresumably

ccntained tecth anti-—3-F and anti--E-1 antitodies. BY
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testing these anticera agairst RBEC, which have no B-L
determinants, agglutinaticn was a result of the anti--E-F
artikodies. The E~-F antigen is asscciated with
3z-microglckulin--like 1nclectles rmakXing B-F gene products
gimilar tc K and D aclecules in 1mice {Ziegler and Pink
1€78) - The allcantisera abscrpticn studies showed that the
ESV-1--infected and uninfected CETF shared allcantigens, 1in
particular BE-F reqgion anticens, with syngeneic RBC.

Since BzBZ cytctcxic lymrhccytes {CL) rrimed against
FSV-1--induced tumor specifically lysed ESV-1--infected 2232
CiF and koth GESV~-1--infected ard uninfected ESBS CEF,
cross-reactivity between B5 antigen and tumcr associated
antigen (TAA) was- irdicated. Cell-mediated 1lympholysis
(CHL) assays have been tsed t¢ shcwu crcss-reactivity tetween
H-2 antigens and tumor associated antiger in tte ©Ecuse.
Permiani €t al. {(1579) cshcwed that C4l-defired antigenic
determinants whtich crcss-reacted with H-2{k) were present cno
E3AL3/c sarccmpa C-1, altlcugh they sere less iwmmuncgenic than
the #Hf=2{d) c¢riginal ceterminants. Normal SJ1L {H=2 {=))
lymphocytes sensitized jn yvitrc to syngeneic reticulunm
sarccmas generated effectcrs carpable of 1lysing not only
syngeneic SJL tumors but alsc B=-2(d) or B-2 (L) allogeneic
CCh A ktlasts cr neorlastic cells (Rcman and Bonavida 1979).
Ycreover, SJL 1lymihccytes <sensitized to H-2(b) or H-2(d4)
cells efrficiently 1lysec neoplastic SJL cells jp yitrc.
Ftssell t al. {1¢7¢) showed in FALE/cC mice tlkat cytotoxic

1 lymphocytes (CTL) to the DALE/c myelcma tumor MCEC-167
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czused essertially ©nc 1lysis cf eight other BALE/C tumors,
includinq three nmyelcra tuncrs, but extensively 1lysed six
ctt of &nine tunors of CIBA/Z  nice. Their ckservaticns
sucgested that MOPC-167 exrressed an alloantigen normally
absent in EALE/c mice tut present in LCEA/2 mice ard in many
IEA/2 tumcrs.

The lysis of BSBE CEF by BzB2 €1 primed tcward E2B2
RSV=-1--induced tumor was due tc crcss-reactivity tetween BS
antiqen atd tuimor asscciated antigen nct to a ccmgcn BS5=-32
antigen sgpecificity. Prat et al. {1578) and Rctinson and
Schirrmacher {1979) shcwed that amplificaticn of fpreviously
undetected ptbklic A-2 antigers c¢n tcmor cells tock place on
lynghomas of SJI (8-21(s)) and [EA/2 strains. Furtherrmore,
Crocss-reactivity which cytctozxic T cells display on
different H-Z haplotypes may be attrikutable to <clones
against =shared determinants and nct to low affinity binding
cf cytotoxic T <cells activated by rrivate H-2z aptigen
{Schnagl and Eoyl 1¢8C). 4JTherefore, shared public antigens
may be the cause of scme cross-reactivity. Altkouch in the
chicken Bz and BE MAC antigens may share pukblic
specificities, priming the EZB2 CL against autologcus
BRSV-1=--induced tuscr Fprevented impunity against shared
ruklic specificities.

