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Abstract:

Congenitally athymic (nude) mice were not capable of clearing Trypanosoma musculi parasitemia
while their normal, thymus-bearing littermates (NLM) cleared their parasitemia by day 20-24
post-infection (PI). Both nude and NLM mice exhibited an early nonspecific resistance to T. musculi
infection when compared to irradiated (550rads, 60Co), T. musculi-infected mice. Use of trypan blue,
in vivo, to alter the macrophage function of nude and NLM mice was found to abrogate early
nonspecific resistance to T. musculi. Nude mice that received immune or normal spleen cells, immune
or normal thymus cells, or thymus gland grafts were capable of eliminating T. musculi parasitemia.
Passive transfer of immune serum into T. musculi-infected nude mice lowered both the level of
parasitemia and the level of parasite reproduction, but did not generate elimination of the parasitemia.
T. muscui elimination was thus determined to be due to a thymus-dependent cellular mechanism and
not due to a direct antibody effect. Nude mice were shown to be a reliable in vivo model for the assay
of ablastic (parasite reproduction inhibition) activity in immune serum.

A T. musculi population enriched for dividing forms (35%-50% dividing forms) was found to absorb
ablastic activity from Immune serum, while absorption with a nondividing parasite population (<S%
dividing forms) did not appreciably alter the ablastic activity of immune serum. The absorption
experiments provide the crucial evidence needed to substantiate the antibody-nature of ablastin.

Plaque-forming cell (PFC) responses of NLM mice to T-dependent (sheep erythrocytes = SE) or
T-independent (polyvinylpyrrolidone = PVP) antigens were found to be significantly inhibited during
T. musculi parasitemia. PVP-PFC responses of T. musculi-infected nude mice were also significantly
inhibited. However, if NLM mice were primed with SE prior to parasitemia, subsequent development
of SE-specific memory cells and expression of secondary PFC responses to SE were not altered by T.
musculi infection. T. musculi parasitemia was not found to alter delayed hypersensitivity responses of
mice to I-fluoro-2,4-dinitrobenzene. The data imply that the Immune dysfunction of T. musculi
infected mice is at the B cell level and does not require T-cell participation for its development or
expression.

At least one host component requisite for T. musculi elimination was found to have a radiosensitivity
between 350rads and 550rads 60Co. Although 60Co irradiation was found to prevent the development
of acquired immunity to T. musculi, once developed, acquired immunity was found to be
radioresistant. NLM that received immune spleen cells 5 days post-irradiation did not exhibit early
control over parasitemia, but were repaired in their ability to eliminate T. musculi parasitemia.

x 1 NLM that received immune spleen cells on day 25 post-irradiation exhibited a marked resistance to
T. muscul? infection resulting in elimination of parasitemia 10 days earlier than unirradiated controls.
The adoptive transfer data suggest that the action of immune spleen cells in irradiated mice is not direct
(cytotoxic) but is dependent on collaboration with a minimally radiosensitive host component(s).

Experiments designed to explore the immune status of,postirradiation mice revealed that 30 days



following 550rads °Co the RFC responses of mice to SE were recovered completely whereas RFC
responses to PVR were <20%,0f unirradiated controls. Furthermore, doses as small as IOOrads ®Co
were found to significantly inhibit the PVP-PFC responses of mice 30 days following irradiation. The
30-day post-irradiation PFC responses of mice to DNP-Ovalbumin, a T-dependent hapten-carrier
conjugate, were found to be >97% of unirradiated controls, while 30-day post-irradiation responses of
mice to DNP-Ficoll, a T-independent hapten carrier complex, were found to be only <39% of
unirradiated controls. In additional experiments, PFC responses of 30-day post-irradiation mice to
T-independent type 2 antigens (PVP and Type III pneumopolysaccharide= SSSIII) were inhibited
whereas, post-irradiation PFC responses to a T-independent type 1 antigen E . col 1
Lipopolysaccharide or T-dependent antigen (SE) were within normal control values.

Adoptive repair of mice that received 550rads °®Co, 7 days following irradiation with either bone
marrow, spleen, or thymus cells revealed that bone marrow cells completely repaired 30 day
postirradiation PFC responses to PVP whereas, spleen and thymus cell repaired mice had PVP-PFC
responses of 72.8% and 57-9% of normal controls respectively. Collectively these data suggest that B
cell populations can be differentiated by their ability to recover following °®Co radiation; B cell
populations responsive to T-dependent antigens (SE) and T-independent type 1 antigens (E . col i
Lipopoly-saccharide) recover functionally whereas B cells responsive to T-independent type 2 antigens
(PVP and SSS III) do not recover functional ly.



@ 1979

7’

BRADFORD OLDHAM BROOKS -

ALL RIGHTS RESERVED




HUMORAL AND CELLULAR ASPECTS OF IMMUNITY
TO Trypanosoma musculi IN MICE

by
BRADFORD OLDHAM BROOKS

A thesis submitted in partial fulfillment
of the requirements for the degree

of
DOCTOR OF PHILOSOPHY
in

MICROBIOLOGY

Approved:

gl f) M

Chairmah, Examining Commlttee

/2

Head Major Department

o) L

-Graduate Defin

MONTANA STATE UNIVERSITY
Bozeman, Montana

May, 1979




ACKNOWLEDGMENTS.

I wish té gxpresg my sincere appreciation t6\Dr. N.D. Reed for:
his advice, eonsulfﬁtion'énd especially for his emp;thy and guidance
'thrdughoutxthe duratién'of this study. | wéuld also like to fhank_
Dr. N.D. Rged,.Dr. J.E. Cutler, and Dr. J.w.‘Qu;ila for éhe fine pro-
fessional exampies they have p?bvided. Thénks are also extended.fo
Dr. Jacdues Chiller for supplying éhe DNP~Ovalbumin and DNP-Fiboll
used in portions of this study.

- This research was supported by United States Public Health Ser-

vice Grants No. Al 1285k and CA 24443,




Page
VITA et e e i i
ACKNOWLEDGMENTS .................................................. Ml
LIST OF TABLES .................................................. vi
LIST OF FPGURES ................................................. Vil
ABSTRACT « « v v v e s e s e eeas e s seeaeeeee e e X
INTRODUCTION. e e SURURURE B
MATERIALS AND METHODS......... e e e e 8
Anlmals;....L ............ Ceaeas e eeeraetaeaeas ereeraaes weo 8
Parasites. cvevesievennsions vireraeees e ieeaiienaes e 8-
Evaluation of Parasutemla ......................... R [
IMMUNE Sera. ... icetssesorertosassnnensss PPN Ceievenaa ve.r 11
Thymus Gland- Graftlng of Nude- Mlce.; ....... AP eedeeee, 12
Irradiation of Mice.....oovviinininnes PR R
Adoptive Transfers........... eereeaes e eieeseeeaay S KT
Trypan Blue Treatment......... e RN e IB
. Antigens and lmmunlzations.u...;...,} .......... IR RE
. Plaque AssayS....c.iseoeneanens reesdetasann. R P L
Cellular lmmunologlcal Assays..J,.,...;.;,J,.;.."...;._;.}. 17
IStatistlcsn...5..u....1....,........,;...,;...f.uQ:..,Lh.{“-l7g.
RESULTS. ..;...;.r.f..L., ...... e iedieeeeas el 180
o Thymus Dependency of T. muscull Elimination ' )
From Mice....veivestuiierrnneendioiiseineeeeineenneins 18]
Effect of Trypan Blue on the Early Control of T. musculi
Infection in.Nude and Normal Mlce.h.........,.........T. 23 -
Adoptive Repair of T. muscull Ellmlnatlon Potential in - .
Nude Micel.........x e teeaaaee i .. .28
Effect of Passive Transfer of Immune Sera’ on T musculi o
‘Parasitemia in Nude and Normal Mice....ve..eeioiesoeene. .34

TABLE OF CONTENTS .

" Absorption of Ablastic Activity from Immune Serum ...... e b2




Hemaggluttnatlon Assay for T muscul i Spec:flc

Serum Antibody........ e tsnenaneeeereeerane et aneans

Effect of T. musculi Parasitemia on Direct and Indirect
PFC . Responses to SE and Dlrect PFC Responses to PVP

TN MICB. ittt ittt ittt ieverenennonaioeneesoseeannnennans
- Effect of T. musculi. Parasitemla on Direct PFC Responses .
to.PVP in Nude MicCe... it ierinsvenenonososnnennannna

Effect of T. musculi Parasitemia on De]ayed Type Hyper-

sensitivity Responses in Mice....veverervreenvenennnnss .

Effect of Varynng Doses of Y-lrradlatlon oh T. muscull

Parasitemia in Mice........ D

Effect of y-irradiation on Acquired Immunlty to’

Tomusculiveeeiianninannn . ettt ceies
Effect of y-irradiation and Selectlve Reconstitution .

on Subsequent 'T. musculi Infection in Mice.....cvvvun... _
Post-irradiation PFC Responses of Mice to SE_and PVP.,....

PYP-PFC Responses of Mice 30 Days Following Varying

Doses of 60Co Irradiation....cveeiiininneeneas cerereen

Post-irradiation PFC Responses of Mlce to DNP on a’

T-dependent or T-independent Carrier........cecveuveuees

Post-irradiation PFC Responses of Mice to T-independent

type 1 or T-independent type 2 ARtigens...iveeanenoens e

PVP Optimal-Day Titration in 30-day Post-irradiation-

Mice and Normal Mice. .. eiiiivniininineniieinennnnnss
PVP-PFC Responses in Irradlated and Selectlvely o
Reconstituted.-Mice. s iivineerirneediarinnnnnncsannas e
DISCUSSION. .\ vt eve e e eseeeeenniennnainssennns e

LITERATURE CITED: +oueennsnennerneneseeennn D

Page




Table

vI.
Vil.

SV,

X1

Xt

- XL

vi

LIST OF TABLES

SE speC|f|c PFC responses of nude, NLM and Nu TG mice....

. Absorptlon of antl SE mouse antnserum wnth DP or NDP.;.;;

Utilization of- T. musculi antigen-coated mouse erythro-
.cytes ln a paSS|ve hemagglutlnatlon assay ..... e BN

Effect of T muscull parasttemla on dlrect PFC responses
of mice .to PVP and SE.........coveuiennnn, feensediesenns

. Effect of T. muscull parasntemla on direct and indirect

PFC responses of mice to SE F{day 14 P1)/2day 35 P1)..

_Effect of T. musculi para5|tem|a on direct and indirect

PFC responses of mice to SE FXday 7 Pl)/ZKday 4 PI)

Effect of T. muscul| .parasitemia on direct and |nd|rect
PFC responses of mice to SE - FXday 0)/Aday 21" Pl)...;.u.

ffect of Is muscull parasntemla on direct PFC responses
of nude mice to. PVP ........ Ceeiareeen R eeeee et

Effect of T. muscull para5|tem|a on delayed type hypersen-

S|t|V|ty to-1- fluor-Z 4-dinitrobenzene in mlce....t.;,.

Effect of 550rads§ Co lrradlatlon on the protectlve
lmmunlty of mlce to T. musculi...... ee et eesseiecannnas

"Direct PFC responses "of mice to PVP and ‘SE 30 days'“

fOIIOWIng varylng doses of 60Co radiation....o.eeunec..

Direct and |nd1rect PFC responses of mice to DNP on a
T- depend nt or T-independent carrier 30 days following
. 550rads Co radiatlon ........ .............1..., ..........

.Dlrect PFC. responses.of mice to $5S- {11, LPS, PVP, or
"+ SE 30 days-following 60 CQ Irradlatlon........;.,5,.,u..

Page

24

51

' 53

g
58
59 .

60

£

63

65

70

837

85




vii
Table . _ : S Page

X1V. PVP optimal day titration in 30-day. post-irradiation
mice and NOrmal MicCE. ..ottt ineinninreeneeneeananesnn 30

- XV. Direct PVP-PFC responses of adoptively. repaired mice.
30 days following 60C0o radiation.......eveuveerenen.s eese 92




viii

LIST OF FIGURES . .~ " . . ',

© Figure . “., B “ 0 Page

1

10.

EIR

. T. musculj paraS|tem|a in the b]ood of NLM, nude,

Nu- TG, and irradiated mice (550rads 6 TS I e - 90

Percent d|V|d|ng forms in T. musculi parasntemla ‘in NLM, -
nude, Nu-TG, and irradiated (550rads 60 Co) mlce......,... 22

i. muscull parasntemla in the: perlpheral blood of NLM,
NEM/Trypan blue, Nude, . Nude/Trypan blue, and |rrad|ated -
(550rads 60Co) mice...... R 27 .

T. musculi,para51tem1a in nude mice.receiving immune. °

thymus cells (NU/ITC), normal thymus cells (NU/NTC),
. immune spleen cells (NU/1SC), normal spleen cells
(NU/NSC); or no cells (NUDE)., .................... '.....,;' 31

T. muscull paraSItemna in NLM mice receiving |mmune thymus

" cells i NLM/1TC), immune spleen cells (NLM/1SC), "or ho .
cells (NLM) ..... e e e e Seeeee 33

The effect of Abl on T. muscull parasutemla in nude and ' ) :
NLM mice.... m..;f. ............. PERERE ...,..ﬂ..u..t..,;.,. 37

The effect of Ab} oh- the reproductlve aCtIVIty of ‘ c
T. musculi |n nude and NLM mice...;.._ ............... ceeesi 39

 The effeCt of immunhe recovered serum on. T muscul i’

'parasitemia in nude and normal mlce.;..a.,..........;.,r; I

The effect of immune recovered serum on the reproduct|ve .
;activity of T. musculi in nude and NLM micCCisairnanss R Yl

T. ‘musculi parasltemla in .nude mice maintained on a reglmen"_
T of AbI, DP-Abs-Abl, NDP-Abs- Abl NMS, or no Serum. .. .. ... 4y -

Percent d|V|5|ng forms in T muscull parasntemla in nude
mice that receuved a. reglmen of’ Abl DP Abs- Abl NDP- .
Abs—ABL NMS, or no serum ...... B TP Ceeeees T




Figure o S v - Page

12, T. musculi parasitemia in normal m}ce that’ recelvea.‘
either 750rads, 550rads, or 350rads 24 hrs prlor

to T muscull infection...v.ovuiieiiniinnl, eresieeens 68

13. T. muscull parasitemia in normal and |rrad|ated (550rads..
60605 mice that received adoptive transfer of elther R
ITC ‘ISC, NTC NSC, or no cells.; .......... y-, ....... PRSI 73

14, I§ muscul i’ para5|temia in normal mice: and in lrradnated
(550rads 60 Oco) mice that recéived adoptive transfer
of either ISC, NSC, ITC, NTC or no ce]ls on day 25
post-lrradlatlon .......................... ,.........; ..... 77

- 15, Post-lrradlatlon responses of mlcg to PVP or SE on
various days following 550rads Oeeerinnsrnnadaonas v.... 80




X

ABSTRACT

Congenitally athymic: (nude) mice were not capable oF clearing
. Trypanosoma musculi parasitemia while their normal, thymus~bearing

 littermates (NLM) cleared their parasitemia by day 20-24 post-infection
(P1). Both nude and NLM mice exhibited an early nonspecific resistance
to. T. musculi infection when compared.to irradiated (550rads, 60¢co),

‘T musculi-infected mice. Use of trypan blue, in vivo, to alter the
macrophage function of nude and NLM mice was found to abrogate early
nonspecific resistance to T. musculi. Nude mice ‘that received immune
or normal spleen cells, immune or normal thymus cells, or thymus gland
grafts were capable of ellminatung T. musculi parasitemia. Passive
transfer of immune serum into T. muscul i-infected nude mice lowered
both the level of parasitemia and the level of parasite reproduction,
but did not generate elimination of the parasitemia. T. musculj. eli~
mination was thus determined to be due to a thymus- dependent cellular
mechanism .and not due to a direct antibody effect. Nude mice were
shown to be a reliable in vivo model for the assay of ablastic (para-

" site reproduction inhibition) activity in Immune serum.

A T. musculi population enriched for dividing forms (35%-50%
dividing forms) was found to absorb ablastic activity from: immune
serum, while absorption with a nondividihg parasite population (<5%
'dividing forms) did not appreciably alter the ablastic activity of

immune serum. The absorption experiments provlde the crucial evudence
needed to substantiate the antibody-nature of ablastin. -

Plaque-forming cell (PFC) responses of NLM mice to T-dependent .
(sheep erythrocytes. = SE) or T-Independent (polyvinylpyrrolidoné = PVP)
antigens were found to be significantly inhibited during T. musculi
‘-parasitemia. PVP-PFC responses of T. musculi-infected nude mice. were
also significantly inhibited. However, if NLM mice were primed with SE:

prior to parasutemla, subsequent development of SE-specific memory cells
and expression of secondary PFC responses to SE were not altered by

T. musculi infection. T. musculj para5|tem|a was not found to alter
delayed hypersensitivity responses of mice to 1-fluoro-2,4-dinitroben-

"zene. The data imply that the {mmune dysfunction of T. muscull infec- -
ted mice is at the B cell. level and .does not requure T-cell part|C|pa-
tion for its development or expression. ‘

At least one host.component requisite. for T. ‘musculi ellmlnatlon
was found to have 'a radiosensitivity between 350rads and 550rads 60co.

