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Abstract:

A time-course study was made on the immunological responsiveness of Swiss Manor mice which had
been thymectomized at birth. The production of hemolysins and hemagglutinins, tested 5 and 10 days
after stimulation with sheep erythrocytes, was found to be depressed in mice immunized 30, 40, or 50
days after thymectomy. No age dependant increase in the ability to produce hemagglutinins or
hemolysins was found as no titers above the subnormal levels generated by the 30 day old mice were
found in either the 40 or 50 day old mice. The ability of spleen cells obtained from the neonatally
thymectomized mice to induce graft-versus-host disease in newborn A/jax mice was found to be
severly impaired when 20 x 10 6 cells from 30-70 day old animals were used or when 40 x 10 6 cells
from 30, 40, or 50 day old animals were used. However, substantial recovery of the ability to induce
graft-versus-host disease was observed when 40 x 10 6 cells from 60 or 70 day old donors were given
newborn A/jax mice. The ability of the thymectomized mice to reject skin homografts from A/jax
donors was found to be normal at 30 days.

The mice used in these experiments suffered from a high incidence of post thymectomy wasting (33/.
mortality). When spleen cells obtained from the thymectomized mice were used to induce
graft-versus-host disease in A/jax recipients a high incidence of early death (prior to 6 days
post-injection) was encountered in the recipient animals. The early deaths could be prevented by
incubating the donor cells in media containing low levels of antibiotic prior to injection into the A/jax
recipients. An infectious agent was postulated and subsequently Streptococcus faecalis was isolated
from the spleens of two Swiss Manor mice undergoing post-thymectomy wasting disease.

Peripheral studies were conducted in which Swiss Manor mice were splenectomized within 24 hours of
birth. Two out of fourteen of the animals were observed to die of a wasting like syndrome at 18 days of
age.

The data are interpreted as supporting the concept that neonatally thymectomized mice tend to recover
immunological competence with increasing age. Further, the data indicate that enteric bacteria may be
associated with post-thymectomy wasting and that the spleen may be of some importance in the
development or maintenance of the immunologic responsiveness of newborn mice.
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ABSTRACT

A time~course study was made on thé immunclégical responsiveness
of Swiss Manor mice which had been thymectomized at birth, The pro-
duction of hemolysins and hemagglutinins, tested 5 and 10 days after
stimulation with sheep erythrocytes, was found to be depressed in mice
immunized 30, 40, or 50 days after thymectomy. No age dependant
increase in the ability to produce hemagglutinins or hemolysins was
found as no titers above the subnormal levels generated by the 30 day
old mice were found in either the 40 or 50 day old mice, The ability
of spleen cells obtained from the neonatally thymectomized mice to
induce graft-versus-host disease in newborn A/jax mice was found to
. be severly impaired when 20 x 109 cells from 30-70 day old animals
were used or when 40 x 109 cells from 30, 40, or 50 day old animals
were used, However, substantial recovery of the ability to induce
graft-versus-host disease was observed when 40 X 109 cells from 60 or
70 day old donors were given newborn Afjax mice, The ability of the
thymectomized mice to reject skin homografts from A/jax donors was
found to be normal at 30 days,

The mice used in these experiments suffered from a high incidence
of post thymectomy wasting (33% mortality). When spleen cells obtained
from the thymectomized mice were used to induce graft-versus-host
disease in.A/jax recipients a high incidence of early death (prior to
6 days post-injection) was encountered in the recipient animals., The
early deaths could be prevented by incubating the donor cells in media
containing low levels of antibiotic prior to injection into the A/jax
recipients., An infectious agent was postulated and subsequently
Streptococcus faecalis was isolated from the spleens of two Swiss Manor
mice undergoing post-thymectomy wasting disease,

Peripheral studies were conducted in which Swiss Manor mice were

~ splenectomized within 24 hours of birth. Two out of fourteen of the

animals were observed to die of a wasting like syndrome at 18 days of
age,

The data are interpreted as supporting the concept that neonatally :
thymectomized mice tend to recover immunological competence with in-
creasing age, Further, the data indicate that enteric bacteria may
be associated with post-thymectomy wasting and that the spleen may bhe
of some importance in the development or maintenance of the 1mmunologld
responsiveness of newborn mice,
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INTRODUCTION

The thymus is a comparatively large lymphoid organ located in most
animals in the ventral anterior mediastinum of the chest in close aéso-
ciation with the pericardium and great veins at the anterior aspect of
thg heart, Prior to 1961, the role played by the thymus was uncertain,
although the work of numerous 9arly investigatofs, most notably Beard‘
(19005 and Hammer (1921), had imélicated the thymus as being important
in the physiology of the lymphoid system, In 1961 a dramaéic change
in the impetu; of.research on the thymus was initiated by the indepeﬁdent
demonstration by Miller_(1961, 1962a) and Good's group (Martinez et al.,
19623 Archer et al., 19625 of the profound immunological effects of neo-
natal thymectomy. The work of Miller demonstrated that thymectomy of
mice in, the immediate neonatal period was associated with severe lympho-
‘pénia and an impaired ability to rgjebt homografts in the adult animal
(Miller, 1961, 1962a). Simultaneous work by Good's group demonstrated
fhat skin homograft survival in neonatally thymecfomized‘mice was pro;
longed in certain donor host combinations (Martinez et al., 1962) and
that the ability of neonatally thymectomized rabbits to respond to
stimulation with soluble antigens was markedly impaired_(Archer et El;;
1962). Experiﬁents dealing wiﬁh thymic extirpétion had been carried out
prior to the work of Miller and Good's group, but these investigations
were conducted in mature animals and‘the results Were.equivocal. . Such
experiments are typified 5y those reported by Fichte;ius, Laurell, and
Phillipsson (19@1) using'adult male guinea pigs. Since the firsﬁ dise

coveries.on the effects of neonatal thymectomy an enormous volume of
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research has been done and the thymus‘has come to occupy a central role
in immunobiological thought particularly in regard to the ontogeny éf
the immune system, | -

The'impairmenﬁ of the adult immune system brought about by peri-

natal thymectomy of various facets is now well documented, A number of

studies exemplified by the experiments of Good et al, (1962) and those of

Waksman et al. (1962) have established that thyniectomy of newborn animals
is related to a diminished lymphocyte population in the adult animél;

' Generally, the level of humoral antibody response in adult neonatally
thymectomized animals is greatly depressed, Subnormal levels of antie-
body have been reported to be produced in response to challenge with
many antigens such as sheep erythrocytes (fahey, Barth and Law, 1965),

'Salmonella typhi H, O and Vi antigens (Humphrey, Parrott and East, 1964)

and bovine serum albumin (Arhason et al., 1964). However, the situation
is ﬁot cleafly defined as normal or near normal levels of response to
other antigens such as ferritin, hemocyanin (Fahey, Barth and Law, 1965)

