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INFLUINCE OF GENCTIYFE, PRCIEIN-CALCEIE EBESTRICTICN
ANI THEIE INTEEACTICN
UECN RSV—-INLGCED TUMORS IN CHICKERS
by
Kathy K. Clark

University of dew Bampshire, Lecemker, 1G€(

The ma‘jcr ckjective cf this research was tc investigate
the relative ccntiibution of genetics, nutritional
restricticn and the genetics by nutritiomal restriction
interaction 1upcrn Rcts <s=arccea virvs (ESV)-induced tumor
develorment in chickens. Two genetic systems were usede.
The first irpvclovec ar inbtred lice asd a noninbred line of
chickens. 1he second utilized‘E2 generation prcgeny from a
cross of lires 6-=1 atd 15~1, highly inbred lines of White
Ieghcrns from the Regional Boultry BResearch Lakcratory of
the United States Department of Aqriculture at East Lansing,
Michigan. These chickens had been blood typed for
allcantigens | ccded fcr ky genes of the major
histccompatilibity complex and were of two genotypes-—-B2B2
ard B5BS. Four-week-o0ld chickens were either full-fed or
restricted tc 60% of tke feed ccnsumed Lty full-feé¢ chickens
of the Sal€ age€a Tuc weeks after being rlaced on

experimental rations, chickens were inoculated with RSV-1.
b 4




jymcrs were scored stubjectively for size several tiges

during a 10 %eek rericc.

Forty Frercent nutritiomnal restriction delayed the

arpearance c¢f tumcr ar¢ reduced tumor size at z and 3 weeks
Fcst-inoctlaticn {EIl). E genctype rprofoundly influenced

tumor size. EZB2 chickens had swaller tumors Letween 3 and

10 sveeks PI than did corresponding BS5BS5 chickens. Similar

i tc U40% restriction, £C% restriction delayed tuscr formaticn

and retarded early tumcr growth.

Nutriticnal restricticn ray be retarding initial tumor
qIosth by tio possitle mechanisns: {1) rutriticral
deprivaticn may inhitit abptibody rfprcduction, including
blccking antibody, and enhance cell-pediated immunity,
resulting in inhibited tumor growth, or {2) «rapid tumor
¢rowth is restrictec dve tc a limited s=vuprply of nutrients to

the cancer cells., Forty percent restriction did pot exert

;ﬁ an effect cr inzuncccrretence btased ugpcn antibecdy production
A tc sheep erythrocytes and phytoheraglutinin-stimulated

lynmphocyte Lklastcqenesis as 1neastres of cell-mediated and

SR DT i Lt L N

bumcral ismurity, resgectively. 1Thus a limited supply of

i it

nutrients pay retard initiél tuscr grovthe
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I. INTEHECDUCTICN

Bach year in the United States, tiere are gmore than
675,000 rew <cases cf cancer and about 375,00 deaths caused
by it (Boyd, 1¢78). The more commcn cancers are largely due
tc envirocrmental factors; however, there is increasing
evidence that cenetic characteristics rredispose individuals
tc =ome forms of «cancer, in particular rare childhcod
cancers (Epery, 1978).

The rroposed etiopathogenesis of the &rajecr diseases
afflicting ~irdustralized bhumankind {artericsclerosis,
cancers, adult-cnset diabetes) increasingly ;elate to
dietary variables (%Weindruch et al., 1579). Moreschi {1909)
atd Rous {1914) were the first to report a markec decrease
ir 1incidepce and growth of srontaneous and transplanted
nalignancies ir erice fed TrIestricted diets. Futritional
deprivation has since been reported to increase resistance
tc tumor growth for many tumor types in mice {White and
Apdervont, 1943; Saxton gt al., 1944), rats (Rcss and Bras,
1665) and cattle (Anderson et al., 1970).

Rous sarccma regression in chickens is irfluenced by
strain (Cotter et al., 1973) and selection (Gyles and Brown,
1671; Carte ¢t al., 1972). Ccllins et ale. (1977) showed

that a major-cere(s) withir or closely linked to tte B blcod
1
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grour-major histocompatibility corplex had a majcr effect
upon the atility <¢f chickens to reqgqress EFols sarcoma
virts-induced sarcomas. In this syétem, amcng the F2
seqregants, B32B2, B2BS5 and B5BS, the percentage cf chickens
dying of tumcr (by 10 weeks pcst-incculation) was £, 26 and
93, resrectively. This system is ideally suited +to
investigate the effect of nutriticpal «restricticr and the
interacticn <¢f genetics and nttritional restriction upon
ttmor develorment, including tumor regression.
Cbjectives

1« Investigate the relative contribution of genetics
ard nutritional restriction upcn Rous sarcoma virus-induced
tumpor develcgment.

2. Investigate the effect of level ¢f rutritiornal
restricticn ‘imposed and cf duration of nutritional
restricticn prior to Fous sarcoma virus inoculation ufon
tumcr develcpment.

3. Investigate the effect of F genotype ard of line
uron the delayed wattle reacticn as an in vjive measure of
cell-mediated immunity.

4. study the effect of nutritional restriction wupon

the level of humoral and cell-mediated immunity.

’m



II. REVIEW OF THE IITEFATURE

Nutrition and Cancer

There 1is increasing eridemiclogical evidence that
nutrition Gflays a dcginant 1rcle 1in the pathcgenesis of
several types of humar cancer (Wynder, 1¢76). O0f rarticular
izportance are data indicating that overnutrition
sigpificantly affects the develorment of «certain cancers
including cancers o¢f +the cclcn, pancreas, kidney, breast,
ovary, endcmetrium and prostate. Except for cancer of the
endcgetriun ard kidney cancer in wcmen, there is no
significant relationshir to oktesity {Wynder et 23l., 1966,
1674) . Bather, the development of cancer in man afppears to
ke related tc an excessive 1intake of certain rutrients,
rather than calcric excess rer se {Wynder, 1976).

Many diverse types <¢f necplasms respond to protein.
and/or calorie deprivaticn by a reduscticn in tumor incidence
and a delay in appeafance: spontaneots mammary carcincma
{ITannenbaum, 1942, 194%h; Visscher et al., 1942Z; White ang
White, 1944), skin tupcrs induced by carcinogenic
hydrocarbons (Tannenktaum, 1942, 1945a) or ultraviolet light
(Busch et al., 1945t), induced sarcoma (Tannenkaum, 1942;
Rusch et al., 1945a), stcntanecus hepatomas (Tanrentaum and

Silverstone, 1949b) and induced 1leukemia (Rhite et al.,
3



1944) --all of the @wmouse; and lymphosarcoma ard induced
pampary carcincra {Durning et al., 1949 of rats.

However, the influerce cf profein and /or calorie
restrictiorn cn incidence and grcwth of tumors in
exrerimental animals aprears to be dependent cn thke tissue
origin, type and salignancy of the tumor as well as on the
degree of restriction imposed and the ccmpositicn of the
restricted diet (Tannecktaum and Silverstone, 1953).

Underieeding {all components of diet restricted)
reduces tumcr incidence and influences tumcr growth.
Mcreschi {19C9) fourd that grafts c¢f mcise sarcoma grew leés
frequently and more slowly in animals cn a restricted diet
and losing weight. cfher necplasms shich respond to

tnderfeeding in the mouse include spontanecus mamdary

carcincma {Tannentavue, i940), Sgcntaneous hepatomas
{Iannenbaun and Silverstone, 1949b), lung adenonma
{Tannenbaun, 1940, 1942; Larsen and Hestcr, 1¢4%),

srontaneous leukemia (Saxton et al., 1944) and skin tumors
induced by ultraviclet light (Tannenbaum, 1940, 1%42). Rous
{1914) reported thét several transplanted rat and mouse
tumors grew slover in underfed hosts than in controls.
After surgical remcval'cf prirary tumor it vas possible to
delay the development and growth of tumors, in uwcst cases,
ky underfeedinga. Rects alsc ncted, hovwever, that the
transplantable Flexncr-Jokling rat carcinoma ard a few

srontaneous tuwcrs vwere upmartfected by underfeeding.



Altering the proportion of dietary froteir influences
the genesis <c¢f scre tumor types bttt not that of others.
Slonaker (1931) reported that rats féd isccalcric diets
cecntaining 22 cr 26% protein agpeared to ke less subject to
tumors of tte gasmpary glands and cvaries in the females and
of the skin in the males than those fed diets ccntaining 10,
14 and 18% rroteirn. Using a different tumor system,
Tannenkaux and Silverstcre {1949a) found that peither the
incidence nor metastasis of spontaneous mammary carcincma
were altered when adrlt micé were fed ad likitum or
restricted ascunts of ar isccaloric diet wvarying in the
proportion of casein from 9 to 36%. In corntrast, the
incidence of keratoftas was considerably lcwer in adult male
mice fed a diet coptadiping 9% casein than in mice fed a diet
ccntaining 18 or 45% casein (Silverstone and ‘Tannenbaunm,
1651) .

Ross and Eras (19€f) also indicated that the fprogcrtion
and intake <¢f dietary frotein evoked differert effects,
depending ugcr tumor type. The mcrbidity due to malignant
lymrhomas for male rats fed a low protein diet ad libitum,
#as 50% less than that of mnoderately restricted rats
provided a diet, in isccalcric amounts, ccotaining an
acequate level c¢f Fprctein. In additicn, pancreatic and
Fiiwary lung tumors sere found amcnqg rats with asple intake

cf protein tut rarely when the intake cf protein was low.
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Ross and Eras {1¢73) undertock a study involving 1large
rcpulaticns c¢cf rats to determine whether chrcnic marginal
protein undersnctriticr and Egrotein .overnutrition un der
isccaloric <conditions modified the tumcr-tygpe sgectrum of
thke populaticn, Chrcenic marqinal Frotein undernutrition
predisposed the rats to an eaflv cccurrence and high
mortidity due to tumcrs of lymphoreticular and hematopoietic
tissves. Protein overnutrition, in contrast, increased the
susceptibility tc urinary bladder parpillomas. For other
types of tumors of <epithelial origin, principally those
gccurring in the pituitary, thyroid and pancreas, the
highest wmcrtidities cccrvrred when rats vwere fed a diet
adequate in protein ccntent. The morbidities due to these
tumors were markedly Gecreased shen the level of protein was
either marginally low or excessively high.

In chickers nutriticn has been shown to influence
stsceptibility to virus infection and turorigenesis and
development. Rcus (1911) observed that young, healthy,
well-nourished chickens were BOLE suscefptible to
transmissible chicken sarcoma than unthrifty chickens.

Biley and March (1959) studied the effect of two planes
of nutrition on the incidence of the avian leukosis coamplex
in two generaticns of fcur strains of %hite ©Leghornse. The
lcw plane of nutriticn provided suk-optimal 1levels of
rrotein, vitamins and calories. The -diets ferovlated to
promote tlke Lbigh plane cf nutriticn ccntained ample levels

of all nutrients vwithout containing excessive amotnts of any
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cne nutrient. Growth rate was somewhat retarded im chickens
cr the low rlane, eqq production was similar with <the 1low
and high frlare and ltatchability was.depressed on the low
rlane of nttrition, The 1incidence of mortality frer
leukcsis variec Letween the strains but with all strains the
incidence of leukosis was greater when the chickerns were on.
the high level cf nutriticn.

In the previously cited research, 4infectior was the
result of ratural expostrte ir ar envircnment in which the
disease was endemic. Filey and March {1965), usirq the same
two planes cf nutriticr, studied the effect of nutrition on
the incidence cf leukcsis fcllcwing inoculation with avian
leukcsis virus. The high plane of nutriticr favored the
development c¢f lyephcid leukosis fc¢llcwing inoculation with
ttvmor virts.

Proudfoct and Aitken {1969) fed a 10% protein and a 16%
Frotein rearing diet tetween 56 and 147 days of age to five
ccminercial 1leghorn strainss Mortality frcm a natural
outbreak c¢f Marek's disease was nct .only significantly
different among strains but the chickens grcwn cn the higher
protein rearing diet exhibi ted significantly higher
nmcrtality.

In susmary, dietary restricticm of calories reduces the
incidence and delays first appearance of many diverse tyges
¢f neoplasts. Altering the picrcrticn of dietary " protein,
within 1lirits that suprort relatively normal growth and

weight of the arimal, influences the genesis of scme tumor
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types but nct that «<¢f cthers. Prctein and/or caloric
restriction influence the grcyth of neoplasms but 1less

impressively than they affect tie genesis of then.

Iznupity and Nrtriticn

Two types of immunity protect ttie body fronx the hazards
of infection and cancer. A cell-mediated imaoure respcnse
canktats fungi and virtses and initiates the rejection of
fcreign tissues, such as transplanted orgacs and tumors
[Leclerc €t al., 1972; Leclerc and Cantor, 1¢8C) . Aumoral
ipmunity is e€effective against tacterial infecticns and viral
reinfecticr. Although the twc mechanisms are not entirely
independént, and cooperation between them is important, thuy
are distinct (Gcluk, 1¢77).

The ultimate basis for this division of 1labcr in the
immune systex 1lies in tvwo pcpulaticns of cells. These are
the bone marrow or, in avian species, Lkursa-derived {B)
lyorhocy tes which are direct precursors of
antibody-producing cells and the thyous-derived (T)
lyophocytesa Subpcrulaticns <¢f T-lymphocytes function as
killer or effector cells, helper cells for induction of
saximal antibody production {Miller and Mitchell, 1969) and
suprressor ce€lls with the caracity to inhibit antibody
rrodwtion (Katz and Benacerraf, 1972). As 1T-lymphocytes
develop intc these functicnal subpoptlations, they pass
through a gseries of steps in differentiation, and their

surfaces display an extraordinary variety of surface
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allcantigens (Eoyse, 1¢72)a

The interrelationships between ipnurity and
undernutriticr are ccrglex arnd inVCIVe.multiple interacting
cconronents (Fichie and Copeland, 1979). Muct of cur
knowledge c¢f dietary effects on the immune system is derived
from clinical studies <¢f cseverely malnourished human
ropulations in whom one or a combination of calories,
protein, vitasins, «ct other dietary essentials are
deficient. Meaningful interpretations cf most clinical data
are impossible because c¢f lack c¢f controls of several
critical varialtles, such as ccncomitant infecticn, dose of
antiqgen, severity of cutriticpal deficiencies, simultaneous
institution of nutritional therapy, 1liver furctions and
ccmpetitive nicrches (Chandra, 1977). For these reasons,
cnly experinental animal studies will re reviewed here.

The nature of the antigenic stimulus emplcyed 4is an
igportant veriable ir evaluvating the effect of chronic
rrotein deprivation on +the immune systen. The antibcdy
CEspcnse to T-independent antigens, such as Brugella
atortas, aprears generally tc be unaffected ly chronic
protein restriction (Cccper et al., 1974; Law et al., 1974;
Price and Bell, 1977). In ccntrast, bLoth the npumber of
antitody-producing <cells and serum antibody titers are
markedly z1educed in <chronically protein-derrived mice
ipmunized Witk sheer erythiccytes, a T-dependent antigen
(Cooper et al., 1974; 1law gt al., 1974; Price and Bell,

1977; Fernandes et al., 1976a).
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in protein~-deficient nice, cell-media ted
izmunocomfpetence has been evalvated using graft-versus-hest
reactivity. Stleen cells frer chrcric frotein-deprived mice
demcnstrated enhanced graft-versus-host reactivity ccmrared
tc srleen cells frer recular chcecvw-fed mice {Bell and dazell,
1975; Cooper et al., 1€74).

