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Abstract:
mice were not consistently successful. These results were difficult to interpret making it unfeasible to
determine the mechanism of low-dose paralysis.

The results presented here, however, concerning the regulation of immune responses to PVP are
consistent with the hypothesis that two functionally distinct types of T cells, suppressor and amplifier
cells, act in an opposing manner to regulate the magnitude of the antibody response to PVP by bone
marrow derived B cells-
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ABSTRACT

The immune response to polyvinylpyrrolidone (PVP), a synthetic
polymer, was studied in mice using a localized hemolysis in gel assay.
Optimal conditions to detect PVP-specific plaque-forming cells (PFC)
-were determined and some characteristics of the antibody response to
this antigen were defined. To investigate the role of thymus-derived
cells (T cells) in the regulation of antibody responses to PVP, the .PFC
responses of normal and congenitally thymus deficient . (nude) mice were
.compared. Normal and.nude mice responded similarly to an optimally im-
munogenic dose of PVP. Antithymocyte (ATS) or.antilymphocyte (ALS)
serum treatment of immunized mice caused a 5 to 10-fold increase in .the
PVP-specific PFC response in normal mice; the response in nude mice was
not increased by such treatment. The data suggested that, although T
cells are not an absolute requirement in the immune response to this
antigen, these cells can regulate the magnitude of the immune response
to PVP. Furthermore, depletion of short-lived T cells by adult thymec-
tomy .caused enhanced PFC responses to PVP; ATS treatment of adult thy-
mectomized mice resulted in' further enhancement. Nude mice implanted
with neonatal BALB/c thymus glands (nude-TG) had markedly elevated PFC
responses .to PVP but not to type III pneumococcal polysaccharide'(sss—
IIT). Nude-TG treated with thymosin had normal numbers of PFC to PVP.
These results can be explained by proposing a differential repair of
thymus function in nude-TG mice. The activities of helper T cells and
T cells amplifying the response to PVP appear to be nearly normal while
the activity of cells which would normally exert a negative influence
on the magnitude of the PVP response is less than normal.

Prior injection of mice with PVP resulted in the induction of an
immunologically unresponsive state detected by measuring the magnitude
of the PVP-specific PFC response following the injection of a second,
optimally immunogenic dose of PVP. Varying degrees of paralysis were
observed in mice primed with PVP doses of 2.5 X 1072 to 2.5 Ug. Paral-
ysis could be detected 1 to 2 days following priming and persisted for
at least 20 days. However, 30 days after priming the magnitude of the
PVP~specific PFC response was similar to the PFC responsé of a normal
primary response and 60 days after priming the PFC response was 2.2-
fold higher than the primary response. Low-dose paralysis was antigen
specific because PVP-priming did not alter the magnitude of the PFC
response to burro erythrocytes or to S8S-ITI. The rdole of suppressor
T cells in the induction of low-dose paralysis was investigated. A
-greater degree of low-dose paralysis was inducible in adult thymecto-
mized and nude-TG mice whereas nude mice could be only partially par-
alyzed. Attempts to transfer paralysis with cells from PVP-primed
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mice were not consistently successful. These results were difficult
to interpret making it unfeasible to determiné the mechanism of low-
dose paralysis.

The results presented here, however, concerning the regqulation
of immune responses to PVP are consistent with the hypothesis that two
functionally distinct types of T cells, suppressor and amplifier cells,
act in an opposing manner to regulate the magnitude of the antibody
response to PVP by bone marrow derived B cells. -




INTRODUCTION

The development of humoral ané cell-mediated immunit? involves a
complex series of Celiu;ar and'subgellﬁlar events (1—3). Cells in;
. volved in these e&eﬁts arise from.pluribotent hematoéoitic.stéﬁ cells
and mature into immunocompetent antigen reactive celis:in_tﬁé'thymué
"or in thé maﬁﬁalian_equivalent (bong mérrow)‘of the aviéﬁ buréa of -
Fabricus'(2). Precursoral lymphocytés develop into clohes‘of immuné—
competent:cells each of whiéh.is committed to respond tofé_specifiq

" antigenic ‘determinant or epitope (4).

s

. Lymphocytes which mature in the thymus (T cells) are responsible

for_thexvarious cell-mediated immune reactions (2,3). These reactions

include the generation of cytotoxic T cells which mediate tumor rejec-

tion, allograft rejection, and graft-versus-host reaction and ‘the pro-""

”'duction of certain lymphokines. such as macroéhége migration inhibit;ry
factor (MIf), chémotaé£ic factors,.lymphotogins; skin reaqtive factors,
and interferoﬁ'(3,5). These factors contribﬁte to the.inflar.nmétory2
proéessé§ and délayed-type hypersensitivity re&c?ions;, T cells may?
.also be important inwthé:reéiétance and immuﬁ#ty té"certain.infecfiégs
orgénisﬁs espécialiy iﬁﬁracellular-parasitéé 13,6).

The prqduction of humoral énﬁibédfhreSPOnseg to tﬁé‘méjority;of
éompiex,'mulfidéte;minant antigens such as heterplogous erytﬁrocytes
agd'proteins is dependent op:the interact?bpg‘betWeen at ;east'thrée'

functionally distitict cell types, thymus*derived'T cellé} bone marrow




2
derived lymphocytgs (B cells), and accessory cells usually thought of
"as adherent cells or macrophages (1,7). The nature of the cell cooper-

ation between these cell types is not presently knoWn; although several

‘useful models have been proposed (7). Ultimatély, following the intro-

duction of antigen and the subseégent cellular interactions, specific
antigen reac?ive B cells become activated to differentiéte and pfolif—‘
erate . into éntiﬁody producing éells.

Two ciasses of antigen have been described according to their

dependenice on T cell-B cell collaboration for the elicitation of

humoral immune responses. As described above, complex multideterminant '

anfigens such as heterologous erythrocytes and proteins require‘they
assistance of T cells to induce antibody producution tl;7)a The T
cells mediating this funetion have been labelled helper T cells since
. they ﬁhemselves do not produce antibody but rather help B cells to
become actiﬁated thard a pathway leédihg to antibody productiohf
Other antigens, however, appear not to require T ceil; for the induc~
: tion of immune responses (8), and, acc&rdingly, have been termed
thymus-independent (T-independent) antigens. Such antigéns are gener-
ally largg polymers composed of many identical repeating subunits that
afe poorly metabolized in vivo. Some antigens-which have been shown
to elicit immune responses in the absence of. functional T cells ih—

clude: pneumococcal polysaccharide (9,10), lipopolysaccharide‘(lO,ll),
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flagellin (12), Vi antigen (13,14}, levan'(iS), and polyvinylpyr-
rolidone (11,16,17).

Immune responses havg generally been thbught of as beneficial,
allowing the host to_aefend‘against the invasion of infectious agents
and perhaés neoplastic cells. Hoﬁever, in soﬁe insfances immune re-
sponses are now recognized to be detrimental.to the host. Immune £e-
spopses.have beep shown to contfibute to the development-of a vafiety
~ of autoimmune diéeases, theé rejection pf beneficial tissue transplants,
enhanced tumor éro?th, anaphylactic reaction, contact hypersensitivi-A
ties, ceil—mediated hype?sensitivities, énd immﬁne complex.diséaseé
(18—20)..’;n viéw of the beneficial and detrimental aspécts of immune
" responses, it would'Be ektremeiy useful to be able to manipulate
these responées to facilitate protective-functions and to discourage
harmful effects. To accomplish this. goal, it is essential to under-
stand regulator? mechanisms wﬁich tend eiﬁhervfo initiate immpne re-
sponses of to-limit or terminate these‘responses.

A great.deal of inform;tion-has‘been accumulated on the meéhar
nisms that promote antibody-productiqn and‘informatidn ié available-on'
the role of antibody or antigen—antiﬁody complexes in feedback inhi--

. bition of specific antibédy Productiqn (21). Recently, Baker (22) and
Gershon and Kondo (23) provided evidence that T cells may in some cir-
cumstances aétively'suppresé immune responseé. Since that time, T

cells which negatiyely regulate immune réspénses (suppressor T cells),
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have been implicated in the developmeht of many diverse phenomena.
-Suppressor T cells have been shown to contribute to the development
and maintenance of.some forms of immunological tolerance (24%29).
Toleraﬂce'mediated by suppréssor.T ce;ls has.been termed»infectious
tolerance (24), sincelfhe injection of spleen cells from a tolerant
" animal can suppress thg response to the éppropriate antigeh in an .
otherwise nofmal recipient. Antigenic compétition (24,27) is thought
to bé due to active suppressive mechanisms mediated by suppressor T'_
cells. The injection of anti-allotype or anti—idiotypé serum in£6
mice can result in the inability of thgse mice to produce aﬁtibbdy of
the corresponding allotype or idiotype. Allotypé suppression (30) and" .
idiotype suppression (3l) were shown to be due to the activity of sup—‘
: bressér T cells. Ioss of suppressor.T cell .function may cbntributg]to
the development of some autoimmune.diseaées (32,33), while evidence
“has been presented'suggesting that the  presence of subpressor T cells
contributes to éome forms of common Vafiable ﬁypogammaglobuiinémia“
(34). | |

Suppressér T cells may depress humoral antibody responses'(24,
25,27) or ceil—meaiated immune responses (24-27) by either suppressing.
the actiyity of other T cells or B cells. Furthérmore,‘the effecté of
suppressof T cells may be antigenAspeéific or‘nonspecific. Suppres;or

T cells may be activatéd by antigen or by T cell mitogens such as
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cqncanavalin A or the effects of suppressor T cells may be observed
following treatments which deplete wnole T cell populations.:

It is difficult if not impossible tO‘integrete the information
presently available cencepning snppressor T cells into any coherent
nodel of immunereéulationﬂ‘ Possibly multiple interfelatea mecnanisms
are present, and-a éimpie-dnified eencept na? not emerge. 'in lightlof
these difficulties,. the feliowing discuésion will be limited-to_twe;
systems wnieh are pertinent to the study to be presented;

As previously discuesed, seme anﬁigene'(T—indeﬁendent) do no£
require the partieipation of thymus-derived cells to induce immune re-
sponses.' Baker'et al. (35); however, notieed that mice‘immunizea nith
type III pneumococcal polysaccharlde (SSS IIT) end treated with antl-
lymphocyte serum (ALS) ; an agent wh:Lch selectlvely depletes T cells,
resulted in markedly enhanced antibody responses to this antigen. The
ALé—induced enhancemenn of tne séS—III responee was abrogated by,the’
infusion of‘eyngeneic thynoeytes qf fu;tner enhanced by the infnsien
of peripheral blebd lymphocytesl(22). Besed on extensive studies (28)
Baker has proposed that two fﬁnetionelly disninct tynes of thymusf
deri&ed cells, suppressor and amplifier ceilé, act in an opposing man-
ner‘to regulate the magninude of'the'antibody résponse to SSS-III by
ﬁ cells. | |

While assessing the effeet of ALS treatment on the humoral anti-

body response to a panel of differing antigens, Kerbel and Eidinger
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(16) showed that ALS treatment of mice immunized with polyvinylpyrroli-

_aone (PVP) rgéulted in enhanced antibody.reéponséé to'PVﬁ, a T-
:lindependent antiéen (11,16,17). Depletion of T cells by adult fhyﬁecf
tomy éiso caused increased sefﬁm antiquy-reéponses (16,36)‘ana‘iné
éfeased numbers 6f PVP-specific aﬁtibody producing cells (37). Thfmus
implantation or:injectiSn,of.tthué célls pa;tially reversed ﬁhis '

effect of adult thymectomy (37). In other studies mice undergoing a

. mild graft-versus-host reaction had reduced numbers of T cells in their

‘spieens and depressed iﬁmune'responses to sheep érythrothe;vbut in7
‘ creased responses to PVP (38). Rotter and Trainin:(57) alsqlghéwed
thét‘thg magnitude_of tﬁé PVP—specific antibody response is inversely
p?oportional to the age of the miceﬂstudied“.i.e., as micejade thymis
func£ioﬁ.déciines and the immune response to PVP incrééées. ;Collécé
..tively, these fegults suggested tﬁat'a T cell population exérté a

negative regulatory function on the immune response to PVP.