" and tetanus toxoid (Hess, Cottier and Stoner,.1963).have been ‘reported,
Such discrepancies may be due to a multiplicity of variables such as
;ex variétions (Balner and Dersjant, 1966) or to time elapsed between
immuﬁization and serum callection (Sinclair, 1965)} There is'also con-
"flicting evidence concerning the ébility of ﬁeoﬁatally thymectomized an=
imals to mount a primafy and'a secondary immune respénse. One worker

has reported a dgpressed primary response and a nbrmal secondary.response

(Sinclair, 1967a, b) while another group\has reported a normal primary
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response and a depressed secondary response (Hess, Cottier and Stoner,
1963). Aggin, the discrepancy may be due to a,wide number of uncontrol-
led variables, Nﬁﬁerous reports indicate that neonétal thymectomy

impairs cell-mediated immune reactions. In neonatally thymectomized

mice there is, generally, marked impairment of ability to rejéct homo-
grafts and in some cases heterograftsh(Dalmasso, Martinez and Good, 1962a;
Miller, 1962b; Miller, Marshall and White, 1962). 'The same situation

has been reported'iﬁ other species such as rats (Arnason, Jankovic and
Waksman, 1964) and hamsters (Sherman, Adner and Damesﬁek; 1964), Various

reports such as that of Martinez, Dalmasso and Good (1962a) and that of

t al, (1963) indicate that allogenic tumor grafts are accepted

et

Perri
by thymectomized animals, Neonatai thymgctomy has been reported to
diminish the effecté of hybersensitivity reactiéns such as those asso~
ciated'with sysfemic lyﬁphocytib choriomeningitis'infec;ion as reporéed
by Rowe,~Black and Levey (1963), Cells from the lymphoid organs of
neonatally thymectomized mice were found to be less capable of eliciting
graft-versus-host regctions than were similar numbgrs of cells from
normal mice (Dalmasso, Martinez and Goéd, 1962b3 Miller, Marshall and
White, 1962), Still further evidence for the long range immunosuppres~
sivé effects of neonatal thymectomy can be infer;ed from the development
of alﬁasting disease follqwing nepnatai thymectbmy. Mice thymectomized
at birth may develop a s&ndrome in latter life characterized by lethargy,
ruffled fur, hunched posture, weight loss, diarrhea and, ultimately,

‘death (Miller, 1962b, 1964), . Wasting, however, does not occur in all




all strains of mice and onset may begin aﬁywhefe from &4 weeks to 4 months
after thymectomy depending on the strain of mouse involved (Parrott,
1962), The pathogenesis of the post thymectomy‘wasting syndrome 1s not
definitely established, but there is a preponderance of evidence favor-
ing an infectious eti§logy (Azar, 1962; McIntire, Sell and Miller, 1964),
Simple thymectomy of adult animéls has not been associated with im-
mediate immunological defects (Harris,.Rhoads and Stoakes, 1948;
Fichtelius, Laurell,. and Phillipsson, 1961). However, when antigenic
stimulation was delayed until several months pgst-thymectomy deficient
antibody responsgg were‘detected. Taylor (1965):reported depressed
responses to bovine serum albumin immunization and Metcalf (1965) re-
ported lowered reéponse; to immunizatibn with sheep erythracytes follow-
ing thymectomy of adult micé. 'The capacity of spleen cells from thymec-

tomized adult mice to induce graft-versus-host reactions degenerated

gradually over a period of time (Miller; 1965). Another 'line of evidence

_indicates that the thymus can function to restore the immunological

éompetence of adult animals whose immune mechanism has been impaired or
destroyed. HNumerous studies typified by the work of Globerson.and
Feldman (1964), Miller, Doak and Cross (1963) and Jeejeebhoy (1965)
indicate that the recofefy of the ability to respond to various antigens
following tofal-body irréqiation is impaired or completely suppressed by
thymectomy in adult animals. Thymectomy of mafuré aﬁimals made tolerant
to bovine gamma-globulin at'birth has been réportéd to delay the abro-

gation of the tolerant state (Claman and Talmage, 1963; Hunter and Jutila,




1964), From the evidence accumulated by experiments dealing with the ~
effects of neonatal and adult thymectomy it appears that the thymus
functions to generate or assists in generating the immune system

during the perinatal period and that it also functions to maintain or

'regenerate the immune system throughout the life of the animal., How

the thymus accomplishes this function is still a matter of controversy
and investigation,

A number of approaches have beén'used in attempts to elucidate
thymic .function, .They'include either grafting of thymus tissﬁe, implant-
dtion of thymus tissue in diffusion chambers, injection of cell Sus-
pensions or injection of thymus extracts into thymectomized mice, Also,

embryological studies, and studies involving the use of chromosomal

‘markers or radioactive labeling have served to identify cellular compon-

ents of the thymus which participate in the generation of the immune

response, . Various studies have established that lymphopenia and loss of

~immunological functions following neonatal thymectomy can be precluded

by the grafting of either syngeneic or allogeneic thymic tissue into
thymectomized animals (Miller, 1961, 1962b; Dalmasso et al,, 1963). The
same results have been reported in the éase of adult th&ﬁectomized
irradiated mice (Miller ég al,, 1964; Leuchars, Cross and Dukor, 1965),
A number of“workers such as Dukor et al., (1965) have found that the
impianted thymuses are cémposed of donor type celi; initially but that
gfadﬁally these cells are replaced by host lymphocytes énd in the case

of homografts and graft is rejected by the host, These results have




beén interpreted as indicating a directive influence by the thymus upon
the lymphoid precursors of the host as opposed to a repopulation of the
host by precufsér c6lls arising in the grafted thymus (Miller and Osoba,
1967) . This interpretation is supported by the observation that diffu-
sion chambers containiné,thymic tissue restore the immunological compe-
tence of neonatall& thymecfomiied animals, (Levey, Trainin and Law, 1963;
Levey et al, 1963; Osoba and Miller, 1963; Aisenberg and Wilkes, 1965). _‘
Similar results.have béen reportéd using thymus tissue enclosed in
diffusion chambers to restore competence to thymectomized irradiated
adult mice (Miller et al., 1964), However, the restoration of lympho-
cyte levels by iﬁplantation of thymus tissue in diffusion chambers has
not been a consistent findiné (Levey, Trainin and Law, 1963). The
diffusion chamber experiments suggest that the thymus elaborétes a.
humoral factor or factors which act on lymphoid precursor cells

causing them. to become immunologically competent. Severai investigators
have questioned the validity of fesults obtained with diffusion chambers
by indicéting that the chambefs may have leéked, that the experiments
were inadequately controlled, and that the porosity of ‘the diffusion
bariers used was large enough to allow the passage of cells (Auerbacﬁ;
1964; Weissman, 1967)._ 1t is possible to reconstitute the immune mechan-
ism of neonatally thymectomized mice by injecting lymph node cells or
spleen cells obtained from normal mice (Dalmasso et al., 1963; Cross,

Leuchars and Miller, 1964), Cells from neonatally thymectomized mice

or bone marrow or liver cells from normal mice failed to pfotect




neonatally thymectomized recipients against immunological defects
(Cross, Leuchars and Miller,'1964). These results suggest that re-
plenishing the supply of immunologically competent cells in a
thymectomized animal will protect that animal, However; Trainin,'Law
and Levey (1965) have reported a 20% incidence of death in aniﬁals
protected with spleen or lymph node cells-when the animals were 3 to