" A number of other assays have provided evidence that
T-cell immunoccmpetence is maintained or even enhanced under
ccnditions of chrcnic mcdetate ©protein dJdeprivation. Skin
allograft rejection appears to te enhanced ir chrcnic
rrotein-deprived mice {Cooper et al., 1574; McFarlane and
Hamid, 1973). The <capacity of T-cells to proliferate jin

vitrg in repcmse to rthytchemagglutinin (PHA), a TI-cell

ritcgen, is ancther indication of cell-mediated
irmunclogical ccnreterce. Spleen cells from mice {Cooper et
al., 1974; Fernandes et 3l., 1976a) and quinea pigs (Kramer
et al., 1977) 1e€d ;rctein-deficiént diets vere found tc
respcnd to EHA as well as or fketter than spleen cells from
ncrmal animals. In ccntrast, Aschkenasy (1975) noted that
rats fed protein-free diets nmanifested poor ip vive
resconses to EHA.

Nutriticnally derprived atimals have reduced resistance
tc bacterial infections but increased resistance tc certain
viruses and qrcwth of maligmart tumcrs (Schaedler and Dubos,
1956; Boyd and Edwards, 1¢63; Anderson et al., 1970; BRoss
and Bras, 19€5). These observations may te related to

previously descriked studies in which chronic
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protein-deprivation depressed humoral immpunity while
igproving c¢ell-mediateé¢ immure function. Jose and Good
{1971b) rerorted that lynphocytes fror immune rats subjected
tc mcderate prctein or calcric restriction manifested normal
cytotoxic T-cell activity against xenogeneic target cells.
Serum f rom immune rats fed a normal diet prevented
cell-pediated destructicn against target tumor cells. Such
blocking activity was aksent from the serua of nutzitionally
deprived rats. In a sulsequent study, mice fplaced on
protein restricted diets maintained cell-mediated immunity
tc both allogeneic and syngeneic tumor <cells, wkile serun
tlocking activity sas 4dirhibited or eliminated (Jose and
Gcod, 1973a).

More recently, Fersandes gt al. {1976a) studied the
effect of chrcric protein-calcrie 1estriction cn development
¢f spontanecus adenocarcincma in C3H,UmC mice. Although the
life span o¢f mice receiving 10 total calories rer day uas
nct significactly prclcnged over that ¢f mice receiving the
ncrmal diet (16 <calcries), none of the fcrmer qroup
developed tuncrs whereas 71% cf the latter group developed
adenocarcinona. Fernandes gt al. (1976a) suggested that
Frotein-calorie restricted animals might lack the ability to
develor sugppressor cells which occur in amimals during tumor
growth {Gershcn et al., 1¢74; Gorczynski, 1974; Kuperman
et al., 1¢7%; Fujimoto ¢t al., 1976) and are imglicated in
the inhibition of cellular immune function. The elimination

of the develorment of such suppressor-cell activity and/or
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altsence of serum blocking factors (Jose and Gocd, 1971a,
1973a, 1973&L) by rrotein-calorie restricticn might
facilitate destructicn cf neuly arising tumor cells by
izounccompetent T-cells and macrophages.

More dérastic redvctions inm fprotein and/or caloric
intake undoubtedly have more devastating effects on the

tctal immune response. Fernandes gt al. (197€a) showed

that mice raintained cn a severely restricted 3% casein diet
had a depression ¢f both humcral and cellular anti-tumot
immune responses.

In sumpary, it is clear that dietary manipulations may
ﬁ profoundly influence immune —reactions in exrperimental

animals. Certainly ir &®mice, rats and guinea pigs,

‘protein-calotrtie restriction inhibits antitody proéuction and
% humoral ismurity. Althcuqh cell-mediated immunity appears
% tc be enhanced by protein-calorie restricticn ir all these

2 species, it car be Ffrcfcrrdly defrressed by morLe severe

die tary deprivation.

Genetic Ccentrcl of Imrune Fesronses
i The major histocompatitility complex {MHC) is a 1linked

i series of genes which centrel a large variety of
B irmupclogical rhencmena. While an MHC has been detected in
all mammalian species studied (Paul and Benacerraf, 1977),
that of ttke .mcuse, <called the H=2 complex, has been

characterized gzost thcrcughly.
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Molecules that differ from individual to individual and
are recoqnized in graft rejecticn, were first described in
the mouse by Gorer {1937). Gorer gt g;; (1948) Gesignated
these molecules as histcccmpatikility antigens ané gave then
a serial nunmkber-—-2. The gene coding for these =structures
was designated H-2. Later research froved that f-2 was a
multigene, sultiallelic ccmrlex, and it became termed the
=2 complex (Rlein, 1575). 1The H=2 complex is located on
chrcmosomne 17 (Klein, 1¢7¢).

Besides <coding for allocantigens resgcnsitle for
rejection of dinccppatible <rtecplastic and normal tissue
grafts, the f-2 complex influences antitody synthesis, mixed
leukocyte reactions, graft-versts-hcst reactions, anpamnestic
resronse, delayed hypersensitivity, serum complement levels
and T-cell:E-cell interactions (reviewed ty Shreffler and
Lavid, 1975). In addition, the stscertibility of mice to
several tumor viruses is associated with the H-2 ccmplex.

The current -2 wap is divided into six regqicns (K, I,
S, G, D and 1) with the I region divided into five
subreqions (A, B, J, E and C) (Klein, 1979). K and D regicns
cade for serologically defired H=-2 antigens and
transplantation antigens. The marker gene for the S Tegion
ccntrols the serut serclcgical (Ssg) proteir and the
sex-1limited prctein (S1lg). The Ss and Slp proteins are
associated with, or may actually ccrnstitute <cne of the .
ccrplement ccopcnents (Mec et al., 1979). The G region

codes for the arppearance o¢f an antigen on erythrocytes
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{Klein, 1979) .. Klein and Chiang (1978) ©posttlated the
existence of a T regicn which codes for a gere thet ccntrels
artigenic specificity cf cytctcxic erfeétor cells.

The I region of the H=-2 ccaplex codes fcr several
irmunologically Aimportant traits. The Ir genes, located
within the I regicmn, regulate the humoral response to
synthetic Fpolypeptides and a number of mnatural antigens as
well as cellular resgonse as peasured by delayed-type
hypersensitivity or rproliferation of T-cells in yitro
{FcDevitt and Eenacerraf, 1969; Eenacerraf - ané¢ Gerrain,
1978) - An Jr gene @may either enhance or suppress the
response. The enhancing genes map in the 4, B, C or E
stbregions; the suffpressor gene 1in the J subregion. 1In
addition, the I region 1is associated with the mixed
lecukocyte rteactico, graft rejection and cellular
interactions including macropkaqe:T-cell and T-cell:B-cell
{Eenacerraf and Gerrain, 1978). The I region alsc codes for
a series ¢f serclcgically defined cell surface antigens,
termed the I-associated or Ia antiqgens. Whether these Ia
antiqens actually reptesent the Ir gene product remains a
ccontroversial issue {KRlein, 1979). <Cne current hypothesis
{Ohr et al., 1979) is that the 1Ia antiqens interact with
€xogeneous antigen associated with gracrcptages and
B-lymphocytes and thereky frresert an immunclogenic complex
tc the T-lymphocytes. This fesults in the stirtlaticn of
T-cells essential in thte trigqgerirg c¢f E-cells to replicate

and differentiate into antibody-secreting cells.

%
k
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The gene(s) controlling susceptikility of mnice to
several tumcr viruses, fparasites and to autoimmune diseases
is lccalized in the I regicn <c¢f the .ﬂ;g complex. This
association was initially shown with susceptikility of mice
tc leukomcgenesis with the Grcss virus (Lilly, 1S¢4, 19€6)
ard since has been shown with marmary tumors {Mchlbock and
Dux, 1974) apd spontaneocus 1lung tumors (Faraldec et al.,
1679) « An Jr gene ccntrcls susceptibility c¢f mice to
experimental autoimrure thyrciditis (Vladiutiv and Rose,
1€71) « Genes within the = complex influence
stsceptibility to infection with the ©rparasite Irjchinella
Srpiralis (Wassom et al., 1¢79).
The B complex in the chicken is the counterpart of the
¥8C of other species {Frelinger and Shreffler, 1975). The B
blccd group system in the chicken was discovered ty Briles
et al. {1€50) and was shcvwn to be a marker for the MHC .by
Schierman and Ncrdskag (1961 . Like the H=2 ccuzplex, the B
system 1s characterized by extensive mwmultiple allelism
{Briles et al., 1950). Hala and asscciates ({1977) have
stgqgested that the chicken MHC consists of three regions and
three corresponding antigens can be assumed: B-F regicn
ccdes fcr antigens ccomon t¢ both erythrocytes and
leukccytes, E-1 regiom for antigens present ce leukocytes
and abksent cmn erythriccytes amd B-G' region for antigens

rresent on erythrocytes and not detected on leukccytes.
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The B ccurlex, like the H=2 ccmplex, controls many
irmunclogical functicns. B <ccrplex ipfluences skin graft
survival (Sctierrann ard N¥crdskcg, 1961, graft-versus-host
reaction {Jaffe arnd McCDernzid, 1962 Schiermann and
Ncrdskog, 1963), lymphoagglutination {(Schierrann and
Ncrdskog, 1S€z), mixed leukocyte reaction {Miggiano et gl-.,
1¢74) and serun hemclytic conplement levels (Chanh et 3al..,
1676). Resistance to a herpesvirus-induced 1lymphoma
{Marek's disease) has teen found tc be associated vith the B
ccoplex (Hansen et al., 1567; Longnecker gt al., 1976;
Briles et al., 1977). '

Evidence for an association of the B complex with
ismune respcnsiveness to well-defined antigens has been
cttained in chickens. Balcarcva et al. (1973) reported
differences in immune respcnsiveness in different inbred
lines of chickens tc tlke dinitrcphencl grcup and to human
serum albumin. Pevzner and coworkers {1973, 1¢75) Lave
fcund the 3 ccarlex tc influence irmunclcgical response to
Salacnella pullorum. Similar associations Letween the E
ccoplex and immune responsiveness have been found for the
synthetic polypeptides, (T,G)-~A--L ({Gunther ¢t 3l., 1974;
Balcarova et gl., 1€75), GT {Koch and Simonsen, 1977) and
GAT-10 (Benedict et gl., 1975, 1577; GEevzner et al., 1978)
and for tuberculin (Karakoz gt al., 1974). Ewert and Cooper
(1978) isolated Ia-like alloantigens in several highly

icbred lines of chickens.
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Gyles et al. (1S6€, 1571) studied the inheritance of
Rcts virvs-induced tumor regression and shcwed that the
incidence can te modified significantly Lty selecticn. Carte
et al. {1¢72) have effectively increased the incidence of
tumor regressicr in a Leghcrn strain through selection. 1Two
independent sttdies dencnstrated that gemetic control of the
fate of Rous sarcoma virus (BRSV)-induced tumor is within or
closely 1lirked to the B ccmplex. Ccllins et al. (1977)
studied tke isfluence c¢f B genctyre on the <cutcome of
sarccmas induced by Bryan high titer RSV {(subgroup A) in the
FZ generation cf a crcss c¢f lines 6-1 and 15-1. ﬁmong the
F2 segqreqants, B2E2, B2B5 and BES5BS5, the rercentage of
chickens dying of tumcr (by 10 weeks rost-inoculation) was
5, 26 and ¢3, respectively. Schierman et al. 11977) uséd
strain G-E2, which is capatle of reqressing FRous tumors, and
strain G-B1, which is =susceptitle to progressive turmor
develcrment. Each strain was hcmczygous for a different B
tlood grcup-histoccrratibility antigen. Fesults fronm
inoculating line G6-E1, ¢-B2, F1, and tackcrecss prcgeny with
Schmidt~Rufppin strain of BSV (subgroup B) suggested
dcminance c¢f tumor regressicn over tumor progression.
Gebriel et al. (1979) found that genes coding fcr control
of the fate of RSV-induced tumors evidently are closely
linked to an dipmune response gene which ccntrols antibody
producticn tc the aginc acid pclymer GAT-10 (Pevzner et al.,

1€78).
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Several immunological functions in the chicker known to
be genetically ccntrolled are not a;sociated »ith the B
ccoplex. Palladino gt al. {1577) showed that the immune
response " of two intred lines identical for the B complex,
measured Ly the délayed hyrersensitivity reaction, differed
fcr bovine serum albumin (BSA), dodecancic-BSA, ferritin and
cxazolone. A gene controlling the ability of leukccytes to
respond tc ccncanavalin A vwas fcund not to ke associated
with the E ccmrlex (Miggiano gt al., 1€76).

In summary, the B comnplex cf the chicken, like the H-=2
ccnplex of the mouse, contrcls many immunoclogical rhenomena
including response to synthetic pclypeptides, cell-mediated
functions such as graft-versus-hcst reactions and mixed
leukocyte reaction; and hemolytic ccnplement levels.
Incidence of RSV-inéuced tumcr reqgression is under genetic

ccnticl and recently has been shcwn tc to be influenced Ly B

genotype.
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III. UMATEFIALS ANL METEOLS

Exgeriments
The present study is made up of 13 experiments. The

fcllowing 1list gives the experiment numbers accocrding to

srecific clkjective:

Specific gbiective Experiment Numbers
Effect of genotype and of 40 1,2,3,4,5

percent prctein-calorie restricticn
apd their icteractionm cn tumor
develogment

Ccmparison of Zt amd 50 fpercent , €
protein—-calorie restriction on
tumor develcgment

Effect of age at RSV-inoculation 7,8
¢n tumor develciment

Bffect of length of 40 percent 9,10
protein-calcrie restricticn pricr to
RSV-inoculation on tumor development

The delayed wattle reacticn ' 1
test as an in vivo measure of
cell-nediated immune resgcnse

Effect of genotype and 40 percent 12
protein-calcrie restricticm and

their interaction on specific

irnunclogical tests in unincculated

chickens

Effect of genctyre and 40 fpercent , 13

Frotein-calorie restriction on
tumor size

19
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Stecks

Two genetic systems were tsed to study the effect of
rrotein-calcrie restricticn and their interaction upon FRous
sarcoma develofment in chickens over a total of five
experiments. In thke first tvwec experiments tso genetically
different lines of chickens were utilized. Line six subline
three (6-3), a bighly inbred (F > 0.99) single ccmbed White
Leghorn chicken, was developed ard is maintained at the
Begional Pcultry Research Laltoratory (RPRL) c¢f the United
States Derartment of Agriculture, East lansing, Michigan.
Line 105, a noninbred 1line of New Hampshires, which is
maintained at the University of New Hampshire was used. 1The
seccnd genetic system, tvsed in expertiments 3, 4 and 5,
invclved ccmparisons Letween two'hcmozygous B genctypes fron
the F2 generation of crosses of KPRl White leghorn line six
sutline one (6-1) and line 15 suvkiline one {15-1), e€ach with
ar inkreeding ccefficient in excess of 0.99 (Stone, 1975).
Chickens for these three experiments were blocd tyred for B
alloantiqgens and cnly genctypes B2B2 and BS5BS used.

Line 6K chickens were used in experiments 6 through 10,
in which the effect of 25 and 50% protein-calorie
restriction, the effect of age at Rous Sarccma Virus
{ESV)~inoculaticn, and the effect of length of
rrotein-calorie restriction prior to Esv—inoculéticn uron
tumor develcpment were studied. Line 6-3, with 68.9%
ircidence of regresssicr in 400 chickens RSV-inoctlated at 6

seeks of age (Ccllins gt a3l., 1680), was to ke used in these
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experiments. However, this lire was later found to tLe
genetically «ccntaminated with an unkncwn stock; thus, the
ccntaninated stock was designated line €K. Since 1line €X,
like 1line ¢€6-3, haé¢ a tigh irncidence cf tumor regression in
chickens inoculated at 6 weeks of age (approximpately 60%),
it was used in these five experiments.