Alloantisera atsorption studies, also, indicated BS-1TAA
cross-reactivity. Tke data <showed that abscrption with
ESV~1-—-infected B2B2 CEF significartly lcweredé the B5B5 R3C

agglutinraticn titer of B2B2 anti-BSB5 antisera suggesting
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crocss-reactivity tetween LSV-1--infected cells ané B5BS RBC.
Further evidernce fcr crces-reactivity was sought by
investigating the possitility that IgG in serunr from 32B2
chickens with reqressing FSV-1--incduced tumcrs, cetected by

flucrescent artihcdy techpicue tc bind to BSBS

RSV-1--induced sarccma cells, may alsc bind to E3EE RBC, WBC
or CEF. 1f B2B2 anti-TAA IgG wcvld bind to EZEBS cells
without TAA teing ezrressed cr the cells tken BSE-TAA
'cross-reactivity Wculd ke indicated. Serum salXrles were
ccllected at two week intervals until 70 days pcst-—-RSV-1
incculaticn, kvt ipn nc case was crIcss-reactivity detected.
Thus, two different argproaches to serclogical detection of
cross-reactivity gave different 1results fpossikly due tc
antiseras :eactipq tc different antigenic determinantse.
Evidence frcm studies on nmutants in rsice suggested that
serologically defined determinants and CL defired
determinrants sere tyc distirct epitcpes ¢n the same molecule
{dathenson et al. 1377). It may not be unusual, therefore,
that in the chicken stronqg crcss-reactivity sas observed
with CL technique Ltut not with serclogical methods.
Althcugh it tas teen frequently observed that . animals
bearing GESV-induced tumors mount koth cellular arcd humoral
anti-tumor iznure resrcnses there is gccd reascn to helieve
that the cellular immune syster Eay play the mcre effective
rcle (dainkerc and Philligs 197€¢, Israel and Wainterg 1977,
Hall et al. 1€7¢) Cross-reactivity involving

cell-mediated immunity wmay make the difference Fketseen tumor
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B2B2 chickens partially tolerarnt to BRE antigen
denmcnstrated increased growth of RSV-1--induced tumors, tut
irnupnization of E2E2 <chickens with Bf antigen, although
giving antibtcdy titers toward the ES antigen, did not result
in cdecreased crcwth cf tumcrs. Therefore, the immunization
expériments did not support the evidence fror tte partial
tclerance, cytctoxicity, and allcantisera experiments; that
ES5 antiqgen Cross-reacts With TAA. Transglantation
technigues have beer tcsed successfully in mice tc¢ immunize
against tumcrs. Inmunity to [EA/2 (=2 {¢)) or C23HE
{E=2{k)), Eut nct to AKE (H-2(k)) tissue, induced in BAL3/c
(E-2{d)) mwmice a resistance against challenge of syngeneic
ST2 sarcoma |Invernizzi ard Parsiani 1975, Parsiani ard
Irverpizzi 16%%, Inverrizzi et al. 1977b)e. Immunization of
C3Hf, kut not (C3HEf X A)F1 mice sith ncrmal B1G.A or A
tissvue, induced transplanticn imzunity to subsequent
challenge of C3HBf Llung turcr expressing -2 (a)-1like
deterpinants (Martin et al. 1¢76, Martin et 3gl. 1577).

The icgunizaticns may have failed to influence tumor
growth becayse they did nct elicit an adegqguate immune
LESFCn Se. A ~ strong humoral imrune response, but an
iradequate cell-meciated immure Trespcnse, may have been

Fresent. Transplantation of skin grafts and subtsequent
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graft rejecticn may ©be required t¢ oktain a streng
cell-mediated iwmunity that wculd effect the tumor and
tterefore, irdicate BES-TAA crcss~1eactivitya

GENEEAL LISCLSSION

- e e

Invernizzi and Parmiani (1975) and Parrziani and
Invernizzi (1975) <concluded tkat crcés-reactivity of tugmor
anticens with allcgeneic MHC antigens was due to either
mcdificaticn cf existing histcccmpatihility artigens cr to
products cf dererressed silent histccompatibility genes.
Perry and Greeme {1S8(C) suggested that specificity of T cell
recogniticn with recard tc tumcr antiger and allcantigen
reflects the differemt asscciative context in which these
determinants are recoqnizeda They cencludged that
irteractice ¢f tumcr antigen and host macrophage 1I-A
determinants may create a complex antigenic structire which
resepbles artigen enccded ty the ¥ or I-3 subregicns of the
fcreiqn H-2Z harlotype, at the level of T cell reccgpoiticrne.