7 months old, This,would seem to indicete that cells alone are not sufe
ficient to protect thymectomized animals over,extended rime periods,
Although the previously mentioned experiments utilizing thymus grafts,
diffusion chambers and cell suspensions have been constroed as
ihdicating a noncellular thymus factor capable’of restoring immuno-
logical reactivity in thymectomized animals (Miller and Osoba, 1967),

attempts to isolate and demonstrate the effects of a thymus humoral

facror have been inconclusive, Metcalf's lymphoooiesis stimulating
factor (Metoal@, 1956) is often refereﬁced by thymus reéearcﬁers but
attempts to restore immunological competence to thymectomized animals
utilizing thymus extracts obtained accordiﬁg to the procedure of
Metcalf have proved unfruitful (Dalmasso et al,, 1963; Miller,.1964),
Other workers have: reported 1solat1ng thymus humoral factors whlch
stimulate the' lymph01d system (Comsa and Bezssonoff, 1958; Jankovic,
Isakovic and Horvat, 1965; Comsa, 19663 Brunkhorst and Herraneo, 1967),
but definite proof of the existence of an effective thymus humoral

factor produced under physiological conditioné is still lacking

(Miller -and Osoba, 1967).




Embryologically the thymus arises as an outgrowth of the third and
fburth branchial pouches (Bloom and Fawgell, 1964), The thymus is,
therefore, of epithelial origiq.i However,; considerable doubt.remains
as to the origin of the 1ym£hoid cells found in the thyéus. The |
thymus? The experiments of Auerbach (1960, 1961) strongly suggest that °
the thymic lymphoid cells arise directly from the epithelial elements of
the thymus With mesenchymallt155ue exérting a morphogenetic effect,
Auerbach's experiments with mice are supported b; those of Ackerman and
Knouff (1964, 1965) whose results suggest that the thymic lymphocyte
of embryonic chicken and hamster have an epithelial origin, On the other
hénd, the Worﬁ of Smith (1965) has indicated that lymphoblasts may al- |
ready have migrated tb the epithelium of the branchial pouches prior to
the outgroﬁth of the.pouches to form the thymus. Although the transe
formation of thymic epithelial.ce;ls to lymphocytes remains an open
question it is well established that, ontogenetically, the thymus is the
first lymphoid organ to develop in the embfyq (Archer et al., 1964;

Good and Papermaster, 1964), It has been postulated that lyqphocyées
formed in the thymus during embryogenesis are seeded to the peripheral
lympﬁoid tissues (Auerbach, 1961),. If the thymic epithelium does give
rise to lymphoid cells during embryonic development this situation must
be modified to some exfegﬁ soon after b;rth. In this regéra, studies
carried o;t using chromosomes markers in conjunction with grafted
thymuses (Harris et al., 1964), with bone marrow grafts (Tyan‘and Cole,

1965), ‘and with parabiosis (Harris and Ford, 1964; Brumby and Metcalf,




1967) have convincingly demonstrated an afferent flow of cells to the
thymus from myeloid tissues, lowever, there is also in the adult
animal a low rate of efferent flow of cells from the thymus to
beripheral lymphoid tisgues as indicated by radio-~labelling studies
(Nossal, 1964a, 1964b; Weissman, 1967) and studies with chromosome.
markers (Harris et al., 1964; llarris and Ford, 1964), The low rate

of efferent flow of lymphocytes from thé thymus is puzzling in' view

of the.high mitotic actfvity found in the thymus which isla to 6 times
that found in the iymph nodes or spleen in the‘case of young mature
animals (Andreasen and Christénsen9 1949)., Thus, it seems that many
lymphocytes flowing into tﬁe ‘thymus or being born there must die
loca;ly in a short time, This led Burnet (1962) to postulate that the
thymic epithelium may give rise to progenitors of immunélogically
competent cells and may ¥censor® those cells or aberrant cells coming
iﬁ from the "peripheral" lymphoid organs destroying those cells capable
of reacting against "self" antigens,

The concept that the thymus may "censqr" self reacting clones of
cells has led to experiments dealinglwith the role of the thymus in’
contfolling immunological,folerance. Several series of investigations
have beencarried out (Isakovic, Smith and Waksman, 1965; Tolluett and
VYaksman, 1966) but there is not sufficiént evidence to sﬁpport the
thesis that tolerance is inducéd by interaction of aptigens‘with the

thymus (Miller and Osoba, 1967).

| S O S
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\The characteristics of the thymus thus far mentioned suggest that
it is a "central"‘lymphoid organ controlling the development of cells
found in the "peripheral® lymphoid structures, However, investigations
have been cbn@ucted Whiéh indicgte that éhe thymus may noé be the only
"centfal" lymphoid organ pér;icipating in thé ontogeny and maintainence
of the lymphoid system., Work‘conducted as early as 1956 has indicated
‘that the bursa of Fabricius in fowl is an‘organ as important or nearly
as important as the thymhs in the ontogeny of the immune system (Glick,
Chang and Jaap, 1956). Investigations carried out using rabbits have
shown that the cecum may be anélogous to the bursa of Fabricius (Archer,
Sutherland and Good, 1963; Archer, Papermaster.and Good, 1964), Recent
work in mice las intimated that there méy be a sécond central lymphoid
organ’'in those animals {(Dukor, Dietrich and Rosenthal, 1966; Rogister
and Lejeune, 19645 RQgister, 19653 Sinclair and Millican,/1967; Takeya
and Nomoto, 1967a, b),., 'The bursa of Fabricius is a lymphoid organ in'-
fowl which develops from an outpouching éf the - hind gut and bears some.
histological similarity to the thymus. The experiments of Glick, Chang
and Jaap (1956) and Chéng, Rheins and Winter (1957) showed that its
removal early in life resulted in marked'diminution of - antibody responée
to soluble antigens. Subsequent work Wgerein hormonally bursectomized
chickens were used.demonstrated that there was a dissociation of immﬁno-
logic responsiveness in tﬁe chicken, Bursectomy did not inhibit skin
homograft rejection while it did inhibit responsé to soluble antigens

and reduced delayed hypersensitivity reactions, Hormonally induced
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atrophy of the thymus cortex -and bursa inhibitgd response to soluble
antigens, mitigated delayed hypersensitivity reactions and delayed the
rejection of skin homografté,'but the ‘ability of blood cells to pro-
duce leéions on chorio~allantoic-membranes was still present (Warner, '
Szenberg and Burnet, 1962; Warner and Szenberg, 1964). Surgical
remo&al of the bursa, or thyﬁus or both in young chickené followed by
sub-lethal irradiation allowed the recoénition of two ﬁorphologically
distinct cell systems in the peripheral 1lymphoid system; The thymus
evidently governs cellular immunity by seeding small lymphocytes to
the circulatiog whereas the bufsa governs the'production-of immuno~
globulins by seeding large lymphocytes to the circulation (Cooper