Several stocks of chickens were used in the delayed
wattle —reaction tests (experiment 11) including F2 and F3
generaticns cf a crcss ¢f RPR1 lines 6-1 and 15-1, and lines
6-3, seven sutline two (7-2) and 105. After the experiment
was completed lines 6~3 and 7-2 were found to ke genetically
contaminated, tut this frroblem was nct considered serious
enough to vwarrant eliminating the experiment.

Por studying tke effect cf 40% protein-calorie
restriction upon immunological tests and tumor size
lexperiments 12 and 13, respectively), chickerns frcm the FS
generation ¢f a «crcss of lines 6-1 and 15-1 vere used.
Chickens for these two experiments were blood tyred £for B

allcantigens ard genctyres B2B2 and B5ES only were used.

Braocding and Reagring
Chicks vere brocded frcm hatching in coﬂventional,
€electrically-heated biccding batteries located in sindowless
hcuses at the University of New Hampshiré Poultry Research
Farm. In Ffrctein-calcrie restricticn experiments chicks
sere transferred to a semi-isclated facility at 4 weeks of

age at which time feed Testricticn beganm and the chickens
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WEre maintaiﬁed in tclding katteries until termination of
the experiments. In experiment 3, chicks were transferred
tc holding tatteries at six, rather than at four, weeks of
age at which tige feed testricticn began.

Chicks tsed in experiments 7, 8 and 11 were brooded
frcm hatchirg in ccnvertional, electrically-heated brooding
batteries, transferred to semi-isolated facilities at 6
weeks of age and vupaintained in hanging cages until
termination of the experiments.

Chicks were vaccinated at hatching with Marek's disease
vaccine {live turkey Herpesvi;us, chicken tisste culture
origin, cell-free, Sterwin Labcratories Inc., Millsboro,
Delaware) andé at 10 days of age with Newcastle-tronchitis
vaccine (live virus, chick embryc crigin, Sterwvwin
Latoratories Inc., Millsktorc, Delaware) beginping with
experipent 5. In experiments 12 and 13, each chick also
received 0.2 mg gentaricin sulfate (Garasol, American
Scientific Latcratories, Madison, Wisconsin) mixed with
Marek's dJisease vaccine in a 0.2 nl dose subcutezneously at
batching tc decrecase chick mortality due to a recurrent
respiratory problem at the University of New Hampshire

Pcultry Research Fara.

Feed

A cormpercially mixed chick starter feed (medicated with
0.004% amprcliur and bacitracin methylene disalicylate to

aid in the develcpment of active immunity tc <ccccidiosis
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upder conditions of slight exposure) was used ir experiments
1 24 3, 4, 5, 12 and 13. *Kith the excgption of experiment
3, U-vweek-cld chickens were either full-fed or
restricted-fed to provide 60% of the ©protein arné calories
ccnsumed by full-fed chickens of the same age. In-
experiment 3 the same procedure was fcllowed except that
chicks were placed cn experimental diets at 6 weeks of age.
The amount cf feed <consumed by £full-fed -chickens vas
calculated tuice weekly. For restrictecé-fed chtickens, scme
vitamins and ninerals were increased to compensate for the
lcver intake resulting from feed restricticn (see Appendix
I). Mortality was recorded daily and feed consumption
recalculated on a per chicken tasis cn the day of death.
With the exception of experiment 12, chickens remained on
these raticrs for 12 seeks (2 weeks before RSV-inoculation
and 10 weeks thereafter) at which time the exreriment was
terzinated. In experiment 1z, chickens +were placed on
e¥perimental rations at 4 weeks of age and remained on these
rations for 4 weeks at which time the eXperiment was
terminated.

A commercially mixed grouef {rather than starter) feed
{zedicated with 0.0125% amprclium and 0.0004% ethopatate)
was tsed in experiment €. Restricted chickens received the
sanme feed except that the mineral and vitamip ccntent was
auqmented tc ccunpensate fcr feed restricticn (see Appendix
I1I). The amount of feed gonsumed by the full—fed chickens

was calculated twice wWeekly. The restricted groups received
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75% and S50%, respectively, of the feed consumed by the
full-fed chickens rather than €60% in previcus experiments.
dcrtality was 1ecorded in all decks on a daily basis and
feed consumrtion recalculated c¢n a rer chickern tasis on the
day of death. Feed restricticn began when the chicks were 6
weeks of age {with RSV-inoculation at B weeks c¢f age) and
continued until termination of the experiment at 70 days
post-inoculaticn (PI) {18 weeks of age).

Throughotut experiments 7, € and 11, chickers vwere fed
ccmmercially nixed starter (medicated with 0.CC4% aumprolium
ané tacitracin methylene disa Jicylate) feed gd likitum.

In exrerirments 9 ard 10, a commercially mixed grover
feed {medicated Witk 0.0125¢% amprolium and 0,004%
ethopabate) uas used since these chickens vwere 18 and 20
weeks of ace, respectively, at the termination of the
experiment. Finerals and vitamins were not added to the
feed. The restricted gqicups received 60% of the feed
ccnsumed by the full-fed chickens. Mortality was recorded
in all decks on a daily kasis on the day of death. 1There
vere two restricted grotps in exreriments 9 and 10. Cne
group of chickens was feed restricted at 4 weeks cf age and
the second at 6 weeks cf age. Feed restriction continued
until termination of the experiment at 70 days FI (18 and 20

weeks of age in experiments 9 and 10, respectively).
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Body Weights

In all fictein-calorie restricticn experiments, all
chickens were weighed individually every 2 ueeks f£rom the
time they were placed on the feed treatuoerts tntil
terminaticn ¢f the exrerizent., Data on the effect of ration
¢n body weight, unconfounded ty the effect of tumor, 1sas
provided by <cne replicate of full-fed and one replicate of
each grotp of restricted-fed wuninoculated chickensg in

€experiments 4, &, 6, 9 and 13.

Yirus apd virus Inoculatjon Procedure

A highly purified pseudotyre of Bryan high titer Rous
sarcona virus, subgrcur A, designated BH~-ESV (EAV-1) and
abbreviated 5SV-1, was used. The virus was supplied by Dr.
L. B. Crittenden, BRPRL, <¢f the U. S. CLCerartment of
Agriculture, East Larsing, Michigan, and was stored in
liquid nitrogen. Tte stock virus was diluteé¢ in Harnks!
talanced salts scluticr ccntaining S% fetal calf serum plus
100 units penicillin, 100 ug streptomycin {GIBCC) and 10 ug

hyaluronidase (Sigma Chemical) per nl. A1l chicks in

. BSV-induced tumcr studies vwere injected subcutaneously in

. . -3 . .
the left wing-seb with 0.05 ml of a 10 diluticr of the
stock virus. The virts dcse was equivalent to approximately
10 rock-forming units when nreasvred c¢cn the choriocallantoic

vembranes of susceptitle enmbryos.
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Iumor Measurements
Beginning at 6 days PI the winq—web of each «chick was
examined for the presence of a prizary tumor daily until no
new tumore arreared. 1Ttmcrs were examined for size at 2, 3,
4, 6, 8 and 10 weeks after FSV-inoculation. 7Tumoer =score

{subjective) was based upon the following criteria (Collins

et al., 1977):

Sccre Criterion

0 Noc ralrarle tunmcr

1 Stall tumcr (>0 and up to 0.5
cm Giameter)

2 Temcr (0.5 cm up to 1.2 cm
diameter)

3 Tenrcr {>1.2 cum up to half
wing-web area)

4 Tumor (>half wing-wek area, but
<ccuplete wsing-web)

5 Tumor (filled wing-wel area
ccupletely)

6 Tumor |{massive; extended

teycnd wing-web)

In experiment 13, tumors were subjectively sccred for
size and im additicr, the twc largest dirersions were
measured with vernmier calipers to the nearest 0.01 cm. The
area of the tumor was calculated using the fcrzula for an

ellipse (Schierman ¢t al., 1977).
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Tumor Profile Index (TBI)
The tuncr sccres cf each chicken were plotted against
tke day the tumor w#was sutbjectively scored. Based upon the

criteria belcw {Collins et al., 1¢77), a tumcr prcfile index

{IEI) was assigned.

TP1 Criterion

1 Ccarlete regressiom ty 28 days,
or earlier

2 Complete regression by 42 or
56 days

3 Complete regression .ty 70 days,

cr a decreasing sloe, or
cemplete regression by 42 or
56 days fcllowed by recurrence

4 General upward trend, or
plateau; slight regression
after 56 days

5 Terzinal tuscr prior to 70
days

Blocd Ccllection
Blood was obtained for Llcod typing by larcing the
brachial vein with a scalpel and collecting several drops of
blood in a screv car test tube containing 2 ml of 10% sodium
citrate sclution. Chicks were blood tyred for B
alloantigens at 2.5 weeks cf age in the 1lakcratory of Dr.

e E. Briles, ©Northern 1Illincis University, DekKalt,

Illinois.
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Lelayed Sattle Reacticn (LKR) Test

The L[YR test, experiment 11, was used tc study the
cell-nmediated immune response tc diphtheria tcxcid (DTI) in
urinoculated ctickens frcr the F2 and F3 generations of a
crcss of FPRL lines ©6-1 and 15-1, and lines 6-3, 7-2 and
105. The procedure wWas that of Klesius et al. {(1¢77), with
pcdificaticns, and is describgd belcv.

Inpupizatione. L1 was olttained from Dr. Frank
YcCarthy, Wyeth Laboratories, Marrietta, Pennsylvania. DT
vas emulsified in complete Freund's adjuvant to give a fimal
concentratice c¢f 10 1f DI /ml. Each chicken wvas injected
sutbcutaneously at three sites with a total of 1 ml of this
erulsion. All imgunized chickens wuere at least 12 weeks
cld.

Iest. A LWR test was made on each chicken tkree tirmes
at 2 week intervals starting 3 weeks after initial
irmunizaticn. Contrcl chickers were included in the
@xperiment, but not impmunized, and were tested 3 vweeks after
tke test chickers along with previcusly immunized chickens.

All immupnized and control chickens were challenged by
intradermal inpjection of 1 Lf CT ipn 0.1 Bl cf 0.015 M
Fhosphate kuffered salime (FBS) ccntaining 1% normal chick
serum {(NCS) into the right wattle. The left wattle, serving
as the contrcl, was ipiected with 0.1 ml of NCS-PES omly. A
27-qauqe needle was tvsed. The thickness of each wattle at
the site of injection uas measu}ed with a vernier caliper to

tke nearest 0.01 cm at 48 hcurs after each challenge.
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Rhytohemagglutircin (PHA) ITest

The EHA test was tsed to deterrmine the effect of 40X
protein-calciie restricticn upcr cell-mediated immunological
caracity of uvninoculated chickens in experigert 12. Tke
method fcr frcducing chick spleen cell suspencsions and the
rrotocol for the PHA assay vere thcse of Guyre (1979), with
mcdifications.

Spleen ¢ell Suspersicns. Sgleens vwere renmoved and
rlaced into approximately 15 rl of RPMI 1640 media {GIBCC)
in a Petri dish. The capsule surrounding the =spleen was
removed and discarded. The spleen was teased into small
fragments nsinq'forceps. A single cell suspersiocr wWas nmade
by draving the fragments cf spleen intoc a syringe and gently
expressing them. This was repeated using an 18-gauge needle
fcllowed Lty a 22-gatvge needle. Remaining large fragments
uere allouwed to settle for abcut 5 minutes. The svpernatant
¥as centrifugqed at 90 x g for 2 minutes. The strernatant
was saved anc¢ centrifuged in a 12 ml ccnical centrifuge tute
fecr 10 wminutes at 150 x g. The buffy coat was carefully
stirred into the fraction 1layer, the lyzphccyte rich
fraction 1sas removed with a sterile Fasteur pipette and
Flaced in a conical centrifuge tute. The 1lymphccyte rich
fraction was centrifuced at 200 x g for 10 minutes. The
relleted cells vwere resuspended in Lulbecco's 1.11 X PBS and
washed twice. The =spleen cells were then resuspended in
FEMI 1640 culture wmediunm cccttaiping 2 mM I-glutamine

(freshly added), 10% fetal calf serum, 100 ug streptcmycin
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and 100 units penicillin per ml of ‘mediun and immediately
used in the PHA assay.

PHA Assay. Srleer cell dersity swas adjusted to 3.33 X
106 cells/nl and 150 vl sere added to each of 10 ricrotiter
wells (Vangard, U-bottcwr flate) for each spleen sample
tested. Fifty microliters of a stock PBA (Sigma) soluticn
(€0 nug PHA/nl RPMI 1640 media) sere added to each of five
test vwellse. Fifty microliters of 1640 media vwere added to
each of five control wells., The cultures were incukated for
72 hours in a humidified 5% CC2 incubator at 39C, then
ctltured for 16 hours with 1 uCi tritiated <thymidine (New
Ergland Nuclear, 5.7 Ci/macle) and harvested ty stction onto
glass fiter filters (Whatman 934) using a Mash 11
{¥icrobiological Associates) cell harvester. Filters were
dried at rccm temperattre cvernight, placed in scintillation
vials with 10 ml tclueme ({Baker) containing 0.4% 2,5
diphenyloxazale (EEG) and 0.0052=%
1,4-tis[ 2- (S-rhencxazclye) -benzene {ECECP) {Packard) and
ccunted in a Packard 1ri-carb scintillatiom counter (gain
51%, windows 50-1000).

A stisulatcry index (SI) was calculated for each saaple

% as follows:
.,'}

Mean cpr PHA treated cells

‘Mean crn untreated cells
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Assay for Antibody Precductjon

An assay for acptibcedy Froduction against sheep
erythrocytes +was <tsed to deterrine the effect of 40%
rrotein-calorie restriction upon huroral izmunolcgical
capacity cf unincculated chickers in experiment 1z.

Imnunjzation. Five <chickens per replicate in
experiment 1Z sere immunized with 1.0 ml of 1% suspension of
vashed sheep erythrocytes at 5 and 5.5 weeks of ace. At 7
weeks of age each ctick received a booster immunization of
1.0 ml of 1% stspension of washed skeep erythrocytes.

Seranm Ccllecticn. A blocd sample was obtained fronm
each chicker at both 6 and 8 weeks of age Ly lancing the
trachial veir with a scalgpel aﬂd‘ collecting the blood in
sterile screw cap test tubes without heparin. The whcle
tlood wvas allcwed to ccagulate at 37C for 1 hour and, upon
syneresis, sera were ccllected with Pasteur pipettes and
Flaced in sterile screw cap vials. The vials were Lkeated in
a 56C water tath for cre Lour tc inactivate copplement. The
serum samfles were then used in the hemagglutinaticn test.

Hemaggluotjinaticn Test. The Frotocol for the
hemagqlutinaticn test was that of Herbert (1€78), with
scdificaticns. Each serus samgle was titered in wmicrotiter
rlates (Vangard, U-bottom plate). In the first well, a
diluticn of 1:5 was made by adding 0.025 ml of serum to
0-100 al of PBS. A two-fold dilution was made by
transferring 0.050 mnl éf diluted serum into C.050 mwl of PBS,

Tepeatedlye. The firal well served as a control sith 0.050
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zl PBS. 4Fifty'nicxoliters cfE 1% sheep erythrocytes vwere
then added to each well. 1he micrctiter plates were
iccubated at 37C for 2 hours at which iime each well was
examined for teraqgglutiration., The titer uwas determined as
the inverse of the final dilution ¢f serum in the last well

showing henmagglutinaticso.

Statistical Methods and Calculaticns

Data were subjected tc atalysis of variance (Snedecor
and Cochran, 1567). In all these analyses statistical
significance was determined at P £ 0.05. A mean separation
test (Duncan, 1955) was made regardless of significance of F
{Steel and Torrie, 1960; Chew, 1577) in experimerts with an
€qual oaunker o¢f experizental <cunits. Because ¢f unequal
pinber of experimental units in exrperiments 7 ard 8, the
Bayes k-ratic t ({ISD) test (Waller and Duncan, 1969) was
made in tkese exreriments.