PVP is a usefui antigen to use in studies cbncerﬁing the.feéuia
tion of immune responses for sevéral reééons:.'(a)'PVP is higﬁly iﬁ;
munogeniclin mice‘aﬁd:the immune response can.be:quantified.usiné-éh
aﬁtigeﬂ binding test (ll),:a éassiﬁe hemagglu£inatioh asééy (11), and "’
more recently; an assay to deféct individual cells sécreting PVP-

. specific ahtibody (37). Qb) PVP induces vigorous immuqe résponses in

the absence of functional thymus~derived cells but these cells when

present appear to regdlate‘the ﬁagnitude>of the antibody.reSPOnse.
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Because.PVP does not requi;é the collaboration of heiper T cells to
. induée immune régponses, it is feiativelyAéésy to demonstraie?tﬁe
effects of-oth@? f cell subpopulations oﬁ,theiimmgne resPOnselfé this
antigen. (c¢) PVP, a synthetic polymer Qith maﬁy medical and indus-
“trial uses (39), is‘feadily avaiiable iﬁ a‘variety of mélecular weight
rangés. Furﬁhermbre, PVP is'hd£ t$xic QVér a 1arge‘range-of doses
(39). |

| The ﬁse of cangenitally:thymus-aeficient nude mice and ALS
treatﬁeht in conjunction with PVP séemeé to éffer a useful model sys~
ﬁém to study reguiétioh.of'helper T cell‘indeééndent immune reépoﬁses.
The stﬁdies to be presented ﬁeré designed to develép'é sensitiye ana
reproducible method to déteét siﬁgle cells produqing PVP—specific -
antibéay,.characterizé.the iﬁmune response.pq PVP in nude‘ahdﬂhormal ‘
mice, and investiéate the ability’of thymps*dérived4cells to.rebﬁlatg
the immune reépqnse to this antigen. Hopefuliy, the reéﬁlts io bé:__
presented here will proyi&e informétibn wﬁichican be‘added-ﬁo’aﬁ‘aé

vet incbmplete picture of.immqnorégulatory mechanisms.




MATERTALS AND METHODS

Animals

BALB/c mice of both séxes raised in our ;aboratory or purchased
_from Texas'inbiéd Mice Company (Houston, Texas), or. Charles River
Breeding Laboratory (Wilmington, Massachusetts) were used for most ex-
' periments. Congenitally.thymus-deficient (nu/nu) mice, hereafte;
'designated nude, were prodgcéd from'heﬁe?ézygous stock taken from a
line being made congenic‘with BALB/c mice 5y;cross~intercross mating.
The nude mice used in these studies were derived from heterozygous
parents of the 11.th and iZth cross-intercross generation except for
some nudes listed in Table 6 Which'were'either generation 2-4 on the
BALB/c béékg;qund or generation 1-2 oﬁ the‘CFW backgfound.

All mice Qere 6-12 weeks old at the start of experiments and
groups Qﬁ mice were age.and sex matched within a particular experiment.
In the casé of 1ong—term‘expefimeﬁts, tﬁe cOntrél groups were always

carefully age matched.

Antigens and Immunizations

The polyvinylpyrrolidone (PVP) used for immﬁnization (donated
by GAF Corporation, New York, N.Y.) had an average molecular weight of
360,000 (désignated PVP K90 by the manufactufer). PVP K20 was disf |
solved in PBS at a conceptration of 100- ug/ml and O.25kml:§as_injected'
intravenously via the lateral tail vein resulting in a &ose 6f10.25

Hg/mouse. - In some experiments mice were given a prior, weakly ..




9
4 .
1mmunogen1c prlmlng dose of PVP (0.025 pg) followed 3 days later by an
optimally 1mmunogenlc challenge dose of PVP (0.25 ug).

Type IIT pneumococcal polysaccharlde was kindly donated by .

' Dr. Phillip'J. Baker, Laboratory.of Microbial Immunity, National Insti—'

tutes of Allergy and Infectious Dlseases, NIH, Bethesda, Maryland |
The 1mmunolog1c propertles of. the 8SS- III used and the method by whlch
it was prepared have been described (40—43). Mice were prlmed.with
O;Ol Ug of SSS-IITI i.v. and subsequently challerged with:a mlxtnresof
1.0 ug of SSS-III and 0.25 Ug of PVP in saline. '

Burro erytnrocytes'ng) were obtalned from Colorado SerumﬂCom-
pany, Denver. Mice were given a eingle-l.Q; injeetlon of 0.2 nl'ofla‘
' 10% suspension of washed Bﬁ'in PBS. )

The Vi'antigen-(kindly donated‘by-ﬁr. F. G.‘Jarvis, Idaho Stateﬂ
University).used in rhese studies was purified form Citrobacter
frenndii by an electrophoretie'ﬁrecedure. ‘Mice were injected i.v. with
1 yg vi in O, 2 ml of sallne, the number of V1—spec1f1c PEFC was ‘deter-
mlned 4 days following 1mmun1zatlon.

'Llpopolysaccharlde (LPS) was\entracted from- E. ggli:and'wase
supblied by Dr.'J. A, Rudbach, :University of.ﬁontana, Misspula, Mon-
tana;' Mice were given‘l g L?S'in saline l.v.'and the magnltnde 6f;
the LPS—specific PFC response was determined‘S\dayswfolIOWing immuni- |

zation.’
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N-vinyl-2-pyrrolidone and 2-Pyrrolidone

N-vinyl—2-p§rrolidone (NVP) and 2-pyrrolidone (2-PY) were pur-
' égased from K & K Laborafories, Piainvie&, New York. Nvf and 2—PY'.
were uséd'in.plaque inﬁibition experiménté_in which varying amounts
-of one or the other-were-incorporéted in the'égar layer togéthér‘with

PVP immune spleen ce€lls and PVP-coated SE.

' Concanavalin A, Hydrocortisone Acetate, and Thymosin

Céﬁcénava;in A KCon’A) was purchased~from Milgs Labora£ories,'
Elkhart, Indiana, or in the case of the'experiment presented in Table
21, Con A wésAkiﬁdly donéted by Dr..Philyip 3. Baker Labqrétory of
Microb;al Immunity, NIAID, NIH, Bethesda, MD. |

"Hydrocortisone acetate (HC) suspension was purchased ff@m Wollins

Phafmaéal Corp., Farﬂingaale, NY. HC was'givén as a single i.p. in%
jection consisting of 2.5 mg/mouse. . |

Thymosin fracfibn 5 was produced by Hoffman-LaRoche;.Inc.)
Nutley, NJ for~br. A. L. Goldstein, Univgrsiﬁy of Texas‘and kindly
dénated by Dr; J. T.‘Ulriéh,lDepaftment of Human Biological Chemistfy
and Genetics; Division of Biochgmistry,-The ﬁniversity 6f Texas Med-
ical Branch, Galveston, TX. - Approximaﬁely 73 mg of salt-free lydphi-'
lized thymosin} reported to be endo£oxin free, was reconstituted with
5 ml of sterile normal saline. Thé :estéréd thymosin‘Qas'then~dividea

into 9 equal aliquots apd frozen at -60 C.v'Immediéteiy prior ﬁo use,
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an aliquo£ was £hawed and 3.7 ml.of cold PBS added. Mice were in-
jécted i.p. with 0.25 ml of the dilu?ed thymésin to give about 500 Hg
of th?mosin per mouse. Injectioqs Qere:given'on Monaay,‘Wedﬂesday{

and Friday for 3 weeks prior to immunization.. -

Antithymocyte and'Antilymphdcyte Serum -

'Rabbitianfimouse thymocyte serum (ATS)‘and'rabbit Eﬁtimouse.
_lymphocyte serum (ALS) were purchased froﬁ Miérobioiégicél Associaﬁes,
Beﬁheédé, MD, or Afé Was'bfepared by injecting 5 x'los‘BALB/c th?mo—

cytes i.v;'into each of 3 raﬁbits,at weekly . intervals for 3 Weéks.
‘Seven days foilowing the last injecfion.thg'rabbits were‘bledzaﬁd
‘their serum harvested, pooled, and frozen in 3 ml portibné‘atv;zb c.
ATS, ALS, or nqrmal.rabbit serum (NRS) was given as a single'i;v. ini:
jection at the time of immpnizaﬁion pf mice; the amount and loté oé

ATS, ALS, or NRS used are given'at?appropfiétg places in the fext.,j

Plague Assays
PFC.séecific for PVP, SSS-III, or BE were'de£e6ted by a.é;idé‘
modification (44) of.the.lealiied hemolysis in gel technigue. BE,
-or sheép erythrocytes‘éoated with PVP (17,37)<or SSS—III‘(45)-wére
used as indicéto? cellé. Routihelf, the magnitude of t@e PEFC respénse'
to each antigén was deéérmined 5 days fdliowing ch;llengé immunizdﬁion.
The procedure for:cqating SE with PVP'for.use in plaque AQSays-
. was adaéted from a téchnique ﬁeporﬁed'by>Rotter‘and,Traiﬁin (37).v-éE




12
are washed .3 times in PBS to.yield 2 ml of packed cells and resuspended
to a 5% suspension by édding 38 ml of PBS to the packed cells. Forty
ml of 0.1 mg/ml tanﬂic acid (TA) in PBS is added to the 40 ml of. 5% SE
énd'incub;téd at room tempefature fof 15 miﬁ. TA is prepafed by dis-~
solving 100 mg TA in 1 liter of PBS aﬂd allowing the solution to remain
at room temperature for 10 hr. The aged TA is divided into 40 ml pér—
tions and stored at -20 C until just prior to use.

The tannic acid treated SE (T—SES are seéarated into 2 equal
portions in 50 ml plastic centrifuée cﬁps and washed 3 times bf cen-
trifugation ih'PBS at room temperatufe. One portion, consisting of
1.0.m1 of packed T—SE is resuspended to a 5% suspension in PBS .and £he
other 1.0 ml of packed T-SE is resuspénded to a 1l:11 suspension in
PBS for use as.the SE control in the plaque assay. Twenty ml of 0.1
mg/ml PVP‘(K&K_Laboratorigs, pharmaceutical‘gxade) is added to the 20
ml of 5% f—SE. The suspension is mixed and incubated at room temper-
ature for 15 min. Finally, the PVP-coated SE (PVP—éE) are washed 31
times in PBS and resuspended £o a 1:11 suspension in Pﬁs for use as

the indicator éells to detect PVP-specific PFC.

PVP Passive Hemagglutination Assay

A microtiter aSéay was used to determine the titer of PVP-
. specific serum antibody. SE are coated with'PVP as described above

but resuspended in PBS containing:0.4% gélatin to a 0.25% éuspension.
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Two fold serial dilutions of serum are made in 0.025 ml .of PBS con~
. taining 0.4% gelatin. The gelafin stabilizeé the PVP-coated SE (46)

allowing the cells to set£le into reco@nizébie‘patterns.