Although ©0co irradiation was found to prevent the development of ac-
quired immunity to T. musculi, once developed, acquired immunity was

found to be radioresistant. NLM that received immune spleen cells 5

days post-irradiation did not exhibit early control over parasitemia,

but were repaired in their ability to eliminate T. musculi parasitemia.




Xi’

NLM that received immune spleen cells on day 25 post-irradiation
exhibited a marked resistance to T. musculi infection resulting

 in .elimination of parasitemia 10 days earlier than unirradiated

- controls. - The adoptive transfer data suggest that the action of
immune spleen-cells in irradiated mice is not direct (cytotoxic)
but is dependent on collaboration with a mlnlmally radtosen5|t|ve
host component(s). ,

Experiments deSIgned to explore the immune status of Bost-
“irradiation mice revealed that 30 days following 550rads ~ Co the
PFC responses of mice to SE were recovered completely whereas PFC
responses to PVP were <20% 8f unirradiated controls. . Furthermore,
doses as small as 100rads Co were found-to sngn|f|cantly inhibit
the PVP-PFC responses of mice 30 days following irradiation. The
30-day post-irradiation PFC responses of micé to DNP-Ovalbumin,

a T-dependent hapten-carrier conjugate, wefe found to be >97% of
unirradiated controls, while. 30-day post-irradiation responses of
mice to DNP-Ficoll, a T-independent hapten carrier complex, were

found to be only <39% of unirradiated controls. In additional °
experiments, PFC responses of 30-day post-irradiation mice to T-
independent type 2 antigens (PVP and Type 111 pneumopolysaccharide=.

SSSI11) were inhibited whereas, post-irradiation PFC responses to

a T-independent type 1 antigen. E. coli Lipopolysaccharide or
T-dependent antigen (SE) were within normal cogtrol values. "
Adoptive repair of mice that received 550rads Co, 7 days’ foIIOW|ng
irradiation with either bone marrow, spleen, or thymus cells re- .
vealed that bone marrow célls completely repaired 30 day post-
irradiation PFC responses to PVP whereas, spleen and thymus cell |
repalred mice had PVP-PFC responses of 72.8% and 57.9% of normal.
controls respectlvely ‘Collectively these.data suggest that B cell

populatjons can be differentiated by their abllxty to recover fol-. .-~

lowing 20co radiation; B.cell populations responsive to T- dependent”
antigens (SE) and T-independent ‘type 1 antigens (E. coli Lipopoly-
.saccharide) recover: functlonally whereas B cells responsnve to .T-
independent type 2 antigens (PVP and SSSi11) do not recover func-
tionally. .




INTRODUCT [ ON-

Parasntlc drseases affect up to one quarter of the world's popu-
latlon, represent a.SIgnlflcant human burden and -are a maJor obstacle
to world development (Zl) Desplte recent concern dlrected toward the
developlng natlons and current attltudes of national 1nterdependence,
para5|t|c dlseases represent a dlsparaglngly neglected area of in-.
fectious dlsease (64) .. The current exp105|on of blomedlcal knowledge
has yet to beneflt parasntlc dlsease control (2]) In fact, in some'.
areas certain parasntnc diseases are recrudescent due to the develop-
_ment of drug resustant strains of parasntes and |nsect|c1de-resus-
tant vectors (21). The excrucnatlngly slow progress in the treatment
and control: of parasutlc dlseases is espec:ally frustratlng in that
most of the causatlve agents are relatlvely snmple organlsms that in
'most cases are |ncapable of |ndependent life and’ are restricted to
hlghly specnallzed env1ronments provuded by two or more successlve
hosts (2l 64) It s entlrely possnble that only when the mechanlsms
of the host |mmune response to parasntes are determlned and placed
.1|nto perspect!ye wrth the,blology of the para51te.|tself, that control a
of parasitic dlseasésfmay becone a.reallty a7n. - s

In‘recognitlon.of:the global economic and medlcal improtance of'“
troplcal dlsease the World Health 0rgan|zat|on (WHO) has selected six

’ dlseases as Inltlal targets of |nten5|ve research’ efforts° malaria,

schlstosomra5|s, trypanosomla5|s,3fllar|a5|s; leprosy, and leishmani-




: asls'(éll “ TrypanosomlaSIs, |ncluded |n the WHO gpeCIal Programme,;“-“
vfaffects some 10.million people, 8 mllllon in the western hemlsphere, .
(21). The Afrlcan form of the dlsease, sleeplng S|ckness, s esti= .‘
mated to be endemlc over 12 mllllon square kllometers of land most:
of whlch is fertlle, but abandoned 'to the ravages of the dlsease (Zl).
The.South‘Amerlcan‘form of the.dwsease, Chaga S dlsease, is usually
. fatal and may perslst for 20 years or more’ (21).
Current knowledge of mechanlsms of lmmUnlty to trypanosomes
._.remalns fragmentary and poorly understood (60) In those models
.WhICh have been studied most extensnvely, conclusions haveﬁfrequently-
been contradlctory (17, 21 60) The number and complexlty of antlgens
'of |nd|VIdual trypanosomes, the|r ab|l|ty to undergo cyclnc antlgenlc'
:varratlon, and the lack of adequateiln 331333 correlates have contrl—
-Abuted to the paucnty of knowledge concernlng the host |mmunolog|cal
:'responses to trypanosomes‘(60) : Constralnts on human and veternnary
.cl|n|cal |mmunopara5|tology have ellclted an emphasus.on laboratory
‘ anlmal host parasute systems for |mmune response characterlzatlons.h.'
(69). e

The use of  these animal models along wlth recent advances in
-,immunology has brovlded'an approach.to understand the.complen mecha= -

.nlsms of antltrypanoSome.resistancesnghe availablllty.of‘the-f

" Trypanosoma musculi-mouse model, provides a tool for the extension of




° knowledge of immune mechanisms inyeTVed in trypanosome el?minatioh
'"from mice (Qh).' 1t sh9ﬁ1d be:emphaéized thet-this ie a'hatural host- .
parasife-reletionshfp. .Passage'of:trypanosomes thfdugh an-abndrme1
:hoét-ffeqUently‘reeules in a disproporthona] increase in virhlehce
(35) which can signifieantiy'affect:the hest'ﬁhmuhe response.(]]).
'Furthermore,“studies on artificﬁal éystems‘often prove difficult toe
.extrapblate to natural situa£ions'(69); ' The mouse mode] offers.the'
possibility.of epplying the most cuhrent and innovative techniques
ih immunology to the invesfigetibn of immuhify:to trypén;omesm In
addition, these‘techniques cen be -greatly enhanced by the substan-:
tial huhber of inbred mouse,siraine availeble (69). .

Trypanosoma musculi is a. nonpathogenlc stercorarlan trypanosome

|nfect|ve to mice" only (72) It is closely related to and morpholo- -

glcally lndlstanU|shab1e from Trypanosoma Iewnsu, the type-specnes

-of-smal]vrodent trypanosomes‘(72). Leptopsylla segnrs.(27) and

Nosopsyllus fasciatus (27) are the érthroppd vectors that. transmit

this-ihfeetion in nethre. Thansﬁissidn by way‘of-cannahalism has
also been-propoeed, but net adequately investigated (69). Laboratory
maintenenee'is achieVed by direct injection of “infected b[eod ihtra;
" pefitoneally (i.p.) (69). Parasites dieide in the'peripheral'hlooq
~‘pr|mar|ly by multlple flSSlon of eplmastlgotes (]2), but. the most
-actlve sites of multlple flSSlon of ep|mast|gotes are the XEEE.EEEEE

of'the kidney (69) and.the placenta (45).. These protozoan hemof a-.




,gellates produce a self l|m|t|ng parasntemla whlch is characterlzed
by a serles of - d|stlnct phases. A prepatent perlod of 3 to 5 days
.postnlnoculation,(Pl).is,followed_by a phase of rapndly'uncrea5|ng.
parasltemla in'whlchudivlding'forms are present-in-the‘perlbheral
blood (72) The level of parasntemla becomes stablllzed, usually
.between days 8 to 10 PI W|th the concommltant clearlng of d|V|5|onal
'torms of the paraS|te from the perlpheral blood This is an_lmmunolo-
,glcal event that has been referred to as the st CRISIS“ (72). I
_'lst CRISlS is theoretlcally mediated by.at-least twovdrstrnct'types:

of serum factors (22)5 '(l) Trypanocidal Antibody- a thymus=-indepen-

“dent'antlbody that purportedly sensitizes-trypanosomes to clearance by
the retlculoendothellal network and- (2) Ablastln- ‘a thymus dependent
reproductlon-lnhlbltxng serum factor flrst descrlbed by Tallaferro'
(66) in l938 Ablastln has - the physucochemlcal characterlstlcs of

.an |mmunoglobul|n, speclflcally lgGl (23) However, |n the T. jfmugi;
. rat model, ablastln can not’ be absorbed from serum ustng homologous
trypanosomes (18) Investlgatlon of the absorbablllty of ablastln |n
fithe T muscull-mOUSe model has not been reported The |nab|l|ty ‘to .
'absorb out ablastln act|v1ty from serum usnng homologous trypanosomes
has ralsed-questlons:as to the antlbody nature of this’ serum factor -
’(18)f Reviews of. ablastln and |ts propertles are auallable else-

Where.(8,18,23;56) Kendall (44), |n his orlglnal descrlption of .




T. musculi{1noted the'lack{of detectaBte éggfutfnatiug'antibody
responses to T. musculi. Subsequent |nvest|gat|ons of the exnstence
of an agglutlnatlng antlbody response to T. musculi have produced
confllctlng results (12, 69) PreC|p|tat|ng antlbodnes to both éxo-
antigens and cellu1ar antigens of T. mUScu]i have been recently .
reported (24) |
By days 14 to.16 P! a “an CRISIS” occurs Wthh results in the

ellmlnat|on of the parasite from the perlpheral blood by days 20 to
:.24 Pl. Although ‘the Ist CRISIS is antlbody mediated (72),
mechanism responsible fof the 2nd CRISIS does not depend on a direct
(trypenocidal) antibody etfeet, but appears to be depehdent on.a
cellular mechanism (71). The immunity that follows reeoVery froﬁ
infectTon‘was'theught by most investigators to be absolute (69).
However; the recent repbrt'of multipiicatiVe infective parasites iﬁ
the vasa recta of-kidnejs.df 12 month-recovered mice wh}ch‘were_
immune to hemologous chélleuge has raised-interesting questions about
the-nature and mainteuancelof the resistence to reinreetion shown

by these miee (70) . | |
| T. ﬁusculi is‘generally Censrdered nonpathogenic;rparasitemfae'
seidomzexceed‘lxlos/ml; This ldw ievel of parasitemia can Be,draﬁa-
ticé]]y.inereased'by 7rradtati0n (37), RES biockade»(38), splenec- .

tqﬁy'(38),'pregnency (45),:and T cell deprivation (68).. Sublethal
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. doses of bacterial en&otoxin (23) or\éorticosteroids (56) also én-
hance T. musculi infe;tion. Furthermofe, recent Work,indicates that :
the attachmenf of T. musculi antigens to ;he_surface 6f erythrocytes
of infeeted mice }esults-ln increésea erythroﬁﬁagqcyfosis-and gub—
sequent anemié‘(33), I't méy be appropriate to qustion the‘nonpafho-
genic classificétfon_bfll, musculi-and 6thér rodent tfypanosqhesr.

Transfer to miﬁe of reslstancé‘to i, musculi hés.Been réborteq
using iﬁmune'cells'(69)-6F Immune serum (69). Adoptive or passive
trénsfer of immdﬁity isimore.efficieht‘in ﬁormél mice than in adult-
‘thymeétomized mice (68).- Thosé,componenis of the host immune res-
poﬁse,reﬁuisite to protect'nude mice or irradiated miéé against T.
muscul:i infeqtioﬁ havé not been‘inVespigated.' '

Trybanosqme inféctibns lead to a éuppréssion of host immune
responses to varipus.antiggns (2) or mitogens (2). Spléeh.cqlls from
,I,:muscu1i infected mice have been reported tb be hypérésponsive to -
shéep-erythrocytes (2) énﬂ to the'mitbgens phyéohemagglutiniﬁ, éon—
canavalin A, and E. coli llpopqusacéﬁarider(z).l SUppféssjﬁn.was
maximal during peak parééitemia and Wgned'as the donors reco?ered
from'infeétioh (2). -Recgnp.work imp]iés-thaf soluble substances
derived from T. musculf:act directly on Bﬁlyaphoéytes rather than by
actiyatihg suppressor f cells or macrophages- (3). . The.éffect of

T. musculi fhduced‘suppfession on antigen brimihg, development and




tunction of ‘memory cells and on secondary immune resporises to
~various antigens has not been'investiéated. “

In order to further deflne those mechanlsms respon5|ble for the -
.control and elnmlnatlon of" T muscull in mice, it has been my approach
'to characterize the host response to T muscull in ‘nude mice (nu/nu),
thelr phenotyplcally normal thymus bearlng littermates (NLM ‘nu/+ or
+/+) |rrad|ated mice. (60Co), and trypan blue-treated mice. These
:models were also utlllzed in selectlve reconstltutlon experlments. -
designed to determine those,ce]lular and humora] components of the
host imhune response that are requisite for the.control and e]ihina-
tion.of T. musculi parasitemia. |

“In addition to:those studies described above, }mmunologicaj
studies suggesteduby results obtained‘fron{ but‘not bertaining
directly to,'the T. musculi-mou5e model have been presented ' The"
background llterature pertlnent to these studles W|ll be presented

~|n an: abbreV|ated form |n the resu]ts and discussion sectlons of this
th35|5r These data were Included due to thelr provacatlve nature.

and cogency to .the: fleld of |mmunology




MATERIALS AND METHODS

Anlmals'

BALB/c mlce of both sexes raised in our lahoratory or purchased
-‘_from Cumberland Vlew Farms (Cllnton, TN) were used for most experlments{
VCongenltally thymus deflcnent mice (nu/nu) hereafter desugnated nude,
and thelr normal, thymus bearlng llttermates (NLM: nu/+ or +/+), here-
after desngnated NLM,. were produced from heterozygous stock obtalned
“from a lrne-belng»made congenlc‘wlth BALB/c mice by cross-lntercross
.mating Nude and NLM mice used in these studles were derived from
heterozygous parents of the 12th. and l3th generatnon

IAll mice were 6 to lO weeks old;at_the beglnnlng of experiments.
Groups of mice were‘carefully age and sex matched wjthln.ea;h indivi- .
dual experimentL ' .

All mice were maintalned on Wayne Lab-Blox (Allied'Mills;,lne}
. Chieago§ ILl and‘acjdlfied.water; Sanleell beddlng(Paxton Processlng

-Co., Paxton; lL)_was,routlnely:sterillzed before use.

Parasites
The Partlnlco II straln of T musculn (Amerlcan Type Culture -

'fCollectlon, RockV|lle, MD) was used throughout these studles Para-
_SItes-orlglnally recelved Were transported in a'D1phaS|c Blood Agar
Culture : Culture supernatant fluid and cells were removed and sub-

'.passaged twice through sublethally lrradlated (550rads, 60Co) m|ce '




" On day 8 Pl of the seepnd subpassage, mice‘Qere bled ‘into ehiljed
A]sever s C|trate via the retro-orbital plexus "lnfected blood'was
centrlfuged at 4509 at - 4 C for 10 minutes, the supernate dlscarded
and. the pe]let resuspended 1:3 in. Alsever s glycero] (5]) Infected
glycerollzed blood was then transferred |nto 1 ml or 5 mi ampoules,.
~ the ends of which were flame sealed, and qU|ck-frozen in.a methano]-
dry jce bath. T. muscul i stabnlate‘material_waS‘malntarned.at -70 C
'untif used. Afl cr*bpreservation-procedures were carrfed.out,under
aseptic'eonditions. |
TotprodUCe‘a standard lnocu}um of 3x]04.1. husculi{ an ampoufe;

-of I:.musculi stabflate was aTlowed to thaw at'room temperature. Sub~
lethally irradiated :mic‘:_e. recelved 0.2 ml .of thawed stabilate via i.p.
injection.. On_days 6‘to'7qPi these miée were bled:into ehilled Al- |
‘sever's citrate. 7. muscu]i infected bloed was Washed-three times in =

‘chllled phosphate buffered sallne supplemented WIth 2/ normal mouse

serum. The concentration of trypanosomes In the preparatlon was deter-., .

‘ mined using a Neubauer-ruled countfng chamber -and a formalized di-

* luting buffer (73)' The suspensnon was adjusted to a concentration of
o 3x105 trypanosomes/ml of buffered sal'ne Mlce were'lnfected w1th.a_
standard'inoculum ofy3xlO'AI, muscull In Qqum}‘of'puffered,saline;l
.yia3i.p.;injectidn.‘flnject{ons weredperfermed usingia ]351 dispOjﬁ,

sabie syrfnge‘and“a-23.galneedlel
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To produce aﬁpreparation of T. musculi sultahle for use'fn the‘x
-absorbtion of various T. musculi-specific ahtisera, stabiTates were‘
subpaSSaged‘into subtetha]ty (550rads, 60C_o)livrradiated mice..hOn
days 12 to 14 Plh'intected mice were bled into chilled heparinized
safihe (ZA). Trypanosomes were separated from the blood components
by dlfferentjal centrifugation (25). Parasnte populatlons obtalned

from the blood of irradiatedlmice contained 356 to 504 divudlng forms.