In calculating mean tumor score for a given replicate,

tke tumor sccre of chickens dying with tumcr prior to

termination of the experiment entered into the determination
it subsequent veeks. Is the extreme case, for example, a
replicate in qhich nine chickens have died with tusor ({sccre
6) and one chkicken ccarletely reqressed its tumor (score 0)
is best represented with a mean tumor scere c¢f S.4 rather
than eliminate the dead chickens and give that rerlicate a

Rcan score cf C.0.




IV. RESULIS

Effect cf Genaotyre and cf 40 Fercent Protein=-calorie
Bestricticn and their Intexaction gn Tumor Levelopgent

Two genetic systems were used to study the effect of
40% protein-calcrie restricticn, and of the interaction of
rIotein-calorie restriction and genotyge, UEch tumor
develorment in chickens. Lines €-3 and 105 were utilized in
experiments 1 and 2 while B2B2 and BS5BS chickens from the F2
generation of a cross of lines 6-1 and 15~-1 were used in
exreriments 3, 4 and 5. The results «c¢f thkese five
€xferiments have been published (Clark et al., 1980).

Chickens cf each 1line <¢r <cf each B genotype were

randomized tc fcur replicates cf aprroximately 1C chickens
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each with approximately egqual numkers of <eachk sex ger
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replicate. Tuo Treplicates were then assigned at random to
€ach dietary treatment (full-fed or restricted) within each
line or B genotype. Each experiment +was arranged
factorially in a completely randomized block desgign.

Body Weight Controls. Figure 1 gives the e€effect of
dietary restricticn ¢t Lcdy weight in unincculated B2BS
chickens in experiments 4 and 5. After 12 veeks on dietary

treatments (from 4 to 16 weeks of age), restricted-fed
33
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chickens in exreriments 4 and £ weighed 58.7 and 59.47%,
respectively, of that of full-fed chickenms. Restricted-fed
chickens continued to gain weight thrcughout the

€eXfFeriments.
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FIGURE 1. Mean body weight of uninoculated controls at
various ages, experiments 4 and 5. Mean body weight
was calculated for each of two replicates within a
dietary treatment and the arithmetic mean of the two
replicates was plotted for each experiment. + and ¥,
Pull-fed; = and O, Restricted-fed.
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Rercentage cf Chjickens Develcring Tupors. In line 6-3
76% of the restricted-fed and €3% of the full-fed chickens
developed tumcrs. Ir line 105, hovwever, 22% of the
restricted~-fed and 54% of the full-fed chickens develored
tusors. ADn analysis <c¢f variance of these percentages,
transforned to arcsins {Takle 1), showed that 1line by
dietary treataent interaction effect sigrificantly
irfluenced thke rercentace cf chickerns developing tumors.

In experiment 3, 732% of all chickens develcred tumors.
Ccnsidering Ltcth B232 ard BEBS5S genotypes, S€% of the
restricted-feé¢ and 90% cf the £full-fed <chickens developed
tymors (Table 2). AT analysis of +variance of the data
trderlying Takle 2 showed that a significantly lover
percentaqge cf restricted-fed than full-fed chickens
developed tumors.

Ninety-six percent cf the chickens in experiment 4 and
100% of those in experiment 5 developed tumors. Therefore,
it thcse exrerisents the data on percentaqge of <chickens

developing tugcrs Were nct subjected to statistical

apalysis.




TABLE 1

Analysis of variance testing effect of line, dietary treatment, and interaction upon

tumor development, experiments 1 and 2

Mean squares fors

Mean % of

chickens Mean length Mean tumor score
Source of develoPing of latent Mean
variation df tumors period 2 3 4 6 8 10 _TPI
Experiment 1 261.9 0.37 0.01 0.81 0.71 6.80 4.83 5.88 1.89
Line (L) 1 1481.3% 0.02 0.24 O.44 1.36 2.46 0.64 0.57 0.02
Dietary treatment (D) 1 142.6 2.68 2.81% 2.,29% 1.74 1.79 1.90 2.62 0.01
LXD 1 795.1% 0.05 0.07 0.33 1.45 O0.41 1.28 2.31 0.12
Residual 11 75.7 1.92 0.18 0.32 0.73 1.53 2.10 2.40 O0.48

1Percentages converted to arcsin before analysis

#p £ 0.05

LE
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Latent Period. Tire elapsing prior to first appearance
of tumor was consistertly lcoger in restrictecé-fed than in
full-fed clkickers in all five experiments. Analysis of
variénce of the data for experiments 1 and 2 (Telle 1) and
for experirents 3, 4 apd 5 (Table 3), however, showed that
restricted feeding significantly delayed the appearance of
the tumor in experiments 3 through 5 cnly. The average
delay due tc feed restricticn in the latter three
experiments was 1.7 days compared to 0.8 day for experiments
1 and 2. The effects of line and B genotype on tte time of
first appearance of tke tumcr were not significant in any of
the five experiments.

Tumor Score. Mean tumor score by line acd dietary
treatment, averaged acrcss exreriments 1 and 2, is plotted
ip Figure 2. Fcer each ¢of the six pericds that tumors vwere
scored for size +the mean tumor score of replicates uas
sukijected tc¢ aralysis cf variance {Iable 1) .
Restrictad-feeding reéuced tumcr Score sicrificantly
relative to that of full-feeding at 2 and 3 veeks
pcst-inoculaticn (PI), but Pigure 2 showed this difference
to be due primarily to the response of line 6-3. Line and
line by dietary treatment interaction effect, did not
significaptly influence tumor size at any of the feriods at

vhich tumors sere scored in these two exreriments.
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TABLE 3

Analysis of variance testing effect of genotype, dietary treatment, and interaction upon

tumor development, experiments 3, 4 and 5

Mean squares fors

. Mean length Mean tumor score (week PI)
variation afverios - 2 3 4 6 8 10 @t
Experiment 2 17.51 2.92 1.01 1.39  2.05 2.46 2.1 0.69
B genotype (G) 1 0.00 0.01 2.85% 33.82% 96.28% 112.,67% 125.63% 24,36%
Dietary treatment (D) 1 16.67* 2.29* 1.98% 1,56 0.36 0.47 0.40 0.00
G XD 1 0.32 0.02 0.02 0.06 0.06 0.03 0.23  0.09
Residual 18  0.46 0.16 0.42 0.79  0.31 0.20 0.14 0.07
#p £ 0.05

ov



R TRR By e e E it 3 S Ve Sl
A SR L R A PR R

AT R e s
AP %

T
sl

e
SRS

P
ZXNTC L Lol S I AL

TR

RS

G S AR

S e

£

;U
i
3
5
|
5

MEAN TUMOR SCORE
'3

L /]

1
o 0 2' 4[ e[ 8'

WEEKS POSTINOCULATION

FIGURE 2., Mean tumor score of line 6-3 and line 105,
respectively, at six different times PI for experiments
1 and 2, The mean tumor score of two replicates within
line and dletary treatment was calculated for each
experiment and the arithmetic mean of the experiment
was plotted. The tumor score of chickens dying with
tumor prior to 10 weeks entered into the determination

.of mean tumor score of a replicate in subsequent weeks,

*, 6=3 Full-fed; =, 6-3 Restricted=fed; +, 105 Full-
fed; O, 105 Restricted-fed.
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Mean tuncr score ty B genctyre and dietary treatment,
averaged AacCICSs experihents 3, 4 and 5, are graphed in
Fiqure 3. Arnalysis of variance of thesé data are given in
Table 3. B2E2 genotyre had significantly smaller mean turcr
score than B5B5 genctyre at 3, 4, €, 8 and 10, tut not at 2
weeks PI. BHRestricted-fed chickens had signifi;antly reduced
2ean tumor size at 2 and 3 weeks PI by 0.7 and 0.6 score,
respectively, compared to full-fed chickens. Genotype by
dietary treatment interacticn effect for tumor size was
ninipal and not statistically significant.

Tumor Prcfile Index (TEI). A TPI was assigned to each
chicken. Within a 1line, mean TPI for full-fed versus
restricted-fed chickens was nct consistent for experiments 1
and 2. Thus the analysis of the TPI data (Takle 1) showed
ttat the effects of lire, dietary treatment and line bty
dietary treatment interaction were not significant.

In exterisents 3, 4 and 5, the mean TPI for EZB2 hosts
was 2.7 ccarared to 4.7 for BS5BS chickens. Differences in
mean TPI tetween full-fed and restricted-fed chickens vwere
spall ané not significant (Table 3). The . effect of B
qenotype sas significant but that of B genotype Lty dietary

treatment interaction was not.
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FIGUR® 3, Mean tumor scores of B2B2 and BSBS5 chickens.
regpectively, at six times PI for experiments 3, 4 and
5. The mean tumor score of two replicates within B
genotype and dletary treatment was calculated for each
experiment and the arithmetic mean of the experiment
means plotted. The tumor score of chickens dying with
tumor prior to 10 weeks entered into the determination
of mean tumor score of a replicate in subsequent weeks.
*, B2B2 Full-fed; =, B2B2 Restricted-fed; +, B5BS
Full-fed; o. B5B5 Restrlcted-fed.
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Sunpary. Susceptikility to turor formation was
significantly affected Ly the line by dietary treatment
interaction effect. That 1is, in 1line 6-3 a higher
percentaqge cf restricted-fed than full-fed chickens
developed ttmors while the opposite was true in line 105.
Line did nct =ignificantly affect the number of days to
fiést appea:aﬂce of tumcr, mean tume¢r score at 2, 3, 4, 6, 8
and 10 weeks PFI, or TEl. Forty percent prctein-calorie
restricticn significactly reduced mean tumor score at toth 2
ard 3 veeks PI by C.& score ccmpared to full-fed chickens.
The effect cf frotein-calcrie restricticm c¢n later tumor
development <¢r on TPI %as nct significant despite the fact
that tumor score in 6-3 restricted-fed chickens Was
ccnsistently below that cf 6-3 full-fed chickens throughout
the experimental period (Fiqure 2).

Susceptilkility tc tumor fcrmation was sigrificantly
reduced in restricted~fed ccmpaied to full-fed chickens from
the F2 generation progeny of lines 6-1 ard 15- 1.
Protein-calcrie restriction significantly delayed the
arpearance of tusor by 1.7 days and significantly reduced
Bean tumor score at 2 and 3 weeks after RSV-1 inoculaticn by
.7 and 0.6 =score, respectively, ccmpared tec full-fed
chickens. E2E2 hosts had significantly smaller tumcrs
between 3 and 10 weeks EI and a smaller mean TPI tban BSB5S
hosts. Mean tumor score <¢f restricted-fed chickens was
ccnsistently Ltelow that of full-fed chickers c¢f  both

Genotyres thrcughcut tte 10 veek exrerimental pericd (Fiqure
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3), however, not significantly so after 3 eeks PI.
Lifferences in mean 1TPI Letween restricted-fed and full-fed
chickens were generally in favor of restricted-feé chickers,

but the differences were not significant.
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Cemparison of 25 and 50 Percent Protein-calorie

Restfigtigg on Tumor Develgpment

Effect of level of protein-calorie restriction wupon
ESV-induced tumor develorment was studied in exreriment 6.
In previous exteriments, chickets uwere restricted 40%, based
yugon earlier work of Ir. R. C. Ringrose with this level
of feed restriction in chickens (personal commuricaticns).
In experimesnt 6, the twc restricted groups received 75 and
50%, respectively, of the feed consumed Ly full-fed
chickens. Tkese levels ¢f feed restriction were chosen to
determine the effect of 25 and 50% restricticn relative to
that of 40% restriction used in previous e xperiments on
tunor develorment.

There were three hatches 1in this experiment, each

desiqned identically. In each hatch chicks were assigned at

randcm to cne cf twelve rerlicates of ten chickens eache.

EM g

Fotr replicates received the 50% protein-calorie restricted

AL

Pan

ks

5%

trecatment, fcur the 25% protein-calorie restrictec treatment

and four were full-fed. Three replicates of each dietary

AR i
S S AR Y

treatment were inoculated with RSV-1, while tke fourth
sexrved as a Lcdy weight ccntrc¢l. Line 6K was used.

Body Xeight Controls. Mean body vweight of the

uninoculated controls ty dietary treatment, averaged across
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hatches, is rlotted in Figure 4. After 12 wWeeks on the

TR

R

dietary treatwents, the 25% frctein-calorie restricted

chickens of hatches 1, 2 and 3 weighed 76.3, 74.9 and 64.2%,

Al
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respectively, of that of full-fed chickens. 1likewise, the
50% protein-calorie restricted chickens weighed £6.0, 53.1

and 45.9%, resrectively, ¢f that of full-fed chickens.
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FIGURE 4, Mean body weight of uninoculated controls at
various ages, experiment 6. Mean body weilght was
calculated for each replicate within a dietary treatment
for each hatch and the arithmetlic mean of the three
hatches plotted. *, Pull-fed; =, 25% Restricted-fed;
+, 50% Restricted-fed.
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Percentage of Chickens Develorjng Tumors. Percentages
of dhickens develcring tunors by hatch ard dietary
treatment, averaqed acicss regrlicates, are given in Table 4.
3y 'combininq hatches susceptibility +tc¢ RSV-inctced turor
forzation was lcwer in bcth 25 and 50% protein-calorie
testricted chickens ccmpared to full-fed chickens. An
apalysis of variance of these percentages, transformed to
arcsins (Taktle 5), sheoved that dietary treatment effect did
nct significantly infiuence the percentage of chickens

developing tumcrs.
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TABLE 4

Mean percertaqe of line 6K chickens developing tumors

by dietary treatment and hatch, experiment 6

- - S v —— v - - -

Dietary ——- —-——- --- -

Treatnent 1 2 3 Combined

Fvll-fed 5542 73.3 72.6 66.9°2
Restricted-fed (25%) 43.3 66.7 83.3 64,42

Restricted-fed (50%) 16.7 73.3 77.8 55.92

Cverall mean 38.3 711 77.9

Means having different superscripts are =sicgrificantly
cifferent at P < (.(CS. A Eean seperation test {(Duncan,

1955) was made.
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TABLE 5

Analysis of variance testing effect of dietary treatment upon tumor development,

experiment 6

Mean gquares fors
Mean % of
: chickens Mean length Mean tumor score (week PI)
Source of develoying of latent Mean
variation df tumors period 2 3 b 6 8 10 TPI
Hatch 2 1816.0 5809 2087 1.13 501“’ . "’.15 2.05 1.19 1.64
2 51.4 43, 7% 3.97* 0.95% O 44 0,01 0.39 0.04 0.16

Residual 22 145.5 3.6 0.22 0.27 0.39 .0.49 0.71 0.73 0,38

Dietary treatment

1Percentages converted to arcsin before analysis

* P& 0.05
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Latent fFeriod. 1Time elapsing prior to first appearance
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3§ of tumor was consistently longer in the 50% gprctein-calorie
- -

ﬁ testricted than in the 25% protein-calcrie restricted and
full-fed chiclens ir all three hatches (Table € . Full-fed

¢
T

L
T AR LT

chickens developed tumors 7.9 days after inoculation with

BSV-1 while the 25 and 50% restricted-fed grours develored

5.
:1:
X

tumors at .3 and 11.9 days, respectively. The average
delay with 50% protein-calorie restricticn ccmpared to 25%
protein-calcrie restricticn and full feeding was Z.6 and 4.0
davys, respectively. Cietary treatment sicrificantly
affected the length of time prior to first appearance of the
tumor (Takle f). Duncan's =sultirle range test {Duncan,
1955) showued that 50% protein-calcrie restriction
significantly delayed tumcr formation relative to
fvll-feeding and te 253 restricticn. Twenty five percent

restriction sas not significantly different than

full-feeding.
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TABLE 6

Mean numker of days to first appearance cf tumor by

dietary treatmert and hatch ir line 6K, experiment €

Hatch

Lietary cma-
y Treatment 1 2 3 Comkined

?*‘* Full-fed ' 9.2 7.0 7.4 7.9%
J . Restricted-fed (25%) 10.0 7.8 7.0 8. 32
Festricted-fed (50%) 17.7 9.0 8.9 11.9°

Means having different surerscripts are significantly

different at EF £ 0.05. A mean separation test {(Duncan,

i

r g

1€S5) was made.
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Tumor Score. Mean tumor score of line 6K ty dietary

treatment, averaged across hatches, is plotted in Figure 5.
Fcr each week that tumors were sccred fcecr size the mean
tumor score c¢f each of three replicates was sukjected to
apalysis of variance (Table 5). fietary treatment effect
significantly influenced +tumcr size at 2 and I veeks PI.
Fifty percent protein-calorie restricted-fed chickens had
significantly smaller tumors compared tq toth 25%
protein-calcrie restricted and full-fed chickens at 2 and 3
veeks PI, as indicated Ly Duncan's multirle range test.