Irradiation of Mice

. ' Mice were irradiated using a 6QCo-source in a slowly revolving
" plastic holder which immobilized mice in individual compartments.
The skin source distance was always 60 cm; the. dose rate and final .

dosage given are listed in appropriate places in the text:

cell Transﬁeré

Single céllssﬁspensions Qere prepared from the spleen, thymﬁs,'.
or bone marrow of PVP-priﬁéd or normal miée. Thé cells‘wefe wésh@d
once in balanéed salt solﬁtidn, resuépended to the appropriate conéeﬁ—
_tration, and injected i.v. in a total volume .of 0.5 ml. Recipients-
wefe normal or nude'mice or normal mice which had been lgthally irrad;~
ated about lé houré pre&iouély."ln some cases, miée were given a

separate 'i.v. injectioﬁ‘of PVP or BE ét the same time as cell trapsfery

Adult.Thymecﬁomy

Mice were tkymectpﬁized at 5-6:weeks of age écgording toﬁa
‘metﬁod.de9criged by Morsé et al. (47). A.l—é cm Qentral midline in~- -~
cision was made through'the skin. The subméxiliary gland was tgasea

‘up and a 1 cm incision was made through the sternum with scissors.
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The ribs were spread using small self retaining retractors (George
Tiemann and Co., NY) and the thymhs was removed by suction through a
pastéur pipette with an énlarged openiﬁg. The wound was clOsed using
2 or 3 auto clips in fhe skin. Sham thymectomized mice received eé—
. actly the séme,treatmeﬁt wiﬁhoﬁt remo§31 of the thymu;. Each "animal
was examined madroscopicallf for the pfesénce of thymic remnants Wheh

sacrificed for PFC assay.

Thymus Gland Grafting

' ﬁeonatal BAEB/c thymus glaﬁds were implanted under the renal
capsule of nude.of norﬁal ﬁicé.by previously described techﬂiqueé
(48—505. In most cases Qhe'thymus gland was placed under each kidney
dapsule'of-recipienté. Mice were used iﬁ experiments 8 weeks féllow—
ing grafting aﬁd each mbuse.Wés checked for the presence of a“tﬁymué

.gland under the capsulé éf the time of plaque assay. o A.f

Presentation of Data and'Statistical Methods

In mdst_caseé resultS‘are-presenfed as the arithmetic meanxﬁﬁq/
spleen’ * stahdérd Qeﬁiation (SD) derived frpm mice‘withih a treétméﬂt
rgrqup. ‘However, in some ?xpérimentgnfhé results are prgsentéd as -
;oglo PFC/Qpleen fiSD ipﬁénlefforﬁ tq‘nofﬁ$¥i?é tﬁe vapiancé:éincgﬁ? i}‘“ R
.with PFC Valdes‘thé staﬁdgxa deViéﬁion is pfoporfional andlva;iesi:
directlybas the mean (51{! '?he geoﬁeﬁfic meah‘is g}ven iﬁ‘pagegfhesis

i
'

below the Légio value for each.group to facilitate observation Qflthe co
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data. Student's t test was used to assess the significance of thej
differences noted in the magnifudes of the PFC ;espbn§es in those ex-
periments in which éhé'responses éf diffefent groups of mice Were cpﬁf
_pared. Differences between mean vaiues_for groups of micg were cénl
sidered to be significant wheﬁ.p;obébility (p) vaiues iess than O;Oé

.were obtained.




RESULTS

_Tfeatment of SE with PVP and TA for Use ip the PFC Assay

Initial eXpe?iments wefe éerférmed to determine the optimal-éon—
ditions ‘to coét SE with PVP to detect PVﬁ—sbecifié PFC. Figure 1.
shows'a diagram@atid repreéentation.of'thé structufe of PVP and Table
1 listé the designations and molecular Qeights of'those-préparation%

available.for use. Preliminary experiments- and a.previous report (37)"

indicated that mice produce'appréciable_numbers of PFC 5 days follow;._-

ing immunization with 0.25 Ug of PVP K 90 and that’Pvﬁ'K 30 would suc-
cessfullYAEOét_SE fbr.use in the plaque assay. To determine the opti-
ﬁél concen£ration'of K 30, SE were treated with TA and #hen divided
into 8 aliqpbts. Aﬁ equgl volume of an appropriate concenﬁration.éf
K 30 was mixed with each portion of éE. Tﬁe cells were iﬁéubated,}
washed,.éna plated with PVP—immuﬁe épléen cells. The results (Tablé 2)
show thaf the greatest number éf plaques weré,obsgrvéd gsing SE coated
Qith 0.1 mg/ml of PQQ K 30. The’qualify of the élaques'was alsé op-
timal using this conéénfrafion.

‘Successful coating of SE with PVP depends on priorAtreatmeﬁt of
SE ﬁith a dilute solution of TA.. Freéh solutions,of TA are éoiofléés
gradgally’turning an increasingly green color upén aging. It Qés pos-—
sible, theieforé,.that the age of the TA used to treat'SE could'afféct
the quality or the nﬁmbefs of PVPfspéqific PFC detected. To test this
ééssibiliﬁy, washed SE were divided into 8 equal portions and'freated

LR
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Table 1. Designation and Average Molecular Weights of PVP Preparations
Presently Available

Average " 2-Pyrrolidone

PVP Designatién ‘Molecular Weight . Monomer Units/Molecule -
PVP K 90 360,000 | - 3,240
PVP K 60 . 160,000 : 1,440
PVP K 30 40,000 . 360

PVP K 15 S 10,000 L 90
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Table 2. The Effect of Varying the Concentration of PVP Used to Coat
SE on the PVP Spec1f1c Plaques Observeda

PVP-Specific PFC

PVP Conceptration, ___ pDirect Facilitated”
mg/ml o . Spleen 10° _ Spleen 10°
o . | 200 1 250 1
0.002 - L .12,756' SR Y- 16,000 . . 73
0.01 33,750 153 35,500 161

~0.02 . 36,250 . -° 165 .- 35,000 159
0.1 . 38,500 . 175 39,500 .. 180
02 22,750 103 . 25,750 S
1.0 ) : - 25,750 117 26,000 118
2.0 . 23,500 . 107 26,.000 118
'20.0 N 23,000 105 . 23,000 ° 105

% Three BALB/c mlce, 4 months old, were injected with 0.25 uUg-of PVP
and 5 days later their spleen ‘cells were .pooled and the number of -
direct.and facilitated PVP-spe01flc PFC was determined u51ng SE
coated with varying concentratlons of PVP K30.
bThe number of facilitated PFC/spleen was determlned by treatlng dupli-
cate slides w1th a solutlon of complement and rabbit antlmouse
Y-globulin serum.
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with TA preparations of Varyinq a§esJ' Upon incubation the cells were
washed and the separate portlons 1ncubated w1th 0. l mg/ml PVP K 30
The cells were again 1ncubated, washed, and plated with PVP-lmmune
. spleen cells. The results presented in Table 3 clearly show that the

‘age of the TA used to treat SE does affect both the quantlty and the

B 4

‘quallty of the PVP—spec1flc plaques detected Twelve”hours was chosen.:i

as the optlmal tlme to age TA 'SE treated with TA aged forfl2 hours'
showed numbers oﬁ:plaques close~to the maiimum detected, hut.moreyim-

portantly, . the plaques.wére sharp and“easyfto distinguish. .

Specificity of PVP-Inducéd Plaques

To determine if PFC observed following PVP immunization'were;

producing antipodj that,would specifically bind.PVP, plague inhibition.

studies were performed.  Accordingly, . groups of mice were given an .op-

_timally immunogenic‘dosefof either‘EV§, Viiantiéen‘(Vi), or'lipopolp—
Saccharide.(LPS). Flve days 1ater the mice were. kllled and PVP 1mmune
:spleen cells were plated w1th PVP—coated Sﬁ in “the presence of” varplng
amounts of-tree éVP, Vllrmmune'Spleen cells~were.plated,wlth'V1fcoated
SE in the presence of warying amounts of'free PVP, and LPS lmmune'
spleen cells were plated with LPS—coated SE 1n the presence of varylng
‘ amounts of free PVP.. The results (Figure 2) show that PVP plaques -are
markedly inhlbited by the addition of free EVP to the overlay whereas

the number of Vi and LPS plaques was not affected by'the'addition of
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Table 3. The Effect of Varying the Age of the Tannic Acid Solution
Used to Treat SE on PVP-Specific Plaques Observed :

Age of Tannic Acid' . ; o L Plaque Qualltyb
(Hours) _ PVP-Specific PFC/Spleeha' ‘ (Scale 1- 5)
o - f5'31,soo-f - 'i' 2
4 :-' . A 35,438 S 3
8 : i 34,750 L e s
12 e 3,688 4
20 - o 32,188 A_f", c 4
E R R 13,500 | B
so f' 313. "“_,' .
PBS B AT 125 ' o .-

aThree BALB/c mice, 4 months old, were injected with 0.25 ug of PVP
‘and 5. days. later their spleen cells were pooled and the number of
direct PVP—spe01f1c PFC determlned using SE treated with tannic acid
which had been aged for varying time periods. Following tannic acid

. treatment all SE portlons were treated with. PVP K30 in an 1dent1ca1

manner.

bThe quallty of plaques observed was judged on an arbltrary scale of
1-5;. the poorest plaques were assigned scores of one and the better
plaques a551gned 1ncrea51ngly hlgher values
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Specificity of PFC Detected Using PVP-Coated SE. Pooled
spleen cells from groups of mice immunized with PVP (m—g),
vi (@=———@ ), or LPS ( @@ ) were plaqued with the
appropriate antigen-coated SE in the presence of varying
concentrations of PVP K90.
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PVP, fhé inhibition of only PVP—speqific_plaques indicates that‘PVP
did not inhibit pléque formation nonsbecifically. In those slides
showing plaque inhibitioh; PvP-specific éntibody released from poten-
tial PFC bouﬁd the free fVP in the overlay and was prévented from
reaching and sﬁbséquently, upon ;he addition of complément, lysing the
PVP-coated SE. | |

Using the plaque inhibition assay it was also possiblé to par-
_tially investiéate the nature of the antiéenic aeterminant or epitope
of the PVP moiecule. PVP immune spleen cells werée plated with PVP-
coated SE in thé-presence of vafying amounts of either 2-pyrrolidone

(2-PYY), N—vinyl—z—pyrrélidope (NVP), or PVP K 90. The results (Figure
3) aemongtrate that 2-PY, which is.the basic he£eroéyclic pyrrolidone
ring structure, fails to inhibit PVP-specific plaques at any.congen—
tration tested. However, NVP, a monomer which consists of the pyrroli-
done ring and a single vinyl group, inhibits PVP-specific plaques
almost as efficiently as PVP K 90; thé origihal ahtigén used to~stiﬁu~
_late the immune response. These results indicate that th;‘vinyl grbup
is an infegral part of .the PVP epitope.

The plaque inhibition prpcedure.cén also be used‘to determine
the avidity'bf'antibodies produced byhsingle hemolytic plaqﬁe—forming
cells (52,53). The avidity of the antibodies produced by the PFCs.
is reflected by the relative senéitivity of ghe plaques to inhibition

by free antigen. Pléques formed by low avidity antibody require
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Inhibition of PVP-Specific Plaques with PVP K90, N-Vinyl-
2-Pyrrolidone, and 2-Pyrrolidone. A pool of spleen cells
derived from 3 BALB/c mice given 0.25 ug of PVP 5 days
previously was plaqued in the presence of varying amounts
of 2-PY, top; NVP, middle; or PVP, bottom.
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higher antigen concentrations for inhibition than high avidity.plaques.
PVP appears to stimulate relatively high av1d1ty prlagues compared to
'plaques induced to the protein, bovine Serum albumin (BSA). Approx1—
mately 0 0l ug/ml -PVP 1nh1b1ted 509 -of - PVP- plaques .(Figure 3) whereas
Andersson (52) has reported that about 10 Ug/ml of BSA must be added
to inhibit 509 of BSA—spec1flc PFC.