Evaluatlon of Parasltemla

-Each mouse in each exper|menta1 group was b]ed from the tail on
"varlous days after T musculi infection. A sungle drop of blood was
used t0'make a,thin-blood’smear uslng a bevel-edged mrcroscope sl1de
(VWR Scientitic);A Thin;bIOOd smears uere"alloued to afrldry and were_
fixed ih methanol for7tive minutes. leed smears were then Glemsa-
stalned for 20 minutes u5|ng a 10% Glemsa solutlon (20 ml of stock -
Gjemsa-so]utlon/ZOO ml dlstlI]ed HZO). S]ldes were then dipped |n:'
'-dtstiTled uater.and'blotted'dry. STides.were”evaluated on a Zelss
light microscope using'the bbx ijective Thirty hlgh power fields

were examlned for each mouse.for each day the parasutemla was monl-d
tored Levels of paraS|tem1a for each mouse-were recorded as the
.:‘number of organlsms per hlgh power field (O/HPF) |
| Parasite reproductlon was also monltored throughout the: duratlon

of parasltemla{ The trypanosome populatlon was c1a55|f|ed into two
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groups: l) Nond|v1d|ng parasntes (Trypomast|gotes), 2) DlVIdIng para-
sites (paraS|tes less than 25 um in Iength, ep|mast|gotes, or trypomas- .
tlgotes with multlple organelles) Reproductlve actIV|ty was reported

percent d|V|d|ng forms (/DF- no. of dividing trypansomes counted ]00).
. total no. of .trypanosomes counted X
Para5|tem|as were monltored every 2 to 5 days for the duration of the

|nfect|on.

Immune Sera
To obtain various specitic immune sera or normal control sera,
T. musculf-intected T.'musculi-recovered, or norhal mice werepbted yia,
-the retroorbltal plexus All.blood was left to clot at room tempera-
'ture for 1 hr, stored at 4°c for an additional 12 hrs, and centrlfuged
for serum co]lectlon Unless otherwise stated, all sera were |nact|-1
."vated at 56°C for 30 nlnutes before final storage at -70°C Three “
dlfferent types ‘of T musculn speclflc antisera were prepared and used
';ln these‘studles (l) Abl- ”Ablastlc“ antlserum obtalned on day 18
. Fl from mice that.had recelved 3x10h T. muscull (2) IRS- Immune-
:recovered serum obtalned on day 28 Pl from mice that recelved 3x104 B
.T mU;CUII"wP-;,(3)“ﬂi§: Hyperlmmune serum from mtce that received
‘an'initial Jnjection of-3x10h.T.‘muscuii and“tWQ additional TnjectionS‘
H.of 3x10“ T muscull . at one week lntervals, subsequent to recovery |

from the |n|tial |nJect|on of - parasutes
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When absorptfon of antisera was necessary, a cbnéentration éf
1x102 trypanosomesuwasl added per ml of antisera, anq inéubétéd at
_40C’for 30 minﬁtg$5~'Antisera\merérééovered foll&wiﬁg qéntfifﬁgatiqn
aﬁd absorbed two more “times. |

in passive trans%er experimeﬁts utilfziﬁg antisena,.recfpiénts.
~ (nude and NLMImiée) received 3xlOA‘I:MUscu1i i.p. at fhe ini£iation
o% the experiment éhd were'maintafned on an ahtise?um~fegimén. of
0,25 mi of approhriatg antiserum intravenously (i.v.) every five days
for the duratiqn of the experiment. As controls;'some-mice réceived‘

~ normal mouse serum in place of immune serum.

Thymus Glénd-Graftfné of Nude'Mide
Nude'mi¢¢'4 to:6 weeks old were anesthesizgd~with sodiumlﬁenta‘

‘bérbitél (Abbott quoratgries),'gfaftéd‘withvthymds gléndé from, k-

- day—old.BALé/c mice using the techniqug e;tab]ished by Dukof ét'al.
- (22), and allowed ta'cohvafgsce‘at léast.42 days béfore théir use in'

‘experiments. Tb‘assess.thYﬁic functién reﬁresehfétiQe NLM, fh*mus

' g]and—grafted nude (Nu-TG) and nude mice were assayed by the Idcalizéd‘
hemolysis-}n-gel égsay (53) 5 days after imﬁunizatfdn with sheep

erythrocytes (SE).

_trradiation of Mice

Mice received varying doses of vy-irradiation in certain experi-
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ments described in thege studies. A Picker V4-M60 with a.6OCO.SOQFCé
was utilized in.these experiments. Approximgte delivery rate of the
source was 70rads/minute. Plastic holders with individual compaét-
ments were used to immobilize micé during e*posure to the 60Co source.

Skin to source distance was 70 cm.

Adoptive Transfers

Single cell suspensions were prepared from the spleen or thymus
'ole. muﬁcﬁli—regovergd or normal mice (74). In'addition, single
cell suspensions of bone marrow were prepared from normal mice (75).
AT cefls were washed once in chilled phosphate buffered saline, ré-
suspended to the appropriate concentration, andvfnjecfed i.v. in a
total volume of 0.5 ml to 0.75 ml depeﬁding on:the‘hature of the cell
preparation. |

Certain exﬁeriments reqyirea thymus cell~reconstituted nude ﬁice.
Dispersed thymus cells were obtained from thymus glands of_S-day—old
BALB/c donors by forcing the g]andé through 80 mesh stainless steel
screens (Ambac Industries, Inc., Detroit, MI) in chilled phosphate
buffered saline containjng 2% normal mouse serum. Cells were enumer-
. ated and.assayed for viability by a trypan blue exclusion test (10);
subsequently, lx108 viable thymus cells wereinjected i.v. into each

recipient nude mouse. ThmeS cell-reconstituted nude mice (Nu-TC)
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were used in éxperiméntSVZI’days after cell transfer.

Reciéieﬁts of ceIIS'preEared.in-this manner were nude hicé, NLM,
or NLM which. had received sublethal_lfradiation (550rads, 6(.)Co) 24 hrs
previousiy{ in some experiments, mice received 3x10h—i, mﬁsculi ét

‘the fime of cell trén;fer.

Trypan Blue Tréafﬁént

':ln eXperiménts degigﬁed'to.detérmine-fhe role of macrophages in
the earjy:contrél and final elimination of T. musculi,‘tr*pén blue
was utilized to alter macrophage functiqn (30-34,46) of NLM and nude
mice. All mice received an initial I.p. injecfioq of M;OAmé of:frypan
blue in saline 24 hrs beforg T. musculi fnfection and 1.0 mg of trypan
Blue in saline i.p. 3 hrs Sefore T. musculf infection. After receiving
3XIOA,I: mustui} i.p. tﬁypan blue~treated mice Qere méintaineq on a
regimen pf'laO‘mg trypan blﬁe inlsalfne; subeutaﬁeousiy;(s.c.), every

72 hrs for the duration of the expérimént.

. Anti§en§ and Inimunizations
Sheep erythroéytes (SE) -and burfﬁﬁ erythrocytes (BE) were obtained’
. froh the Coldraéo Serum Co., Denver, CO. Mice were given a primary
(1°) injection of 0.25 ml of a 10% suspension of'Qashed erythrocytes "
'(SE or Bé)\via.thg lateral tail veln. When secondary. (2°) fpjeétions

were,fequired; a:simflar'injectidn of erythrocytes was given 21 days
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: followlng the l°'injectlon.
Polyvunylpyrrolldone (PVP) used for |mmunlzat|on (GAF Corporation,
" New York NY) had an average molecular welght of 360,000 (desugnated
PVP K90_by manufacturer). PVP K90 was_ d|ssolved in phosphate buffered
saline -at a concentratlon of 1 ug/ml_and 0.25 ug was |nJected-|n 0.25
.m]. - . | . . . ’ .

- Type lll pneumOCoccal'polysaccharlde (SSS Ill) ‘was klndly donated
by Dr. Phllllp Jo Baker, Laboratory of Mlcroblal lmmun|ty, Natlonal
|nst|tutes of Allergy and lnfect;ous Duseases, NIH Bethesda, MD. In

those experlments requlrlngl the lnductlon of low dose tolerance (7)

to $SS-111, mice were prlmed with 0. Ol ug SSS IlI ‘1.p. in saline and-'
subsequently challenged with 0.5 ug 8SS-111 l p in sallne (n other
experlments mice rece|ved only a F’dose -of 0.5 ug of SSS llI l. p ln”

saline. SSS lll specnflc antlbody responses were determlned 5 days
after the last SSS A1 lnjectlon.

Llpopolysaccharlde (LPS extracted from E.'coll was. supplled by
Dr. J.A. Rudbach Department of Mlcrobiology, Unlverslty of Montana,
Mlssoula, MT Mlce were glven l 0 ug LPS" in sallne i v. and the magn|-
‘tude of the LPS- specnflc antibody response was determlned five days
,-followung lmmunlzatlon uslng the. sllde mod|f|cat|on of the" Jerne'_
: plaque technlque._. -

Both 2, 4 dlnltrophenol ovalbumln (DNP Ova) and 2,4-din]trophenol-
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Ficoll (DNP-Ficoll) were generously provided by Dr. Jacques'Chiller,
Department of Medicine, ﬁational Jewish Hospital and Research Center,
~ Denver, CO. Mice received a 1° dose of 400 pg of DNP-Ova in 0.2 ml
of Complete Freund'S'Adjuvant (Gibco) i.p. Othér mice received a 5
g 1° dose of DNP-Ficoll in 0.2 ml of saline i.p. Eight days after
immunization with DNP-Ova or five days after immunization with DNP-

Ficoll, PFC responses were determined using.TNP—linked SE (41).

Plaque Assays
Plaque forming cells (Pch specific for BE, SE, PVYP, S$SS-I1{, LPS,
or TNP wgré detected by a slide modification of the ]ocaliied hemoly-
.éis-in-gel technique (53). Routinely, the magnitude of the PFC re-
sponse to each antigen was deterﬁined five days following the last
immunization with the exception of DNP-Ova. DNP-Ova antibody res-
ponses were dete?mined eight days)following immunization. .
The procédure for cbating SE .with PVP;has been aegcr[bedle]se-
where (48).. To defec£ thelmagnitude of PFC Fesponses after immuniza-
fion with DNP-Ova or DNP-Ficoll, 2,4,6-trinitrobenzene sulfonic acid
(Eastﬁah Kodak) was linked té SEAuging the Rittenberg-Platt technique
(40). Mostly indirect (1gG) plagues were obtained with DNP-Ova while
'. mostly direct (IgM) plaques were obtained with DNP-Ficoll using this
technique.

In those plaque experiments that required the detection of in-
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- direct plaque (lgG) formation, rabbit anti-mouse immunoglobulin was
used to facjlitate indirect plaque formation (48). Counts of indirect
plaques were recorded as the difference between thé total number of

plaques and the number of direct plaques.

Cé]]ular Immunological Asséy
Cell-mediated immune competence of I; musculi4infectea (day 14
. PI) mice wés determined by measuring delayed-type hypersensi£ivity
responses to 1-fluoro-2,4-dinitrobenzene. Individual responses. of
infected and uninfected mice were evaiuated using an ear swelling’
assay described by Moorehead et al. k58). Measurement of ear swelling
was made with a Schnelltaster micrometer (H.C. Kroeplin GMBH, Hessen,

Germany) and was reported as percent Increase over appropriate con-

:trols (58).

Sfafistics
Results of exper{ments in which PFC responses. were determined.
Wefe presented as the aﬁithmetiq mean of PFC/spleen or PFC/106 spleeﬁ
céflg. Results of ea} swelling assays were presented -as the mean per-
Eent fncrease:over appropriaté normal controlg. In both instances;
differences between arithmetic means. were judged to be gfgnificant

onjy ifp values were <.05 as assessed by the Student's t test.




RESULTS
Thymus dependeﬁcy of T. musculi élfminétion
: ' from mice
As a prelimina}y step in the elucidation of the mechaniéms in-

volved in T. muécu]i eliminatidn from hice, the importance of thymu§
competence in the immune response to T. mﬁsculf was determined.
Groups of nude mice, thymus glahd—graftéd nude mice (Nu-TG), NLM mice,
or irradiated (550rads, 90Co). NLM mice were infected by i.p. injection

of 3x104

T. musculi. Evafuafionlbf 0/HPF and %DF wa§ begun on day b
ﬁl and reported as an arithﬁetic mean fbr‘eaéh treatment group for I
each day and parasitemia was monitored. The results (Figur; 1) show
that by day 4 Pl all mice demonstrated detectable pafasitemias, with a
remarkably high parasitemia:beiﬁg'obserVéd in irradiated mfcé. | rra-
diated mice were dead by day 10 PI, exhibiting barasitemié as high as
350 O/HPF. As early as day 10 Pl there was a discernible difference
between'thymus-beariné'(NLM and Nu-TG).mice and nude hice. NLM and
.Nu-TG mice cleared the parasitemja froﬁ the blood by day 24 P, In
| marked contrast, nude mlce not énly maintained a higher parasitemia,
but :also sustained thfs hiéhér parasifemié for as Tong.as day_85 P,
the exten¢ of experlmental observatlcn DIVldIng parasites were ob~
serVed throughout nude lnfectlons (Figure 2) whlle in NLM. and Nu- TG

mlce, %DF was markedly reduced by day 16 Pl (Figure 2).

In order to assess the generation of thymus function in Nu-TG







Figure I. T. muséuli parasitemia in the blood of NLM, nude, Nu-TG,

and irradiated mice (550rads, 60Co). Each value repregents
the arithmetic mean of two experiment§ with no . fewer than

"six mice In any experimental group.
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" Figure 2. Rércent dividfng_fbfms inT. muscul i parasitemia in NLM,

nude, Nu-TG, and irradiated (550rads, 6

O¢o) mice. Each_
'value represents the arithmetic mean of two experimeﬁt§

with no fewer than six mice in any experimental g}oup.
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: mipe, rgﬁresentative NLM, Nu;TG, and nude mice were assayed for their
ability to respond to the thymus;dependent antigen, sheep er?throcytés
(SE). Five days fo!]qwing immuﬁization with SE, gpleens weré:asséyed
for SE-specific PFC using theIlocalized-hemoly;is-in-gel assay (53).
The PFC -responses (Table 1) of nude and NLM mice were 345 PFC/spleen
and 25,562/spleen respectively. Thymus gland-grafted nude mice re-
sponses with 16,000 PFC/spleen. These observations established that
thymus functibn was génerated in Nu-TG mice. |
These data support the concept fhat the clearance of T. musculi
parasitemia from the blood of mice is a thymus-dependept event. Al-
though nude mice were not capable of eliminating T. musculi parasfte-
mia, they were capable of exerting some control over the early parasi-

temia when compared to irradiated (550rads, 60Co) mice.

Effect of‘Trypan Blue on the Early éontrol of T. musculi
‘Infection in Nude and Normal Mice .

Bécaqse nude’ mice are known to exhibit a paradoxically high level
of activ;ted macrophége activity (13) and demonstrate an early non-
specific gontrol of T. muscu]i'infe;tion (Figure 1), the possibility
was inVes£jgatéd that eariy nonspecific control of T. musculi in mice
" may be due, gt-least in ﬁart, to macrophaées.

The use of trypan blue fo alter macrophégevfunction (30-34,46) of

nude mice and NLM mice allows an evaluation of the importanée of macro-
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" Table |. SE-specific PFC response of nudé, NLM and Nu=TG mice®. -

o a.Growp. . Direct SE-PFC/Spleen.

‘NUAé L o - o R 3A5~
N T 25,562

@ Mice were immunized with 0.25 ml of a 10% suspension of SE {.v. °
‘Mice were assayed.for SE-PFC five days after immunization. Results
‘are expressed as the number of direct (IgM) PFC/Spleen:

) blNu~TG mite'wereujmmphized 10 weeks after‘thyhus grafting.
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phages in the early npnspecific control of T. musculi pérasitemfa.'
Groups of nude mfce and NLM mice were injected i.p. with 4.0 mg

of trypan blue in saline 24 hrs before T. musculi infection and 1.0 mg
of trypan blue‘i.p. in saline 3 hrs before T. musculi inféction. These
trypaﬁ blue-treated mice, as wgll as irradiéted hice (550rads, 60Co)
and appropriate controls were infected by i.p. injection of jxloh

T. musculi. Trypan bluejtreated mice were maintained on a regimen 6f
1.0 mg of trypan b]ue.s.c. every 72 hrs for the duration of the experi-
ment. Evaluation of d/HPF for each mouse in each group Qas begun on
day b Pl and data’ were recorded as group means (arithmetic’ for eéch
day the parasitemia.Wa; monitored.

By day 4 Pl all mice were‘found.tq have detectable parasitemias.