IpI. The mean TPI fcr the full-fed <chickens wvas 2.8
ccmpared tc 2.6 for bcth restricted-fed treatszent groups
(Table 7); An amralysis of variance of mean TEI's showed
that dietary treatment effect did =net =sicnificantly

influence TPI.



MEAN TUMOR SCORE

WEEKS POSTINOCULATION

FIGURE 5., Mean tumor scores of line 6K by dletary
treatment for experiment 6. The mean tumor score of
three replicates was calculated for each hatch and
the arithmetic mean of the hatch means was plotted.
The tumor score of chickens dying with tumor prior
to 10 weeks entered into the determination of mean
tumor score of a replicate in subsequent weeks,

*, Full-fed; s, 25% Restricted-fed; +, 50%
Restricted-fed.
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TABLE 7

flean TPI by dietary treatment and batch ir line €K,

exXfetimcent 6

) Hatch
Lietary === @ memmmeme s eeemmceeeccccesese—eee
Treatment ' 1 2 3 Combined
Full-fed 3.5 2.7 2.3 2.8
Festricted-fed (25%) 3.0 2.6 z.2 2.6%
Restricted-fed (50%) 2.8 2.8 2.2 2.62

Means having different superscripts are =significantly
different at P < (.C5. A mean separation test (Duncan,

1955) was made.
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Summarcye. Proteir-calarie restriction did not

significartly influence the rercentage cf chickens
developing tumcrs. Large tatch differénces may be due to
variable genetic susceptibility of the chickens tc RSV-1 cr
variable patterns «c¢f nctriticnal utilizations Eetween
hatches.

Fifty percent protein-calorie restriction sicrificantly
delayed the appearance of tusor and significantly reduced
gean tumor score at 2 and 3 weeks PI «compared to 25%
protein-calcrie restricticn and full—feeding. The influence
of 50% prctein-calorie restricticn c¢n tumor development
after 3 vweeks PI vwas not statistically significant.

The difference betveen the effect of full-feeding and
25% restriction was not significant for any cf the traits

studied ip this experiment using line €K
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Effect cf Ace at FSV~-inogulation

Before studying tke effect of lengthening the period of
protein-calcrie vrTestricticn rriocr to RSV-inoculation, the
effect of age of the chicken at RSV-inoculaticn on tumor
development had tc be investigated. Since older chickens
iculd be inoculated with ESV-1 in these future experiments,
it Lecame hecessarv tc kncw wvhether or not the age of the
chicken at RSV-incculaticn sotld influence susceptilkility to
ttmor formaticn, tumor size and TPI.

In experigsent 7 arprciyimately 30 line €K chickens were
hatched every 2 weeks over a 10 week period. When the
cldest chickens were 14, and the youmgest 4. weeks old, all
chickens +sere incculated with RSV-1. In this experiment,
effect of hatch was confounded with effect c¢cf age at
RSV-incculaticr.

In experiment 8 there was one hatch of afpproximately

200 line 6K chickens. Thirty were incculated with RSV-1 at

4 weeks of aqe. Every 2 vweeks thereafter for 10 weeks 30
acre chickens wvere inoculated. A different inoculum
preparaticn cf RSV-1 was tsed for each age group cf chickens
in this experiment. [Lifferent virus preparaticns vere used
for each 1lct cf chickers since experience had shown that
diluted virus could not be stored more than 24 hcurs withcut
lcsing titer. Thus in this experiment virus preparation and

8ge of chickens at RSV-incculaticn were confounded.
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Percentace of Chickers Developing Tumors-.

Sysceptibility tc RSV-irduced tumcr forrmaticn was higher for
ckickens incculated at 4 weeks cf age .than fcr other age
groups when experiments 7 and 8 were comkined (Taltle 8)a

In experigent 7 sc5ceptibili£y tc tumor £formation
declined as ace at incculaticn increased uwith the exception
of chickens inoculated at 14 weeks of age. Sicrce hatch
effect, if present, was ccrnfounded with effect of age of the
hest at RSVv-inoculation, it is possible that the first hatch
{chickens ircculated at 14 seeks of age) was genetically
mcre susceptible to ESV-1 than the later hatches.

In experisent 8,'chickens inoculated at 12 ard 14 veeks
of age arpeared to ke the least svsceptible to ESV-induced
tumcr formation. The variation among the fovr younger
groups was 1relatively small and may have been due to
differences in titer of the dJdifferent RSV-1 frreparations

used.
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TABLE 8

Percentage of line 6X chickens develoring tumors

ky ace at incctlaticr, exreriments 7 and 8

D WD A D AP D D D D W D WD DR D D S D P D P D D AP D P D A D W S D — - " D D W - -

Age at : Experiment
Inoculation ———— —-——-
{Weeks) 71 _ 82 Combined
4 ‘ . 83.3 70.0 75.9
€ 75.0 66.7 70.7
8 58.6 73.3 66.1
10 47.1 60.0 53. 1
12 39.4 36.7 38.1
14 72.2 29.0 52. 2
Cverall 61.4 55.8 58. 6

1'Chickens hatched‘at 2 uweek intervals, all incculated on

the same calenéar date.
b gAll chickens hatched at cpe time, grougs of 30 -

~

inoculated at Z week intervalse.
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Jumorx Score. Mearn tumcr score by age at
RSV-inoculaticr for each week that tumors were scored in
experiment 7 are giver in Table 9. A éeparate analysis of
variance c¢f tumor score vwas made for each ¢f the gix periods
that tumors were sccred £for size. The chicken was the
experimental unit. In each énalysis the scurces of
variation were age cf host at inoculation, sex and
interaction of sex ané age of host at inoculaticr. In each
analysis tte effect of age cf the host at RSV-inoculation
was significart. Sex and interacticn effects vere not
significant. At 4 weeks PI through termimaticn of the
experiment, <chickens 1incculated at 4 vweeks of age had
siqn;ficantly larger tumors than <chickens ipoculated at
clder ages. {Comparisons of mean tumor sccre shotld be made
within a ccluzn, i.e. week PI).

Mean tumor score ty age at RSV-1 inoculaticn for each
week that tumcrs were sccred in experiment 8 are giver in
Tekle 10. A serparate aralysis cf variance of tumor score
ias made for each of the six periods that tumors were scored
fer size. Thke chicken vas the experimental umit. In each
amalysis the sources of variation were age at.incculation,
sex and interaction of sex and age at inoculationmn. The
effect of age ¢f the kcst at RSV-ipoculation was significant
in each analysis. Sex and interacticn effects were not
significant. At 6, 8 and 10 seeks PI, chickens inoculated
at 4§ weeks of age had significantly larger tumors than thcse

inoculated at 8, 10, 12 .and 14 +veeks of age with one
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exception--those incculated at 14 veeks of age at 6 weeks
FI. At 6, 8 and 10 weeks PI, chickens inoculated at 6 keeks
cf age had intermediate sized tumors at 6 and 8 weeks PI.
IPI. H“ean TPI's Ly age at RSV-inoculation are also
given in 7Takles 9 éhd' 10 fcr experiments 7 and 8,
resrectively. In experiment 7 (Table 9) chickers inoculated
at 4 veeks <¢f age had significantly higher TPI's than
chickens of all other age groups. In experiment 8 (Table

10) chickens 1inoculated at 4 and 6 vweeks of age had

significantly Lkigher TPI's than the other groups.
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TABLE 9

Least squares rean tumcr sccre apnd IPI by age

at inoculation, experigent 7

——— - - —— - - - - - -y v - — - . - - -

Mean 1Tumor Score
Age at {Week PI)
Inoculation : Mean
{Weeks) z 3 4 6 8 10 TEI

4 3.22 4.3 4,00 3.3 3.0 2.8 g
6 2.0% 3.2 20° 2P ole® o.® 24P
8 3.0% 3.6® 257 1P . 1P e
10 2.7 3. 2.3° @ o0.8° 0.7 2.4°
12 2.0° 2.4%° 16" o.5® 0.2 o P .
14 2.9% 3.2 1.7 1.0® 1.0 1.0® 24P

Chickers tatched at 2 week intervals, are inoculated on
the same calendar date. Means within a <colvmn having
different svperscripts are sigrificantly different at
P £ 0.05. PBayesian k-ratio t (LSD) test (Waller asnd Duncan,
1969) vwas made for mean tumor scores sithin each week PI and

fcr mean TPfs.
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TABLE 10

Least sguares mean tumor score ard TPI Ly ace

at incculaticn, exreriment 8

- D D h D =D D S R AP - - D W WD En W W wm —— - - - - —— - -

Mean Tumor Score

Age at . (Week PI)
Inoculaticno Fean
{¥eeks) 2 3 4 6 8 10  1PI |
4 3.2 e 3.7 3.4% 3.8 3.0% 3.8
6 3,02 3.7 3.1% 4 2. 2.7 g
8 2.9% 3.2 2.5°° 1.4P° 1.2 q.3P alob
10 2.3% 2.7° 1.8° 1. 1P 1P LF
12 2.2 3. 3.0® 1.2° 1.P 1.0®  2.¢C
14 2.1° 3.0 2.0 1.g®C P 1P z.c

- - D D - - — - — . 0D - D " — >

411 chickens hatched at cne time, grcugs of 30
iroculated at 2 week intervals. Yeans within a colunmn
having different superscripts are significantly different at
P < 0.05. Bayesian k-raticm t (LSD) test (Waller and
Luncan, 1969) was made for mean tumor scores within each

week PI and fcr mean TPI's.




Sunmary. Younger chickens {i.e., 4 +weeks c¢f age at
RéV-inculation) appeared to be more susceptible to
FSV-induced tumor formation than chickeﬁs varyirg in age up
tc 14 weeks cf ace at time c¢f incculaticn. The incidence of
ttmors in chickens inoculated after 6 weeks of ace varied
tetween the two experirents and is difficult to evaluate.
The variaticn is due ir part tc the different procedures in
exreriments 7 and 8 and also to possikle differences in the
cenetic susceptibility cf the hcst tc RSV-1 in the different
hatches within experiment 7.

In btoth experiments chickers inoculated with RSvV-1 at 4
veeks of age bhad larcer tumcers than chickens inoculated at
clder ages particularly after 3 weeks Pl. Besides® having
largqer tumcors, chickers incculated at 4 weeks of age were
less able to regress RSV-induced tumors as indicated ¢ty
large TPI's. There %as no significant difference in mean
TPI'; of chicketrs incculated at 10, 12 and 14 weeks of age

in either ezperiment.
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Effect of lenagth of 40 Percent Proteir-calorie

Restriction prior to ESV-ipcculatiaop

Cn Tumor Development

In all previous experiments, chickens were flaced on
restricted diets 2 veeks prior to BRSV-inoculation. The
cffect of 1lerngthericg the reriocd of protein-calorie
restriction prior to inocnlation with RSV-1 was studied in
€experiments 9 ard 10. Lengtheping the period of restriction
may enhhance the depressing influence c¢f feed restriction on
tuncr grosthe.

Line 6K chickens were rplaced cn restricted diets at 4
and 6 weeks of age with RSV~-1 ipoculaticn at 8 weeks in
experiment 9 ané at 10 seeks of age in exreriment 10. 1Thus,
over the twc experiments +the 1length cf feed restriction
Feriod pricr to virus inoculaticon ranged from 2 tc 6 weeks.
The restricted chickens received 60% of the feed consumed by
the full-fed ctickers.

The chickens in each experiment were randcmized to
twelve regplicates of apfproximately 10 chickens each with
approximately equal numkers of each sex per replicate. Four
Leplicates were restricted-fed beginning at 4 weeks, four
restricted Eeginning at 6 weeks of age and four were fed agd
libitum throughout the experiment. In experiment 9 three
replicates of each dietary treatment were inoculated with
BEEV-1 at B8 ueeks of age and the fourth replicate served as a

tcdy weight ccrtrcl. 1In experirent 10 all four replicates
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cf each dietary treatrent were incculated w;th RSV-1 at 10
weeks of aqe..

The feed for the restricted qzoups.was not stpplemented
with minerals ard vitarins in experiments 9 and 10.

Body Hejght Contigls. Mean body weight of urinoculated
ccntrols in experiment € by dietary.treatment are plotted in
Figure 6. Chickens restricted at 4 weeks of age weighbed
61.7% of that c¢f full-fed chickens after 14 weeks of
restriction while chickens restricted at 6 weeks of age

veighed 62.2% after 12 weeks of restriction.
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FIGURE 6. Mean body weight of uninoculated contrels at
various ages, experiment 9. ' Mean body welght was
calculated and plotted for each replicate of body weight
controls. *, Full-fed; +, Restricted-fed at 6 weeks

of age; s, Restricted-fed at 4 weeks of age.
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Percentage cf Chickens Develoring TumQIse. Feed
restricticn starting at 4 apd 6 weeks <¢f ace had no
significant effect c¢cn the svsceptibility of 1line 6K to
FSV~-induced tumcr formation in eithker experiment (Tables 11
and 12). In experiment 9, 56.7% cf the full-fed chickens
developed tumcrs +shile 67.7 and 63.0% of the chickens
restricted at 6 and 4 uweeks of age developed tumcrs (with
all chickers incculated with FSV-1 at 8 weeks of age). 1In
experiment 10, €5.0% of +the full-fed chickers develored
tumors while 82.8 and 70.0% of the chickens restricted at 6
and 4 weeks cf age develored tumors, resgectively (with all
chickens inoculated with FSV-1 at 10 weeks cf age).

Latent Pperiod. 1Irn exreriment 9 time elapsing prior to
first appearance of tumcr was significantly lcnger in both
treatments cf restricted chickers than in_full-fed chickens
{Tables 11 and 13). Full-fed chickens developed tumors at
7.8 days after 4incculaticn with BRSV-1 while chickens
restricted at 6 and 4 weeks cf age developed tumors at 9.9
and 9.0 days, respectively.

In experizent 10 restricticn at 6 weeks of age delayed
tcmor appearance by 1.8 days but not significantly so

(lables 12 and 14).