Class .of Antibody Produced by PVP-Specific PFC
5 Days Following Immunization

Preliminary experiments demonstrated that treatment of slides
with a rabbit antimouseﬂy-glohulin Serum did.not'result in increased
numbers of PVP-specific PFC detected. The preparation and dilutioh'of
facilitating serum-uSed had been previeuSly shown to he effeetive in
v1sualiz1ng indirect PFt to sheep erythrocytes. To further define'the
.class of antibody produced by PFC spe01f1c PFC 5 days follow1ng 1mmu—
nization, normal mice were given a's1ngle optimally 1mmunogen1c dose of
PVP; -also a group of normal mice.mas'giuenia primary and secondary
. immunization"of'SE;- Five days fqllewins:theilast immunization, ali
.mice were sacrificed and their.spleen cells plagqued on duplicate
slides.- One set of slides was treated‘with Con A (54) before the addi-
tion ef compiement or'compiemtn'plus facilitatiné_serum. |

| The data,of-Table 4 show that'treatment with Con h'of slides.from'
normal miqe immunized twice mith SE-resulted.in a dramatic reduction of

direct plaques but’only-partial.reductidn'of facilitated plaques. -Ehe
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Table 4. Inhibition of IgM-Producing PFC by‘Concanavalin A
: . a
_ b PFC/Spleen )
Antigen Inhibitor™ '~ ~ Direct Facilitated
SE None 37,000 . 158,750
cona. = . - 150 103,750
.“ PVP. None: - © 5,000 © ND°
Con A . 0 ' ND

%pirect or facilitated PFC/spleen of mice immunized 5 days previously
with.0.25 Ug of PVP or. 2 injections of 0.2 ml of a 10% suspension of
SE spaced 5 days apart. Pocled spleen cell suspensions from 3 mice:
were used for all determinations.

Spleen cell suspensions were plaqued in the normal way except’ that
slides were treated with Con A before the addltlon of complement
: Control 'slides which received no 1nh1b1tor were treated with sallne
" pefore the addltlon of complement

®Not determined.’

:
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reduction in the number of plaques detected following inhibitor tieat-
ment most prebébly was due to the ihhibi£ion of plaqﬁes around IgM-
producing cells. When immune spleen cells from PVP-immunized mice
were treated with Con A, ﬁa PVP-specific plaques wefe detected.
These results confirm that the direct PVP'spe01flc PFC detected 5 days
following immunization are the result of IgM—produc1ng cells. Since
no increase in PFC has ever been observed using facilitating serum, it
was not necessary to test. the effect of Con A treatment of slides
treated with an antimoqse Y-globulin serum. These results, howeQer,
apply only to PFC detected 5 days follewing immunization; it is pos-
-sible that celis producing: antibody of classes ether than Igﬁ arise
later in the course ef the'entiboay response.toAPVP.

Passive Hemagglutlnatlon Assay for PVP-Specific
Serum Antibody

To measure PVP;spedific serum antibody, a paesive hemagglﬁtine—
tion aseay using microtifer plates and diiuting loops was, developed.
Initial atteﬁptslto demonstrate aéglufination of PVP~-coated cells
failed beeause-eheSe celle dia not settle info recognizable patfefﬁs
(Table 5). When PVP-coated: SE were resuspended in PBS containing

0;4% gelatin (4é), the cells fermed easily.distinguishable'agglutina-
tion patterns. §arying eoncentrations of PVP-coated SE in gelatin
were added to identical serum sample titrations to determine the con-

centration of PVP-~coated SE which would yield'the maximum titer and
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Table 57 Utilization of PVP-Coated SE in a Passive Hemagglutination
’ Assay ’

PVP-SE Resuspended” . Concentration

in _ of PVP-SEP PHA Titer® | Comment
"l.O % -~ © ' Not Readable
0.5 & | - | Not Readable
' PBS | 0.25 %  —= .  Not Readable
- 0.125 %‘,"  ——_4 h Not Readable
0.06 % '.-71 ‘Not Readable
1.0 % 8 Easily ﬁeadable
0.5 % 16. Easily'Readablé~
PBS + 0.4 % . 0.25 & 64 Easily Readable’
Gelatin- . _ . ‘
0.125 % 64 'Difficult to Read
0.06 % 64 Difficult to Read

éSE were coated with PVP in the normal manner ‘and resuspended to
varying concentrations in either .PBS or PBS + 0.4 % gelatin.

b0.025 ml of varying concentrations of PVP-coated SE were added to’

the wells ih each row.

‘CReciprocal of the highest dilution of serum showing a clearly
recognizable agglutination pattern. Identical 2-fold serial dilutions
in PBS or PBS + 0.4 % gelatin were made in microtiter plates of a pool
of serum derived from miée'immunized with 0.25 ug of PVP 5 days’
previously. : ' T S




| BT

29
_yet be easily readable.and reproducible. Table 5 shows that.0.25% of
PVP-coated SE .in 0.4% gélatin was tﬁe best, concentration tested. More
concentrated.suspensionS'were not as sensitive to small amounts of
antibody and more di;ute suspensions were Sensifive but diffibul£ to.

read due to tﬁe very .small number of célls presenfl

PVP Dose Response

Before mganingful experimehts usiﬁg PVP could be-perfprmed,
various characteristics of the EVP—épecific immune response had té be
determined. To e;tablish the‘dose respbnée qhgfacteristics\of_the
primary PFC response to PVP, ﬁice were injected with P?P doses ranging
ffom 10-'4 ﬁg to lO2 Ug;‘the'number of PVP-specific Pfc-was determined
5 days later. -?he results (Figure 4) show. that mice produce appfeci—
able humbefs of PFC in response to'oﬁly a narrow range of PVP doses‘
(]_O—l to 10O Ug). Subsequent experiments indicated that the greatest
number of PFq.was produced in response to O.%S,ug‘of PVP; thié ddse
was considered'to be thé optimal-dose. It can be seénjfrom the dose
response curve (Figure 4) that a PVP dose éf lO—2 Ug énd 1072 Ug were
not consistently detectaﬁle. Immﬁnization‘with doses greater than

1.0 ug.resulted in a reduction in the magnitude of the PFC response

which may be attfibuted to the induction ofzhigh dose paralysis (55).
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Figure 4. PVP-Specific PFC Response Determined 5 Days Following
Immunization of Mice with Varying Doses of PVP. Each
point represents the mean PFC/spleen of 8 similarly
treated mice.




31

PVP-Specific PFC Response on Varying Days
Following Immunization

. Groups of mice were injected with an optimally immunogenic dose
of PVP'oﬁ yarying:déys_before plague assay and the.number of PFC dg4
termined on the same day.for all ﬁice.. The results'presentedfin Figure
5.show thaf mice produce verf few PVP-specific PFC 2.and 3 days follow-
ing immunizétion aﬂd produég‘maximal nﬁmbexs 6f sp;enic PFC 4 days
aftér immﬁnization. ‘The ﬁagnitude of the PFC résponse 5 days after
iﬁmunization wasjfound to be similar to.the peak.response,observed dni
day 4‘post,immunization. Because of the Very draétic reduction in
plaques observed 5ust p;iorvto day 4 and fhe‘maiﬁtenance of peak PFC
responses on days 4 aﬁd 5, the number of PVP-~gpecific PFC wés rou-

. tinéiy determined gppfoxiﬁately 4-1/2 days follpwing_immuhization.
The nﬁmﬁer of PFC declined on days -6 and 7 following immunization.

PVP-Specific Serum Antibody Response on Varylng Days
" Following ‘Immunization

The.seruﬁ éntibody response to a single, optimaily immunogenic
dosé‘of PVP was measured oﬁ Qar&ing days following immunizatiSn; sim~-
ilar results were obtained using a-microtiter and a tube agglutination
procedure; Tube agglutination results (Figure 6) sho& tha£ é makimal_
PVP-specific serum'antibody titer is present 5 déys following immuni-
zatiqn. ‘Thereafter, the titer remains at approximately'éhe same level

“through day 50 followihg immunizationf To discriminate between IgM- and .
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Figure 5. PVP-Specific PFC Response on Varying Days Following
Immunization with 0.25 ug of PVP. Each point represents
the mean PFC/spleen of 4 mice.
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Figure 6. PVP-Specific Serum Antibody Response on Varying Days
Following Immunization. Ten BALB/c mice were immunized
with 0.25 ug of PVP and bled on varying days following
immunization. Serum from each bleeding was pooled and
samples were titered without further treatment (@—® )
or samples were incubated with 0.1 M 2-ME for 1 hour at
room temperature just prior to titration (O—0O ).
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IgG serum éntibody, 0.1 M 2-mercaptoethanol (2-ME) was incub;ted with
seruﬁ éampiés for l hbur at' room tempe;a;uré'(56;57). .Thp 2—Mﬁ
'Fréatedlsé£ﬁm wés'théh titeréd in tﬁe ﬁqrméi‘méﬁner.‘ AgglUtiﬁétidn

folloWing_Z—ME_treafmeﬁt has been attributea to IgG antibody. On day

5 following PVP immunization, no 2-ME resisfant\antibody was detected,.

but on all other days tested, there appeéfé@;tq be a small amount of

2-ME resistant antibody present.

PVP-Specific PFC Response of Nude and Normal Mice

Because a previous study'(il) ﬁsing'aftifically T celleeprivea )

‘mice indicated that'PVP'waé able to inaude’vigofdhs‘immupe #gsponses
g in:the.absence.of_T cells, it was imébrtant to évéluaté fhé immﬁne
resppnée.£Q PVP iﬂ cdﬁgépitéily thgmUS;déficignt.(nude) miaé. ﬁudé
and nor@al micé'we£é iﬁjécté@ Q;th an Obtimally iﬁmunaggnib dose of
.PVP, apd the~gumber of sbieep céll;upﬁodﬁcingxahtibody specific for
PVP wa; determined 5 days‘latér. Table,é pfeéeﬁfs.thé resultS'éf ex-
_perimeéﬁs:l:th;ough 4 usind différent groupé ék‘nude énd-normAl mice.
. In expérimént 1, nude énd nérma; littérﬁate:mice were‘takenkfrpmlé
-,colopy,maintaiﬁéd pnder.conéenﬁional COnditiéns and consisted of mice
deriyed from ﬁeterozygbﬁs parents of the_secopd to fourfh cibssF: |
intercross généfation;.-Expe;iﬁept Z‘represéﬁﬁed nude.mige beiﬁg'bfed

into the CFW s;fainﬂand normal CFW mice. The nude mice used in ex-

'periméhts‘3 and 4 weré“der;Ved from thé maiihg of heterozygous females -’

)
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Table 6. PVP-Specific PFC Response in Normal and Nude Mice Giwven an
Optimally Immunogenic Dose of PVP

No. of PVP—Specific

" Exp. No. . Mice . | Mice PFC/Spleen # SD° P
1 NLM (BALB/c) .15 3.666 * 0.112°
(4,634) € 4
: ; - . p > 0.2
Nude (BALB/c) - 16 3.577 * 0.067 '
no L _ (3.766)
2 . Normal (CFW)- 9 - 3.841 % 0.09
' (6,934) _
) ) . p >0.1
Nude (CEW) 21 3.616 * 0.08.
- (4,130)
3. Normal (BALB/c) 16 . 4.183 * 0.05
‘ ' (15,240)
o : 'p < 0.005
Nude (BALB/c) |15 . 3.637 t 0.15
(4,335)
4" Normal ‘(BALB/c) 11 4.133 % 0.06
' ' (13,583)
S ‘ p > 0.05
Nude (BALB/c) - 11 3.932 % 0.07
(8,550)

aNumber‘_of'PVP-—speéific PFC/spleen detected 5 days after immunization
with 0.25 ug of PVP. '

bLoglo + SD for 9-21 similarly treatedfmiCe.
“Geometric mean. ’

dPr.obabilitijalue comparing the mean PFC/spleen of normal and nude
mice .using Student's t test. ' . _ .
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h and 12th Cross-—

and thymgé—gland grafted nude males of the llt
intercross generations. The nude,micé in'experiment.B, however, were
taken.from.a colony maintaiﬁed in a relatively dirty environment
whereas‘the nude mice of expeiiment 4 were raised in a éleaﬁ environ-
ment in a separéte buildiﬁg from the main mouseé ?oomsz Alfhoﬁgh fhe
genetic background qf these mice was t@e.same, the nude mice used in
expe:iment 4 were generailf much heélfhier, weighed mére, ana liveq
lohge? than the nude mice from the coldny used in ex?e?iment 3.

fhe’resu}ts of exéefiment L‘gnd_z show that nudé mice responded
to PVP in a manner qugntita;ively similar to thymus—bearing.litter—.
mates or to nofmal CFW miqe;Athéhdiffefences bétﬁeen theé two éréups
Qeré nof éigﬁificépt in either experimént 1l or 2A(p > O.é épd p > 0.1,
respeqti&ely).