The résults (Figure‘3).show that as early as day 6 Pl trypan biue—-
treated nude mice (Nude/Trypén blﬁé) e*hibited a high level of para;
sifehia that was strikingly éimilar to the high level of:parasitemia
observed iﬁ irradiated mice (Figure 3). ‘Untreated, IA musculi~infec-
ted nude'micé-(Nude), while maintaining an ear]yféontrollqvef paras{-
temia, ‘eventually devéloped high levéls of parasitemia that culminated
in their déath by day 30 PI. Tryban blue-treated, uninfected nude
mice were observed to live up to 45 days while maintained on the try-
pan blue regimen described. Furthermore, by day 8 Pl there was a

marked difference between trypan blug-treated NLM mice (NLM/Trypan blue
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Figpré 3. Ig'muséuli pa}asitémfa in.thé'éeribhéral bloo& of NLM,
o | NLM/Trypan blgé,-Nuae, Nude/Tr?pan blue, and frfadiéted
(550rads, 6OCo) mice.” Each value represents the arith-
metic mégn qf-tWo'exherimenfs with no fewer thaﬁ'six mice

in each experimental group. - .
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and.thelr‘untreated lnfectedvcontrols-(NLM) NLM/Trypan blue mice
'exhlblted a loss of early control characterlzed by an acute rise in
d levels of parasutemna by day 8 Pl. - However, by day l2 Pl. there was’
an equally acute decrease in parasntemla followed by a lO ‘day delay }_
in the flnal clearance of para5|tes from the perlpheral blood of
NLM/Trypan blue mice.
These data'support;the'hypothesls that the -early nonspeclflc :

.control of I,'muscull'parasltemla-in‘mlce may be.due, at least in
part, topmacrophages.i Treatment of'both'nude and NLM mice.wlth try- .
pan blue was found to ablate the early control over T. muscul| para- .
- sltemla. Trypan blue treatment dud not ‘prevent the: development of -
,acdulredglmmunwty_and;the subSequent decrease.lnlpara5|tem|a'Ln NLM/“‘n
. Trypan blue ml_ce_;: | o '

Adoptlve Repalr of muscull Ellmlnatlon
Potentlal ln Nude Mice

With the thymus dependency of T musculn elimination from mice .

'flrmly establlshed, adoptlve transfer experlments were desugned to _d--

-ldentlfy those cell populatlons capable of. repa|r|ng ellmnnatlon po- -

'tentlal ln nude’ mlce Prevnous lnvestlgatlons |nvolv:ng adoptlve-

,transfers ln normal mlce (7l) and ln adult thymectomlzed mice (68) were

-'compllcated by the recuplent s own thymus competence maklng lnter-

' pretatlon of the;results‘dlfflcult " The’ avallablllty of nude mice
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allowed a more critical evaluation of the influence of various cell
populations on T. muécu]i parasitemie.
Groups of T. musculi Infected nude and NLM mice were |nJected with
either immune (see materials and methods) or normal spleen cells

8

,(JxlO , 1.v.) at the time of infection. Other T. musculi infected

8

nude mice.received immune or normal thymus cells (1x10°, f.v.) at the
time of infection. NLM'eontrols were also QiQen immune tHymes cells
at the time of . infectfdn. Evaluation of O/HPF was begun.on day Q'PI_ .
,Thé-éesulfs (Flgures ' and 5)show that all cell popu]ations Investi-
gated were able to generate T musculi elimination potentlal In nude
mice. Nude mice that received no cells exhibited early control over
the injtiel paras[temia,'edt eveetually developed.an increasing para-
sitemia that.cuimfnated in theif.deafh by day 13 Pl. ' Immune spleen
cel]s_@ere more effieienf in Qenereting T. musceTi elimination -poten-
tial in nude mice than any:other cell bopulation investigated.' Nude
mlce'that received,immune'spleen cells were able to eliminate the
‘eerasitemfa'by deylip PI,'20edays‘eaﬁller thae'nude mice receiving .
'elther:1mmuhe thymue cells or normal thymus cejls, end'IS days‘earlier”
" than nude mice thét'received noﬁﬁa]lspleen_cells. ANLM.eontrols that
.received immune épleen celis (Fiéure 5) also showed a dramatic de-

crease in levels of_paraslfemla with elimination of T. muscull by day

9 Pl.
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LAY,

Figure 4.. I;‘musguli ﬁa;ééif?mia in hude-ﬁige—recéFviné immune
fh?mus,céllg‘(ﬁU/fTC)’ ﬁormai th?mqs cells (NG/NIC), fmmuﬁe
:_ épleen_cells (NU/]SC),'ﬁorﬁél spleen cells (NU/NéC),_Qr no -
.lﬁells (NUDE); Each Vslue rebresenté the arifﬁﬁéf?t meari
ofﬁtwo ekperiméqté with no féwé} than sTg'mice.iﬁ_éhy,;~

' experimental group. ° N
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Figure 5. I,'musculi_pafésftemia'in NLM'm?Ee reﬁeiVing-immune
thYmUé éel1s (NLM/ITC), immune spleen cells (NLM/ISC),
or no ce]]s (NLM). Each value represents thé affthmetic
mean of two experiménts witH no. fewer than six mice in

any éxpétimental group.
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These data clearly indicate- that nude mice are incaﬁagje of_eji-
' minatihg T. muscu]i,tbdt‘that adoptiQe transfer of immune or normal
populatidns oF.cgle obtained from‘the sbleenlér thymus of NLM micé
. are capable of:geﬁefat{ﬁg T. musculi elimfnatioﬁ'potentiéﬁ in'nude.
ﬁjce. | |

Effect of Pasgive Transfer of Immune Sera on

T. musculi parasitemia in Nude and NLM mice -

It has been suggested that fhe ihifial'immune confrol of i,
musculi parasi;emjaAis.antibody médjaféd (72);‘ This event, referred
<. to as the lsf CRISIS, {s‘thOUght to be the result of the coopefative,
action df a tﬁymusiindébendént trypanocidal antjbody_and a fﬁymus-
depeh&ent ablastic serum factor (é7%72). Préviéﬁé repofts have in-
dicated that EothlablastinAand trypanécidél.antibod? are found in the
serum of mice 18 dayéléfte; T. musculi infectioh. Day 18 Pl éerum
Qi]] hereafter be designated ablastic antiserum (Ab1). fdthgr réparts
indicate that by day 28'Pllon]y the trypanocidal aﬁtibody‘can“be de~
tected in mouse serum (69),. Day 28 Pl mouse serum will héﬁeafter be
designated immune ré@overéd serum (1RS). |

In order to defiﬁé'thésé mechanisms re;ponéibﬁe for the ‘initial
‘immune control -of T. musculi by the host, passiye'transfer experiments -
. were designed to examine the effects of }mmuné sera on T. musculi

‘parasitemia in nude mice and their NLM controls.
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éroups of T. musculi }nfected‘nude mice and. NLM cdntro]s received |
" 0.25 nn of either Ab1. or lRSl(i v.) at the‘time of .inf'ection. Mice
.|nfected with normal mouse serum (NMS) served as controls. Mice were
'malntained on a- reg|men of 0.25 ml of approprlate antlserum (| v )
.every five days for the extend of exper»menta] observatlon The results
(Flgure 6) show that as early as day 8 Pl there was a dlfference |
~ bétween nude.mnce‘that-recelved Abl (Nude/Abl) and nude mice that d|d l.
not receive Abl (Nude, Nude/NMS) The effect of Abl was espec1ally
notlceable in T. musculi infectlons of nude mice; both O/HPF and /DF
were markedly reduced throughout the |nfect|on.’ In spite of thls con-
'spicuous reductlon in parasltem|a and.reproductlve acthity; Nude/Abtn
m|ce were dead by day 26 PI Abl also produced alteration, of T
':muscull infections of NLM mice. O/HPF was reduced and-overall cdear;:
'ance‘was.delayed‘by 10 days. Furthermore, Abl had a dramatic effect'
on 9DF in NLM mlce, reproductlve actlvity was not detected aftef day

-8 PI (Flgure.7) | ”

Nude mice that recelved an 1RS reolmen.also showed a- restrlcted
,para5|temia as early as ‘day 8:P1 (Figure 8) but in splte-of this re-
“,.duct|on |n para5|tem|a, Nude/IRS were dead by day 20 Pl NLM m|ce that
‘:received an IRS reglmen exhiblted a decreased Ievel of parasntemla
- accompanled by a’ 10 day delay in T musculu clearance from the perl—

"pheral_blood In marked contrast to Nude/Abl and NLM/AbI m|ce (Flgure e
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" Figure 6.

The effect of Abl on. T. musculi parasitemia in nude and
NLM mice. ‘Each value represents the'arithmetic mean of
two experiments. with no féwer than six mice in each

experimental group.
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Figure 7.

The effect of. Abl on the reproductive actiVify of T.

husﬁuli in nude and NLM mice. Each value repreéents

the arithmetic mean of two experiments with no fewer

than six mice in each experimental group.
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Figure 8. The effect of imfune recovered serum on T. muscull
| pérasitem[a in nude' and NLM mice. Each value represents
“the arithhetl;.meah of.no.fewer thah siﬁ mice in each

experimental group:
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7, Nude/paa and  NLM/IRS mice did not exhibit an‘obvfous restr}ctionf.
: .-oflparasite reproductive activity (Figdre.S) |

These data conflrm the usefu]]ness of the nude mouse as an in .
.VlVO mode] for the assay of ab]astln activity. The lack of ablastlc
' acttVtty ln 1RS fis- |n agreement wnth earller observatlons usnng dlf-
ferent techntques (69). It is noteworthy that Abl or IRS reglmens
were'able"to profoundly modlfy T. musculi parasitemia in nude_mrce,h
but Were not able to proVide-T muscdli'elimihation:potential_to nude_.
~ mice, nor prevent their death -This observat%on is in general agree-‘f
ﬂ‘ment with the concept that final ellmlnatlon of I muscull from the |
‘ pernphera] blood ofnmice,ls dependent on a cellu1ar‘mechan:sm and .I
that thie mechaniam fe nontunctionalfin'nhde mice. | |

Absorption’of Abtaatic Acttvity from
. Immdne.Serum ' :

The'ab]aatic factor-produced by_I,-muchlteinfected mice-hashbeen.
al1|stor|cally perplex:ng compound ' Ahlastin haé been reported to he'i
physvcochemlcally 5|m:1ar to’ :mmdnog]obulln, spec:flcally lgGl'“ How-
ever,ﬁrts nonabsorbabtlity-wuthlhomologous_trypansomes,(S),and the
lack of characterfaation'of‘its“eiiciting.antigena have caat doubt on
. the antibody-nature of ab1aatin ' Since ab]astin is propoaed to:in: o
lhlblt reproductlon wuthout destroylng trypanosomes (23),‘the p0551b|-,'

llty that leldlng trypanosomes were the source of the elncutlng
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' Figufe 9.

The effect of immune recovered serum on the rephbdu;-.
tive activity of T. musculi in riude and NLM micé{ Each
va]ue'represents the arithmetic mean of two experiments

no fewer than six mice in each experimental group.
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.antIQEn'seemea hfaqéib]e; I f this_i;-the case, atpopulatjeh of I,
musculi enriched forsdfvidlhé formslehoqu present a more efficient
antigen preparatibn for absorption of-eblestic antiserum. Dividing
para5|te popu]atlons (35%-50% DF) weré obtained from jrradiated
(550rads, 60Co) T. muscu]l-lnfected mice on day 16 PI (this paraS|te
populatlon was desngnated DIVIDING POPULATION=DP) Nondnvndlng para-
site populatlons were obtalned from-T muscull-lnfected'NLM on day

16 Pl (thns para5|te populatlon was .designated NONDIVIDING POPULATION— ‘

'NDP) ‘Serum contalnlng ablastlc actIV|ty was obtalned from I. muscul|4

-infected NLM on day”18 Pl (Abl). Nude mice were used as an i v}vo
assay ef abiastie'aetivity‘(see_previohs:sectidn).

Groups of T. ‘muSEUlirinfeéted nude hice received O.ZS:ﬁl of Abl,
Ab] absorbed wsth DP (DP Abs—Abl) Abl abserbedlwith NDP'(NDPfAbe-AbI),
NMS, or no serum at the t|me of lnfectlon Nude mice were‘theh ma}n-
tained on a teglmen of 0. 25 m!l of- approprlate antiserum every five days
for the duration of exper|mental observatlon. QuahtltatWOn of 0/HPF
and %DF'wés begun on day 4 hl.' The ‘results (Figute;lo and 11) show
that as early as day 8 hl:there was a ‘dichotomy betWeeh,gréups of nude
mice that received,Abl or NDP-Abs-Ab] énd'greups of nude‘m}ce that re—.~
- ceived DP-ABéEAbl, NMS‘or'no serum regimen. Ab1 and NDP-Abs;AhI ..
{Atreated‘mice ethbited'low parésitemias (Flgure 10) and remarkab]y '

low levels of paras:te reproductlve actlv:ty (Flgure 1) throughout
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Figure iO.
' | " regimen of Abl (Abl/Nude), DP- Abs Abi (DP- Abs Abl/Nude),

: T musculu parasntemia in hude mlce malntalned on a

' NDP-Abs-Abl (NDP-Abs-AbI/Nude), NMS (NMS/Nudg, or no .

fserum (Nude) T. musﬁqli infécfed~NUM,c6httbl§ were . .

"thah six mice in each expérimental group.

also monltored (NLM).; Each value réﬁresents the

arithmetic mean of three experiments with no fewer
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.Figﬁre 11. Péréenf_Divfdiﬁg Forms in T. muscul | péfasitémia in3"'
nude miéelfhat reéeiQed a regimen of Abl (Ab1/ﬁude),‘.
DP-Abs-AbJ (DP-Abs-Abl/Nude’, NDP-Abé-AB]'(NDP-Ab;-_ |
Ap]/Nude);‘NMS'(NMS/Nude),'or no sgfum'(que).- T.
.musculi-}nfeételeLM confro!s Qere alsé-ﬁéﬁitored.
Each'value represents the é?ithmétic‘meaﬁ of fhféé.l
éxperimepts Qith no fewer than six ﬁice in.each‘sf

expgrimehtal group.
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tHe infection. "After day 20 Pl Abl and NDé;Abs-Abl treated nﬁde mice
displayed gradual fncrease in parasitemia and_%DF that eventually re-
sulted in their death by day 26 Pl. . In marked contrast, nude mice
that receivéd DP-Abg-Abl, NMS, or no serum-reéimen maintainéd con-
spicuoué]y high levels of bqth Q/HPFIand %bF'throughout ekperiméntal
observation. Nude mice that received NMS were dead by day 20 PI,
while nude-mice that received either DP-Abs-Abl or no serum regimen
were dead by day 26 Pl. Control NLM ﬁlce exhibi;ed a typical T.
musculi parasitemia with extensive reduction in %DF by day 14 Pl and

elimination of .the parasite from the peripheral blood by day 20 PI.

As an additiqﬁal control, either DP or NDP paraéite preparations .

‘were used to absorb mouse anti-sheeﬁ erythrocyte (SE) antiserum. Ab-
sorption of this unrélated antiserum wffh either DP or NDP had no .
appreciablé effect on hemagglutinatibn titers obtained'against SE .
(Table 11).

These data present direct evidence that a dividing form-enriched
prepafatidn (3§%450%DF) of I; musculi can be used to absorb ablastic
activity‘from day 18 Pi antiserum (Abl). Furthermore, absorption qf
Abl with a nondividing parasite population (<5%DF) did not apbreciab]y
diminish ablastic activity. These observations.suggest that ablastin
is an antibody that can bé adsorbed onto homologous trypanosomes. In
addition, thesg results provide indirect evfdence that antigeﬁs fe-

sponsible for the induction of ablastin production are found more
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Table Il. Absorbtion of anti-SE mouse antiserum with DP or NDP

NDP~absorbed

Treatment Group HA titerS’
Anti-SE (1° resbonse)a 256
Anti1-SE (1° response)?

DP-absorbed . 256
Anti-SE (1°. reSponse)
‘NDP-absorbed ' 256
- NMS | 0
Anti-SE (2° response)P 1,024
- \b
Anti=SE (2° response) 1,024
Anti-~SE (2° fesponse)b_
DP~absorbed 1,024
Anti-SE (2° response)
1,024

3 six mice received 0.25 ml of a.10% suspension of SE i.v. and were
bled seven days later. Serum was pooléd and split into three ali-
quots: one allquot was absorbed with DP; a second aliquot was ab-
sorbed with NDP; the third aliquot was not absorbed.

Six mice received 0.25 m] of a 10% suspension of SE i.v. on day 0,

day 14, and day 21, Mice were bled five days after the last immun-
jzation. Serum was pooled and split into three aliquots: one ali-
quot was absorbed with DP; a second aliquot was absorbed with NDP;.
the third aliquot was not absorbed. :

nizable agglutination patterns.

Reciprocal of the hjghest dilution of serum showing clearly recog-

ldentical 2-fold serial d|lut|ons

in PBS were made in microtiter plates.
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readily in a divid{hg parasite pcphfation than,fn a nondividing
parasite population.