TABLE 11

Analysis of variance testing effect of dietary treatment upon tumor development,

experiment 9

Mean gquares fors

Mean ; of

chickens Mean length

Source of of latent

variation af

Mean
TPI

Treatment

Residual

0.87
0.20

1Percentages converted to arcsin before anélysis

#«p £ 0.05

oL



TABLE 12

Analysis of variance testing effect of dietary treatment upon tumor development,

experiment 10

M sguares for:
Mean % of
chickens Mean length Megn tumor score (week PI)
Source of develoging of latent ) v Mean
varigtion _df  tumors period 2 4 6 8 10 TPI
Treatment 2 6.3 4.17 0,13  1.13%  2.21*% 1.17* 0.67  0.36
Residual 9 146.2 3.07 0.15 0.22 0.28 0,27 0.38 0.13

1Percentages converted to arcsin before analysis

*p £ 0.05

L
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TABLE 13

Mean number of days tc first appearance of tumcrs ty

dietary treatment in line 6K, experiment ¢

Dietary treatment Latent period
4 {days)

- a
Full-fed 7.8 + 0.4
Restricted at 6 weeks of age 9.9 4 0.&
Restricteé¢ at 4 weeks of age 9.C # 0.&

All chickens were inoculated with ESV-1 at 8 +weeks of
age.: For feed restricted chickens the duration of
restricticn was 12 and .14 veeks, respectively. A mean
separation tesﬁ {Duncan, 195f5) was ©®ade. Means having
Gifferent sufperscripts are significantly different at

E < 0.05.
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TABLE 14

Mean number of days to first appearance of tumcr by

dietary treatrert ir line 6K, experiment 10

D P D VP W D D T D - WD D R WP WP WD P AP R D D D D D WP D ATV A A D D VR D P W D A A D D D e B P

Dietary treatment Latent period
(days)
Full-fed 7.6 + 0.4°2
Restricted at € weeks of age 9.4 + 0.7°%
Restricted at 4 weeks of aqe 7.6 4 0.3%

D D D D D S A TD D D DD D WD D D D - - - -

All chickens were incculated with RSV-1 at 1C weeks of
age. For‘ feed restricted chickens the dvuration of
testriction was 14 and 16 weeks, respectively. A @mean
separation test (Duncan, 1655) was nade. Means having
different superscripts are significantly different at

P < 0.05.
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Tumor Sccre. Mear tumer scores of line 6K Ly dietary

treatment, averaged acrcss rerlicates, is plotted in Figures
7 and 8 fcr exreriments 9 and 10, respéctively. ? separate
analysis of variance of tumor score was made for each week
that tumors were sccred for size. ‘The mean tumor score of
each replicate wWas sutjected to analysis of variance (Tables
11 and 12). |

In experiment 9 dietary treatment significantly
affected {umor score at 2 weeks PI Lkut not thereafter, but
FFiqure 7 shows that tke tumcr sccie of chickens restricted
at 4 vweeks of age uas consisten@ly below that cf full-fed
chickens and chickens restricted at 6 weeks of age (2 weeks
prior to virus inoculation) from 4 weeks CrTe A mean
separation test (Duncan, 1955) showed that beth
restricted-fed treatmert grcugs had significantly smaller
‘tumors than full-fed chickens at 2 weeks PI.

In exrerirent 10 dietary treatment significantly
afffected turcr score frcm 4 weeks through 8 weeks after
iroculation with BRSV-1 at 10 weeks c¢f age. A mean
Separaticn test {(Dtuncan, 1955) showed that both
[estricted~fed treatment groups had significantly smaller

tumors than full-fed chickens at 4, 5, 6, 7 and 8 wseeks PI.
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MEAN TUMOR SCORE

WEEKS POSTINOCULATION

FIGURE 7. Mean tumor score of line 6K by dietary
treatment for experiment 9. All chickens were
inoculated with RSV-1 at 8 weeks of age., The mean
tumor score of three replicates was caleulated

and the arithmetic mean of the replicate means was
plotted, The tumor score of chickens dying with

tumor prior to 10 weeks entered  into the determin-
ation of mean tumor score of a replicate in subsequent
weeks, *, Full-fed; =, Restricted-fed at 6 weeks of
age; +, Regstricted-fed at 4 weeks of age.




MEAN TUMOR SCORE

WEEKS POSTINOCULATION

FIGURE 8., Mean tumor score of line 6K .by dietary
treatment for experiment 10, All chickens were
inoculated with RASVel at 10 weeks of age. The mean
tumor score of four replicates was calculated and
the arithmetic mean ci’ the replicate means plotted.
The tumor gcore of chickens dying with tumor prior
to 10 weeks entered into the determination of mean
tumor score of a replicate 1ln subsequent weeks,

*, Pull-fed; =, Regstricted=fed at 2 weeks of age;
+, Regstricted-fed at 4 weeks of age.

76
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pI1. In experiment 9 the @mean TPI for chickens
restricted at 4 weeks cf age was 1.S ccmpared to 2.8 for
full-fed chickerns and chickens restricfed at 6 seeks of age
{lable 15). Prean TPI fof chickens restricted at 4 weeks of
age was significantly lcwer than that for the other two
dietary treatments.

In experiment 10 the mean TPI for chicken restricted at
4 and 6 wéeks cf age was 2.5 ard 2.6 compared to 3.0 for
fvll-fed chickens {Takle 16). 1he differences anmcng thesé

pean TPI's were not statistically significant.
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TABLE 15

Yean TEI Ly dietary treatment in line €K,

experigent 9

- P PR S W W D D P S D R R W D e WD D G En B D MDD D b - - - ——

Dietary treatment Mean TPI

a
Full-fed- 2.8 # C.2
Restricted at € weeks of age 2.8 2 O.Ma
Restricted at 4 weeks of age 1.9 + 0.3b

T = o ST G e W D A D D A T D - D W WD A D - - P - - - - - -

A1l chickens were inoculated with RSV-1 at 8 weeks of
age. Fcr feed testricted <chickens the duration of
zestrictidn sas 12 and 14 Wveeks, respectively. A mean
separation test (Duncan, 1655) vas rade. Means having
different superscripts are significantly different at

P £ 0.05.
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TABLE 16

Mean TPI Ly dietary treatment in line 6k,

experiment 10

- — e - = -

D - - = D D S . D - — S A D T A N - W -

Dietary Treatment Mean TEIX

Full-fed 3.0 + 0.3%
Restricteé at 6 weeks of age 2.6 + 0.2
Bestricted at 4 ueeks cf age 2.5 + (. F

All chickens were inoculated with ESV-1 at 10 weeks of
age. For restricted chickens the duraticr of feed
restricticn vwas 14 and 16 vweeks, respectively. A mean
seraration test (Luncan, 195E) was ©rade. Means having
different =surerscripts are significantly dif ferent at

P < 0.05.
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Summnary. Forty percent restricticn 2, 4 and 6 . weeks
prior to virus incculaticn apreared to have no effect on the
susceptibility tc tumcr fcrmaticrn in line 6K in esiperiments
3 and 10. Similarly in experiment © 50% grctein-calorie
restricticn 2 weeks pricr tc RSV-inoculation haé no effect
cp stsceptibility tc¢ tumcr formaticn in line 6K.

In experiment 9 the two restricted grougs (restricted 2
asd 4 weeks rpricr tc RSv-inoculation) develored tumors later
ard had significantly smaller tumcrs at 2 weeks PI than the
full-fed grotps. In experiment 10 both restricted groups
{restricted at 4 and 6 weeks pricr to vircts inoculation at
10 vweeks of age) had significantly smaller tumors at 4
through 8 wee€ks PI than the full-fed group. Lengthening the
pericd of 1restricticr ccmbined with later ESV-inoculation
arparently delayed the effect of dietary treatment on tusor
size (Fiqures 7 and 8). Hcwever, in experiment 10 the
differences in mean 1TPI's among the three dietary treatment
groups were rnct significant ({Takle 16). Thus even tkough
tumors were sualier in the restricted groups the cutcome of
the tumor using TPI as the criterion, was not affected, but

presumably tuncr Lurden was smaller in restricted groups.
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Before studying the effect cof Eroctein-calorie
restriction ugon immunoloqical capacities, the feasibility
o6f using the delayed swattle reaction (DWR) test das
irvestigated. The DWE test is anm in vivo test ir which for
a given chicken the difference Letween tke thickress of the
wattle ckallemnced with dirhtheria tcxcid (DT) and that of a
ccntrol wattle injected with phosphate tuffered saline (with
1% normal chick serur) is tsed as a meastre of cell-mediated
irmune responsiveness. This was experiment 11.

DSR Test in (6=1 X 15=1)F2 Chickens. In this part of
the experiment, F2 generation prcgeny of a cross of lines
6-1 and 15-1 were used. B82B2, B2B5 and B5B5 chickens of
becth sexes were utilized in the study. Thirty-cre chickens
Wwere immunized at 13 weeks of age with ©CT anéd challenged
with [T three times at 2 +week intervals for one test.
Fifteen ncr-immunized chickens served as contrcls. Five of
the 15 ccntxrcl chickens were tested fcr a response to DT at
each challenge period. .The ccntrcl chickens did not respond
ir any of the tests.

Wattles vwere meastred at 24, 36 and 48 hours after each
challenge with DT to determine the time of maxirur response.
The repeatability of a single measurement cf the thickness
of a qiveﬂ wattle at a given time, as determined by

intraclass correlation, was 0.99, thus, a wattle was
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reasured cnly once at a given time in subsegquent challenges.
In all three challenges the respcnse at 24 hcuvrs after
challenge was significantly lcwer than the responses at 36
and 48 hotrs which were not significantly different frcm
€ach otlker. Thus, 1in subsequent TWR challenges, for
ccnvenhience, wattles 1vwere ©pmeastred at 48 hours after
challenge with LT.

The 4Y8-hcur resrcnse resulting frem each of the three
challenges for each immunized chicken was sukjected to an
analysis cf variance and an estirate of repeatakility of
resronse obtained. Fepeatability was estimated tc'be 0. 48.
Since this is c¢rly mcderate repeatability each chicken in
stbsequent DWEF tests was challenged three times.

Mean resrcnse of wmales and ferales by B genotype for
each challenge are given in Taktle 17 together with the
number of chickens tested. Igncring B genotyre the mean
resrcnse icr females was 1.06 mm ccmpared to C.57 mam for
rales. 1he mean response, averaged acress all three
challenges zfor each chicken was sukbjected tc aralysis cof
variance (Takle 18). 1The effect of sex +was significant.
.Effect of P genotype snd the interacticn cf B gerotype and

sex effect vwere not significant.




TABLE 17

Mean respcnse (millimeters) tc DT of (6-1 X 15-1)F2

progeny Ly sex and

challenges, exreriment 11

B genotype for ecach of tlkree

83

Male Female
challenge BBz  B2B5  BSBS  B2E2  EZE5  B585
1 0.37 0.60 0.48 1.09 0.79 1. 25
2 0.53 0.78 0.53 1.10 1.11 1.15
3 0.65 0.68 0.63 0.90 1.09 1. 20
Ccmbined 0.52 0.68 0.54 ° 1.03 1.¢0 1.20
Nember 6 4 4 7 7 4
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TABLE 18

Least sqtares analysis cf DWE test in

(6-1 X 15-1) F2 generatiocn rprcgeny

S D D D D L ot D Y T DA D D T D T T - - - - -

Scurce of variaticn df - Mear square
B Genotype . 2 2.6
Sex 1 198.0%
; E genotype X Sex 2 5.1
Residual : 26 8.1
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DRB Test in (6-1 X 15-NF3 Chickens. A total of 68
rale and female F3 generaticn prcgeny of crosses of lines
6—1 and 1E-1 were tested ir twc hatches. Twelve chickens
iere in the first hatch, 5Z in thke second. Only B2B2 and
B5B5 chickens swere included in the study. Chickens were
immunized at 1: veeks of age in both hatches. The criterion
cf response for each chicken was the response at 48 hours
averaged across three ctallenges.

Mean response of males and females ty B gernctype are
given in Takle 19 together with the number cf chickens
tested. The mean response for fepgales was 0.47 mm compared
tc 0.20 mm for males. The mean response for each chicken
vas subjected tc analysis ¢f variance {Table 20). Sex, P
genotype, and the sex by B genotyre interaction effects were
pct significant.

DWR JTest ip Lines 6-3, 7-% and 10% Chickens. Forty-six

a¢ult chickers vwere tested. Nine females frcm eack line and
"nine 6~3 and ten 7-2 pales were tested. Ko 105 males were
tested. The critefion of response for each chkicken was the
Bean respcnse at 48 hotrs after each challenge over the
three challenges.

The seap responses of males and females by line are
given in Table 21 together with yhe numker c¢f chickens
tested. Ir lire 6-3 and 7-2 females resronded to a greater
estent than npales. In both sexes, the rean resgonse for
lires 7-2 was qreater than that for line 6-3. The @mean

CLespcnse for each chicken was subjected to analysis of
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vaeriance (Tabtle 22). 1line, =sex and line by sex interaction

effects were significant.




TABLE 19
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Mean response (millimeters) to LT of (6-1X 15-10)F3

Frogeny ty sex, B genctype and hatch, ezreriment 11

Female

- - — . - - -

B2B2 BSBS

Male
Hatch B2B2 BSBS
1 : 0.18 0.15
2 0.14 0. 25
Combined 0.15 0.23

Number 13 18

0.14 0.53
O0.24 0.75
0.22 0.70

18 19




TABLE 20
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Least squares analysis of variance of DWR test in

{6-1 & 15=-1)F3 ceneraticn prcgeny, experiment 11

- > > s h - -

Socvrce of variation df Mean square
Hatch 1 663.6
B Genotype 1 1750. 4
Sex 1 3668.4
B genotype X Sex 1 1740.7
Residual 63 163.5

None of the meam squares was significant,

P < 0.05.

tested
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TABLE 21

Yean resgcnse {nillireters) tc DT of lines 6-3,

7-2 and 105 ty line and sex, experimernt 11

T D - T . A e B D D T - D B AT D R D T D D ) N VD D D Y Y s D W o e

Line Male Fegale

6-3 0.25 (9) 1.1% (9)

7-2 0.51 (10) Z.62 (9)

; ‘ 105 N1 0.432 {9)

Number in parenttesis represents number of chickens
tested.

NT = not tested.
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TABLE 22

Least squares analysis of variance of LWR test in

lizes 6-3, 7-2 and 105, experiment 11

- AP P D WL WD W S D D WD WD D S S W > D D D D W DD D e W D D R D D D D P — D -

Scurce of variation df Mean square

D - —— D > P D WD WD AP WD D WD PP D D P D D - - - - -pam

Line 2 989. 2%
Sex 1 2179.9%
Line X Sex 1 ICZ.5%
Residual 41 49.0

* P < C.C5
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Summarye. In tte DWR test females from the F2
generaticn rprcgeny ¢f a crcss ¢f lines 6-1 and 15-1
responded to DT challernge tc a greater extent than did males
from the same Cross. The effect of B genctyfe ugcn the
icmure resgcnse was nct sigonificanta

The DWR response to DT in 73 generation gprogeny of a
cross of lines 6-1 and 15-1 was spaller than that in the F2
gqeneraticn prcceny pocssibly due tc different preparations of
D1 or to seqregation of gene(s) inveclved in the response.
Tkere was nc sex difference ir resicnse and B genctype did
nct significantly affect the DWE test in the F3 generation
Frogeny.

bThe pean resronse to DT of 1line 7-2 chickens was
gqreater thap that c¢f 1line 6-3 in both males and females.
¥ithin lines 7-2 and €-3, the response to LT c¢f females was
greater than that c¢f pales as determined by the DWF test.

In this experiment (6-1 X 15-1)F2 and F3 ceneraticn
rrogeny were low responders to DT using the CWR test. 1In
€valuating cell-rmediated imrzuncccare tence in future
Frotein-calorie restriction experiments, it is necessary to
use stocks whick are kncwn resrcnders. Since (6-1 X 15-1)F5
generation progeny were going to ke used, the DWEF test would

be ipappropriate.
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Effect cf Gepotyre and 40 Percent Eroteir-calorie

Bestriction on Specific Ippunclogical Iests

In Uninoculated Chickers

Forty percent protein-calorie restriction delayed the
arpearance of BSV-induced tunrors (experiments 3, 4 énd 5)
and reduced tumcr sccre during the first 3 sweeks PI
{expreriments 1 through 5). The cbjectives of expreriment 12
were to ccmfpare the immurclcgical capabilities c¢f full-fed
versus protein-calorie restricted-fed chickens and of E2B2
versus B5B5 chickens. 1The ipaurclcgical tests were a PHA
assay as a critericn c¢f cell-mediated immunity aré¢ antibody
titer as a mseasure <¢f hupcral izmunity. The restricted
chickens received 60% of the feed consumed by the full-fed
chickens teqginring at 4 weeks cof age.