et al., 1966), Studies conducted with rabbits have shown that the
appendix of the animal may be analggous to the bursé in fowl. Archer,
Sutherland and Good (1963) reported that rabbiCS'respondgd atypically
to neonatal thymectomy in that recovery of the immung system following
neonatal thymectomy was not as great as nor as general as the impair-
ment following neonatal thymectomy of mice, and that by 14 weeks of age
the rabbits appeared to have recqvered normal levels ofllymphocytés_in
the periéhefal blood, Of.the lymphoid organs they examined only.thé
development of the appeﬁdix was not hindered by ﬁeonatal thymectomy,
Further studies by this group (Sutherland, Archer and Good, 1964)
showed that removal of boéh the tﬁymus and thg appendix from neonatal
rabbits sevérely.impaired the ability of the animals to respond to

stimulation with soluble antigens and to reject homografts, Further,
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they found no apparent recovery of the peripheral lymphocytevlevel by
14 weeks of age., Recent work has indicated that mice may recover
immUﬁologi; responsiveness SPBntaneously over a périodvoﬁ'time follow=
ing neonatal‘thymectomy. Rogister and Lejeune (1964) reported an
inérease in ability to respond with hemagglutinins to sheep red cell
immunization in neonafélly thymectomized mice when tested at 60 days
wﬁereas they faileéd to report.30 days pést thymectomy, Rogister (19653)
latter extended these findings and reported an increased ability to re-
ject homografts as a function of time post thymectomy as well as increas-
ed numbers of peripheral lymphocytes which reached neér normal levels
by 150 days post thymectomy. Extensive studies by Dukor, Dietrich.and
Rosenthal (1966) indicated that'by 9 - 13 weeks post fhymectomy colony
bred Swiss gice recovered their aﬁility toAform hemagglutinins and
hemolysins following injection of sheep eryfhrocytes.- They also re-
ported that antibody-plaque-forming ability had increased over a 13
week interval post thymectomy,.but they found no increase in tﬁe nuﬁbers
of péripheral lymphocytes.. On the other hand, they reported no
spontaneous.reconstitution in thé case of neonatally tﬁymectomized
highly inbred CBA mice. Their worﬁ is substantiated to some extent by
thaﬁ of Sinclair and Millican (1967) who reported a delayed development
of the abili;y to responq with hemolysins to immunization with sheep
erythrocytes in neonatally thymectomized, colqny>bred Swiss mice during
a post immunization time-course study involving 10 days to 6 months,

Takeya and Nomota- (1967a) have reported increasing ability to respond
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with hemolysins in neonatélly thymectomized inbred mice of the SL strain
following stimulation with sheep red cells over a period of 120 days post
thymectomy, They also reported decreasing survival times for homografts
and increasiﬁg numbers of antibod& plaque forming cells over the course
of the observation period although the mice had not reached ;ontrol levels
by the end of the experimental period, .Of possible significance is a
report by Kalpaktosoglou, Yunis and Good (1967) which indicated that
neonatal splenectomy depresses the lymphocyte levels of C3i mice and
rosults in a considerable incidence of wasting disease., They suggested
that the spleen may be important in the ontogenetic -development of
pematoﬁoietic tissue in mice, |

The work presented in the following pages consists of a study of
the immunological recovery of Swiss Manor mice thymectomized‘at birth,
This study'was carried out in order to confirm.and extend thé reports
on .the immunological recovery of neonatally thymectomized mice,

Further, the work was undertaken to provide.data for comparison with

. a separate study being conducted in this laboratory dealing with the

immunological recovery of Swiss Manor mice whose immune’ system was

suppressed at birth by treatment with cortisol acetate,




MATERIALS AND METHODS

Experimental Animals

The nonninbréd Swiss Manor mice used in this‘study were originally
obtainad from the gormefreae stéck of Manox Tarms, Staataburg, New York
in 1964, A cdﬁventionally reared and colony bred stock of these mice
has since been maintained in the Department of Botany ;ndeicrobiology,
Montana State University.

The inbred A/jax mice used in these experiments weré originally
‘'obtained from the Jackson Memorial Laboratorie§9 Bar Harbor, Maine in
1964 and have since been maihtained here with frequent broﬁher-sister
matings.

All stock animals were fed Purina Laboratory Chow while breeding
mice were maintained on Purina Mouse Breeder éhow} Experimental aniﬁalé
were fed Purina Mouse Breedgr Chow supplemented with Quaker Rolled Oats

and water ad 1ibitum,

Surgical Procedures

Anesthesia

New born mice were anesthetized by a cooling technique modifie@ from
the procedure described by East and Parrott (East and Parrott, 1962),
Newﬂorn mice were gently separated from their mother and placed.three
at a time into a 50 ml, plastic beaker. fhe beaker containing the mice
was then placed into the ffeezing compartment of a domestic refrigerator
‘and held at -10° ¢ for 8 minutes. At the end of 8 minutes the mice'héd

ceased to breathe, did not respond to tactile stimuli and had lost all
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pink color, The mice were then considered fully anesthetized and were
operated on within the next 8 minutés. Animals were revived by gentle
handling and wérming under a lamp,

Sodium pentobarbital (Nembutal-Abbott Laboratories) was used for
anesthesia of adult mice., Mice to ﬁe anesthetized were weigﬁed to the
nearest tenth of a gram and were injected intréperitoneally‘with .02 ml
of a 1:10 aquéous dilution of pentobarbifal per gram of body Weight;
Recovery of anesthetized animals was facilitated by warming them under

a lamp,

r «

Thymectomy

Thymectomy of new born mice was performed using an amalgamation of
'technidues modifiéd from those described by séveral groups of investi-
gators (Gross, 1959; Miller, 1960; East and Parrott, 1962), Newborn
Swiss Manor mice (less than 24 hours old) were anesthetized by the'cool=
ing technique above described and were taped to the surféce of a chilled
glass operating platform with Scotch tape. Tgping was done so that the
mouse was positioned on its back with its head Sharpiy extended toward
the operator, .Extension of the head was necessary in order to draw the
thymus forward in the mediastinal cavity,

A‘sternal splitting incision was made utilizing a pair of angle
point irridectomy scissors one point o6f which was inserted at the manu-.
brial notch and pushed, with the poinf héld high, to the level of the

fourth rib, The sternum was then split with a single stroke of the
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scissors and the incision was spred with a pair of curved fine point
férceps to expose tbe thymus. The thymus was removed by gentle
aspiration at its anterior apices with a paéteur pipette attached with
flexible rubber tubing to a vacuum pump., The incision was closed with
one to éwo interupted 4-0 silk autures placed through the skin with no
attempt being made to approximate the edges of the sternum, A drop of
collodion was applied to the wound in order to séal it, prevent
pneumothorax, and to reduce maternal cannibalism, The young were re-
turned to tﬁeir motﬁer upon recovery from thé effects of anesthesia,
Sham thymectomy was berformed by duplicating all operative procedures
but no suction was used and the thymus was left in place,

Initially, immediate operative mortality was extreme but with
practice mortaiity was reduced to less than 5%, However, maternal can-
nibalism was high with approximately 25% of all operated litters being
lost,

Completeness'of thymectomy was determined by sacrificing the mice
at the beginning or end of experimental procedures and checking the
'me&iastinallcavity macroscopically'for evidencé of thymic tissue,
Suséicious tissue was removed for histological ecxamination. Animals

presenting thymus remnants were used ‘as partially thymectomized controls.