Hemagglutlnatlon Assay for T muscul |- speC|f|c
Serum Antlbody :

To measure I. musculi-specific antibody, a passive hemagglutina-.

tion assay'using microtiter p]ates was developed. Red cells-c0ated

with T muscul i antlgen were obtalned in the following ‘manner . 'NLM_'

60

mice received 550rads, Co irradiation 24 hrs prior to i.p. injec-

tion of 3x10h T. musculi. On day 12 Pl mice were bled into chilled

Alsever's citrate via the retroorbltal plexus. Concentration of con-

tamihating-trypandsdmes was reduced to <10% using diFferentia] centri-

fugation (25). Erythrocytes were washed two ‘times in chilled PBS and

‘then resuspended to a 2% concentratron. 25 ul of this antlgen coated

erythrocyte preparation was placed in each well of a microtiter platef

_Serum to:be-tested'was subjected to a series of Z—fo]d dilutions in.-

PBS. 200 ul of each dllutlon was pipetted into separate wells - After

the addltlon of - erythrocytes and sera to the wells, microtiter plates
‘were gently agitated to insure thorough m}xung of erythrocytes and
serum. PlatesIWere allowea to incubate for 24 hrs at room tempera-,
ture after which.easi]y aistinguishable agglutjnatidn patterns.here.
' apparent. | |

The results (Table |[l) shew that highest serum.titers Were
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Table Ill. Utilization of T..musculi antigen coated mouse erythro-
. cytes-in a passive Eemagglutination assay.

Source of . .
_antigen-coated o a. - Source of
erythrocytes . PHA titer . ~ antiserum
NLM/D-18 PI 256 . lIrradiated, T. musculj

infected mice (D=12 P1l)

NLM/D-18 PI,

DPfébsorbed ’ - ‘A ] - "

NLM/D-28 P1 - " 512 "

NLM/D-28 P1, - | o
DP-absorbed . 8 - 1
NLM/Hyperimmuniied o .l,OZH ; o Y

‘Nude/D-18 PI . | 0 : "
que/b-ZS.Pl IR 0 - ' _ ||.
Nu-TC/D-28 P o | 2 ' : "

NMS I R 0 3 B X

| NLH/Hyperimmuﬁized B 0" . .Ifrédiéted; uninfected,
NLM/Hybememuﬁizéd o 0 - E:c;usculi!fnfedtéd'mfcé .
NLM/Hyperimmunfzed : 0 ~ Normal mice

- @ Reciprocal of the highest dilution of serum showing a clearly recog-
nizable agglutination. pattern. Identical 2-fold sérial djlutions:
were made in microtiter plates of each pool of serum.
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. achieved W|th serum obtalned from mlce that had rece|ved a total of ‘.
three T muscul: rnfectlons (NLM/Hyperlmmunuzed) Serum obtalned
from T. muscull-lnfected NLM mice on day 18 PI (NLM/D 18 PI) and day
28 Pl (NLM/D-28 PI) had titers of 256 and 512 respectlvely In note-
worthy contrast, T. muscull-lnfected nude mice d|d not produce a
detectable agglut(nln response at day 18 PI (Nude/D 18 P1) or day 28
(Nude/D-28 PI). Furthermore, thymus cell- reconstltuted (see MaterlaISvh
and Methods sectlon), T muscull-lnfected nude mice (Nu TC/D 28 PI)
produced bare]y detectable tlters on’ day 28 PI.

To |nvestigate the speciflc1ty of thls assay, some antlsera were
absorbed with a dlvidlng populatlon of T. musculi (DP) before belng
tested. Absorbed Ab1 (NLM/D—TB PI, DP- Absorbed) and absorbed IRS"
(NLM/D728 PI, DP-Absorbed) showed a dramatlc reduction in titer after .
absorption. No agglutfnation was observed.with erythrocytes from °
.'lrradlated unlnfected mnce, unlrradlated mice that were T. muscull-
infected (day 12 PI), or normal mice (Table bin).

. Effect of T. musculi Para5|tem|a on Dlrect and Indlrect PFC Responses
of Mice to SE and Dlrect PFC Responses to PVP in Mice

. Many para5|tlc infectlons lead to the depres5|on of the host s
‘ébrllty to respond to various antlgens and.mltogens ( , 15,26, 52 65)

During T. musculi parasitemia the ability of mice to respond‘to un-
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‘re(ated'ant(gens.}s dramatically depressed Recent investigatiohs in-
~dicate that soluble, para5|te-der|ved 'substances act’ dlrectly on B

cells'to produce this hyporesponsive |mmune status_(2,3). The effect .
of T. musculi-induced'hyporesponsivenéss on antigen priang, develop--

ment and function of memory ce]ls and on the secondary immune responseh

l _ has’ not been characterlzed

ln order ‘to better understand the immune system dysfunctlon inT.

muscull-lnfected mlce, experlments were desngned to eva]uate the dnrect _'

PFC. response to a T-qndependent antigen, PVP (h8),_and a T-dependent
.antigen,ISE'(lh) in T‘ musculi-infected:NLM'mice T muscuii-infectedj
,NLM recelved an optlmally Immunlzlng dose of either PVP or SE (see
Materlals and Methods section) i.v. on day ]h P, Unlnfected NLM .
received similar |mmuntzat|ons.on the same day The resu1ts (Table ~-I'
IV):show that T. muscull-lnfected NLM mice (Group 1 Table IV) had a.
sngnlflcantly lower number of direct: PVP specnflc and dlrect SE speC|-.
fic PFC when compared to normal controls (Group 2'Table IV). These |
data show that T. muscull parasntemla ‘induces hyporesponsuveness to
both a. T-lndependent (PVP) and T- dependent (SE) antlgen in mice.

B Addltlonal experlments were desngned to determlne the effect of

T. muscul: para5|tem|a on SE- priming, development of SE memory cells,
'and on secondary |mmune responses to SE Three dlfferent experlmental

desngns were used: ( ) Mice recelved a primary unJectlon of SE durlng




. A . : Lo a’ b
TablelV. Effect of T. musculi parasitemia on direct PFC responses of mice to PVP and SE .

c . B R

. , PVP-Specific PFC. L SE-Specific PFC
Treatment Group ' . i S =
. . _ G 6
PFC[Spleen‘ - PFC/10 A PFC/Spleen PFC/10
1. T. ﬁusculifinfectedf o . T o ) )
1 (. day 14'31) ’ _ - 3,987 : 4.8 - 13,088 . 18.5°
* * % *
‘2. Uninfected control ©9,270 .. - . 4l.6 .- 34,375 . 164.5

-aMice were immuhiéed with.0.25 ﬁg of PVP i;v;'
bMice were iﬁmﬁnize'wifh 0.25 ml-of a 10% suspension of SE i.v. -
_ Cerithmetic”meanxfor'12.ﬁice‘detefmine& five days after iﬁmunizatibe.

- . L R
Indlcates a- s1gn1f1cant (< 05) d1fference between 1nfected and unlnfected groups us1ng.
"the - Studenﬂs t test. :

- 95
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T. musculi parasitemia (day 14 PI) and a secondary.}njecfion oE‘SE-:
;iafter I,‘mueculi el?minatlon‘(day'Bs PI) (Table V); (2) Mice reeeivedf
'a.primary injection of SE beFore T. musculi'infection:(day -7 EI).and
.a secondary InJectlon of SE during T. musculi |nfect|on (day 14 PI)

(Table Vi) (3) Mice receIVed a prlmary |nJect|on of SE on the same
day as T. nmusculi infection (day 0 P1) and a secondary |nJect|on of -
SE after I:.mueodli elimination (day 21 P1) (Table VII). .In each
' eXperiﬁenteJ'design;-s}nilarly fmmunized uninfected NLM mice served
as eontrols. _ | o

| The reeulfe'(Table y) show ;hat.i, muscull-infected:NLM'that re-
‘ceived SEninjeotions on'dey‘lh Pl and day 35?PI'(Groqp l;Teble V).hedi
sfgnificantfy lower (P<. 05) direct and indirect SE-specific EFS re- .
sponses than, uninfected controls (Group 2; Table V). ‘In eddition,'lg
muscull-lnfected mice that received a snngle prlmlng dose of SE on
.'elther day 14 PI. or day .35 Pl (Groups 3 and 5;Table V) ‘had sngnlfl-
cantly.(P<505),lower'dfrect PFC- responses ‘to SE than'unfnfeoted NLMf
controls-(Groups 4 and'6'Table V). | | |

However, lf mi ce, Were SE prlmed before T‘ muscull |nfect|on (dayi
.—7 PI) and then recelved a second anectlon of SE on day 14 PI (Groupr“
1;Table Vl), their dlrect.andrindlreot SE-epec:f:c PFC responses did

“not significantly (P>.05) differ from uninfected NLM'oontro]s”(GroUp

2;Tab1é Vl);” fhese reshlts suggesf that T. muscul parasitehfa:does~ ;, o




Table V. - Effect of T. muscull parasutemla on dlrect and lndlrect PFC responses of mice

to SE3 I° (day 1B P1)/2° (day 35- P1)

-SE4Specific PFC/Spjeenb

SE-specific PFC/106P

Treatment Group

Diteet ; Indirect -‘Direcf' . Indirect

1. T muscull-lnfected - ' -f 79,225 i88;025 - 1740 . 376.0. E
- To(day 14 Pl)/2°(day 3B/PRD S
2._Un|nfected control .' L 22,754 4f4,871 77.0.° © 1,421.0: '

3: T;"muscullfjnfected SRR 637 - ND . 1.8 - ND

. 1% {day 1% P1) R e

4. Uninfected control ‘ - 2,009 ~ND 9.1 ND

5. T. muscull—lnfected -~ 185,125 ND - 450.0 . ND

T° Tday 35 PI) % '
6..Un|nfeeted conprol L 220,875 ND 813.0 ' ND.

- @ Mice were immunized with 0.25ml of a- 10% suspension of SE i.v.

~gb Afithmetfc-mean'for 12 mice determined'fTve days affer immunlzation

ata

) lndlcates sugnlflcant (p <. 05) dlfference between lnfected and unlnfected groupS-

. as. determlned by Student s t test.

8.




Table Vi. Effect of T muscul i para5|tem|a on direct and |nd|rect PFC responses of mlce:
: to SE? 19 (day -7 PI)/2o (day 14 PI)

SE-specific PFC/Spleen

b

SE-specific PFC/10

6b -

“Treatment Group

67.24

Direct. Indirect Direct Indirect
1. T. musculi-infected 15,051 507,173 . 34,20 1,383
S _O(day -7 Pl)/2°(day 1h P1). : ' o
2. Uninfected control . 15,554 561,045 ' 50.00 1,574
"3} T. musculi;infected . 530 ND ‘0.57 ' ND
- T°(day -7 PI1) . % o
‘4. Uninfected control 1,624 ND 7.13 ND .
5. - f. muscul i~infected 19,062 ND 122.30 ND
_ 6.. Uninfected control ' 38,359 "ND ND. -

65

as determined by Student's t test.

S

Mice were immunized with 0.25m1 of a 10% suspension of SE i.v.

b - . : . ' P
‘ Arithmetic'mean of 12 mice determined-flve days-after immunization.

Indicates a signlficant (p <.05) dlfference between lnfected and unlnfected groups




Table VII. Effect of T. musculi parasitemia_ on direct and indirect PFC responses of mice

to - SE2 19 (day 0 P1)/2° (day 21 P1).

b

SE-specific PFC/Spleen SE-specific PFC/IO6b

Treatment Group

Direct - Indirecf ' Direct ; Indirect
1. T. musculfFiﬁfected o b4, 500 308,593 ' 89.2 S .704
10 idey 0 P!)/Zo_(day 14 P1) C - : . ‘
2. Uninfected contkol' .. - 77,624 207,890 . 146.9 . 409 .
3. T, musculi-infected 555 N 1.1 ND
T° (day o Pl) ' ' .
L. Unlnfected control 1,380 ND 7.2 ND
5. T. musculi-infected 118,000 ND 204.8 - ND
- 1° T(day 27 PI) ' : : . .
6. Uninfected control .. 271,875 ND _ - 897.6 ND

a_Mice received 0.25m1 of 10% suspension of SE i.v.

b Arithmetic mean for 12 mice determined five days after immunization.
" Indicates a sxjnlflcaht (p <.05). difference between infected and unlnfected groups
- as determined by Student's t test. : :

09
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nof significantly alter.SE—specj%$c déQélgpmeht or subéeqd;nt.;x-
pression.of secondgry immunity to SE if SE-priming occurs beforglin-
. fectiqn. | | | |
Alf mice.réceived a'priming injection of SE on fhé day bf@i,
'_mustuli.infection:(day 0) and then’recgived a_secand ‘injection 6?'SE-P
after elimiﬁaéion of parasitemia (dgy 21 P1), direct éE—specific PFC .
responses are diminished (Group 1;Table V!I5 when compéred'to unin-
fected controls (Group 2;Table VI1), while indirect SE-specific PFC
responses are augmented when comﬁared to uninfected 60ntrol§. ‘Direct:
reducfion‘in PFC respénse5‘or augmentation ofiindirect’PFC.responses‘.
(Groups 1 -and 2;Table Vi) was not detérmined to be'significant (p>.05).
These‘rgsults also indica£e that if SE-priming occurs prior tb.para-
sitemia,.SE—sbecific ﬁemory.cellldgve}opment-anA'expreésion of .se-
cdndary imﬁunity_is ﬁot significantly alterea. |
Coiléctively these data (Tables 1v-vi1) proyiaelevjdehCe that
'I,'mugcul&'ﬁaras}femlaféfgnifi;antly (p,<405) ihhibit§ antigen pffhing.
Lf mice are brfmed Befére or on the'samg day.of T. musculi jﬁféction;
mehéry cell development and exbressjén'of sec;ndqry immunity are’
hot-sigﬁificantfy.aitefed. o

Effect of I: musculi'PéfasiteMia_on Direct PFC
Responses to PVP. in Nude Mice - :
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Recent.investigatfons propose that T. musculi induced alterations .

of the idmune system of mice are due to*a.direct effect on.d cells
‘rather than the actlvatlon of suppressor T cells or macrophages (2 3).
To rule out the possnblllty of T.cell partlcupatlon inT. muscull-
:lnduced hyporespon51vene55, experiments were desngned,to tnvestlgate
-directléFC responses to a‘Tfihdependent antigen (PVP)Hih'I}_musqui-‘
lfnfected nude mice.’ Prepious studies have showh that PVP'ihduees a
V|gorods immune response in both art|f|C|ally T-cell deprived mice’
(4,5) and nude riice (47)._ T. musculi-infected hude mice received an
. optimally'immﬁhogenic dose of.PVP on day 14 Pi. Simjlar]y immuni zed
.'uninfected nude mice. served as normal controls.

.The results (Table VII]) indicate that T. ‘musculi—tnfected‘nude
had a S|gn|f|cantly (p <. 05) lower direct PVP- specnflc PFC response
than unlnfected nude controls . These data provnde dlreet evidence
that T cell partrc:patlon is not .requisite for the ihduction or ex-
- pression of the hyporespohsive statushof I} musculiﬁinfeéted mice.

Effect of T ‘musculi Parasntemla on Delayed Hypersensutuvnty
Responses in Normal Mlce

Although the humoral immune dysfunction of T. muscu1i-infeeted

mice has been reported (2 3), the |ntegr|ty of cell medlated responses

of T. muscull-lnfected mice had not been lnvestlgated to date . Ex-

perlments were desngned to assess the cell-medlated immune responses-
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Table VI1l. Effect of T. musculi pérasitemia on direct PFC responses
of mice to PVP. -

Treatment Group PFC/SpIeenb ' pFc/106P

1. T. musculi-infected

nude mice (day 14 P1) . L 451 10.4
. . ) * _ *
2. Uninfected nude mice 11,799 58.7

3 Mice were immunized with 0.25 ug of PVP [.v.
b Arithmetic mean for six mice determined five days after immunization.'

* Indicates a significant (p‘<,05) difference between {nfected and
uninfected groups as determined by Student's t test.
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' of T. muscull-lnfected mlce by measurlng delayed type hypersenSItIVIty ‘
‘responses to 1- fluor 2 b~ dlnltrobenzene (DNFB) Individual responses
of T. muscull-lnfected were. determlned on day 14 Pl usnng an ear
‘swelllng.assay that=has been prevlously described (58) Mnce were
_palnted wnth 0.2 ml of DNFB (0. 54) on the abdomen on each of two
consecutlve days. Thlckness of both ears of all m|ce was measured
E and recorded four days after the last palntlng After baseline mea; :
surements were performed mlce were challenged wuth O 2ml of DNFB |
-(0.26) on the dorsal slde of each ear. Ear thlckness was measured .
Zh hrs after challenge and expressed as the mean’) rncrease lniear
thlckness for 12 mice determlned on.day;l8 Pl. The results (Table lX)
show that l,vaScull"lnfected mlce produced delayed—type hypersen5|-
'tiyltygresponses_that were not dramatically different from unlnfected:'
_controls. lhese.data provide eyidence-that cell-mediated imminity
le.g delayed type hypersensnt|v1ty) remalns |ntact durlng T musculi
parasntemla in mice. Furthermore, these observatlons are consnstent
“with the concept that the |mmune system dysfunctlon inT. muscull-
'fmlnfected'mlce is due'tola dlrect.effect on B.cells“and does not lnj:
‘volye T.Cells'or:macrophages. | L

"Effect of Varying Doses of y-irradlation-on
T. musculi Parasitemia in Mice .
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Table IX. Effect of T. musculi para5|tem|a on delayed- type hyger- o
' senslt|V|ty to l fluoro-z k- din:trobenzene in mice.