There were two batches in this experiment, each
desiqned idertically. In both hatches, chicks within each B
genotype, were assicned at rardcm to one of four replicates
cf approximately 10 chickens each with approximately egual
nunkers of each sex per replicate. 1TIwo replicates were then
assigned to each dietary treatment ({full-fed or 40%
restrictedfed) withirt each genctyrpe. Chicks were not
ESV-inoculated.

PHA Assay. At 4, 5, 6, 7 and 8 +vweeks c¢f age cne
chicken frer each treplicate +was =sacrificed fcr the PHA
assay. A stimulatcry index {ST) fcr each of two replicates

within B genotype and dietary treatment f£cr e€ach of two
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hatches was calculated. Mean SI by B genotype and dietary
treatment fcr each week are given in Table 23. A separate
analysis of variance ¢f SI's was rade for each seek that a
FHA assay was done using tte SI for the chicken from a
replicate as thte experimental urit (Table 24). At 6 weeks
of age the interaction of B genotype and dietary treatment
¥as siqgqnificant. Thus, 6-week-cld B2B2 full-fed <chickens
had higher SI's than <corresponding B2B2 restricted-fed

chickens (Table 23). ¢n the other hand, 6-week-cld ES5ES

restricted <c¢hickens had bhiqher SI's than the BSES full-fed

chickens.
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TABLE 23

Yean stimulatory indices in the PHA assay

ky B genotyre and dietary treatment and

by age of the chicken, experiment 12

D A S D D A T D D Y P TP D D D - D - D ——— - - - — -

B2E2 BSBS

Full-fed Restricted Full-fed Eestricted

4 13.7 6.5 7.0 4.2
5 4.1 4.5 6.4 4.4
6 25.1 1.8 2.1 8.0
7 1. 1 1.0 1.2 1.3
8 1.6 2.6 1.4 1.4

D T G G D G D D S VIS D WP UR D S M W WS W WD R D WD b WP wm b - - - —— e o

Each mear is the arithmetic mean ¢f fcur chickens.
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TABLE 24

Analysis of variance testing effect c¢f B genctyre,
dietary treatuent, ard interaction ugon
stimulatory indices in the EHA assay

at 4, 5, 6, 7 and 8 weeks of age, experiment 12

| Scurce of variation af 4 5 6 7 8
Hatch 1 52.2 5.0 830.3 1.5 1.1
B genotype {G) 1 77.0 3.2 280.2%¢ 0.1 1.1
Lietary treatment (D) 1 S5.6 3.0 313.8 0.0 1.0
G XD 1 18.2 7.3 829.2% 0.1 1.0
kesidual 1t 86.5 11.9 163.2 0.0 1.7

D D D D D D D D D - D P MDD D D D D e n TS D D T D R ——— > — -

* P < 0.05
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Antiktcdy Titer. At 6 and 8 weeks of age serum fron

each of five chickens rer rerlicate was tested fcr antibedy
producticn tc sheep erythrocytes. HMean antibody titer for
each replicate +was calculated as the gecmetric mean of the
antikody titers cf thke five chickens of that replicate.
AntibodyA titers at 6 and 8 weeks of age ky B genotype and
dietary treatment across hatches are given in Takle 25. In
the B2B2 genctype mean antibedy titer of full-fed chickens
was nearly dcutle that cf feed restricted chickens at both 6
and 8 weeks <c¢f aqe. In the B5B5 genotyre restricted
chickens had the higher titers. 1The gecmetric mear antikocdy
titer of each replicate was subjected to aralysis of
variance at 6 and 8 vweeks of age (Table 26). Antitody
titers vwere significantly higher in B5B5 chickers than in
BzB2 chickerns at 6 weeks of age but not at eight. Dietary
treatment did not significantly affect antibody titers at

either 6 or 8 weeks of age.
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TABLE 25

Mear antikcdy titers by B genotype and

dietary treatment, experinment 12

D - — D D D D D D > - - - - —an -

6 weeks 8 weeks
Genotyre Full-fed Restricted Full-fed Restricted
E2B2 53.0 28. 1 2€3.6 154.0
B585 72.8 78.2 205.3 310.8

. D - s P D T T D D D D D D G U W D A = - e -

The gecmetric meén antibody titer was calculated for a
replicate shich consisted of five chickens. Each mean in
the takle is tte arithsetic mean of the four geometric
neans, two from each hatch. Each nmean in the table

represents the antikcdy titers cf 20 chickens.
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TABLE 26

Analysis c¢f variance testing effect of B genctype,

dietary treatment, ard interacticn upcn antikcdy

titer at 6 and 8 weeks of age, experiment 12

Mean squares

Scurce of variation af 6 weeks 8 weeks
Hatch 1 C.054 0.476
E genotype (G) 1 0.426% 0.055
Lietary treatment (D) 1 0.035 0.000
G XD 1 .0.069 0.106
Fesidual 11 0.039 0.039

* P < 0.05
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Sumpmary. Protein-calorie restricticn had a 1limited
influence on immunological capaklities as indicated Ly the
FHA assay. Frotein-calorie restriction =gmay have enhanced

the cell-neéiated respcrse in 6-%eek-cld 35B5 chickens and

derressed the restonse in corresgpcnding B2B2 chickens. A

secondary resgcnse vas ch=served after the second
iomunization at 7 weeks of age as indicated Lty tle higher
artibody titers at 8 ccmpared to 6 weeks of age. No effect
cf dietary treatment on antitody titer was observed.

B genotyre influenced the results of the PHA assay and
antitody titers at 6 weeks of age. [ES5ES chickers had higher
artitody titers that B2B2 chickens whereas the BZ2E=Z chickens
ked a higher SI in the PHA assay than BSBZ chickens.
Perhaps the humcral systes in BSBS chickens is mocre mature
than that in B2B2 chickeps at 6 weeks c¢f age. In the PHA
assay, lymphccytes frcm B2E2 chickens vere stimulated to a
Greater ezxtent than thcse frcm ES5BS chickens which may
indicate a d¢ifference in cell-nediated immunological

. capabilities.
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Effect of Genotyre and 4C Percent Protein-calorie

Restriction opn Tumor Size

In all experiments tumors were subjectively scored for
sizea Tumor =scores 4, 5 and € are dependert uprcr the size
cf the wirg-web c¢f the hcst. The effect of 40%
protein-calorie restriction o¢n tumor area was investigated
using the forsula for an ellipse (Schierman et al., 1977).
B2B2 and B5ES5 chickers frcr the Fqueneration of a cross of
lipes 6-1 ané 15-1 were utilized.

Chickens ¢f each B genctyre twere randomized to four
Leplicates of approximately 10 chickens each with
arproximately equal numkers of each sex per replicate. Two
replicates were then randomly assigned to each dietary
treatment (full-fed or restricted) within each genctype. In
addition, twc replicates of B2BS chickens, one for each
dietary trcatment, were utilized as uninoculated tody weight
ccntrols.

Body fHeight Controls. Uninoculated B2BS chickens
mcnitored the effect of dietary treatment cn body weight in
experiment 13 |(Fiqure 9). After 12 weeks on the dietary
treatments, restricted chickeps weiqhed 60.9% cf that of

full-fed chickens.
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FIGURE 9. Mean body welght of uninoculated controls
at various ages, experiment 13. Mean body welight of
each replicate within a dietary treatment was calcu-
lated and plotted. *, Full-fed; ®, Restricted-fed,
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cre. Tugcrs were scored vweekly. Mean tumor

IH
&

umor

scores by E genotyre and dietary treatment are plotted in
Fiqure 10. A serarate analysis of variance of tumor scores
was made £cr each +week tumcrs were scored for size. The
rean tumor sccre of each of two replicates was sukjected to
analysis <¢f wvariance ({Table 27). Restricted-fed chickens
had significantly smaller mean tumor score at 1 week PI but
nct thereafter, but E2B2 full-fed chickens had lcwer mean
tumor scores after 2 weeks PI than BZ2B2 restricted-fed
chickens. Mcrecver, B5B5 full-fed chickens had higher mean
tumor score than restricted-fed chickens kut the cenotype by
treatment Iirteracticn effect was nct significant (Table 27
and Fiqure 10).

Tumor Area. Mear turmecr areas by B genotype and dietary
treatment are rlctted in Figure 11. It is clezr from the
craph that mean tumcr area cf PBE5B5 full-fed chickens was
much larger than that of E5B5 restricted-fed ckickens. For
BzB2 chickens no such influence of feeding regimen 1is
arrarente. A 'separate apalysis of variance of tumor areas
-¥as made for each week tumors were measured. The mean tumor
area of ecach cf twc rerlicates was subjected to analysis of
variance (Table 28). lLike tumor score, tumcr area was
significacttly reduced by restricted feeding at 1 week PI.
Genotype significantly influenrced umean tumor area from the
fcurth through the tenth week PI. Treatment ané cenotype by
treatment interaction effect sigqnificantly influenced mean

ttmor area for the fifth through the tenth week PI. The




genotype by treatment interaction effect on turor area is
clearly evident 1in Figure 11 since mean tumcr area of BEBS
restricted-feé chickers was stbstantially smaller than that
cf B5E5 full-fed <chickens. Mean tumor area of B2B2
testricted-fed chickens, on the other hand, was generally
~slightly larger than that cf E2E2 full-fed chicketrs.

ummary. Protein-calorie restriction significantly
reduced tumcr size at 1 week PI vesing either tumcr score or
tumor area as the critericn of tumcr size. Beginning at 5
weeks PI E genctype Lty dietary treatment interacticn effect
significantly influenced tuszor area throtgh the tenth week
Pl. The effect <¢f restricted feeding is much greater in
E5B5 than in E2E2 chickens when tumor area is the «criterion

than vhen tuscr score is the critericn c¢f response.
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MEAN TUMOR SCORE

-+

(]
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WEEKS POSTINOCULATION

FIGURE 10. Mean tumor score of B2B2 and BS5B5 chickens,
respectlvely, each week PI for experiment 13. The mean
tumor score of two replicates within a B genotype and
dletary treatment was calculated and the arithmetic

mean of the replicdates was plotted. The tumor score

of chickens dying with tumor prior to 10 weeks PI entered
into the determination of mean fumor score of a repli-
cate in subsequent weeks. *, B2B2 Full-fed; =, B2B2
Restricted-fed; +, BSB5 Full-fed: O, B5B5 Restricted-
fed. ’ ' ' .



TABLE 27

Analysis of variance testing effect of genotype, dietary treatment, and interaction upon

tumor score, experiment 13

Mean squares for mean tumor score

Source of (weeks PI) -
yarjation af 1 2 3 L 5 -3 7 8 9 10

Genotype (G) 0.07 0.00 4,89 20.6% 31.6% 3F1.4% 32,1% 32,1% 33,7% 32,7%

1
Treatment (T) 1 0.81% 0,17 0.11 0.0 0.2 0.2 0.2 0.2 0.8 Ot
GXT 1 0.15 0.01 0.85 0.6 0.6 0,8 0.7 0.7 0.1 O.h
I

Residual 0.03 0.0 0.23 0.5 0.7 0.7 0.8 0.8 0.8 0.5

«p < 0.05

SoT
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FIGURE 11. Mean tumor area of B2B2 and B5BS5 chickens,
respectively, each week PI for experimnnt 13. The mean
tumor area of two replicates within a B genotype and
dietary treatment was calculated and the arithmetic
mean of the replicates plotted. The tumor area of a
chicken dylng with tumor prior to 10 weeks PI entered
into the determination of mean tumor area of a repli-
cate in subsequent weeks., %, B2B2 Full-fed; s, B2B2
?estricted-fed; +, B5B5 Full-fed; O, B5BS Restricted-
ed, : .




TABLE 28

Analysis of variance testing effect of genotype, dietary treatment, and interaction upon

tumor area, experiment 13

Mean squares for mean tumor area

Source of (wge;z PI) _
variation df 1 2 3 - ) 6 ya 8 9 10

Genotype (G) 1 0.01 0.55 81.98 821.1* 1458,3% 1581.2% 1675.9% 1684.9% 1684.0% 1659, 5%
Treatment (T) 1 10.99% 2.65 16.33 60.3 167.2* 153.0% 173.8% 173.7% 160.7% 151.2%

GXT 1 0.01 0.04 6.32 70.2 181.0% 175.9%* 188.5% 188.6% 202.7% 213.6*
Residual b 0.01 0.9512.85 26,1 8.6 A7 3.2 3.2 3.6 k5
*p < 0,05

L0T



V. CISCLSESICN

Nutriticnal restricfion reduced susceptitility to
ESv-induced tuncrs, delayed tlke arprearance of the tumor and
svrpressed tumcr growth at least during the initial weeks
PI. In adéiticn, this research ccnfirmed the findings of
Ccllius et ales (1977) and Schierman €t al. {1€77) th;t B
gqenctype decisively and siqgnificantly influenced the outcone
cf ESV-induced tumors. Forty percent prctein-calorie
Eestrictica Tecuced tumcr area o¢f BEBS5S restricted-fed
chickens ccnpared to B5B5 full-fed chickens but tumor area
of E2B2 «chickens was naot affected by 40% grctein-calorie
restricticn. Tle strcng genetic ccntrol of tumor regressicn
ty B genotype may Lte telated tc different 1levels of

izzxurcconretence of the immune systems in B2E2 and ES5B5

chickens.

Effect cf Genotyre and cf 40 EFercent Protein-calorie
Restrictich gnd tteir Interacticn cp Tumor Development

Protein-calcrie restricticr influenced susceptikility
to the fcrumaticn of RSV-induced tumcrs differently in line
6~3 than ir line 105. Felatively fewer tumors developed in
line 105 thar it line €-3 as a result cf dietary restriction

irdicating a genotype ty envirorment interacticn effect -<¢n

108 ,
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stsceptibility fo tumor formation. 1The wide variation in
rercentage c¢fi chickens develaping tumo;s Letween exreriments
ey Le due in part tc¢ different EKSV-1 inoccula ard also to
variahle genetic rackcround of the hosts, rparticularly in
ncninbred lime 105, hetueén the twc exreriments. Fernandes
et g;.. {197¢b) showed that two strains of stcert-lived,
attoimnunity-scsceptikle mice [DBAy2f and (NZE X NZW)F1]
respcuded differently to dietary restriction. CEA/2f mice
showed prclcngaticn cf life with ptctein testricticn whereas
{N2B X NZW)F1 mice exhikited —rcrolonged 1ife ‘uith caloric

restricticna.

Protein-calorie restricticn significantly influenced
ttmcr deﬁelopnent to 4 weeks E1 ir lines 6~3 and 105 arnd ih
FZ2 generaticr prcgeny c<f lines 6-1 and 15-1. After 4 weeks
EI, restricticn did not significantly affect tumcr score as
a criterion of response, or TEl.

B genotyre significantly irflvenced tumor development
after 3 weeks PI. Mean tumor score and mean TBI were
csignificartly smaller in E2B2 than in ESBS chickers from the
F2 and F5 ceneration cf (6-1 X 15-1) frcm 3 through 10 weeks
PI. Collins €t al. {1577) chserved that B gemctyre had a
rr1ofound influence on the fate of RSV-induced tumors among
the F2 generaticmn progeny of a cross of lines 6~1 and 15-1.
In BZBZ2, BZ2EE and BEBS5 segregants mean TPI was 2.9, 3.5 and

4.9, respectively.
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cn the cther hand, a 1line effect was not detected.

Hean tumcr score and mean TEI were sicilar in lire 6~3 and
line 105. Cctter gt al. {1973a) shcsed that line six had a
significantly Dhigher irciéence cf reqgqressicn of RSV-induced
tumors than did line 10%. Using diffeient lines, Gyles and
Ezcwn £1971) showed that genetic 1line sigpificantly

influenced tumscr size.