H-2 restricted cytotoxic lymphocytes specific for minor
histccoupatibility antigens (Bevan 1977), Semnéai virus
xfinherq €t als 1978), H-Y antigen (vcn Boehmer et al.
1979), and Herges sinplex virus (Pfizenmaier et sl. 1680),
selectively crcss-reacted with allcgeneic MHC determinantse.
Pfizenmaier gt al. (1980) concluded ‘that H-2I (k) plus
Herpes sioplex virus antiqenic determinants may evoke new

antigenic deterrinants similar to those expressed Ly allelic
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variants cf MHC prodicts, or that crcss—-reactivity may te
due tc <crcss-reaction of the anti-foreign recerter cn the
CIL. dIvanyi €t al. {1980) <shcwed ‘that in EPIE/c nmice
syngeneic immurizaticn with rorzal lymrhoid cells induced
alloreactive artikodies with high cytctoxic titer. They
hypothesized that virus-mcdified B=2 {¢) antigeric
deterpinants had tricqered allcreactive B-cell <clones to
rrocdtce apti-—H-2 antitcdies. Hale (158(0) demcnstrated the
existence of a close spatial relaticnship tetween a
seréloqica]ly defired porticr c¢f the G protein of vesicular
stcpatitis virevs {VSv), the H-2K{k) molecules and thcse
anticens (virus and cell srecific) recognized ty anti-VvsV
CilL'se

If cross-reactivity ltetween B5 antiger ard turor
crecific anticen was direct +this wculd explain the high
degree of tumcr proqgressicn chkserved in BSBS5 chickers.
Direct crcss-reactivity would make it difficult.for B585
chickens to recognize ESV-1--induced turor as fcreign and
wculd Severly lipit the develcpment of an effective
anti-tumor iszunity. On the other hand, the
cross-reactivity observed may have teen due tc a B2--RSV-1
antigen ccorlex which cross-reacted with a B5 antigena In
this case c1oss-reactivity wculd be cktserved crly in the
ccntext of the E2 harplotype. Thus, in the BEBE tc¢st there
may be a cell svrface antiqen which, acting in the manner of
tke B2 antiger, uwculd react with the tumcr antigen to fora a

ccnple Xa This complex in turn, wculd crcss-react with a BS
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A4C antigen and lead tc non-reccgniticn of the tumcr as
fcreiqn and subseguent tumcr prcgressicna

If crcss-reactivity cf BS antigen with ERSV-1--induced
tvmor antigen constitutes a ccrpron mechanism ¢f  tupor
prcgressicn this phercnencn wecvld gc¢ far toward explaining
the variety of host responses to RSV=1--induced tumcrs
ckserved by Ccllins et ales (19€0) in several highly inbred
lines. Since all &members of the avian tumor virus group
irduce tumors with <ccxmcn antigenic determinants {Ball
et ;;. 1979), the resronse of chickens to aviar leukosis
virus ray alsc te mediated ty a similar mechanisk.

To deterszine wmcre clearly the re1a£icnship of the
ckserved cross-reactivity to tumcr progressicr in BS5BS

chickens, immunochemical studies of the exact natuire of B2,

B5, and the crcss-reacting antiqgen are requirede.

SUESTICNS FAISED EY IHIS FESFAECH

A i e p— d— —

l« What 1is the nature of the <crcss-reacting antigens?
Biochemical definition of tte anticens is required and
gcncclcnal antibedy sould be vuseful in the isolation
procedure. Knowing the <chemical structures of the
nclecules involved sculd helr tc determine whether or not
the crcsé-reactivity was direct or due tc a B2--3SV-1
antigen ccqplex. If an antigen complex is inveclved it is
important to deterrine if a similar ccmplex can form in

the BBE5 host. If a cchglex cannct fcro then
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cross~reactivity is an artifact c¢cf the system being
studied auné¢ has nc rcle in tyvmcr Ffrecgression in noraal
ESBS5 chkickers. Informaticr ¢cn the relaticrstir Letween
tunor asscciated artigen ard 4EC antigen wculd te gairned
ih aLy case€.