S : _ % increase over baseline
Treatment Group : s ;
thickness

1. T. musculi-infected (day .14 PI)S . '
DNFB-treated ‘ © 69.6 %
2. T. muscul i-infected (day 14 PI), - . :
vehicle alone ) T 2.0 %
'3, Uninfected, DNFB-treeted o o 86.4 %
4. Uninfected, vehicie'aJone - 6.6 % -

Mice were palnted with 0.02ml of DNFB (0.5%) on the abdomen on each
of two consecutive days. Thickness of both ears of all mice was
measured and recorded.four days after .the last painting. After
baseline measurements were performed, mice were challenged with
0.02 m1 of DNFB -(0. 2/) on ‘the dorsal 5|de of each ear.

Ear thickness was,measured 24 hrq'aﬁter challenge and-expressed'as.
the arithmetic mean % increase in ear thickness for 12 mice deter-
mined on day 14 PI. ' - ' : '
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Previous studieslhavefshoWn that‘X--or neutron irradiation can'
dramatlcally increase subsequent T. muscull parasntemla Thts'ob--
servatlon |mp]|es that there are radlosens!tive components |nvolved in
the host |mmune-response;to_1.‘muscull. Experiments were deslgned to-
test this_hfpothesis'andtto estab]ish.the Ioner threshold‘dose.of 60Co
irradiationfnecessary.to ihduée4thjs aberration. Balb/c'mice'received

60

either 750rads; 550rads, or 350rads °°Co Irradiation (whole body) 24 -

hrs prior- to infection with'3xibh;I,.musculi.. T. mdscu]i-fnfectedj
unirradiated mice sérved asxcontrols. EvaYuation‘of parasltemia (0/HPF)
was initiated on.day.h'Pt% The results (Figure:lz) show>that mfcé,
that recelved:e}ther.750rads or'550rads 6060 frradiation devefbped ful-
minant'T 'mu$cult parasitemia;by day'6 PI. By‘day IO:PI 750rads or |
:'550rads mlce were dead Control mlce which recelved 750rads or. 550radsr
f 60Co lrradlatlon, but were not lnfected llved 14 days post—lrradla-
ﬁtqon and 200 days PI (extent of ' experwmental observatlon) respectlvelp .
Mlce that recelved 350rads 6OCo 1rrad|ation did .not deve]op fulmlnant
‘parasltemlas, but cleared their parasitemla by . day 27 PI 7 days later .
than T. musculu-nnfected normal controls -
These data lmply that - there is a raduosensntlve host component
.reqUESlte for the immune elimlnatlon ‘of T muscull parasltemla from

mice. Furthermore, the radlosensit|VIty of this, component was deter-

mlned to lle between 350rads and 550rads
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Figure 12. T. musculi pérasitemia.in'normal mice that received -
either 750rads, 550rads, or 350rads. 25 hrs prior to
 T. musculi infection. " Each value represents'fhe,

arithmetic mean of 8 mice.
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Effectlof‘lrradlation on Acquired lmmunity‘to T. musculi

'After documentlné the"dramatlc effect of.y-irradlation on thev'

. development of acqunred |mmun|ty in the T. muscull -mouse model, exper-
iments were desugned to lnvest(gate the effects of y-lrradlatlon on
establlshed |mmunlty to T muscull, In addition, the effects of Y-
lrradlatlon on those mechanisms reSponsible for the sequestratlon of |

I musculn |n-the vasa recta of the kidneys of mice were.aISO'lnvestl—

L

gated Mice were |nfected wuth 3x10° T. musculi and were allowed to -
develop a normal parasutemla All mice cleared parasntemla by day

i 21 Pl. . Some mice recelved 550rads 60Co on day. 30’ P1. I,_muscull-.
Fecovered mlce that'dld not receive Y-lrradiatlon served'as‘controlsa
.0ne group of T muscull-recovered mlce that recelved 550rads-6q Co

4 , 1.p. ) on

. (day 30 PI) recelved a: second |noculum of T muscul| (3xlO
f:day 31 PI, while another group that recelved 550rads (day 30. PI) but

E dld not.recelve a second I; musculi- |noculum served as controls " Mice
undergolng a prlmary I,Amusculi-paraSItemla were also included as .;--
_ controls . | | - |

The results (Table X) show that over 58% of - the mice that had

elnmlnated T musculi parasutemla from the peripheral blood on -day 21

PI, retalned T. muscul| in the vasa recta of the kidheys for at least'

.50 days post ellmlnatlon Subsequent Y-;rradlation of'these"mlce dld'1:

not .cause’ a relapse of- T muscull parasutemla in the perlpheral blood;j




Table X. The Effect of 550rads
of mice to T. musculi.

60

Co irradiation on the protective immuni ty

THE. EFFEéT OF 550, 60Co IRRADIATION ON THE PROTECTIVE IMMUNITY OF MICE TO T. musculi;

) No. of Mice Positive for No. of Mice Positive for
a \{"/ a T. musculi in Peripheral Blood T. musculi in Kidney
19 7. musculi Challenge 20 7. musculi Challenge Between Days 31—-71 Between Days 31—71
. Day 0 Day 30 — 0 3/5
. ’ Day 0 = ~ Day 31 | 0 - 3/6
: Day 0 Day 30 Day 31 0 . 4/6
Day 31 — - 6/6 . 6/6

2 310" T. musculi i.p.

b

Arithmetic mean of 90 high power fields of Giemsa-staine& thin blood smears.

€ Arithmetic mean of 90 high power.fields of Giemsa~stained kidney impression.

smears.

‘ .60
= 550rads Co

irradiation.

oL
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,lMice that received a-Seéondary T. mqsculicﬁa[lengeaftér Y;ikradiation “
, were refradtile to.reinfectiqn[- . | | .
Tﬁése daté proyide'éirect'evfdenée that &—irﬁadigtioﬁ‘does not

alter thdge'host mechanisms reéponéfb]e fof the séquest;étion of T.
musculi n the vasa recta of the kidney. In additioﬁ, these data.impiy :
that acquired immunity to I,‘huﬁcu]i,.oncé develgped,‘is,qqite radio~

resistant.

Effect of #-irradiation and Selective Reconstitution
of Mice on Subsequent T. musculi iInfection
In dfde} tb-further define those compOnents‘requisife.fof the -

" immune ¢liminafion of T, musculi from mice, experIments wereconducted
in.whfch T. muscufilpafasitehia was‘monitéred_iﬁ mi ce thét'héd,feceived :
subletﬁal y-irradfét%dn foll@wed,by se]ectiVe‘reconstitu£ion with véfi-

_ ous'syngenéic cell pbbulatigns. Mice receiyed SSOfaas-éch irradiatibn
whole body. Fivé déys éfter_irradiaﬁioﬁ; gfoupg of miéé FeceiVed'i.v.
Tnjections of eifher Txlbs immune spleen cells, normal spleen céll;,
immune thymus cells, normal thymus célls or no adoptgve transfer in -

'add|t|on, mice recelved 3x104 T. musculi i.p. the day of adopt|Ve re-"
pair. Unlrradlated T muscull-lnfected mice were included as con-.'
trols. Evaluatlop of paraSItemua (O/HPF) was begun.on day’h Pl

The results (Figufé 13) show mice that reééived.SSOrads 60Co'and







Figure 13. .I, mdsculi-paraéitemia'in‘normal and irradiated_(SSO}ads,
: 60(fo) mice thét'receiVéd adoptive transfer of either -
immune thymus cells (M p5-17C and Normél_qontrol-ITC);""

immune shleen'éells.(iy/DS-lﬁc and Nbrmaf control-SC),

- L normal thymus cells GlnyS-NfC), nofmal'épleen‘ce]ls

(JﬂfDS—NSC)} or no cells. NLM and irradiated mice ré-
ceived adoptive transfer on day 5 post-irradiation.
Each value represents the arithmetic mean of ap'least.

six mice.
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were injecteddfiVe days later.with either immune thymus ceiis; normal

' .thymus ceiis or normai spleen cells could not control T muscul i para-
fsutemla, these m|ce developed extremeiy h|gh levels’ of parasitemia by

: day'6 Pl and were dead by-day 10 PI. Irradiated mice that received
immune spieen ceiis exhlblted a ioss of eariy control over paraS|tem|a,
but by-day iO Pl |n|t|ated a vlgorous immune response that culmlnated
in the eilmlnatlon of T. muscui| from the peripheral biood by ‘day 18 PI
the same day as eilmlnatlon of T. musculi in normal controls.'

These data provide direct evidence that adoptive transfer of im-
mune spieen ceiis five days after irradiation (550rads,-60éo) can‘ete
fectively repair'if muscul i eiiminationupotentiai, but'notheariy con-
-troi-potentiai'in irradiated‘mice Furthermore, immune thymus ceiis,

normal thymus ceils, or normal spleen ceiis were not capabie of re-
.pairing the |rrad|at|on-induced defect-ln I} musculi elimination p0j

- tential in miee. | | |
Additional exoeriments were'designed to investigate the possibi*
liity'that“donor immune spieen eeiis may.act in ooiiaboration-with host
components in the post irradlation repaur of T. muscull eiimlnatlon
potential in mice. To determlne the vailduty of thlS proposa] mice
were allowed to recover 25 days foilowing |rrad|atron (550rads, 60Co)
before adoptlve transfer of. various ceii populations  and subsequent |

T musculi parasltemia Mlce_rece|Ved l.v. injection of either" 1x10
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immune.spleen cells,‘hormal spleen cells, immune thymus'cells, normal

- thymus cells, or no cells on day 25 post-irradiathn. Mice also re-
ceived 3xlohll. mdsculi i.p. the day'of'adoptlve repalr; Normal:[a
musculi-infected mice were included as controls. ‘QUantitatiqn of para— .
S|tem1a.was begun on day 4 PI- | |

The results (Flgure lh) |nd|cate that T. musculi para5|tem|a in

lmlce adoptively repaired with {mmune thymus cells; normal thymus.cells
or normal spleen cells 25 days following lrradiatlcn did not differ :
from I,,musculi“parasltemla:ln irradlated cohtrqls‘that'recelyed.no

~ adoptive transfer cf‘cells. Conversely, mice that rece|Ved immune
"spleen cells 25 days post-lrradlatlon not only exhlblted a profound.

. reduction in levels of parasltemla early in the |nfect|on, but also
exhlhited a‘dhamatlc decrease in the duratioh of,parasltemla when

- compared to‘I,.mdscull-infected normal controls.

These data clearly indicate that immune spleen cells adcptively,
transferred intc mice.25 days. pcst-irradiatlon can ptoduce a state‘ot
enhanced reslstance-to‘l. muscull parasltemia,when compafed to T. |
muscull-lnfected normal controls. Both early control mechahisms and
ellminaticn mechanisms appeared to be enhanced~by'adoptlve transfer cf

_ ifmune spleen cells 25 days post-irradlatioh- In addltlon, these data
'are in agreement wuth the proposal that donor immune spleen cells may

“collaborate with a mlnlmally radiosensltlve population of host cells.




‘76




Figure 14, T. muscufi'para;ifemia in normal mice and in_irradjqfeﬂ
(550rads, 60Co) miée that received'gaoptive tranéfér of
eithé? fmm;ne or normal thymus cells or immune or normg]

' spieéﬁ‘ce]ls on day 25 poét-frradiation} Each value
représents the arithmetic méan of at Ieasf si*'mice,i

",
oy
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that have regained function By day 25 post-irfadiatfon.

Post-irradlation PFC‘Responses of Mice
to PVP and SE

To further in*estfgate thé immune_status of mice aftér receiving
"whole body 6?Co irradiation, PFC responses to PVP and‘SE were deter-

mined on various days boﬁt—irradiatlonq_ Mice received 550rads!:60Co_
irradiation whole body. "On 'days 10, 15, 20, 25, 30 and 60 post-irra-
diation mice received an optimally immuﬁogeniﬁ dose of either SE or.

. PVP. PFC responses were determinea'five days.post—immuni;at%on.

The results présénted.in Eighrg ]5 c]eérfy lﬁdicate a'éonspTcuoﬁs.
"dichotomy in recovery 6f PFC reéponées to §E and PVP bostfirradiatfon.-
By day 36 post-Jrradiatién, $E~speci%ic PFC}responsés of 60Co'irra&ia-
ted mice were over 1902 of unirradiated normal control SE-PFC réspon-
" ses. Conversely, on day 3d.post—irrédiation PVP-specifi? responses -
were only 18% of ﬁnirradiated normal'control'PVP-éFC responses. Fur-
thermore, this difference betWéeﬁ SE and PVP respénsive B cells in
. abflify toireqéver func;jon after.irradiéfion was still apﬁéreht 60
days following 550rads_60Co-}rradiation." |

These.data impIy'that distinct-sqbpopu]at}ons of B.éells mfght be
‘ charactérizéd by'their abilify (or lack .of ability) ‘to recover ffom
. the effects of subleEhal'irradiation. Heterogeneity of_B cells gnd

their classification into discrete.subpopulations has received a great
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Figure 15.

Post-irradiation responses of mice to PVP or SE on

60

various days following 550rads, =~ Co. Each value
represents the mean of at least 12.mice determined
five days foT]owing immunization with opfimal doses

of either antigen.
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‘deal of .attention in the past two years (29,40,43,49,50;54,55;62).
Gershon and Kondo (28) demonstrated that some B cells require T cells
“to become tblerant, while a second subclass of B cells become tolerant
'nithodt T cell participation. Playtair and Purves (59), utilizing .
adoptively transferred.cells'in linittng dilutions,lfound that sy~
nergy.between'thymus and:spleen.or bone marron'cells was not‘propor-l
tfonal to the reaetivity.of either spleen or bone marrow cells in - the

. absence of T ce]is.' From th|s observation they proposed two sub--
populatlons of B cells, one of wh|ch By, did not requnre T cell help
Ito generate an immune response whereas the second subpopu]atxon, BZ"-
did require T cell help’ to generate an immune response. . In other '
studies; Gorczynski and Feldman (29) have used velocity sedimentation'
to separate B cells into two populatlons which showed dlscernlble
differences in their ablllty to respond to thymus dependent and thymus—
independent ant]gens. Jennings and Rittenberg (41) have used seyera]
'thymus-jndependent and'thymus-dependent hapten carrier complexes {n‘
addition and synergy experlments to further substantlate ‘the existence

of distlnct B cell: subpopulatlons. In addltlon, QU|ntans and Kaplan

(62) have shown a dlfference between adult and - newborn B cells of mice R -

in their abllity to quuckly recover from the effects of sublethal

irradiation.
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PVP;PF? Responses og Mice 30 days Fo]]owung ,
Varying Doses of Co Irradiation
Based on our initial observation (Figufg 15) and recent. investi-
gations by 6thers.(29;40-43,#9,50,54,55?62), éxberiments were designed
'to-furtaef‘investigate Blcell subpopulatiéns,thaf differ in their
ability to recover following sublethal 60¢o irradiation. To determiné.'
thé threshéld amount of ®%Co irradiation required to inéuce’thfs dicho= .
- tomy in recovery, Balb/c mice received either éSdrads, 350rad$.on ibo_
rads of 6OCobirradiétiéﬁ."Mice recelved 0.25 ug of PVP or 0.25 m] of
a 10%. suspension of SE'i.v. 30_days following irradiatidn. PVYP- l
specific and SE-specific PFC responses were determined flve days post-
immunization. The results.(Table XI) show that as little as lOOrads
A-GOCo can signnf:cantly (p <.05) lower PVP-PFC responses of mice immu-~
nized 30,days after irradiatjon. Cohversé]y,'SE4§bec}Fic PFC réspon-
-ses~were abové normal‘cohtrol response§ 30 déys following either
550rads, 350rads, 200rads, or IOOrads 6066. i
These data imply that relatively low doses (lOOrads) of - 60 Co are .
capable of |nact|vatlng cells and induce a defect |n:the recovery of
"B cells capable of réspéhd{ng to the T-independent antiéeh, PVP. "In

‘ : 60 - S C.
marked contrast, even after 550rads Co, B cells capable of respon-

ding to SE fully recover functioﬂ by day 30 post-irradiation.
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i

Table XI'. Direct PFC:respdnses of g&te to pyp° and SE 30 days fol-
" . lowing varying doses of radiation?®

6, b

Treatment Group ‘Direct PVYP-PFC/10 % SD 'Direct SE-jPFC/lf)6 + spb

Normal coﬁtrol . 312.00 + 487 200.96 + 48.6
550rads. | - 1.6 * 'é.o‘f ' :2 166,90 + 65.3
. 350rads | ' B -34.60 * 16.T *: | 204.00 * 536.5
200rads  40.90°% 21.0 * _ 298.90.1‘ 6.9
100rads - 165.70-+ 68.4 " . 318.50 + 87.4

.d

: 60 -
8 Mice received Co radiation whale body
b Arithmetic mean of five mice determined five days aftér jmmun{zation
¢ Mice received O,ZS.ﬂg of PVP. i.v.