'Effect of the Seyverity apd Iiming cf Bretein-calorie
Bestriction on Jumor Development

Fifty percent protein-calorie restriction, seimilar to
40% protein-calorie rTestriction, delayed the appearance of
tumor and redéuced tumcr sccre at 2 and 3 seeks PI conpared
tc both 25% protein-calorie restriction and full-feeding.
Apparently 25% protein-calorie restricticn ¥as not
adequately 1linmiting tc affect tumor develcpment. BRoss et
ala (197Q0) <showed that level of <calorie intake and
propcrticn c¢f prctein in the diet nmcdified the ircidence of
sfontaneous ckrcomcghcke adenomas c¢f the antericr vpituitary
gland of the male rat.

Restricting chickers for pericds cf either 4 or 6 ueeks
prior to inoculatiomn with ©ESV-1, suppressed tumor score
later than fcr chickems restricted cnly 2 weeks prior to
inoculaticn. It is nct kncwr if ‘this later effect on tumor
sccre is actvally due tc lengthening the restricticnm period
prior to incculaticn cr tc a restriction cf a specific

rineral and/cxk vitamin, since feed in the experiments cn
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which +this <chbservation was lased was not supplemented uith
sinerals and vitamins. acccrdirg tc Jcse and Gocd (1973b)
Iesistance can te «either increased or depressed depending
upcn the severity and the timirg <¢f the netritional
deprivaticn. Although the TEI of chickens restricted 4 and
¢ weeks pricr tc imcculaticn was nct significantly different
than that of full-fed <chickens, mean tumor score of
restricted-fed chickens renrained smaller than for full-fed
chickens thrcuighout the experimente.

In nc¢c experirents did restriction begin prior to 4
weeks of age. Restricting prior to 4 weeks of age likely
would bave a depressing effect <¢n izmunccomgeteace, since

chicks develcp immurclcgically at this time.

Effect of 40 PBercent Proteimn-calorie
Bestricticn Cn Tumor Size

Tumor area of prcteinp-calcrie restricted BEBS hosts was
significantly smaller thapn that of JBE5BS full-fed hostse.
Although B5B5 rtestricted bhosts had smaller tumors than
ccrresponding full-fed hosts, arrarently the differemce in
tusor burden was tcc szall and/cr our criterion of
neasurement of tumor size too <crude, to detect a real
difference in IPI at tte end cf the exfrerimental Feriod. 1In
BzBZ hosts the area of tumor and the fate of tke tumor as
zeasvred by 1TPI were not different in the restricted

ccrpared tc full-fed chickens.
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The relatively smaller tumors in Frctein-calorie

restricted tkar in the full-fed BSBS hosts may have resulted
frcm a limited suprly «¢f nutrients toc the cancer cell.
Transformaticn of a o©pcrsal cell ictc a tumor cell clearly
irvclves a profound ssitch in tiological &mechanisz from a
precisely requlated tplkencmeccz characteristic cf a normal
Iesting cell to one involving persistently increased
synthesis c¢f &rucleic acids, rrcteins and other substances
srecifically needed fcr continued cell growth ané division
; {Eraun, 1¢6¢). Acccrding to Tannenktaum (1944) carcinogenic
agents prodvce the initial fundamental changes, in which the
carcinogens transfcrm normal «cells 1into <cancer .cells,
reqardless cf tte diet, 1lcw <¢r bigh calorie (Tannenbauam,
1944) . Forty percent restricticn inhitited the early growth
and develcrment cf tke tumcr, suqggesting that a 1limited
sgpply of. netrients gsay nct affect cellular transformation
btt may retard early tumor growth Lty 1limiting essential

nutrients recguired fcr rarid cell picliferatione

[ffect of 40 Percept Protein-calorie

Bestriction on JImmupologjca] Fupcticns
Reduced stsceptitility to tumor formation, and the
retardation of tumor growth of protein-calorie restricted
hests during tke first 3 weeks FI, may have reflected the
effect of rutrient restriction on tte imuune respcnse tc the

tumor. Several investigatofs showed in mice (Jcse et al.,

1¢73a, 1§73t; Cooper gt al., 1971, 1974; Bell and Hazell,

L
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1875; Fernandes et al., 1¢76a, 1S76¢c), rats {(Jose et al.,
1€71) and guinea pigs ({Kramer and Good, 1977, 1978) that
mcderate dietary protein restriction depresseé antibedy
rrcéucticn kut frpermitted wrainotainence o¢f, or even an
ircrease in, certain kinds of cell-mediated resfcnsese.
These included respcnse tc Bmitcgens, defenses against
certain viruses, rejecticn cf skin allografts, and
develcpment <c¢f killer cells against allogeneic or syngeneic
tumor cells.

Forty percent protein-calorie restriction Lhac a limited
effect cp insuncccaretence in this study based upon the EHA
assay and acntibecdy titer as measures of cell-medéiated and
humoral ipsurity, restectively. Spleen cells from
6—seek-o0ld ESES protein-calorie restricted chickens
exhikited an enhanced cell-mediated response ccmpared to
ccrresponding full-fed chickens of the same genctype. Cn
the cther hapd, in E2E2 chickens protein-calorie restricticn
depressed the cell-meciated respcrse. Ccoper €t al. (1974)
using twc unrelated strains of mice (C3H/Bi ard Sec/Red)
dencnstrated enhancement cof the‘ proliferative response of
spleen cells from nice receiving 8% versus 27% protein in
tte diet toc stisulaticn by PHA. Cn the cther hand, Erickson
et al. {1979a, 1979b) found that protein concentration d4id
cct affect PHA-stimulated T-cell transfcrmaticn ir mice fed
perified diets containing 6, 10 or 30% casein. After 6
weeks of age prctein-célctie restricticn and B genotype did

nct influence cell-mediated izzunccomgetence iRr chickens as
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measured Lty the éHA ascaye

Forty rpercent prctein-calorie restricticn did not
affect heragglutinin antitkody production te sheep
erythrocytes at 2 and 4 weeks after feed restricticn begane.
Erickson et al. {1979k) showed that 1level <cf dietary
rrotein, level <c¢f <calaric intake and the dcraticn of
nytcitional napipulaticn influenced B cell transformation
stinulated by lipopclysaccharide in mice. Kenney et al-
{1¢c68) found that ©protein-restricted rats hadé depressed
hemagglutinir antibcdy titers to =skeep erythrocytese. In
that experinzent, however, adult rats fed the law protein
diet had lost 22-24% of initial weight wher tested for
antibody rproducticn. A rossible exglanaticn for the failure
cf protein-calorie «restriction to influsnce antibcedy
producticn tc sheep erythrccytes way be that the restriction

vas too wmild since chickens «continued to gain weight

throughout tle experinert.

Lffect of B _Genctype gon lmmuncloegical Functjopns

The E complex exerts control over nuserous ijizamunclogic
functions including regression cf RSV-induced tumors
(revieved Lty Abplanalp, 1¢79) . Because of the effect of B
qenotype ct tumcr regqressice, Collins gt ale {1977)
suggested that in B5B5 chickers immunclcgical mechanisms
feiled to resgpend tc the tumer, resgcnded inadecuately, cr
tke respcnse uas negated, but tktey did nct assay for either

artibody cr cell-mediated inmune CLesSponses.
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The inmunccompetence of E2F2 versus B5B5 chickens were
ccmpared tvsing the level of PHA-stimul;teé blastccenesis and
antitody titers to sheep erythrocytes. The cell-mediated
isnune resrcnse ¢f unincctlated 6-week-cld 22B2 chickens may
heve been enkanced relative tc B5B5S chickens using the PHA
assay. But B5BS chickers arpeared to have enhanced antibody
production. Even though this ismurclogical difference was
detected io unincculated 6-%week-cld B2B2 and BSES chickens
it may have fteen associated witk the different ability of

these genotyges to reqress ESV-induced tumors.

. Genetic L[ifferences in Lelayed Wattle Reacticr Test

Lines 6~-3 and 7-2 differed significantly in‘ their
resronse tc IT using the delayed sattle reaction test even
tkcugh bcth 1lines are <considered to have identical
allcantiqgen genctyres within the B comrlex (Fazderka et al.,
1€75; Gilmcur et al., 1977). Significant differences
tetween these lires also exist in cegree of
graft-versus~hcst reaction (Pazderka et al., 1975), delayed
hypersensitivity (Gilamour €t 3gl., 1977), antibcdy rroducticn
(Falladino et al., 1577) and in their atility tc regress
ESV-induced tumars {Marks et al., 1979).

The delayed wattle reacticn test was used to deternine
the effect <¢f£ B genctype on the cell-mediated immune
respecnse to L1 jn vivec. E2E2 and ESES chickens frcm the F2

and F3 gyeneraticn ¢f tte crcss of lines €=1 and 15-1 failed

tc respond tc DT in tle delayed wattle reacticn test. The
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gene (s) ccditg fcr resgcnse tc DT may be a non-E gene(s).

Effect of Age cpn Size and Regression cf
ESV-induced Trpcrs

Mean tumcr sccre frcm U4 weeks thrcugh 10 weeks after
incculaticn w«ith RSV-1, and @cean 1IPI, vwere smaller in
chickens incculated at 8, 10, 1z and 14 weeks of ace than in
chickens incculated at 'u seeks of aged Cotter et al.
{1673b) showed that tuancr reqressicn failed to cccir in line
six chicks inoculated with RSV=-1 at 1 and 14 days of age,
but in chickens inbculated at 28 days of age the incidence
of regressicn sas 50%. |

Reqressicn of murine sarcoma virus Malcney)
{4SV)—-induced tumors was derendent c¢n genetic strain of
mcusé {Fefer et al., 167). ct tusors induced in
stsceptible newborn BALB/c, C57BL/6 and (EALB/c X C57Bl/6)F1
mice, 3, 47 and 24%, respectively, of the primary tumcrs
stcntanegusly reqressed. A1l tuscrs ipdeced in adult mice
frcm these genetic strains completely regressed. Regression
of MSV-induced tumcrs in BALB/c mice was fcund to be
dependent cn the age cf the hcét {Fefer et al., 1969) and
the immunclcgic competence of the host (Fefer €t al., 1968).
RSV-induced tumor regression in chickens is alse host age
dependent ard may ke related tc the iusurccompetence of the

hcste
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Luestions faised by ihis Besecarch

1. Using tumor area as the critericn, did  40%
rcotein-calorie restriction reduce turor size ir lines €-3
and 1057 1In exgperirents | and 2, tumcr sccre cnly uwas used
tc evaluate the eftect of protein-calorie restricticn cn
tumor size. In exfperisent 13, 4o% prfctein-calorie
restriction significantly influenced tumor area in B2B2 and
BS5BS5 chickens. Since scme tumor scores depend c¢n the size
of tie host's ‘uing-ﬁeb and wing—-wel size is influenced by
tody size which in turn is reduced as a restlt of feed
restricticn, tumor arcea may be a tetter measure of the
effect of frrctein-calcrie restricticn cn tumor size.

2. What effect would protein-calcrie restriction have
cn tumor develcrment in line 7-Z using ESV(RAV-49) to induce
tumors? “Thrcughcut this research ESV({EAV-1) w%as used to
rrodtce s=arccmas in susceptikle chickensa Lirte 7-2 is
genetically resistant tc ESV(RAV-1) but segregates for
stsceptikbility tc RSV{RAV=49). Prctein-calorie restriction
ray have a different effect on a different line cf chickens
using a different subqrcur of RSVe

3. %Nould the effect of prctein-calorie restriction be
different if the diluticn cf RSV were changed? 1The effects
c¢f rrotein-calorie restricticn cn tumor grcuth and
development night be greater if a higker diluticr of virus
was use€d., With virus c¢f higber dilution, gfprctein-calorie
restricticn might cetard tumor growth to a greater extent

and for a 1lcnger ¢gericd «c¢f tige. During this time
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irmunclogical mtechanisuos might te better able to Iegress the
tchor.

4. »as the incidence or extent of metastasis
influenced by fFrcteir-calcrie restricticn? In this research
this aspect of tumcrc development was nct studied.
Protein-calorie restricticn @®may bhave an effect on the
incidence, tise of appearance and extent of nRretastasic
tunorse. |

- 5. Would the aqe of ES5B5 chickens at RSV-incculaticn
irfluence tumor size and TPI? 1In thke research invclving age
at inoculaticn line 66X with a high 4incidence of tugor
reqression was uUsed. Collins et gl, (1977) reported that
93% of B5BS5 chickens incculated at 6 weeks of age died with
tusore Ferhars 1if ES5ES chickens were clder at tlke time of
inoculaticn tkey wculd le more isrinccompetent ané have a
lcwer incidence ¢f RSV-induced tumcr procgresssion.

6. How is the LWE response ccntrolled genetically? By
crossing lines €-3 and 7~2 and makxing recifprocal tackcrosses
it would be rpossible tc determipne if the irmune resgonse is
ccntrolled by cre or many genes atd whether it is sex-linked
cr dokinant.

7. In what ways dc¢ B2B2 ard BSBS chickens differ in
igmunclogical cagpatilities? There is a vast difference in
tke ability cf B2B2 ard BSB5 <chickens to regress tumors.
Can this difference te shcwn to be due to differences in
igmurclogical ccmpetenée? The immunological differences nmay

te quite specific. Fcr exarple, B5B5 chickens may be unable
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tc elicit ar inrune respcrse against the tumor cells due to
their failvre tc reccgnize tuncr antigens as foreign.

8. ©wiat are the specific nutrients respcnsitle for the
effects ckserved ir teed restricticn exteriments: A
gtantitative measurement, such as serur albumin level, lean
Ebdy mass <cr fercentage bcdy fat, wculd indicate if the

restricted chickens were nutrient deficient.
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I. kineral and Vitamin Ccmposition of Starter Feed

used in Exyperimerts 1, 2, 3, 4, S5, 12 and 12

- . - —— - - - - - —— - - S - D D WD D D W T D D D S D D

Ccmgcsition cf feed for:

Iingredient Full-fed 40% Eestricted
Vitamin A (units/1L) 6260.0 10433.0
l Vitaﬁin D {uvnits/lb) 835.0 1391.7
| Vitasin B* (mq/1l) 2.5 4.2
Vitapin K* (ag/1L) 0.8 1.3
Eiboflavin {(mq/lb) 2. € 4.3
Eaatothenic acid {mc/1L) 6. € 113
Niacin (mg/1b) 211 35.2
Choline (Egq/lk) 630.0 1€50.0
Calciunm (%) 154 257
Tctal rhosghcris (%) .51 0.85

- —— e D W W > - D WP P D D . A P W ey W = - -—

*In additicn tc wvhat was pnaturally in the feed.
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II. HMineral and Vitarmin Ccmpcsition of Grower Feedé

used in Exrperinment 6

- = —— P w D - - D g Ty T - D D A -

Compositicn of feed for:

] Restricted
% Ingredient Full-fed 25% 50%

. Vitamin A (upits/lL) 5100.0 6800.0 10200.0

P Vitanin D {units/1lb) 835.0  1133.3  1670.0

Vitamin E* (mq/1}b) 2.5 3.3 5.0

Vitamin K* {@c,1L) 0.8 1.1 1.6

Fibcflavin (mg/1b) 3.3 4.4 6.6

Fantothenic acid (mg/1lL) 5«5 73 11.0

Niacin (mg/lb) 21.2 28.3 42.4

Cheline (mqg/lk) 583.0 7773 1166.C

Calciup (%) 152 2.03 3.04

Tctal rhosghorts (%) 0.42 0.60 0. 90

T —— —— T S - D W D YD D Y T WD WD P P T D - - -

*In additicp tc vhat sas naturally in the feeda
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