In experiment 3, nude mice had significantlf lowe? numbefs of~‘
_ PVP-specific PFC wﬁén compared to-nor@al mice bdt in‘expefimenf 4,
using healthy:pude mice the magnitude of the response of nude mice
was sta£iét£caily the same gs the response of normal mice. These data
suggest that fuﬁctional thymus—derived,célls are not an absolute re-
quiremeﬁt in:the immune response of mice to PVP.  The‘appareﬁt aiffer—
. encé.noted in experiment 3 qould'have'been due to the poor health of
the nude mice used. prever, the céndition of mice ﬁsed in these ex-
periménts-was not monitored in any quantitative méﬁner but rafher,
mice were arbitrarilyljudged'aéqording to external appearance.and

\
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vigour. Thus, other pbssibilities which will be discussed below do

exist and cannot be ruled out by .the results pfesented here.

The Effect of Varying Doses of Radiation on the Immune .
Response to PVP ' ' B

'.K}thOuéh thymus—dgfiyed(celislére,npt an absolute rééuirément'ih
tﬁe immune reéponsé to PVP,~p£evioﬁs reports k16,3§—38;580 suggested
thattthese cells can‘reéulate tﬂe.ﬁéénituae of thé:immhne respoﬁse to
this éﬂﬁigen. To test thistpo;sibili£§ ﬁe atteﬁﬁted,ﬁo eliminate.T
- cells that would normally exert’g negafive influence on the EVP re-
éponse (suppréssér T dé;ls)’h& treating Mice With varyiﬁg désgs‘of
) radiatiqn. -ihis‘épbfoacﬁ was:shown to increése IgE'respbﬁses of rats

to ﬁNP—ascaris'preéumably by eliminating.suppréssor T cells {59).

Aécordingly; groups of mice were given varying doses of ;adiétibn g

and.immunized.with PVP. The number of PVP-specific PFC wés.détermined“:_'

5'days later. The results (Table 7) show that even a dose as low as

200 rad resulted in a dramatic feduction of the immune response to PVP‘_

_and.doses-6f~400, 600, and 800 rad tétgiiy abroqaﬁéd éVP~spécific PFC
* . responses g days fo;lowinéﬁradiatién ané immunizatioﬁ. :These re;plts-
seem‘té,indiéate thaf }6w,dosés of_¥édiation kill éréelis reaétive.ts
PVP Eéfore T ceils-that might exerﬁ rggulatéry iﬂfluenceé on fhe im~:
ﬁune response to this antiéen(. Hdweve:; if_is'pogéiblg that i0wer
doseé 6f'radi§£idn_o; othef.£¥éatme§t.éfdﬁdcaisjwould ha;é:fesﬁlted :

-in more meaningful results.’
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Table 7. The Effect of Varying Doses of Radiation on the PVP-Specific
PFC Response in-BALB/c¢ Mice .

'Groﬁp j ‘.ﬁﬁing | - 'l'i?ea?peqti ”' f:1ny—$peéific:PFC/Spieén<'
A ~v-_3 | g . Nome . . . " e 17}9501
Bro . 3 | "‘:.2‘00._'1";':1d : - - .4 "-2',0'7'5‘, .
c s o .. 400 rad . ° 0 : Y
D .' '. 3 I 600rad _ :C.. _" P j 0
g 3 800 réd - o

Mlce were glven varying doses of radiation from a 60CO source.:
Within 3 hours after irradiation all’ mlce were immunized with 0. 25. g
of ‘PVP.. The number of ‘PVP- spec1flc PFC was- determlned 5 days later.
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Effect of ATS or ALS Treatment on the PFC
Response to PVP

Treatment of mlce w1th ATS or ALS‘ agents whlch.cause a deple-
tlon of thymus—derlved cells, causes a depress1on of thymus dependent
immine - responses but not’ thymus 1ndependent lmmune responses (60)

:Thus, 1f-suppresSor.T cells normally_function.to dampen:the‘response>
'to,PVP, thelr depletion following ATS or ALS4treatment shouldiresult
-ln;increased PVP-specific’PEC'responses.

'To test this p0ssibility groups of;normal mice were given a
51ngle 1 p. 1njectlon of ATS or ALS -at the tlme.of 1 V. 1mmun1zat10n
w1th PVP. The number - of PVP—spec1f1c PFC was determlned 5 days later.
The results (Table 8) demonstrate that u51ng thlS treatment protocol
and either ATSvor ALS_w;th”dlfferent stralns of mlce, no;sagnlflcant

enhancement of the PVP-specific PFC response was observed.

It was'possible that to be effective ATS must be administered by .

the same route as antigen. Accordingly, BALB/c mice were injected

‘i.v. with an:optlmally immunogenic dose of PVP; immediately after

immunization, various.amounts of ATS or ALS were administered i.v. to

some of the mice. ThegBFC responsé—tO'PVP“was assessed 5 days later.
The data (Table 9) show that the magnitude of the PFC response to PVP

was markedly increased”in'all groups of mice given any dose of‘ATS‘or

AL * The ATS or ALS—1nduced increase in the PFC response is apparent

6
.when the data are expressed as PFC/spleen or as PFC/lO spleen cells.
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Table 8. The Effect of Intraperitoneal Injection of ALS or ATS on
the PVP-Spec1f1c PFC Response?

Experiment Strain Treatment PVP-Specific PFC/Spleenb
1 . L =~ T 4,500
M ' . ATS c 9,238
2 LM I S .- 4,800
LM ALS - 4,556
3 BALB/c NRS ' - 1,530
BALB/C ALS . 2,390
4 CFW — - 3,313
CFW ' ATS 3,413

%mice were given a single i.p. injection of ATS (Microbiological
Associates, Lot No. 14580) or 0.3 ml of ALS (Microbiological Associ-
ates, Lot No. 14031) at the time of i.v. immunization with 0.25 ug
of PVP. In some cases control-mice were given 0.3 of normal rabbit
serum. (NRS). The number of PVP-specific PFC was determined 5 days
following immunization. -

bMean PFC/spleen for. 4-6 similarly treated mice.
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Table 9. Effect of Treatment with ATS or ALS on the Magnitude of the
’ PFC Response to PVP in Normal BALB/c Mice
Y- |
PVP-Specific PFC
Treatment ‘ . 6
Exp. No. - of Mice , Spleen. ) 10
I None B " 3.845 + 0.183° . . 1.790 + 0.105
(6,998)° T (62)
ATS, 0.10 ml. .  4.630 * 0.329 2.340 * 0.257
(42,658) (219)
ATS, 0.20 ml ©4.847.% 0.114 2.635 * 0.139
- " (70,307) (432)
ATS, 0.30 ml 4.759 * 0.306 | 2.423 + 0.249
' (57,412) (265)
ATS, 0.40 ml 4.861 * 0.168 " 2.537 % 0.163
‘ (72,611) - (344)
I Nohe - 3.931 % 0.125 1.898 * 0.120 -
(8,531) I ¢ )
ALS, 0.25 ml  4.487 % 0.271 2.404 * 0.168
\ . (30,690) (254)
ALS, 0.50 ml 4.590 * 0.531 2.396 * 0.410
- (38,904) (249)

aNumbers of PVP-specific PFC per spleen and per 106 spleen cells de-
tected. 5 days,after‘immunization with 0.25 ug PVP and i.v. injection
of varying amounts of ATS or .ALS. . ATS, Microbiological Assoc., Lot
14580; ALS, Microbiological Assoc., Lot 14031.

b .
.t
nglo__

standard deviation for 3-4 similarly treated mice.

ie] .
. Geometric mean.
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Therefore, the increase is not merely the result of ALS-induced sple-
nomegaly.

‘ALS Treatment of Mice Immunized with both PVP
_and SSS-IIT o L

Baker (28,35Y has demonstrated'that_the'magnitdde of the PFC'fé—
sponse to SSS-III is‘gréatiy enhanced in mice treated'with_ALS. The
 experiment$ reported here show that the magnitude of PFC responses to
PVP are also markedly elevated in mice treated with ATS:or ALS_compared"
fo untregtéd cpnﬁrél mice. It was iﬁtéresting fo evalu;te the'effect
'of AL§ tiéatment on the‘magpitude‘of the PFC rgsponée to both PVP and
SSS-IIT iﬁ ﬁice given an bptimally immunogenic.dosé of both antigéns.
To perform this‘expériment, BALB/c mice-weré givén a- mixture of 0;5'ug
of'PVP-énd 0.5 ug of SSS—IIIlby.a.single'i.p. injection. 'Half of the
mice were thén.injected i.p. with é-prebaratipn.of hdrse‘anii;ﬁouéé-
lymphocfte SérUm kindly dqnéted.by Dr.’Phillip_Baker, Laboratofy_of
Microbial immﬁnity, NIAID,. NIH. The number of PFC to each antigen
.was detected 5»days foilowing im@uniza£ion and ALS treatmeﬁt.'

vThé.?ésults (Table 10) show that ALS.treatment of ddubly.imhu— ,
nized“mice'induced an l8—fola enhancement in éhe magnitude of the PFC
resbonse to RVP and a L4-fold enhancemen£ in éhe maghitude_of the PFC
- response to SSS—IIi when, compared to mice which.were-given.énly‘PVP
and SSS-III. .Theséﬂresults sﬁowing that ﬁhe mggnitude of tﬂe:PFé ?e—

‘ éponse‘tb-botﬁ-anfigens is increased to appioximately thé_same:degree
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Table 10. Effect of ALS Treatment on the Magnitude of the PFC
Response to PVP and SSS-III

No. of ' ‘ PEC/Spléena
i T t : e
GFoup . Mice _ Treatmen PVPfspecific 8SS~-ITII-specific
A 4 PVP + SSS-III 6,444 6,950
B 4 'BVP + SSS-III + ALS 118,213 98,088

dNumbers of PVP-specific and SSS-III-specific PFC/spleen detected 5
days following i.p. immunization of mice with a mixture of 0.5 ug
of PVP and 0.5 yg of SSS-III. Mice in group B were also given an
i.p. 1nject10n of 0.3ml of ALS (donated by Phillip J. Baker, Labora-
tory of Microbial Immunlty, NIAID, NIH Bethesda, Maryland).
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suggested that ALS-induced enhancement is not antigen specific but
rafher.that depletion of T ceils‘by ALS treatmgnf leads‘nonspecifiéally‘
to increased PFC responsés to cerfain.T‘helper gell independent antif
éeﬁs. .Thus, this bhenqmepa is ﬁot rest;icted to é single ﬁnique énti¥
gen. 'Howéver, ALS—inQuced enhancement may oAly. .be demonstfabie with .
“certaiﬁ thimus;inaepenéent antigens whiqh_sharé sbmg a§~yét unidenti-
fied charaéteriétiés.-

Effect of ALS Treatment on the PFC Response
to PVP and BE in Normal Mice '

if ALS acts by depletion of.thymus—derived celié, it'shoﬁld be .
possible to demonstrate enhéncementvqf the.PFC-respénsé to P&P under
conditions,in,which the PFC response to the thymué—dépéﬁdent antigen;
BE, waé supp;esséd. In this expe;iment,‘lo BAIB/c mice .were each iﬁ-
munizéd with both PVP and BE and five of thése.mice were also injected.
' with ALS. The data of Table 11 show thét, in doubly immuniiéd mice,
treatment With ALS caused.a sighificant increase in the response to
PQP'(p<0.0bl) and a significéqt decrease in the response ﬁo_BE
{p<0.001). |

It is possible that ATS or ALS, while ;mpairing the thymus-
dependent response to BE by inactivation of helper T cells, could
enhance the response to PVP,_in which there ;s ﬁo absolute requiremenﬁ

for thymus-derived cells, by removing a population of suppressor cells
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Table 11. Effect of Treatment with ALS on the Magnitude of the PFC
Response to PVP and BE in Normal BALB/c Mice

C e a ' ‘s 2
Treatment PVP-Specific PFC - BE-Specific PFC -
of Mice Spleen . 107 Spleen 10
None 3.918£0.125°  1.791%0.151 4.396%0.210  2.270%0.237
(8,279)° (62) (24,889) . (186)
ais,d 4.669+0.171  2.636%0.206  3.468£0.260  1.429%0.242
0.50 ml | |

(46,666) _ (433) (2,938) . (27)

aNumbers of PVP-specific PFC and BEfspecific»PFC detected 5.days after

- immunization of all mice with 0.25 pg PVP and 0.2ml of a 10% suspen-
sion of BE. ’

bLoglO + standard deviation for 5 similarly treated mice.