¥ould lcang-term (> 90 days) transplanticn tolerance to BS

antiger dir (6=-1 X 15-1) BZB2 chickens lead tc complete

RSV-1--induced tuzcr Ercgressicn? Repe ated Iv
inoculaticns have been shecwn to elicit long-term

tolerance in chickens ({Schierman and WNordskcg 1664).
Anti-tuncr igmurity ®say pct develcp before the tumor
kills the host in <chickers 1lcng-term tclerart to BS
antigena Lcng-tern tclerance c¢f PBedZ chickens to BS
antigen may shew all tclerant chickens dying of
8SV-1--induced turcr. This result wculd elirminate
variaticr amcung 1PI's and give =strong evidence for
B5-TAd cross~reactivity.

wculd immurizaticm c¢f (6~1 X 15-1) E2B2 <chickens with
E5B5 skin grafts erhance the cell-mediated immune
resgonse against ESV-1-—-irnduced tumors? Cell-mediated
izmunity may be ©mcre iagpcrtant than humoral ismunity in
RSV-1--induced tumcr reqressicn (Fall et ale 1978) «
Graft redjection is considered to be xediated, primatily,
Ly cellular effectcr rechanisms (Klein 1¢7¢) .
Inaunizaticr dith 85 gqrafts, 1leading to a strong
cell-mediated immurity, therefore, 1ay affect tumror

growth an¢ irdicate B5=TAA cIcss-Ieactivity.
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dow strcng is MHC testricticrt in the chicken? According
to tte tteory ¢ MEC 1restriction EZ2E2 cytclytic

lyaphocytes should crly kill E2E2 RSV-1--infected cells

e+
ko

ang &not ESES RSV-l--iniecteé¢ cells. In this thesis E2F
cytolytic lyrmphocytes were observed to kill bcth of the
above menticned cells and this was used as evidence in
supfport cf crcss-reactivity. Hcewever, if MHC restriction
is weak in the chicken then such killing woulé not be an
unccmmcn sitrvaticn ard wculd dc little to support the
hypothesis ¢f B5-TAA cross-reactivity. 1In any case, the
fact that B2B2 cytclytic lymghocytes rrimed tc
RSV-1--incuced tumcr will kill ncrral BSBS cells was the
strongest evidence ¢f crcss-reactivity.

Do the MHC reqions contain gpultiple lecci and wculd this
ccmplicate cross-reactivity detecticn? Multigple lcci in
syngeneic irdividuals with different patterns of gene
expressicn ray lead to variakle results.

Woculd crcss~reactivity ratterns change sith the use of a
different RSV subqrcup cr clcne? McBride et al. {1980)
observed significant variation in the inciderce cf tumcr
regressicn Ltetvween chickerns frca the séme highly inkred
line inoculated »ith differept RSV subqgroups ard clones;
no significant ‘variaticn withir ESV type was observed.
In this case differert antigens may te expressed on tupor

cells depe:dicq ch tle virus tyre.
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If cross-teactivity is a nmechanism of tumcr ©[rogression
in mnatere is it <cereral or limited to a feuw specific
cases? The BS and EZ MHC antigen systen may frresent a
unique case in  ahich crcss-reactivity with FSV-1 tumor
associated antigen is present. Cn the other hand if
tumor associated anticen cherical structure is closely
relatec¢ to ceneral ¥HC artigen chemical structuvre and/or
if TAA-MHC antigen ccmplexes are necessary for anti-tumor
irpunity tc develcgE, then TAA-HHC antigen

cross-reactivity may be a ceneral fhkencrencne
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