Splenectomy

~ Newborn Swiss Manor mice (less than 24 hours old) were anesthetized

by the cooling'technique and were taped to a chilled glass operating
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platform in such a way as to expose the left lateral surface of the
animal. A transverse incision was made o&er the region of the stomach
with irridectomy scissors."The stomach was extruded through the
wound and turned slightly to expose the spleen which was adherent to
the dorsal surface of the stomach, . The spleen was then removed by as-
piration‘with a pasteﬁr pipette attached to a vécuum pump with flexable
%ubber tubing., Following removal of the spleen, the stomach.was gently
pushed back into the abdominal cavfty and the incision was closed with
three to four interupted 4-0 silk sutures, A drop of collodion was
applied to the wond to help prevent maternal cannibalism and the young
were returned to their mother, Sham splenectomy was performed by
duplicating all operative procedures except that no suction was used and
the spleen was left intact and in situ,

.Immediaté operative mortality was nil and mortality due to maternal
cannibalism was less than 20%.

Completeness of splenectomy was determing&/by sacrificing the mice at
the end of the experimental period and examining the abdominal cavity fdr
the presence of'splenic tissue. Animals having splenic remnants we?e

discarded from the experiment,

Skin grafting

Skin grafting of adult Swiss Manor mice was performed using a mod-
ification of the technique developed in E, J, Eichwald's laboratory

(Eichwald, 1967). To prepare the graft beds, mice were first anesthetized
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with pentobarbital and then pinned to an operating board in such a -
fashion as to expose and stretch the ieft dorsolateral skin of the.
.midsection, The area was wetted with 70% ethanol and shaved. A
square section approximately one centimeter on a side~was then ré-
moved using a razor blade, Into the graft bed was placed a close fit-
ting gfaft or autologous or allogeneic tail skin, The mouse was Sub=
sequeﬁtiy removed from the board and; strip of transparent polyeséer
plastic approximately 8 x i cm was Wrgpped tightly around the animal's
" midsection and secured with'ﬁéat resistant Scotch tape, This dressing
permitted visulization of the graft, prevented scratching of the graft
by the animal or its cage mates and held the graft securely in place
without the need 'of sutures, -The dressing was changed on the 3rd and
6th day post-graft and removed on the 9th day post-graft, |

-Grafts were prepared from the tail skin of anesthetized or sacfi-
ficed donor animals, The tail waé ambutatedtwith a razor blade and. the
skin wés split down the midline of the tail, Thelskin was then peeled
free and cut into appropriately.éized grafts./ The proximal portion of
the tail was not used as it was usﬁally severely traumatized during the
stripping proceduré. Grafts were'routinely placed on recipients wiéhin
15 minutes o£ removal from the donor and were kept moist on saline
soaked gauze priér to use, '

Graft rejection was evgluated by maérosqqpic exégination of the graft

daily after the 9th day postegrafting, Rejection was considered to have

occurred when the graft had become brown and dry,.
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Production of Graft versus Host Disecase

Thyinectomizéd or sShamethymectomized Swiss Mator mice 30 to 70 days
of age served aé spleen cell donors. Following sacrifice'by cervical
dislocation the'spleen wgs aseptically removed from each donor and placed
in a small sterile petri dish (60 mm in dfémeter) containing 1 ml of
sterile phosphate buffered saline pH.7.2 (PBS), ‘The spleen was then
gently ground apart using a sterile plunger frqm a 10 ml syringe. Coarée
debris was removed from the splenic préparation ana a 1:1,000 dilution
in 4% acetic acid was made from an aliquot of the preparation, Thé
nucleated cellé were counted with a standard hemocytometer and the cell
concentration of.the splenic suspension was adjusted to contain 20 x 106
'or 40 x 106 nucleated cells per:.l1 ml, To the preparation were added
500 units of dihydro-streptomycin sulfate (Nutritipnal-Biochemicals
Corporation) and 1,000 uqits of penicillin "G" (Nutritional Biochemicals
Corﬁoration) pef 1 ml.l The preparation with fhe antibiotics was incube
atéd at 37°'é for 30 minutes prior to being injected into mice,

. A dose of either 20 x-10°

or 40 x 106 spleen ceils from neonatally
thymectomized or sham thymecfomizea Swiss Manor mice was injected
intraperitoneally into neonatal A/jax mice within 24 hours.of birth, The
dose was administéred with a 1 m1 tubercu1in syringe fitted with a 25
gadge needle.through the thigh muscle into the ééritoneal cavity in

order to hinimize-léakage. Mice which leaked excessively were discarded

from the experiment,
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Criteria of Graft versus Host Disease

The criteria used for.judging graft versus host disease in mice
injectgd with allogeneic spleen cells within 24 hours of birth were
failure to gain weight normall& and'ultimately death which commonly
occurred within 21 days post-injectioﬁ. Mice dying before day 6 ﬁost-
injection were considered ‘to bé victims of injection trauma or maternal
cannabilism, | |

Other symptoms noted during the course of graft versus host disease

were diarrhea, a hunched posture, high-étepping gait and alopecia,

Immunization with Sheep Erythrocytes

-

Sterile sheep blood preserved in Alseverf's solution was thrice
washed with saline prior'tp injecﬁion. A dose qf 0,1 ml of a 10%
soluéion of packed erythrocytes in saline was injected by the intra-
peritoneél route into 30, 50, and 70 day old Swiss Manof mice which had
been thymectdmized, shém-thymectomized 6r partially thymectomized at birth.
The mice were bled from the tail vein 5 and 10 days pbst-injection. Ten'
dropslof blood were collected in 0.5 ml of saline giviﬁg a serum dilution
of approxiﬁately 1:5, The blood was allowéd to clot and the sera were
collected following low speed centrifugation., The sera were stored at
59 C and hemolysin and-agglutinin titers for sheep erythrocytes were

determined within two weeks of the bleeding date,
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Antibody Titration

Endogénous complement was inactivated by incubating the sera at
56° ¢ for 30 minutes. The sera ware then serially diluted 1:1 ataftn
ing with the 1:5 dilﬁtion and énding at a dilution of 1:2560, To each
tube was added 0,1 ml of thrice washea 1% sheep.erythrocytes in saline
and the tubes were incubated at 37° C for 36 miﬁutes. Hemagglutination
was read following low speed centrifugation of the reaction tubes, A
titer of 0 was arbitrarily assigned to sera producing no detectable
hemagglutination at a dilution of 1:5. Hemagglutination patterns were
" . scored 4+ to l+ and final tipef_was expressed as the serum dilution in
the last tube shoying'1+ hemagglutination.