CGeometric mean.

dALS, Microbiological Associates Lot 14031.
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or by a direct stimulatory effect upon B cells. The following experi-
ment was designed to diStinQuish between these possibilities.

Effect of ATS on the PFC Response to PVP
- in Normal and Nude Mice

Nude and normal BALB/c_mice were immunized with PVP, injected
with either ATS or NRg, and the magniﬁuderf the PFC ;ééponse to PVP
Qas asséssed 5 days later. :The normal group receiving ATS had a‘7;5
fold greatef PFC response than the NRS—treated normal group; in con-
tfast, ATS treatiient did.not increase the PFC response in hudg mice'
(Table 12). AThe.results of this, experiment suggest that (a) thymus-
derived lympﬁothes'aré required to obtain ATS-induced enhancement; |
and (b) enhancement is not the result of a'stimﬁlatory effect‘of ALS
upon B cells. If regulatory T cells exert ohly a negative infiuence
on the PVP immune response, ﬁude mice which lack functional T celis
might be expected to\réspond in a manner similar-to ATS~-treated normal
mice. However, nude mice and pormal mice produce similar numbers of
PVP-specific PFC inh response to an optimally immunogénic dose of PVP,
This suggests that nude mice lack not onif a subpopulation of T cells
that normally exerts a negative influence on the magnitudeiof:the
immune response but also a T cell sﬁbpopulation that can amplify the

PFC response to PVP,

| I —
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Table 12. Effect of Treatment with ATS on the Magnitude of the fFC
Response to PVP in Nude and Normal BAILB/c Mice
o seat a
Treatment PVP-Specific PFC .
‘Mice of Mice Spleen 10
Normal NRS, 0.3 ml 4.123 * 0.239° 1.954 # 0.279
. R
(13,274) (20)
Normal ATS, 0.3 ml 5,000 % 0.140 2.871 £ 0.125
(100,000) (743)
Nude NRS, 0.3 ml 3.818 = 0.304° 1.713 * 0,293
(6,577) (52)
Nude ATS, 0.3 ml .3.826 + 0.298° 1.744 £ 0.322

(6,699)

(56)

SN umbers of PVP~specific PFC per spleen and per 106 spleen cells
detécted 5 days after immunization with' 0.25 pug PVP and injection
with ATS or NRS. ATS, Microbiological Associates Lot 14580.

Loglo + standard deviation for 10 similarly treated mice. .

c .
_Geometric mean-.
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Effect of Adult Thymectomy on the PFC Response
to PVP and ATS-Induced Enhancement

To ianstigate‘the effect of another method of T ceil depletion,
normal mice 6-7 Weeks‘old were thymectomized. Eight weeks féllowing
thyme ctomy groupé of age matcﬁed normal control mice, sham thymecto-~
mized, andlthymectomized mice were given an optimally immunogenic dose
of PVP with or withou£ ATS. The magnitude of the éFC response was
assessed 5 days after immunization. fhe results kTable 13) show that
deple£ion éf T cells by ATS treatment resulted in about a S—fol& en-—
hancement of thé.fVP response and removal of the thymus caused é
2.5-fold increése in the number of PVP-specific PFC when compared‘with
age-matched non-thymectomized, non ‘ATS treated'cohtrols. Shaﬁ thfmec—
tomy alone, also, induced a modest increase in the PFC response to
PVP. ATS tregtmgnt of adult-thymectomized mice resulted in the great-
est dggree of enhancement obser&éd.‘

Thesé results’ are consistent wi£h‘the hypothesis fhat depletion
of T cells by either ATS or adult thymectoﬁy or both rémoves a popu-
lation of thymus—déri§ed‘cells which normally exerts a negative in-
fluence on the magnitude of the immune rééponse to PVP. The deéle—
'tion of suppréssor T cells allows the expression of a subpopﬁlatibn of
T cells which amplifies (amplifier T cells) the immune response to

PVP.




49

Table 13. Effect of Adult Thymectomy-bn the PFC Response to PVP and
ATS~Induced Enhancement

No. of
Group . Mice - Treatment ATS PFC/Spleen * SDb
A 6 None - 19,050 * 5,870
B . 8 None + 106,344 * 43,113
c 6 Sham Thymec. - 30,460 * 10,018
D . 8 Thymectomized - 51,266 * 15,941
E 6 Thymectomized + . 133,836 * 84,184

aEight weeks following adult thymectomy, sham thymectomy, or no
treatment, mice were immunized with 0.25 g of 'PVP and in some groups
given an i.v. injection of 0.3 ml of a 1:2 dilution of ATS which had"
been prepared in this laboratory. The number of PVP-specific PFC
was determined 5 days following immunization.

Prfithmetic mean PFC/spleen * SD for 6-8 similarly treated mice.
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The increase induced following sham thymectomy may be due to the
induction of a stress related involution of the thymus (61) again re-
" sulting in a partial depiétion of a subpopulation of T cells.

PVP-Specific PFC Response in Nude Mice Given BALB/c
Thymus or Bone Marrow Cells

Because nude mice lack regulgtory‘T cells, it was possible thét
the injection of normal BALB/c thymocytes ihto nude mice would supply
the missing suppressor T cells resu%ting in decreaéed PFC responses to
PVP .when compared to untreated nude mice. To test this possibility,
15 nude micé were given an optimally immunogenic dose of PVP and then
_ divided into 3 equal groups. Group A was not.treated fufther, group
B was given 2 X lO8 BALB/c thymus cells, and group C was given
1.5 X lO8 BALB/c bone marrow cells. The number of PVP—specifié PFC
was determined 5 days following immunization. Contrary to expecta-
tions, the results (Table 14) demonstrate that the injection of normal
thymus cells into nude mice led to about a 2-fold enhancement of the
response tb PVP rather than a suppression. As expected, the injection
of bone marrow cells‘resulted.in é 3-fold enhancement of the reséonse
due probable to the addition of increased numbers of B cells capable
of responding to PVP.

Tﬁe failure of transferred thymocytes to suppfess the response
to PVP-in nude mice could have been due tq a‘number of reasons: (a)
thymocytes may need to be injected prior to immunization tq,allow time

k]
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Table 14. PVP-Specific PFC Response in Nude Mice Given BALB/c
Thymus or Bone Marrow Cells®

Group _ Thymus Bone Marrow PVP--Specific'PFC/Spleenb
A - ‘ - . . 4,713
8 .
B 2 X 10 - - 10,925
- 8
C - 1.5 X 10 14,050

®Nude mice were given an i.v. injection of 2 X lO8 BALB/c thymus

or bone marrow cells in a volume of 0.5 ml. Immediately following
cells transfer all mice were immunized with 0.25 ug of PVP and. the
number of ‘PVP-specific PFC was determined 5 days later.

bArithmetic mean PFC/spleen for 5 similarly treated mice.
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for these cells.to mature into suppressor T cells. (b) The enhanée-
ment observed following injection of thymocytes couid have been due to
an allogenic effect éince the nude mice used in these experiments were
not congenic wifh BALB/c mice.. (c) The thymocytes could have been con-
taminated with B cells derived from paréthymic lymph nodes. (d) Nude
mice may lack some essehtial.thymic factor necessary to properly mature
,thymocytesl I was not able to distiﬂguish among'these possibilities.

PPC Response and ATS-Induced Enhancement to PVP
in Nude Mice Implanted with Thymus Glands

The implantatioﬁrof syngeneic thymus glands in nude mice results
in almost norﬁal-thymus—dependenf immune responseé (62). I wished to
determine if fhymus gland-grafted nudé micé (nudg-TG) would be able to
_mount énhanced PFC respoﬂses to PVP following ATS treétment. Neonatal
BALB/c thymus glands weré implanted‘under the'fenal capsule of nude
miée. Eigﬁt weeks following grafting groups of BALB/c, nude, and
nude-TG mice were iﬁmunized or immunized and treated wiﬁh Afs;f The
number of PFC was determined S days follo&ing immunizatiop.. The -
resul;s (Table 15) show thét BALB/c mice treated wifh‘ATS had 5-fold-
higher PFC responses than untreated BALB/c mice whereas ngdg'mice
treated with ATS had approxiﬁateiy the same number of PVP-gpecific
PFC as untreated nude mice. Unéxpgctedly, nude*T@ given an 6ptim311y
immunogenic dose of PVP héd'PVP—specific PFC responses wﬁichkwere

7-fold higher than the responses of similafly treated normal or nude

X
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Table 15. Effect of ATS Treatment of BALB/c, Nude, or Nudée-TG on
. the PFC Response to pvp?

No. of )
Group Mice | ATS Treatment PVP-Specific PFC/Spieen + SDb
BALB/cC 6 - 14,921 = 5,560
BALB/c 6 + 79,491 * 26,028
Nude 6 - © 13,304 * 8,889
Nude 6 4 17,423 * 7,068
Nude-TG 7 : - 107,839 * 88,083
Nude-TG 7 + 123,271 * 66,015

%Nude mice were grafted with a single neonatal BALB/c thymus gland
under each renal capsule. Eight weeks following grafting groups of
BALB/c, nude, and nude-TG mice were immunized with 0.25 ug of PVP
and in some groups given an i.v. injection of 0.3 ml of a 1:2 dilu-
tion of ATS prepared'in this laboratory. The number of PVP-specific
PFC was determined 5 days following immunization.

bArithmetid mean PFC/spleen * SD for 6-7 similarly treated mice.
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mice. Nude-TG immunized and treated with ATS had even higher PFC re-

sponses.

Effect of ATS Treatment on the Magnitude of the PFC
Response to PVP and BE in BALB/c, Nude, and Nude-TG Mice

Groups of normal, nude, and nude-TG were doubiy immunized with
PVP and BE. Half of the animals in each group were treated with ATS.