Mice receivéd 0. 25 ml of a 10% suspension of SE iV,
" lndlcates significant (p <.05) dlfference from normal control values
as determined by Student's t test. ' .
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Post-irradiation PFC Responses of Mice to DNP
on a T-dependent or T-independent Carrier
Addjtionai experihents were-conducted in which'a singie haoten,
‘DNP, linked ro either a T-dependent carrier (DNP Ovalbumln) or a T= |
'|ndependent carrler (DNP Ficoll) was used as an |mmunogen to.investi-
gate the dlfferentgal effect of'6.Co-|rrad|at|on on B cel],sobpopula*
tlons Mice received 550rads 60Co whole body, Mice receivedlan opti-
mal dose of either DNP~Ficoll or DNP- 0valbumin 30 daYS followvng irra-
'diatlon Slmllarly immuni zed unirradlated mlce served as controls.
Dlrect and [ndirect PFC responses of DNP 0valbum|n |mmun|zed mice and
direct PFC responses of DNP-Ficoll immunized mice were determined on
day 8 and day 51Postrirradiation respective]y. The results (Table -
X)) provide évidence that mice recovered thefr ability to respond to
~ DNP-Ovalbumin 30 days post-|rrad|ation. In marked contrast, the DNP-
Flcoll response of mice had not recovered 30 days fol]owing |rrad|a—
t|on. There was a S|gn|f|cant (p <.05) reduction of DNP-Ficoll PFC
responses or irradiated mice when cohpared to unirradiated controls;
These data suégest that B ce1ls can be classified into distinct
suboopulations based on ‘thelr ability to functionafly recover after .

60 P
. in vivo exposure to 550rads = Co. Furthermore these data areé.in

agreement with the B] B, hypothesis (59) and suggest the p055|b|1|ty

'that BI cells are‘imparred in their ability to functlonally recover.'




Table XIl. Direct and indirect PFC reggonses of mice to DNP2 on a T-lndependent carrier

30 days following 550rads °“Co radiation.

o - : , 6d . -
Treatment Group Direct PFC/10 “iIndirect PFC/IO6d % Normal control
60co/oNP-Ovalbumin  101.64 140.34 " 97.95 %

" Normal control/DNP-Ovalbumin = 67.45 ‘ 143.36

- 60¢co/DNP-Ficol ] © 139.40 ~ ND 38.70 %
Normal control/DNP=Ficoll.’ -358.71 . ND

a 2,4-dinitrophenol

b DNP-Ova]bumin- 400'ug in 0.2 ml of Freqnd's Complete Adjuvant i.p.

DNP Flcoll--S Hg in saline i.p.

d Arlthmetlc mean of f|ve mice determlned either 5 days (DNP Flcoll) or eight days

-(DNP-0Ovalbumiin) following immunization.

I 58
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folIowing;6OCowirradiation, whereas'-B2 cells are not.

~ Post- irradiation PFC Responses of Mice. to
T-lndependent 1 and T-independent 2 antigens
Mosier, Mond and Goldings (54) have shewn that thymus-lndependent

antigens can.be dividee into two major subeets besed on their ability
to stlmulate early neonatal or CBA/N B cells (T-lndependent type 1
-antigens) or thelr capacity to stlmulate only more- mature B cells in
:ontogenyy whlch ceJJs‘are absent in the CBA/N strain (T-lndependent
type 2-antigens).. Because previous experiments (Tabte Xlt) heve ehown
" that B cells responSIve to PVP and DNP Flcoll both f—indepeneent'
antigens, have an altered ability to functlonally recover- fOIIOW|ng
OCo irradiation, experuments were desugned to.nnvestlgate'poet-lrra-
“diation PFC respensee of ﬁlce to T-independent type 1 ent?gens and T-
independent  type 2. antigens. Mice received 550reds'60Co irradiation
-whole’ body. Mice then receiVed 6ptimat doses of either LPS'(T;inde-‘:‘
pendent type | antlgen), PYP (f=independent‘ type 2-antigen,‘SSS-It1
(T-lndependent type‘2 antugen); ot.SE'(T-dependent‘antigen); fP?G
responses'to these antigene were measuted f}ve;days nost-immUnitétion,7
-'Tne'reéu]te (fable Xlll)_show thét-PFC.te$nonses to either SSSFtlf eﬁ
PVP were eigniticantlf (p <.05) lower in.30;day post;irradiétfen.nicel
than in un?rréeiated contrefs. Conversely; post—frrédiation PFt re-

sponSeé to LPS were.net;found to be signif}cantjyt(p <.OS) different” .




Table XI1l. Direct PFC responses. of mice to SSS-111%, LPSb, pyp€

e

_ , OF SEd 30 days
following Oco irradiation®. ..

Treatment Group T PFC/Splee_nf - PFC/106f. -Z Normal control
1. 60co/sss-111 11 (2) gl 1,604 16.45 15.6 %
:'2. Normal contro])$$$-ill - 17,625 105.18 -
.3; 80co/Lps [T-1 (1) Ag]l 10,374 - 57.86 122.0 %
4. Normal control/LPS . 23,487 47 .40
60co/PyP [T-1 (2) Ag) 5,459 -~ 62.40 21T %
Normal control/PVP 45,436 295.70
7. 60co/sE [T-D Agl. .~ 24,000 16h.30 9403
8. Normal control/SE | EE 59,875 174.80
a Mice'were,immunf;éa:with 0.5 ug of sss¥||| i.p. in saline.
b

Mice were immunized with 1.0 ug of LPS i.v. in saline.
€ Mice were immunized with 0.25 ug of PVP i.v. fn:séline,
4 Mice were [mmdnized with 0.25 ml of a, 10% suspension of SE in saline i.v.

€ Mice recéived 550 rads 60co irradiation 30 days prior to jmmunizatioh.-

f Afithmgtic mean of six mice determined five days following immunization.

(8
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from LPS-PFC resoonses of:qnirradiated.eontrofs. Farthermore, post-
irradtation SE—specttic PFC'resbonses in mice did not differ signifi-
cantly'from'SE-specifié'PFC responses of un(rradiated controjs:

Mosier et al proposed that T-independent ‘type 1 and T-lndepen-
dent type 2 antlgens addressed different subpopulatlons of B cells.
Post—:rradiation experiments (Table XI1) presented here provide evi-
dence that the B‘eells sunpopulation addresSed by T-indebendent typelz
antigens.faijs to fUnctionally'reCOVer 30 days fol]owing‘irradiation;
Whereas the B cell population addressed by T-independent. type 1 antt- )
" gens recovers functionally by day 30'post-irradiation;

PVP Optlmal Day Titration- in 30 day Post-lrradiatlon
Mlce and Normal Mice

Because:one of the ways in which ion}zing radiation affects anti-.f
body synthesls is to lengthen the Iag phase of antlbody production
(5), experlments were des igned to exclude this possiblllty as a mech—
anlsm of the observed post-lrradiatlon recovery dichotomy between B
cell subpopulations respondlng to T- dependent antlgens or T-indepen-
dent type 1 antigens and T—independent ,type 2 antigens.' Mice ren
.ceived SSO'rads éOCo irradiation,'whole body. ‘Groups of mice recelv-
ed an, opt|mal dose of PVP i.v. on days 30, 31, 32, or 33 post |rrad|a-'
“tion. Slmilarly |mmun|zed groups of unirradlated m|ce served as nor-

mal controls.
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_The‘resulfs (Table XTV) snow that optimal PVP-specifjc responses
were pbtainediqn‘day fiye.post-immunizatien in both:post;irradiatipn~'
groups. Furthermore,’optimél PVP?PfC responses of postf}rnadfetion mice~
were dramafica]ly‘lower than optimal PVP-PF& responsesnéf'unirrediered,
. cqnfrols ' | |
| These data imply that peak PVP-speC|f|c PFC responses of mlce were.
" not. observed after day five post-nmmunlzatnon in post= irradnatlon mice.

Therefore,‘the post—lrradvathn recovery dicnotomy between B cell popu- ;
Tations responding to either T-dependent and T-independent- type 1 an—
trgens or T-independent type'2 aneigens is nof'simp]y due to an in-
Creased.rag'phase in anfibedy production.
- PVP- speC|fic PFC Responses In Irradlated
and Selectively .Reconstituted Mice

Experlments were de5|gned to determrne what ce]l populatlons, ad-
opt|Vely transferred, could restore PVP- speclflc PFC responses in post-. 
|rrad|at|on mice. - Mice received 550rads 60Co, whole body. On day 7

8

'post-irradiatipn'mice received either 1x10 spieen eells;:thymus cells,'
. or bone marrow cellsdi.v.. Unirradiated mjce'receivfng similar adop-
tive fransfers of icells were inqiudedfes eontrq]s: On day 30 posf-
irradiariqn;.groups or irradiated-seIeCtively reconsfftuted_mice and
unirradiated.cenrro]sctnat received similar cel}'pondlations were

-immunized with an optimal dosé of PVP j.v. "Day 30 postfirradfetion
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Table XIV. PVP optlmal day tltratlon in 30 day ‘post= lrradlatlon mice’
and normal mlce. ' A : :

Treatment Groub " Direct PVP-‘specific'PFC/IO6b %Normal.controlfv

1. Normal control . ISI.QO '

2. Day 30 poat-irradfation : , :

- day 5 PVP response - 58.80 . 38.9 %

3. ‘Day_30'poat-frradiatian : . . : '
day 5 PVP response c 41,50 . ‘ 27.48 %

y, Day 30 post-irradiation - . o N :
day 7 PVP response . 0.89 .- 0.20%

-5.- Day 30 post-irradlation , - .
day 8 PVP response . 3.2 E - 2.06.%

: . 60 : ‘ L
@ Mice received 550rads Co irradiation on day 0. Mice were immunized
on e(ther day 30, 31 32, or 33 w(th 0.25 ug of'PVP i v,

Arlthmetlc mean for six mice determ:ned on day 38 post-lrradiatlon.
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mice that were'not sé]ectively reconstituted ‘and normal mice-also
recefved an optimal dose Qf PVP i.v. and were |ncluded as controls.
The results.(Table XV) show lrradiatea mice. that were reconstitu-
ted with eifher spleen cells, thymus cells or bone marrow cells had
much higher PVP-specific PFC responses than irradiated mice that re-
ceived no cells, but not different from normal mice that rece}ved
adoptive transfer of similar cell populations. |t was interesting'
" to note that adoptive fransfer of thymus-celIs impaired tHe PVP-PFC
responses of hérma] miég (51% of normal control). Bone marrow cells
appeared to be the most efficient cell population in repairing post-
irradiation PFP~PFC responses of mice (155% of normal control).
These data imply that adoptive traﬁsfer of either lx]08.sbleen
.cells, thymus cells, §r bone marrow cells into irradiated mice is
capable of repairing pogt-irradiation PVP-specific PFC responses of

mice. -
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Table XV. Direct PVP-PFC resgonses of adoptlvely repalred mice
30 days following Oco irradiation.?@ :

Treatment Group _ PVP-specific PFC/]O6b % Normal control -
1. trradiation control = 30.90. 12.02 %
2. Normallcoﬁtrol ' - 257.00
3. Day 30 post-irradiation _ v
‘ "Thymus cell repaired 149,00 - .. 57.97 %

k., Normal control/Thymus cells  131.00 - 7 50.97 %
5. Day'30 post-irradiation ' :

Bone marrow repaired - 397.00 ' n 154.47 %
6. Normal control/Bone marrow 187.00 ' 72.76°%
7. Day 30 post-irradiation’ : :

Spleen cell repaired 187.14 . 72.81 %
‘8. Normal control/Spleen cells 281.95 ~109.70.%

2 Mice_received 550rads 60Co i~radiation on day 0. Mice recelved
]x108 thymus cell, spleen cells, or bone marrow cells i.v. on day
7 post=irradiation. Mice were immunized with 0.25 ug of PVP iv.
on day 30 post-lrradiation

b Arithmetic mean of five mice determined five days after immunization.




DISCUSSION

.AResuiislpreséﬁted 1n_figurés 1 andli.prdvide direct:éYidencé fof
“the thmeﬁ dépéhdeﬁcyiof i, muscdli ellminétion froﬁ mice. 'Fﬁrtherhoré,
because dividing forms were 6Bsérved throughout nude jnfé;ﬁioné while
'dividing forms were dramatically limited after day ]2'Pi in béth Nu-fG
and NLM mice, these 8éta sﬁggest the thym@s—depeﬁdency of_the.ab1a;tic
pHenohenoh. o
Altﬁéugh nude_ﬁiée were.incapablé_of cleaﬁiné T musculi.paraéif
temia, they were oBserved to exert some control over parésitemia when
coﬁpared té mice that had received sublethal irradiation prid? to _
' - T musculi-infectién (Figure.1). Eaij investigations of the i, muscul
mouse model -led to the proposal.that'macrophaées may be inQolyed }n‘
eaf]y.inpate fmmunity to T. musculi (37;38). Because Audé ﬁfcélﬁave .
pafadoxicﬁlly.higﬁ levéls~of actiQatéd ma;rsphage actiVity'(lﬁ)'and,
demohstrate.gariy controi over I,:muscﬁli parasitemia.(Fiéuré 1), thé'
.possibility that early cont?ol over'parasitemia was investigatea.
Stﬁdies usiné'trypén'blue to alter macrophage actiVity-(9, 30-34,46) -
in nude and NLM mice (figure 3) revealed £hat maérophéges_ma9 not only
play an .important’ role in early ﬁonspecifié immunlfy, but may éi;o
participaté in the final clearance of T. musculi from the perfﬁheraj
blood_of mice. Macrpphage pafticipatibn in immune elimination of T.
mus;uli has élso béen proposed b* Vieﬁ; et.al. (61,71), whq,héve‘réil

ported that trypanosomes are fréquently seen adhering to and being
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rapidly killed by blood monocytes during the terminal stages of T.

musculi infection. Paradoxically, these data imply that the in vivo

o

administra?ion of trypén,blue, which has been reported to héve trypano-
'~ cidal activity (75), can under certain conditions actuaily enhance T.
musculi infections of mice.

The thyﬁus dependency of T. musculi elimination does not distin-
guish between the role of cell-mediated or humoral factors in mechanisms
of immunity to T. musculi. Previous work has suggested that initial"
acquired immunity to T. musculi is due to the combinéd action of a
thymus—dependent ablastin and a thymus-independent trypanocidal anti-
body., Final clearancevof T. musculi from the peripheral blood of mi;e'
has been hypothesized- to be dependént on a cell-meaiated mechanism
rather than a direct antibody effect (72). The data (Figures 4-9) con-
firm and extend these theories. Nude mice that received adoptive trans-
fers of immune or normal populations of spleen or thymus cell prior to
i, musculi infection were able to generate T. musculi elimination po-
tential (Figure &4). ConQersely, nude mice that received passive trans-
fer fegimens of either'Abl or IRS serum demonstratéd a marked reduc- |
tion in parasitemia but were not able to éenerate I; musculi elimina-
tion potential (Figures 6-9). It was iﬁteresting to- note that passive
fransfer of Abl in nudesydid generate a remarkable reduction in %DF and

pafasitemia (Figures 6 and 7) while passiVé transfer of IRS had little
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.etfect‘on %DF yet“reduced parasitemia'dramatioaily (Figures 8 and 9).
~ These data are in.agreement with'the hypothests proposed by early
investigators (69) that day 18 Pl‘mouse serum contains bothlablastin:
and trypanOC|da1 antlbodles while day 28 Pl mouse serum contalns only
: trypanocndal antibodies. . A