Hemolysin titrations were carried out in the same reaction system as
that employed on agglufination titrations. Following reading of the
' hemagglutihation patterns one drop of guinea pig complément (Difco)
diluted i:S in saline was adéed to each tube. The tubes were agitated
and incubated at 37° C for 30 minutes, The sera were held at 10° C over-
night and'the titers were read the following morning. A limiting dilution
giving.complete heﬁolysis was considered the titer of the serum. An
arbitrary value of O was assignéd{to those sera having a titer of 1:10 or
less, |

Bacteriologic Methods

Attempts were made to isolate microorganisms from the spleens of

thymectomized or sham-thymectomized 30 day.old Swiss Manor mice, Micé
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were kiiled by cervical dislocation and their spleens were aseptically
removed, The spleens were placed into small petri dishes containing 1
ml of sterile saline and éroﬁnd apdrt with a sterile plunger from a 10
ml syrinée. Freshly prepared.blood agar plates, 5% sheep blood in biood
agar base (Difco), and thioglycolate (BBL) were inoculated with 0.3 ml
each of the aseptically prepared spleen suspension from each mouse, One
series of blood agar plates was incubéted'anaérobically and the other
aerobically, All incubatiéns were carried out at 570 C_and media was
held for at least IO‘days at the temperature before considered negative
for growth,

In six cases; the spleen suspension Waé freéze-thawed twice using a
bath of acetone and dry’i;e'before beiﬁg inoculated into the media, This
was done in ordef to release possibie intracellular organisms., Organisms
isolated from splenic tissués were characterized by standard bacteriolog;

ical procedures,

Histological Procedures

Suspecfed thymic remnants were removed from the mediastinal cévity
of supposedly thymectomized mice for histological examination. Immedi-
ately after removal from the animal the tissue samples ﬁére placed in |
buffered (pH 7.6) formalin’and.held there until processed for section-
ing, The tissues were préceSSed according té standard histological
procedures, Dehydration and clearing was carried oﬁt in a series of al-

~

. o .
cohols and toluene and infiltration was with paraffin at 52 €, Sections
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were cut at 10 micra and stained with a standard hematoxylin and eosin

procedure.




RESULTS

- Iime-Course Studies on the Ability of Spleen Cells from Meonatally

Thymectomized Mice to Induce Graft-versus-tHost Diseaée

Time-course studies on the ability of.spieen cells from neonatally
thymectomized Swiss Manor mice to ellicit fatal graft-versus~host (GVH)
disease in néwborn A/jax mice were carried out according to the pro-
«cédufe previously described (Materials and Methéds). The data presented
in Table I shows that a recovery of the ability of spleen cells from
neonatally thymectomized Swiss Manor mice to ellicit fatal GVH disease

in newborn A/jax recipients was not detected when a dose of 20 x'106

.cells from 30 to 70 day old donors was used. The over-~all mortality in

the above group was 9% whereas the’ﬁortality in the control mice which
Zreceived 20 x 106 spleen cells from 30 to 70 day old neonatally sham-
thymectomized Swiss Manor donors was 78%. On the assumption that 20 x
106 cells was too small a dose to allow detection of recovery, the

number of cells injected was increased to 40 x 10°

cells, When this
dose was used a partial ?ecovery of the ability of cells from 60 and 70
day old donors was detected (Table I), The degree of mortality among
A/jax mice receiving 40 x 106 spleen cells from neonatally thymectomized
Swiss mice in the 60 and 70 day old'groups was 83% and 67% fespectively,

as compared to 100% mortality, regardleéé of age, when spleen cells

from neonatally-sham~thymectomized donors were used (Table I),




Iable I, Mortality in A/jax mice caused by graft-versus-host disecase induced by ir
cells from neonatally thymectomized or sham-thymectomized 3wiss Manor mic

Number of spleen

Days post-

Thymectomized Mice

Sham-operated Mice

cells injected thymectomy . g K : ;
per mouse No. Dying % Mortality No. Dying % Mortality
No. Injected No. Injected
30 2/10 20% 7/8 88%
40 0/5 0% 0/2 0%
© = o7 / 0
= 50 0/5 0% 4/4 1007
w
S 60 1/6 17% 3/4 75%
70 1/5 20% 4/5 80%
30 1/10 10% /7 100%
40 1/8 13% 4/4 100%
o 50 1/5 20% 4/4 100%
—
> 60 5/6 83% 9/10 90%
L
70 8/12 67% /1 100%
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Time-Course Studies on the Ability of Meonatally Thymectomized Mice to

Produce Hemolysins in Response to Immunization with Sheep Erythrocytes

The ability of neonatally' thymectomized Swiss Manor mice 30, 50,
and 70 days old to produce hemolysins in response to injection of sheep
erythrocytes was determined from sera obtained 5 and 10 days after im-
munization. The data presented in Table II-indicated that the hemolysin
response of.neonatally thymectomized Swiss Manor mice 5 days after im-
munization was subnormal at each of the time intervals studied and that
no age dependent change in the ability" to resbond had occurred, -The
data from hemolysin titrations conducted on sera qbtained 10 days éftef
immunizétion is presented in Table III, fhesg data indicated that the
response of the neonatally thymectomized mice was not greatly different
from that of the control mice and that no appargnt age dependent
change in the ability to respond had occurred. When the data pregentéd
in Tables I and II were compared they indicated that the' control animals
hgd gone through a normal regressioﬁ in hemolysin resPSnsiveness from day
5 to day 10, In the case of the neonatally'thymectomized test animals

the regression was not marked,

. Time-Course Studies on the Ability of Neonatally Thymectomiied Mice to

Produce Hemmagglutinin in Response to Immunization with Sheep Erythrocytes
The data shown in Tables IV and V indicated that the ability of

neonatally thymectomized Swiss Manor mice to réspond with hemagglutinins

after immunization with sheep erythrocytes was severely impaired both
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fable II, Hemolysin response to sheep erythrocytes in neonatally thyme
ectomized Swiss Manor mice and in littermate controls., serum

was collected 5 days after immunization,
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-5 and 10 days after immunization and that little or no recovery had

occurred at any of the three time intervals tested.

The Abllity te Rejeet lomegrafts in Neenatally Thymectomized Mige

In view of the apparent recovery of GVl disease eliciting capacity
on the part éf spleenvceils from 60 to 70 day old.neonatally thymeé—
tomized Swiss Manor mice as opposed to their failure to reédver
responsivenéss to sheep erythrocyte immunization, studies were under-
taken to determine the homograft rejection capacities of such mice,
Swiss Manor miée 30 days of. age %hich had geen thymectomized, sham;
thymectomizéd or partially tﬁymectomized af birth were grafted with
Aljax tail ékin. The normal homograft rejéction time was found to be
approximatély 14 days and normal rejection times were seen in 4 out of
5 neonatélly thymectomized ﬁice (Table VI). The one animal.which showed -
a prolonged rejection was undergoing post-thymectomy wasting and died
with tﬁé graft intact. .