The magnitude of the PFC fesponsé to PVP and BE was determined 5 days

fbllowing immunization. The results (Table 16) show that ATS treatment

of BALB/c mice caused a 5-fold increase in the iesponse to PVP and a
2-fold decreasé in the number of BE-specific PFC. Nude mice reéponded
‘well to PVP but had 1essvthan 1% of the BE response of normal'mice;
ATS treatment of nude mice did not increase.the magnitude of the PFC
response to PVP or BE. Nude-TG had 7-fold enhaﬁced PVP;specific PFC
responses and BE~specific PFC responses which were similar to BE re-
sponses in ﬁéfmal mice. As expected, ATS treatment of nude-TG caused
a further increa;e in the PFC response Fo PVP. Surprisingly, ATé
ﬁreatment of nude-TG did not affect the magnitude of the BE-~specific
PFC response. |

'These results confirm previous findings: (a) Nude mice respond
well to PVP, a thymus-independent antigen, bgt respond very poorly to
the thymus-dependenf antigen, BE. (b) ATS treatment of normal mice

results in enhanced PVP responses and decreased BE responses while ATS
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Table 16. Effect of ATS Treatment of BALB/c, Nude, or Nude-TG on the
PFC Response to PVP and BEZ
b

. _ PFC/Spleen

Group Treatment S :
. PVP-Specific BE-Specific

BALB/c PVP + BE 8,542 + 2,815 46,458 + 32,908
BALB/C PVP + BE + ATS 43,854 * 11,611 25,958 % 2,499
Nude 'BVP + BE 4,500 £ 2,165 120 * 54
‘Nude PVP + BE + ATS 3,267 + 1,716 117 £ 141
Nude-TG ' PVP + BE 56,375 + 14,234 24,725 * 9,841
Nude-TG PVP + BE + ATS 109,000 % 55,350 29,675 ¥ 5,515

%Nude mice were grafted with a single neonatal BALB/c thymus gland

under each renal capsule.

prepared in this laboratory.

Eight weeks following grafting groups of
BALB/c, nude, or nude-TG mice were immunized with 0.25 jg of PVP and
0.2 ml of a 10% suspension of BE and in some groups mice were given
an i.v. injection of 0.3 ml of a 1:2 dilution of ATS which had been

specific PFC was determined 5 days following immunization.

The number of PVP-specific or BE-

bArithmetic mean PVP-specific¢ or BE-specific PFC/spleen * .SD for 5
similarly treated mice. )
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treatment of nude mice does not alter the PFC response to PVP. (c)
'Nude—TG have markedly increased responses to‘PVP.

Also,:the results .presented here demonstrafe that nude-TG have
elevated PVP-specific PFé responses when helper T cell function ap-
* pears almostinofmal as assessed by fhe response to BE. These results
can be explained by propo;ing a differential reéair of thymus funétion
in nude mice implanted with tﬁymus glands. The activities of .helper
T cells aﬁd'T celis amplifying £he response to PVP appear to be nearly
normal while the activity of cells which would normally ekert a nega-
tive iﬁflpence on the magnitudejof thé §VP response is greatly dimin-

ished.

PVP and SSS-III-Specific PFC Responses in BALB/c,
Nude, and Nude-TG Mice )

To determine if nude-TG would support enhanced antibqay responses
£o another heiper T cell independent antigen, groups of normal, nude,
and nude~TG mice were given a mixturé of an optimally immunogenic dose
of PVP and SSS-III. The number of PVP. and SSS-III-specific PFC was
determined 5 days later. Normal PFC reséqnsesAto both antigens were
found in BALB/c and nﬁde mice. Nude-TG, on the otﬂer hand, héd in-
c;easéd numbers of PVP-specific PFC compéred to either BALB/c or nude
mice. But, in the.same mice the magnitude -of the éFC response to-
SSS~I1T was not'altefed {Table 17). These resulté‘appear to be simi-

lar to results obtained in adult thymecﬁomized mice in which the PFC
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Table 17. PVP and SSS-III-Specific PFC Responses in BALB/c, Nude,
and Nude-TG Mice?

PFC/Spleen SDb

No. of
Group Mice Immunization PVP-Specific SSS-ITT-Specific
BALB/c 3 PVP + SSS-IIT 13,450 * 2,212 9,463 + 5,722
Nude 5 PVP + SSS-III 5,500 * 2,312 13,225 + 11,860
Nude-TG 5 PVP + SSS-ITT 49,250 * 14,034 9,725 + 3,875

“Nude mice were grafted with a single neonatal BALB/c thymus gland
under each renal capsule. Eight weeks following grafting groups of
BALB/c, nude, and nude-TG mice were given an i.v. injection of a
mixture of 0.25 ug of PVP and 0.5 ug of S5S-III. The number of PVP-
specific and SSS- III—spe01f1c PFC were detexrmined 5 days follow1ng
immunization.

bArlthmetlc mean PVP- spec1f1c or SSS-III- spec1flc PFC/spleen + 8D -for
5 similarly treated mice.
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<

response to PVP is incréased (Table. 13, 37)'while:£h§ PFéqrespdﬁsg tb}:ﬁ-i"

SSS-III is not -(47). 'Tvi celis are répidly depleted follbwing-adﬁit
" thymectomy (60).énd it is possible. that these cells are at Léast"in".

part responsible for suppfessqf Ticéll\activiﬁy directed against anti-
body responses to PVP but not SSS-III. Thereﬁofe, nude-TG may have
.lowered numbers of T-1 cells present in their spleens.

Effect of Thymosin Treatment on the PVP-Specific PFC
Response in BALB/c, Nude, and Nude-TG Mice

Previous studies (27,60) éuggest that short-lived subpres;or
T cells having the att?ibu£es of.T—l éellsrdepend upoﬁ_the pfesence of
an intact thyﬁus gland or, alternatively, the soluble product; pro—:
duqed by the thymus. Recently, é thymic factor deriveé f;om pig blood
has been shown to restore short-lived sﬁppressor'Tﬂcell fdnction in
NZB miée.(63) and treatmént of ‘adult thymectomized mice Qith calf.
thymosin allowed the development §f suppressor T cells following an
injection of picryl suifoﬁic acid (64). |

In light of these results, the effect of thymosin treatmént'on
the PVP-gpecific PFC response of nude-TG mice was tested; Gféﬁps of
‘BALB/c, ﬁude, and nude-TG mice'Were given 9 i.p.{ihjections of 500 ug -
to thymosin fraction'v, spaced over 3 weeksﬁtime. One day following
the last injectioﬁ.of t£Ymosin all miéé were given én‘optimaily immuno~

genic dose of PVP and the magnitude of the PVP-specific PFC response-

¢

was determiﬁed,S days later.

P
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The results presented in Table 18 show that thymosin treatment
did not affect the magnitgde of the PVP-specific PFC response of
BALB/c or nude mice but nude-TG mice treated with thymosin had PVP-
specific ﬁFC responses which were less than half of the ﬁFC responses
in none treated nude-TG and wére similar t6 responses found-in ﬁérmal
BALﬁ/c mice. These results are consistent Wwith the hypéthesis that
nude-TG have diminished T-1 suppressor cell activity 8 weeks following
implantationh of neonatal BALB/c thymus glands under thei; renal cap-
sule. This guppressor T cell activity can be restored by treatment of
these micehwith thymosin, a thymus'hormoné derived from calf thymus.

PVP-Specific PFC Response of BALB/c Mice Implanted
with Syngeneic Thymus$ Glands

Does the nude mouse provide a unique environment which causes
thymus fﬁnction to mature in thg fashion previously'described, or will
similaf results occur if normal mice are implanteq with syngeneic.thy—
mus glands? In an attempt to answer this quéstion neonaﬁél BALB/c
thymus glands were implanted undef the renal capsule of BALB/c mice.
Eight weeks later the BALﬁ/c giand grafted mice (BALB/c-TG) and un-
tréated control mice were given an optimally immunogenic dose of PVP..
Five days following immunization the mice were kiiled, éxamined for
the presénce of yisible thymus glands under the renal capsule, and the 2

number of splenic PVP-specific PFC determined.
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Table 18. Effect of Thymosin Treatment on the PVP-Specific PFC
Response in BALB/c, Nude, and Nude-TG Mice?

No. of K
Group Mice Treatment . PVP=Specific PFC/Spleen sp?
BALB/c ' 5 - : 17,775 £ 9,745
BALB/c 5 Thymosin 21,713 £ 7,738
Nude .5 - 9,550 * 4,564
Nude a - Thymosin 10,031-t 8,200
Nude-TG 3 - 52,083 + 9,382
Nude=-TG 5 Thymosin 24,500 * 12,243

aNude mice were grafted with a single neonatal BALB/c thymus gland
under each renal capsule. Eight weeks following grafting half the
mice in groups of BALB/c, nude, and nude-TG mice were injected i.p.
with 500 ug of thymosin fraction 5 on Monday, Wednesday, and Friday
for 3 weeks. One day after the last thymosin treatment, all mice
were immunized with 0.25 1ig of PVP. The number of PVP-specific PFC
was determined 5 days following immunization. '

bArithmetic mean PFC/spleen * SD for 3-5 similarly treated mice.
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The results of Table 19 show that BALB/c¢c-TG had 3—foid higher
PFC responses compared té normal BALB/c controls. Although not as
araﬁatic, these results do resemble thoselobtained in nude-TG mice.
_Howevef, at necropsy the implapted thymus gland were ﬁot viéible.
in BALB/c-TG; in. contrast, thymus glands were easily visible under #he

renal capsule of nude-TG in previous experiments. Also, it is possible

that the surgical manipulation of these mice could have caused a stress

induced involution of thymus tissue‘résulfing in increased PVP re-
sponses. Thus, it is important to include sham operated control mice
in experiments involving potentially stressful situations. For this
;easén and the difficulty in finding the implanted glands at necropsy,

this experiment is being repeated including the appropriate controls.

Treatment of Mice with Hydrocortisone Acetate

Metcalf (49) and Dukor et al. (48) have described a characteris-

tic sequence of events which occurs in thymus tissue following graft-

" ing. Immediately following the grafting of neonatal thymus glands to

adult syngeneic mice, widespread death of cells occur in the grafted

tissues. After an initial massive necrosis involving glllbut a narréw
rim,df cells in the periphery of the graft, the organ collapses inwards
around surviving g;oupé of epitheiiél'and reticulum cells and some
cortical 1ympﬁ§id cells. _Mitotic activity recommehces in the surviv-

ing lymphoid cells and'régeneration takes -place; normal thqus
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Table 129. PVP-Specific PFC Response of BALB/c Mice Implanted with
Syngeneic Thymus Glandsa

No. of . L. .
Group Mice Treatment PVP-Specific PFC/SpleeniSDb
A . 5 ©  None ’ . 10,595 £ 4,284
B 13 Thymus gland 36,450 + 15,944

grafted

aBALB/c mice were grafted with a single neonatal BALB/c thymus gland
under each renal capsule. Eight weeks following grafting groups of .
normal BALB/c¢ and thymus gland grafted BALB/c mice were immunized
with 0.25 Ug of ‘PVP. The number of PVP-specific PFC was .determined
5 days following immunization. . :

bArithmetic'mean PFC/spleen * SD for 5-13 similarly treated mice.
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‘architecture is reétored by 2 to 3 weeks following grafting. Initi-
ally the lymphoid elements of the grafted thymus are of donor origin
but these gradually become replaced so that by'3 to 4 weeks post
grafting, the éland is.composéghof an epithelial and reticpium cell
spongework of.donor origin with proliferatiné lymphoid cells of host
oriéin.