Since. the original déscription of ablastin (66); the eonbept‘of af';
serum factor that controls reproduction withoutfkilljno parasites has
ihtriéued many investigators. Experimental evidence acerued in physicos
chemical and immunosuppressant studies (23) indicates that ablastin is
an immunoglohu]in;.possibly‘ng]. Howerer, the nonabsorbabrlity‘of
ablastin actiyity from antiserum with homologous trypanosomes and the!
lnablllty to isolate lts eliciting antlgen(s) (23) has presented a his-
" torically perplexnng problem in understandung the nature of - ablastln
and the mechanlsms of tts actfon. One of the prob]ems in the study of
ablastin has been the lack of dependab]e in vivo assays for ablastlc
activity, PreVJous data have shown that nude mice are not~capable of
producing ablastin'(Figure l and 2) but that pa55|vely transferred Abl

has a profound effect on T. muscull para5|tem|a in nude mice. These

observatlons suggest the utility of the nude mouse as. an l__vivo‘assay

ob ablastin activity. Data presented in figures 7 and 8 confirm this

proposal and demonstrate the reliability of this in vivo assay of

ablastin actiVity.
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Because aolastin‘is'supoosed]y intenactinglwith‘dfvidino fonhstof
I.lmusouli (23); ft seemed that divisional forms‘mfght be a.pr?nary:j
'soutce of antigen(s) that elicits the productfon of ablastin. If this
supoositfon were true a dividing form-entiched population of T. musculi
should result in a'more approptiate.antigen preparation for.the'aosorp-
tion of ablastic antiserum. To test this hypothesis,.a dividfng form; -
enrlched (35/ 50/DF) populatuon of T musculi was obtained from lrra-
'dlated T muscull—lnfected mice and was used to absorb Abl antuserum
The data (Elgures 10 and ll) c]early Indlcate_that a.dlvid[ng form-"
énriched populatfon ot'I, muscul i can'absorb ablastic actiVit* from
-ﬁouse antiserum while a nondivlding.popuiation of T, mustu:} (<5%D#Y”
oan not. These data prOV|ded the crucial evudence needed to establlshd
the antibody natire of ablastin. Furthermore; these data suggest |
that ablastin is a “normal” antibody that;can‘be absofbed from'anti—
serum Wlth homologous trypanosomes. Previous attempts to abeorb ab-'
lastin actuvuty from ‘antiserum WIth homologous trypanosomes have |
probably failed due-to a low ZDF in the trypanosome preparatlons used;
tTne'results of these'experfments also conffrmed:the hyootheéis that

anttoens elicfting pfoddotion-of ab]ast}n are present invappteclable '
' amOunte.tn—a dividind parasite p0pulationg ‘ | |
Kendall,.in his original description of i, musculi. (44), noted

another surprising aspect of T. musculi serology; the lack of‘a'speoific
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detectablelagglutjnating antibody‘response to the parasitel 'Subse;'_ o
quent investfgations,have further abfuscated the issue.. Viens'et ai.
report. their failure to detect a specnfic agglutlnatlng response to
T. musculi (72), while Chang and- Dusanic (12) report a detectab]e ag- :
. glutinating response to T muscull The abillty of T muscull antlgens
' . to pass|Vely absorb onto the surface of mouse erythrocytes had been
.Well documented. It seemed to me that these antlgenrcoated erythro-
: cytes'might provide an ideal indicator system for.the detection‘of T.
' muscull specific agglutlnatlng antlbadies in mouse serum However,- .
"due to the rapid rate of- erythrophagocytos:s observed in T muscul:—'
infected mice most antlgen~coated erythrocytes are. rapidly cleared.
from the crrcuTation I prOposed that lrradlated mice that had been
allowed to develop a fulmlnant T muscull paras:temla mlght be- a |
more appropruate source for T uscul; antlgen-coated‘erythrocytes.'
The data presented in table (11 conflim th[s hypothesus and. clearly -
',demonstrate that T muscul; ant;gen coated erythrocytes obtalned from
:|rrad|ated mice are capable of belng_agglutlnated wrth I:,muscull-spe--
cuf:c antisera. These obseryations-suggest thatwaggldtinating ahtfr
bodles are produced by mice in response to T.. muscull |nfect|on | Fur-_:
‘ thermore, approprlate erythrocyte and serum controls (Table |II) show ‘

this system to be a sensitive and speC|f|c assay for the detectlon of

antl-I, muscull agglutlnating antlbodies. Therefore l conclude that ’
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this hemaggiutihétion.fechnjque provides é,new and.USefqi: téchniéue
for the quéntitation of . T. musculi-gbecific antibodies in mousé serum.
The ability of‘pafasitic inféctions to.suép?ess Host.immune.re-‘
sponses to varfous antigens and mitogens has been well dochmgntéd
(2,3,16;26,52): However, littfe is known abouf the mechanisms by
which immune responses are affected (2,3). .Recent speculation has cen-
tered én paraslte activatfoﬁ of suppressor T cells (26)_anqisuppfessive:
macrophages (3). 1t is certainly reasonable to assume: -that, through
trial, error and adju§tment, ﬁarasites Havé evolved ﬁore than'oné .
" method fof the evasion of host immune résponsés. .I, mﬁséuli.infection'
strqﬁgly depresses the abllity of mice to fespond to ahtiééns.§f‘mito;-

gens in vivo or in vitro (3). Furthermore, spleen cells from'infected

g

miceseQereJysuppress the lﬂ.!iEEQ responses of ;pléén célls fréﬁ nqn—‘
infected micé when the'two,populafiéhs of cells‘afe-c64cu1turedﬂ Ele-
gant work receﬁtly reported by A]bright.et-al. (3) suggests that I;
musculi:induced hyporespénsivanéss in mice iS'nét duento S§pgressorlf‘
~§eTls.or suppressive macrophages; But rather to soluble parasitic éom-
'ponéﬁts'act{ng directly on B ¢élls or their precursoré.-.Howéver;
studies to.dété have npt:addregsed-thé effect of T. musculi iﬁduced:
. 'hypo}esponsfveness on antigen‘brfming, deve}bpment éndifunétionjo%'.
m?mory cells, or onisecondary iﬁmuné'responses.: | Havéiappro;Ched

ithésg‘queétjéns.by examining direct and indirect PFC responses to SE
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“and diréct PFC resbonges:tb PVP of ﬁipe éf various:tfmes dﬁffng_ll
musculi parasitemia. The data (Tables IV-VI1]) confirm and extend
éarlier observations (3). Studies'conducted in I} musculi-infécted..
nude mice (Table VIIl) provide direcf evidence that T cells are not
required for-the induction or expressfon'éf TI. musculiandQ;ed.hypo-
responsiveness in mice. These obser&ations'are in agreement with the
concept that the immune defect observed in T. musculi infected:ﬁfce
involves B bel]g, primarf]y. Furthermqre,_stUdiéS‘using SE and PVP as
immunogéné (Tab]e-lV) sﬁggest that T. mUSCUii parasitemia inhibits
primary PFC responses to either T-dependent (SE) or f-iﬁdebendent (PVP,
.antigens. The results- also suggest that secondary’ immune responses fa '__-
.SE are affecfed if antigen prim}ng was attempted during T. musculi péfa;
sitemia (Table Vj; However, the data (Tables VI and VIL) clearly indi-
cate that once antigen priming ha;'otcurked, memory cell develépmenp.
and subsequent sécondary~immune responses are not altered By T. musculi
‘infection. |

: Héving previously shown that irradiatéd_m%pe-aré more impariéd fn
' their ability to control T. muscul i paraéitemia than nude mice (Figure -
I),'I examined- the effects of 6000 irradiation on several parameters of
T. musculi barasitemia. Data prééented in figure lé‘suggest thét at
]eas£ one éomponent of thq:host immune Fesponse reqﬁisite.for T. musculi

elimination in mice has a radjosensitivity that lies between 350 and 550
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rads 60Co. Conversely, éhese aata indicate that although'the develop-

ment of acquired immunity to T. musculi is radiosensitive (Figure 12),

once aeveloped, acquired immunity to this parasite is éuite radioresis-
tant (Table X).

Recent investigations have shown that multiplicative forms of 1;
musculi can persist in the !§§§_£gg£§ of the kidneys of 12'month-reco-'
vered mice that are refractile to cha]]énges of homo]ogous trypanosomes
(69). As a result of these observations it has been hypothesized that
the XEEE.IEEEQ of the kidney represents an immunologically priveledged
site and that immune mechanisms are responsible for limiting parasites

60

to this anatomical lo;ation (65,70). | studied the effects of Co on
the sequestration of T. ﬁusculi in the vasa recta of kidneys of T.
.muscu]i-recovered miée (Table X). The data clearly show that the finely
balanced hoét-parasite relationship maintained in the vasa recta of I;
muscul i-recovered mice is not interupted by 6000 irradiation. These
observations suggest that if an immune mechanism is. indeed responsible
for the sequestration event, thep this mechanigm is quite radioresis-
tant (as one might.eipect). |

My attention was sybsequently difected to the investigation of what
populationé of syngeneic cells might be able to repair J. musculi elim-

ination potential in irradiated mice. The data (Figure 13) show that

only immune spleen cells restore T. musculi eliminatjon potential to
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mice if adoptive transfer is performed five days postfirradlatlon.
There was evidence that immune spleen cells were not'able-to.repair
early.control of parasitemia, but.ln.spite of this, elimination of T.
musculi was accomplished wlthln the same'time period as normal controls "
(Figure 13). The kinetics of T. musculi paraS|tem|a in |rrad|ated mice
that received immune spleen cells five days post-lrradlatlon (Figure 13)
suggested that there .might be a collaboratlon occurring between a mini-
mally radlosenSItlve host component and the adoptlvely transferred
immune spleen cells. |If thls were the case, waltlng a longer per|od of
tlme after irradiation before adoptlve transfer of |mmune spleen cells
should enhance T. musculi ellmlnatlon in that the proposed m|n|mally
radiosensitive host component(s) should be functionally_recovered and
able to collaborate with donor immune spleen cells. The data (Figore‘
14) support.this hypothesis; mice that received lmmune spleen‘cellsﬁZé
days following 60Co irradiation were greatly enhanced in‘thelr.abillty-;-
to el|m|nate T musculn even when compared to unirradiated controls

The observatlon that the - actlon of transferred immune spleen cells was
demonstrable only after sux days post transfer excluded the p055|b|l|ty'
of any direct cytotoxic effect on the parasite and’ further relnforced
the hypothesls that transferred lmmune spleen cells collaborate with,
host components in the restoratlon of T. musculn ellmlnatuon potentlal

in |rrad|ated mice. A partlcularly intriguing aspect of these data was,‘
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“the ob;erratioh'that the action of édoptively-frangférréd immune‘
spleen cells in 30 day post-lrradlatlon mice (Flgure 14) was strlklngly. ‘
different from the actlon of adoptlvely transferred |mmune spleen cells
in normal mice. Viens et al. (71) have shown that the simultaneous
transfer of immune spleen cells and iﬁoculation of bérasités‘did:not
result-in ellmlnatlon of the parasite but merely in a sllght and trans-.
ient quantltatlve inhibition of parasitemia. In view of reports ‘that

.,indicate thg exqqisite radlosensitivity of’ce]Is that ﬁrOVIAe negétive 
rggulation of fhe immune resbonsg (5,20,43) it is';empting fo probosev
thét hpét negative regu[ation of donor immune spleen cells [s’impéiredV
in mice- 25 days following 60Co. However, Qaté presented éérfier
(Figure 5) show that iﬁmune spleen cells are capable of éc#elgraf?ﬁg

T. musculi elimiﬁation'in NLM micé. Another possibility isithaf oncé
éar]y.control mechani;ms have been reestablished as in the day 25.

. post;irradfation mice (Figure'lﬁ);_immuhe spleen cells ére able to func-

tion in.cooperation‘witﬁ hést early control mechanisms (5055:519 mécro--.‘

_phages) and bring about an accelératea gliminatiSn of the parésftemia;

In subsequént éttempts to charactérize the fmhhnbloéiéal-srétuglof

:post-lrradlatlon mice an |nterest|ng observatnon was made ‘:Théldafé'.
'(Flgure 15) indicate a consplcuous dichotomy in ' the recovery‘pf'PFCf'
‘responses of mice to SE or PVP following whole body 60Co irr;dié;jon;

SEfPFC responses were totally recovered_by day,30 post-irradiat?oh,
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whereas PVP-PFC responses of mice were stili drématically.impaired.
This differencial recerry of PFC réspénses of mice to dffferént antf—
gens was still apparént as'long as 60 days following 60Co irradiation _
(Figure'15). lonizing radiatioﬁ induces a vast andlquplex érray of
sequelae fn mammals (5);-cdmponents of fhe imﬁune'respoﬁse Bave‘been
shown to be exquisitely radiosensitive (5). Because of the mu1tiple'~

effects of irradiation in vivo, numerous mechanisms.could be postulated

to explain the dichotomy of post-Ir}adiation PFC responses of mice to
SE and PFF (Figure 15). Recent investigations by Playfair and'Purves
(59) have suggested two subpopula;fons of B cells one of which, By, did
not require T cell help to generate an immune response, whereas the -

- second subpopulation,'Bz; did. Jennings and Rittenberg (41) present
evidence for separate subpdpulations-oF B cells respoﬁding to f-inae-
pendent and T-dependent = antigens. Other investigators have_also.&e$4
lcribed B béll heterogeneity using a variety of techniques that wf]i not
be discussed here (20,28,29,36,#0,#2,50,55,62). Lﬁ Tight éf these objl
serQations (20,#i,59), one engaging explanation for the'dqtéi{n figuée_
15 miéht Be that Subﬁopulations of mature B cells not only respond.té
different classes of antigens, but also show a diffe?ential radio-
sensitlvity. .Consequently, | conducted a series of experiménts to

" further define the nature of the PFC. response dichotohy in post*ifré-

diation mice. |If the data in figure 15 were revealing a true differen-




104

'rial.radiosensirivity ih B.cell suprpularions‘one mfght'egpeet“even
low doses of 60Co irraaietion to inhibit the rediosensirlve B eell‘suB;
populations. Mfce'fhat received as little as 100rads 6060 were signifi=-
: cantly (p<.05) impaired in their abiiity to respond to PVP 30 days
following irradiatipp, whereas their ability to respond to.SE Qés ac-
tually augmented (Table X1).

Since thére was a possibility thar these data (Figure.15;feble Xi)
" were ipfluenéed ey the nature and complexity of the T-dependent (SEj‘and
T-indebeneent (pvpP) antiéens chosen, it was decided to exemﬁne the posf-
irradiation PFC responses to a single hapten (DNP)‘linked:to eitﬁer a

T-dependent carrier (ovalbumin) or a T-independent carrier (Ficoll).

" The results (Table XII) .clearly demonstrate that 30 day'boetrirradiaf

tion reeponses of mice to DNP-Ficoll were significantly (p<.05) ‘im-

pafred;.whereas 30 day post-irradiation P#C reseonses to-DNP-OvalbuminJ

were not signﬁfiEantly alteree. From these results (Figure ]5:Tab1e§

X1 and XII’ I conclude that there is.a differential radiosensitivity’

between B cell subpopufations that respond ro T-dependent antigens and

B ce11 subpopulatvons that respond to T-|ndependent antlgens |
Mosner, Mond, and Goldlngs (54) have" reported that thymus |ndepen-..

dent antlgens can be divnded into two’ maJor subsets based on- thelr |

ability to stimulate early neenatal or QBA/N,cells (T—independept Tipe- '

1 antigens) or the capecTty to stimu[ate only matﬁre B cells in onto- .
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geny,'whicﬁ célls are aBgent in the CBA/N strain (f—indepén&ént - type 2
antigens);' Because experiments to this point had only addreésed‘post- -
irradiation PFC rgsponses'of mice to T-independent " type 2 antigens, if
was decided. to e*amine postirrédiatioh PFC responses of:m}be to T-
indgpendenf; type 1 antigens aS‘weIl.‘ The data kTabIe.Xllly tieafly.
indicate fhatrpos£~irradfétioh PFC responses of mice ‘to SSS-111 (T-
independent type 2) and:PVP (T-independent -type 2) were severely
impaired, whereas postiirradfation respbnses'of mice.to.LPS (T‘inAepén-
dent type 1) aﬁd SE (T-dependent) were not dramatically altered. |
concludé thét T-independent B cell subpopulatiéns (Bi cells) caﬁ be.
further dissected iﬁto smaller subse£s based on tHejr post-irrédiation
'PFC responses in mice, as well as thgir differential:abilify'to're;...
':-;pond to T-indepeﬁdent type 1 or T-independeﬁt. type 2 antfgéns.
Because of the ability of ionizing radiafioﬁ to sngreiy slow tBe

kinetics of antibody production (5) it was.possiblé that post-irfgdia-
tion inhibition of PFC responses of.ﬁice to T-indepéﬁdent typ§-2 antf—
gens Qas-prfmér}1y'due'tolan alteration in the-lengfh of time réqui?ed
to genefate'a peak PFt.response. The data presented fﬁ tab]e,XIV.Fule .
out éhis possibility and strengthen the afgument tHat.Q cell subsets"
responding to T-indepeﬁdént type 2'éntigen.are exduisitely,fadié-
":sensiﬁivé. o |

If these data (Figure'IS;“TébIes XI=X111) do distfnguish a'poétr-
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ltrédiatlcn'defect ina B‘cell sUbset'one mlght'ekpectvthe edoptlve‘
transfer of either syngenelc bone marrow cells or spleen cells to be
more efficient in repairing post-irradiation PFC responses of mice to
a T-independent ‘type 2'ant|gen (PVP) than.the adoptive transfer-of
“syngenelc thymus cells Data presented in table XV ‘confirm this sup-
posutlon, although not as dramatlcally as. | had expected The pos-'
Slblllty of parathymlc lymph node cells contamlnatlng anected thymus
'cell preparatlons may in part explain the ablllty of thymus cells to-'
. partially repairlpost-lrtadlation PFC‘responses to éVP.- |
'Collectively, these data (Figure 15; Tables XI-XV) suggest the
technique of.allOWinglmice_to'recoVer 30 days follouing 550tads'§0Co ’
_irradietion-betore neasurjng PFC responses to. various classes,of antir
gens is-a new end useful technique for dissecting B.cell'subsets. Use '
of this technlque has resulted in the |dent|f|cat|on of two dlfferent

B_cell (B, .cell) subsets that are responsnve to T-lndependent type l

-Oﬁ.T-independent_ type‘Z-antlgens.
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