Taﬁle VI, Skin homograft rejection in neonatally thymectomized Swiss
Manor mice and in neonatally thymectomized or partially

" thymectomized littermate controls. Mice were 30 days old
at the time of grafting. '

NMature of Group : Number of Mice : Day of Rejection (Post-Graft)

Neonatally Thyme

ectomized. 5 10, 14, 14, 15, 23
Sham-Thymectomized -~ . 15 9, 12, 13, 14, 14, 14,
or Partially Thym- 14, 14, 14, 14, 14, 14,

" ectomized : 15, 15, 17
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Attempts to Isolate Bacteria from the Spleens of Neonatally Thym-

ectomized Mice

Large numbefs of early deaths}(before day 6 pdst—injection)lwere
encountered during prelimiﬁary attempts to produce dVH disease in newe
born A/jax mice with non-antibiotic treated spleen cells from neona-
tally thymectomized Swiss Manor mice., When cells from neonatally sham-
thymectomized mice were used there was a paucity of early death., This
led to the postulafion of én infec;ious agent present.in the spleens of
neonatally thymectomized mice, A;tempts were made to isolate bacteria
from the sﬁleéns of '30 day o0ld mice which ha@ been thymecfomized at birth,
The spieens from 35 tﬁymectomized and ‘5 sham-operated mice were cultured
and ;f these, three of the spleen cell preparations from thymeétomized

mice and three from sham-thymectomized mice were freeze-thawed prior to

culturing. DNone of the sham-thymectomized animals.yielded positive

cultures but Streptococcus faecalis var. zymogeneé was isolated from
the spleens of two thymectomized animals. It was noted that both of
the mice from which bacteria were isolated were exhibiting symptoms of

wasting whereas those exhibiting no symptoms yielded negative cultures,

Incidence and Description of Wasting Disease in Swiss Manor BMice

Thymectomized at Birth

During the - course of the experiments previously describéd numerous
neonatally thymectomized Swiss Manor mice were observed to waste and

die between the ages of 30 to 6Q'days. The symptoms observed were
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general deteriorétion in appearahce with hunched posthre, unsteady gait,
loss of weight, diarrhea and death ﬁithin about 7 days from onsét of
symptoms, The observation of wasting was unexpec¢ted as other workers
previously reported that outbred mice were very refractive to postw
thymectomy wasting or that they did not’waste'(Parrott, 1962; Dukor,
Dietrich and Rosenthal, 1966)., It was,-theréfore, of interest to de-
termine the inéidence.of pogt-thymectomy wasting encounte?ed in the
Swiss Man&r mice maintained by our laboratory, The observations on

6 litters of mice revealed iﬁcidence of 33% moftality due to the wast-
ing syndrome described;abovem The disease was found to occur between
30 and 60 days of age with a' mean age-at‘time of death of 51 daysf In
‘addition to the obcurrénce of post-thyméctomy‘wasting 11% of the mice
thymectomized at birtﬁ developed apparent bacterial infections prior
to 30 days of age with large quantities of pus being found in their

mediastinal cavities,

Miscellaneous Studies

A very receﬂt report indicated that splenectomy_of newborn C3H mice
resulted in a.high incidence of wasting. The investigators suggested
that the spleen might be. important in the ontogenetic development of
the immune system (Kalpaktsoglou, Yunis and Good, 1967), 1If this were
so and if the spleen were also important in the ontogeny of the immune
;ystem of Swiss Manor mice, then perhaps sugh a second "cenfral" lymphoid

organ would account for the recovery of the GVH disease inducing abilities
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of spleens from neonatally thymectomized mice, Therefore, splenectomies
were performed on newborn Swiss Manor mice and the mice were observed
for the ensuing éQ déys for symptoms of wasting. 0f_the 14 splenec-
tomized mice used in the experiment two.Were observed to precipitousiy
lose weight and die on the 18th day post-operation, .The mice exhibited
some of the typical signs of wasting such as.a degeneration in general
appearance and-high-steppiné gait but no diarrhea was observed and death
was sﬁddeﬁ. Thrée other splenectomized mice were observed to exhibit
slight weight ééins during the period from 17-20 days post-splenectomy,
however, this:was also true in the case'of ope_of the 10 sham-splengc-l

tomized control mice, ' . .




DISCUSSIOH

Previous workers have feported the delayed recovery of various
facets of thé immune response in mice th&mectomized at birth'(ROgister
and Lejeune, 1964; Rogiste;, 1965; Dukor, Dietrich and Rosénthal, 19663
Takeya and Nomoto, 1967; Sinclair and Millican, 19672. The” work re-
ported here can be interpreted as Suppofting their finding in that the
GVH disease inducing‘capacities of spleen ceils from neonatally thym-
ectomized mice of the Swiss.Manor strain appeared to recover consider=
ably between 60 to 70 days'pést-thymectomy.

While the'recovery of GVH disease éliciting ability was demonst;aﬁed,
no increase in the ability to give more Ehan.minimal hemagglutinin and
hemdlysin responses was demonstrated during the 70 day GXperimentaf
périod} . This was'in conflict with.the work of other investigatbrs Who
‘ have reparted substantial recovefy of the hemagglutinin response b&

60 days post-thymectomy in A.SW mice (Rogistér and Lejeune, 1964) and

who have reported cohsiderable recovery.of the hemolysin response by 59
days post-thymectomy in outbred Swiss mice ﬂSinclair and Millican, 1967),
by 45 days post-thymectomy iﬁ SL mice‘(Takeya and Nométa, 1967) and by

63 dgys in colony bred Swi;s mice (Dukér, Dietrich and Rbsenthél, 1966) .
The aﬁswér to the discrepancy may lie in a number of reasons, Possibly,

a longer period of'obsérvation in these ;tudies may have led to the |
detection of a recovery qf heﬁolysin and hemagglutinin responses in Swiss
Manor mice thymectomized at birth., Thi$.p9§sibility is somewhat supported
by thé findings,df Jutila ana Hunter (%?6?) in Swisé Ménor’micerwhose

immune system had‘bgen suppressed with cortisol acetate treatment at birth,
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They found that GVH disease eliciting abilities and homograft reactivity
recovered.first and that recovery of hemagglutinin.and hemolysin res-
ponses occufred latter. Another explanation of the conflicting data may
be the reported post-immunization delay in the‘reSponse of thymectomized
mice_t& immunization, Sinclair (1965) reported that neonatally thym;
ectomized mice maximally responded with 19S antibody 10 days after immun-
ization as opposed o maximai 19S antibody response at 5 days ip normal
mice. Recently Takeya and Nomota (1967b) indicating that the 7S response
in neonatally thymeptomized-mice may behave somewhat similarly in that
there is a delayed interval between the appearance of 19S and %S anti-
body which becomes shorter with age. 'The(s'andﬁlo day post-immunization
bleeding times used in this inVesEigation may not have éoiﬁcided with
the delgyed maximal 19S and 7S responsés of the thymectomized Swiss
_Manor mice. Another péssiblelexplanétion is that there is ho reco&efy
in the hemagglutinin or hemlysin responsés of Swiss Manor mice thym-
ectomized ét birth,