A similar series of events appears to occur iﬁ the tﬁymus of
normal mice after the administration of hydrocortisone acetate (HC).
Ishidate and Metcalf showed (65) that death of small.lymphocytes began
in the thymus within 3 hours following the imjection of 1.0 mg oﬁ HC
to C3H mice. By 24 hours the cortex was almost completely Qenﬁded of
identifiéble lymphocytes. The reticular framework éf the cértex col-
lapsed around the medulla, in which the»changes were less marked with
some lymphocytes surviving the effecté of the cortisone. By'day 3,

- regeneration of small lymphocytes had commenced and by da?.?, mitotic
gctivity Had fe—appeared in the subcabsﬁla?lregién of the cortek énd
an increased numbef of cells was present in the cortex. Ten days fol-
_lowing iﬁjectién of HC normal thymus ﬁorpﬁology was restored although

the size of the organ wés smaller and moré mi£otic figurés-were visible‘
.compared to normal thymﬁs glands.

| Both thymus grafting and cortiéone treatmeﬂt result in severe

' damage to the ﬁhymus gland folloﬁed by regenefatiog and restqration of 

norﬁal thymus morphology;‘-Previoﬁs experiments (Tables 15-18) have
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demonstrated the prgsence of enhanced PFC responses to PVP in thymus
gland grafted nudeAmice possibiy due to a differential'maturation of
thymus function. In light of the pxeyious descriptions, it was of
value to determine if HC induced fhymus involution and subsequent
regeneration would_iead to enhanced PFC responses to PVP. Accordingly,
‘groups of BALB/c mice treated either Sd or 60 days previously ﬁith
2.5‘mg HC were given an optimally immunogenic dose of PVP. The magni-
fpde of the_PVP—specific PFC response was determined 5 days later.

The results presénted in Table 20 show that mice treated 50 or 60
days previously-with 275 mg HC have only slightly increased numbers of
PFC to PVP. There was, however, a very 1argé'range of PFC vaiues in
the two treatment groups as evidenced by the iafge s;andard deviations
reported. For.example, in the group receiving HC 60 days previéus to
immunization, the PFC values ranged from 15,825 to 83,425 PFC/spleen.
It seeﬁs'likely[ therefofe,‘that HC treatment affects individual mice
differently, at least in respect to their ability to respond to PVP. -
Alternafively, it is possible £hat the time between treatment and im~
munization was eithef too long or too short to observe optimal results.
Thus, the large‘range in values ﬁight havé oécurred bgcéuse the mice
Were immunized on the lower or ppper ;imit'of‘the effects of the HC
t;eatment, 'Also, Rotter and Tfainin k37) havelshown that.HC resistant
thymus ‘cells were much more effective.than nprmal thymus cells in re-

ducing enhanced PFC responses to PVP in T cell depleted mice. Thus, it
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Table 20. PVP-Specific PFC Response of BALB/c Mice Treated With
Hydrocortisone Acetate® '

No. of
Group Mice Treatment © PVP-Specific PFC/Spleen % SDb
A ' 5 °  None S 19,765 * 6,988
B 4 HC (~50 days) . 28,143 + 17,640
c 6 HC (-60 days) 37,183 * 27,081

aBALB/c mice were given a single i.p. injection of 2.5 mg of hydro-
cortisone acetate. Fifty or 60 days later groups of normal and HC-
treated mice were immunized with 0.25 pg of PVP. The number PVP-
specific PFC was determined 5 days following immunization.

bArithmetic mean PFC/spleen * SD for 5 similarly treated mice.
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is poSsible that T cells which can act to suppress the response to PVP
can survive HC treatment and are able to repopulate the damaged thymus

in a nearly normal manner.

Treatment of PVP-Immunized Mice with Concanavalin A

‘Concanavalin A (Con A), a plaht lectin, honspecifically activates
a larger percentage of T lymphocytes. but not'B lymphocytes.' These mi- -
togen actived T cells express many of the immﬁnological activities
eharactéristic of antigen-actived cells. _Rich.and Pierce_(66) showed
that Tnceils from mice injected 24 hg previously with lSO_uQ Con A
suppressed PFC response'b§ normal spleén cglls in vitro. If thé im-
.mune response to PVP can be regulated-by ac£ivated suppressor or aﬁpli—
fier T_cells, the injgctidn of éon A .into PVP-immunized micg éhoula
modify the PFC .response to tﬁis antigen. Using é protocol sugge;ted
by Dr. P; J. Baker (persoﬁal communication) the previous hypothesis was
tested. Fifteen.BALB/c mice.Were given an optimally immunogenic dose
of PVP and then’dividéd:intb three groupé. The mice in group'A re-
céived no further treatment, the mice in group B were given-300 ug of‘
Con A i.v. immediately following immunization, and the mice in.group C
weré given 300 ug of Con A 2.days followiné immunization. The magni-
tude of the PFC response was éeterminea 5 days following immunization

for all mice,
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The results (Table 21) show that mice.injected with Con A and
immunized with PVP on the.same day had 8.6-fold fewer PFC than did
non—Cég A treated controls4whereas mice.treated with Con A 2'days
following immunization ha@ 4,.8-fold highe? PFC values than untreated
controls. In'lighf of previous extensive studies concerning the ef-
fects of Con A activated T cells on in vitro immuﬂe'response (27),
the results of this preliminary experiment'could be. explained by pro-
posing that Con A nonspeéifically activate; T cel;s which can either

suppress or amplify the immune response to PVP, Howéver, much more

'evideﬂce must be collected before this proposal can be accepted.

Effect of Prior Immunization with PVP on the PVP-Specific
PFC Response ’

During the course of these stqdies it was uéeful to determine
.whether mice could prodﬁcé secondarynimmune fespohses to PVP. The
first of such experiments was'perfdrmed_to determine the efféct of ~
priming with-én optimally immunogenic dose of PVP on the PFC response
of mice following a second, optimally'immunogenic dose of PVP. Mice -
werelprimed Qith,O.ZS ug‘PVP'and challenged 2 weeks later with 0.25 ug
of PVP; the number of PVP-specific PFC was determined 5 days following
challenge. Tﬁe‘response of primed, immunized mice (Table 22, Group B)
was 5.5-fold ioWer than_the response’ of mice which received a.single;

immunogenic dose of_antiéen (Table 22, Group A).
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Table 21. Effect of Con A Treatment on the Magnitude of the PFC
Response of PVP2

. No. of

Group Mice _Treatment PVP~SpecifiC'PFC/Spleen SDb
A 5 None _ : 17,655 + 8,130
B 5 Con A (day 0) . 2,045 718
C. 5 Con A (day 2) 85,745 + 53,462

aBALB/c mice wére immunized with 0.25 pg of PVP and at the same time
the mice in group B were given in i.v. injection of 300 ug of Con A.
Two days following immunization the mice in group C were given. an
i.v. injection of 300 ug of Con A and the number of PVP-specific PFC
was determined 5 days after .immunization. -

bArithmetic mean PFC/spleen * SD for 5 similari& treated mice.
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Table 22. PFC Response of Mice of PVP FolloWing Primary and Secondary

Immunization
PVP Immunization® PFC/Spleen
Group ; . i
Day O Day 14 Direct . . Diréct + Facilitated
A - o+ - 4.334 * 0.103° 4.322 * 0.123
(21,581)° " (20,970)
B o ‘4 3.607 t 0.259 3.695 + 0.204
(4,045) (4.957)

—

" %The mice in groﬁp B were given 0.25 pg of PVP on day 0. On‘'day 14
. rall mice were given 0.25 ug PVP and the number of direct and facili-

tated PVP-specific PFC was determined 5 days later.

bLoglo PFC/spleen * SD for 5 similarif treated miqe.

c .
Geometric mean.
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Previous results (Table 4, Eig. 6)Aindicated that mice immunized
with PVP pfoducéd only IéM PFC 5 days following p;imary immuniZatioh,
Similarly, in the preseﬁt‘exﬁeriment the numbers of direct. and difect

plus facilitated PFC were similar after a primary injection (Table 22)

‘and after a.secondary.immunization (Table 22, Group B), eliminating the

possibility that secondary immunization caused a shift in the immuno-

- globulin class of éntibody producing cells.

TheSe_résults seem to contradict a previous report (55) which
indicated that prior immunization with PVP did not affect the éerum
antibody level following a second injection of'antigen. However, it.
was éoésible that differences in doses, time betweeﬁ priming and chal-.
lgnge immunization, of assay metﬁods cdqld have caused the differing
resuits. I, therefore, thought it useful to study the ch%racteristic;
of the unrésponsive'State produced in mice by prior immunization with
PVP.

Effect of Varying the Priming Dose on the Magnitude of the PFC
Response to PVP Following a Second, Optimally Immunogenic Dose

The next experiment was performed to determine if varying the
briming dose would affect the magnitude of the PVP-gpecific PFC re~

following a second, optimally immunogenic dose of PVP. .Groups of mice

were primed with PVP doses ranging from 2.5 X 10—6 ug to 2.5 yg and

challénged 3 days later with an optimally immunogenic dose of PVP

(0.25 ug). The magnitude of the PVP-specific PFC resﬁonse was assessed
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5'days folloWing.challenge; Ihe responses obtained were compared to
the response elicited by an optimally immunogehic dose of PVP é0.25 ug)
in unprimed mice (conﬁrol group). The results (Figure 7), presented
as éer cent of control PFC values, show that; with.the exception of the
lowest priming dose (2.5 X lO-'6 ug), all of the doses of PVP. used for.
priming rédﬁced the magnitude of the PFC response to the éecond, opti-
mally immunogenic dose of antigen. The degree of paralysis was depen-=
dent uponléhe mégnitude of the priming dose over the lower dose range.
Priming doses cénsiderably below détectablé immunogenic levels were
able to markedly reduce the magnitude of the PFC response to a subse-
quent, qptimal dose of PVP. Thus, in comparison to the control group,

'mice primed with 2.5 X 10 °

ug, 2.5 X 10",4 g and 2.5 X 10°° ug of PVP
had 72, 66 and 41% fewer PVP-specific PFC, respectively. Maximal
paralysis (10% of control response) was ;bserved in mice primed with
0.025 ug of PVP. Priming doées greater than 0.025 ug resulted in
approximately the same degree of paralysis at a level slightly less
than the maximum. Because maximal paralysis was observed in mice
primed with 0.625 ug of PVP, this priming dose was used in the follow-

ing experiments dealing with the induction of low-dose paralysis of

PVP.
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Effect of varying PVP Priming Doses on the PVP-Specific
PFC Response Following a Second, Optimally Immunogenic
Dose of PVP. Mice were primed with varying amounts of

PVP and challenged 3 days later with 0.25 ug of PVP. The
number of PVP-specific PFC was determined 5 days following
challenge. Results, determined from 6 to 8 mice per group,
are expressed as per cent of control PFC/spleen response.
The magnitude of the control PFC response was determined
from mice which were challenged only (0.25 ug of PVP).
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Effect of Varying the Time Between PVP- Prlmlng and Challenge
on the Secondary PFC Response .

It was 90551b1e that the amount of time between PVP priming and:

cﬁallenge immunization WOuid greatlylaffect the maénitude_of fhe secon-.

. dary PFC responSeQ To'testfthis'poesibility, groups of mice of equal

dge were priﬁedZWith,éVg k0.025 ug) on various daye before éhalienée
immuniéation”wiEH an dptimaliy imnuneéeniefdose of P&P The number of
PVP-spec1f1c PFC was determlned 5 days follow1ng challenge. The re-
sults (Elgnre:S) 1ndlcate'that the unrespon51ye state can be observed
as’éaxl& as one‘day felidwiné-priming'and'tha£ maxinal unresponsiveness:

is attained 2 aaYS following priming. .- The unresponeiVe state is then

gnaintained atiapproximately the maximal level through day.ZQ feliowing'

" priming. By day 30 after priming the magnitude of the PVP-specific

PFC response reﬁuﬁns to a ievel equivalent'te a normal primary response

and;.infefesqingly,”by day 60%foilowing ﬁ;iming'is 2;2efold~higher than

fhe primary response.

épeeificity of PVP-Induced Paralysis

The previous.experiments demonsfrated that prior administration

- of ?VP resnltea in acnarked reducfion:in the nagnitude of the Pfc re-
ponse to PVErfeiiowing aleecond, optimally.immunogenic_dose‘of'fvf.
.bThe‘followiné-é exneriments'nere perfofned to determine the specifi-
:eify ef the’nnreepensiye state. iﬁ ‘the %iret) the effect éf PVPf

priming on thé niagnitude ‘of EhexPFC response to a thymus-dependent









































































































































