The neonatally ;hymectomized mice used in this investigation re-
" jected skin-homografts normally by 30'days of age., Other workers have
" reported substantial recovéry of homograft rejection capacity in neo-
natally thymectomized mice by 45-60 days in A.SW mice. (Rogister, 1965)
and By 60 days in SL mice (Takeya and‘Nomoto,-1967). The observation
_that'homograft reactivity had recovered by 30 days in Swiss Manor mice
'or that it was qevef inhibited thle the GVH aisease eliciting capacity

of spleen cells from mice of the same strain was inhibited up to 60 .days
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may- be explained By the greater sensitivity of skin grafting as a test
of immunological capac;ity°

The mechanism responsible for the recovery of the immune systenm
following thymectomy of mice at birth remains undetermined, True self-
reconstitution would indicate the presence of a second'Ycentral' lymphoid
organ in the mouse somewhat analogo;s,to the bursa of chickens or the
appendix of rabbits. Thié organ in mice could not be exactly analogous
to the bursa.of chickens or appendix of rabbits as there does not seem
to be any dissociation of immunological responsiveness in thymectomized
mice as was found iﬁ thymectomized chickens (Warner, Szenberg and Burnet,
1962; Warner and Szenberg, 1964) and éhymectomized rabbits (Archer,
© Sutherland and Good, 1963; Sutherland, Archer and Good, 1964), There is
very little direct evidence for the existence of a second "centralﬁ
lymphoid organ in the mouse although Weissman (1967) indicated that his
expériments w;th total body x-irradiation and shielding of various
lymphoid organs implicated the Peyer's patches as being possible secondary
Yecentral"™ lymphoid organs in mice. The work of Good's group wherein
wasting was induced by neonatal extirpation éf the spleen in C3H mice
was interpreted by the group as indicating the spleen to be an organ
important to the ontogehy of the immune system (Kalpaktosoglou,.Yunis
and Good, 1967), 'ﬁork reported in fhis thesis:indicated that neonatal
splenectom& induced a small inciden;e of wasting in Swiss Manor mice.
However, the ea;ly death of splenectomized mice as opposed to the delayed

wasting of thymectomized mice indicated that the effects of splenectomy
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might be due to removal of large numbers of.comﬁetent cells during a
critical period in the life of mice and not due to some "central’ failw
ure of immune ongégenya Further studies are fecessary to alucidate the
pathogenesis of posé-splenectomy waséiné and to reveal the role of the
spleen in the ontogeﬁy of the immuhe system if, indeed, it has any role.,
Another explénétion of the immunologicai‘recovery 6f neonatally thym-
ectomized mice might bé the delayed maturation and multiplication of cells
formed by the thymus prior to its removal. Presumably the delay might be
due, at least in part, to the lack of the long postulated thymus hﬁmoral
factor. Undetected ecfopic thymic tissue could account for the recovery
of immunological cémbetgnce in mice tﬁymecﬁomized at birth., The presence
of such tissue in'association.witﬁ the éhyroid zlands has been reported

. by one group to occur with varying degrées of frequency depending on the
mouse strain (Law ég al., 1964). This possibility does not seem very
likely as an explanation for the results presented in this thesis as ﬁice
having demonstrable thymic fragments of thymic tissue in their mediastinal
cavities reéponded normally 'to antigenic stimulation at 30 days of age

and one Qould expect that mice having ectopic thymic tissue would do the
same., No such early recovery was deteéted on the part of mice hop
possesing thymus fragments. Still another exélénatioﬁ for the recovery

Qf neonatally thymectomized mice might be the selective preSSufe\caused
'by post~thymectomized infections and wasting. ~In the experiments reported

herein wasting killed 33% of the neonatally thymectomized animals prior

to 60 days and early infections killed an additional 10%. Such a death
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rate may have selected for the hardier animals and given an apparent
recovery in immunologigal capacity. However, Dukor, Dietrich and
Rosenthal reported that the mice they used did not waste following
neonatal thymectomy and that the mice did recover immunological com-
petence, The incidence of early bacterial infections was not reported
by these workers.

The role of bacteria in-the pathogenesis of post-thyméctomy wast=
ing is fai;ly well established as Qhe germ-free state protects mice
from the effects of post-thymectomy wasting (McIntire, Sell and Miller,
1964) . It has also been reported that the effects of thymectomy in
depressing the immune system are not és severe in neonatally thymecto-
mized mice in the germ~-free state as they are in conventionally reared
mice (Bealmer and Wilson, 1966; Milier et al,, 1967), That thé nofmal

flora of the mouse may play a role in the pathogenesis of other forms of

wasting disease is indicated by the work of Jutild and Reed (1967) who

"isolated organisms forming part of the normal flora from the blood and

organs of mice undergoing wadsting induced by the neonatal injection of
cortisol acetate, The work reported in this thesis indicated that the

normal flora might play a role in post-thymectomy wasting as well since

Streptococcus faecalis ‘var., Zymogenes was isolated from-the spleens of

" two wasting animals, Thus it appears that studies on the immunological

recovery of .mice thymectomized at birth should be carried out in the

germ free state to exclude the influence of pathogens or organisms of

¢

the normal flora on the mice,
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If neonatally thymectomized mice do recover immunological com-
petence the recovery must be transient as Taylor (1965) and Metcalf
(1965) have reported a gradual decline in the immunological capacities

of mice thymectomized during adult life.




SUMMARY

Micé of the Swiss Manor strain were thymectohized at birth and
various facets of their immunological competence were tested during
a 30 to 70 day interval post-tﬂymectomy. The ability of the mice
to reject skin homografts from A/jax donors was found to be normal
at 30 days of age. The aﬁility of spleen cells'forﬁ the thymectomized
mice to induce GVH disease in A/jax recipients was severely impaired
at 30ito 50 days post thymectomy, but a substantial recovery of, GVH
eliciting activity was fouﬁd to have occurred at 60 to 70 days post-
thymectomy. Production of hemolysins and hemagglutinins in.re5ponse'
to immunization with shéep erythrocytes was found to be depressed
when the mice were tested‘at 30, 50 aﬁd 70 days post-thymectomy and no
age dependent tendency towards normalization of the response was
detected,

The mice suffered a high incidence of post~thymectomy wasting

disease and Streptococcus faecalis was isolafed from the spleens of

‘wasting animals.
A miscellaneous study was carried out in whicﬁ newborn Swiss Manor
mice were splenectomized and observed.for 90 days. Two out of fourteen
of the splenectomized mice were obserbed to die of a wasting like syndrome,
It is concluded that the data tend to suppé;t the concept that (1)
thymectomized mice recover some degree of immunological coﬁpeﬁence with
increasing time following thymectomy, (2) bacteria ;ay be associated with
post-thymectomy wasting, and (3) the spleen may bé{important to the
development‘or'maintainence of the immunologic.fesponsiveness of ﬁewborn

.
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