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Abstract:

The regulatory effects of the thymus gland on the production of reaginic immunoglobulin E (IgE) were
studied using congenitally athymic (nude) mice, phenotypically normal littermates (NLM) of nude
mice and Balb/c mice. Antigen specific IgE was quantitated in CFW mice by the passive cutaneous
anaphylaxis (PCA)assay. Alum, complete Freunds adjuvant and saline extract of Bordetella pertussis
were used as adjuvants. Nude mice failed to produce specific IgE following both primary and
secondary immunization with hen egg albumin (EA), crude ascaris extract and crude ascaris extract
coupled to dinitrophenyl groups. In contrast, NLM and Balb/c mice made strong IgE responses.

Nude mice implanted with thymus glands from neonatal Balb/c or NLM donors made IgE responses
equal to the responses of NLM mice. These data indicate that there is an absolute requirement for
thymus-derived cells in the formation by mice of specific IgE.

Nude mice were passively sensitized intradermally with an IgE-positive serum; when challenged
intravenously with specific antigen, these nude mice demonstrated strong PCA reactions. It is clear,
therefore, that although nude mice cannot make specific IgE, they do have the mechanism necessary to
elicit PCA reactions.

Attempts were made to show a negative regulatory effect of the thymus on IgE production by using
splenectomized, 60Co-irradiated or antilymphocyte serum-treated mice. No enhancement of IgE
production was observed in these experiments. In contrast to results obtained by others using rats,
infection of immunized mice with the nematode Nippostrongylus brasiliensis did not potentiate specific
IgE production.
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| ABSTRACT

The fegulatory effects of the thymus gland on the production of-
reaginic 1mmunoglobu11n E (IgE) were studied using congenitally
athymic (nude) mice, phenotypically normal littermates .(NLM) of nude
mice and Balb/c mice. Antigen specific IgE was quantitated in CFW mice
by the passive cutaneous anaphylaxis (PCA)assay. Alum, complete
Freunds adjuvant and saline extract of Bordetella pertussis were used
as adjuvants, Nude mice failed to produce specific IgE following both
primary and secondary immunization with hen egg albumin (EA), crude
ascaris extract and crude ascaris extract coupled to dinitrophenyl
groups, In contrast, NLM and Balb/c mice made strong IgE responses.
Nude mice implanted with thymus glands from neonatal Balb/c or NLM
donors made IgE responses equal to the.responses of NLM mice, These
data indicate that there is an absolute requirement for thymus~- -derived
cells in the formation by mice of specific IgE

Nude mice were passively sensitized 1ntradermally with an IgE-
positive serum; when challenged intravenously with specific antigen,
these nude mice demonstrated strong PCA reactions. It is clear,
therefore, that although nude mice cannot make specific IgE, they do.
have the mechanism necessary to elicit PCA reactions, -

Attempts were made to show a negative regulatory effect. of the
thymus on IgE production by using splenectomized, 60Co-irradiated or
antilymphocyte serum-treated mice, No enhancement of IgE production

-was observed in these experiments, In contrast to. results obtained by
others using rats, infection of immunized mice with the nematode .
Nippostrongylus brasiliensis did not potentiate specific IgE production.




INTRODUGTION

Properties of Homocytotropic Antibodies. In humans, reaginic

antibodies, which are responsible for somerallergic reactions, are in
the immunoglobulin class IgE, AIgE is.a glycoprotein With a molecular
weight of ZO0,00Q and is synthesized b& plasma cells predominantly inl
.
Ehe respiratory and gastrointestinal tracts. It is capable of agglu-
tinating red blood cells coated with antigen but possess no complement-'
fixing act1v1ty (1). It differs from other classes of 1mmunoglobu11n
in that it is non-precipitatingT It does not have the‘ability to cross
the placenta'and is not -found in human colostrum (2). Zone'electro-
phoresis has shown that IgE moves in the '"fast¥" region while zone
centrifugation in'buffered sucrose gradient has shown that it sedi~
‘ments 'in the 78 region.(z). Human IgE can sensitize the skin‘of |
humans, but not the SRin of most other species, for immediate-type’

hypersensitivity reactions.

A similar type of antibody, possessing properties-of the human s
reaginic antibody,,lgE' has been‘reported in mammals other than man'bp'
jseveral investigators. Thus, reaginic IgE;like, homocytrotropic anti-tl“'-'~
’bodies (HTA) have been reported in. several animal spec1es 1nclud1ng the
gu1nea plg (3), rat (4), and mouse (5) Like the human reagin;‘these
antibodies are: heat-labile° heating the undiluted serum at 56°C for
- 30 minutes“destroysgtheir'skin-sensitizing ability. Many spec1es,

including the mouse, also produce another homocytotropic antlbody
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which belongs to the IgGj subclass (5). 1IgG] does mot persist cyto=
philically in the skin.for long peribds of time (hours, as compared to
weeks for.IgE) but does persist in the serum longer than the reaginic-
type antibody. 1IgGp is heat-stabie, so heating for 30 minutes at 56°¢
does not destroy its activity (5). It is, therefore, possihle to -
distinguish between the activities of IgGy, and IgE HTA in the passive
cutaneoué'anaphflaxis (PCA) assay by heating serums or varying the time
of antigen challenge after ekin-sensitization. IgGi-mediated reactions
are typically developed 2 hr after passive sensitization, whereas IgE=

mediated.reactions'are developed 72 hr after passive sensitization,

It is thought that IgE attaches to mast cells and causes the
release of chemical mediators of the PCA reaction (1), Mota (6) also
reported that rat mast cells can be sensitized passively with serum

" which is

containing what he called "mast cell semsitizing antibody,
. comparable to human IgE. He found  that semsitized mast cells release
histamine and S;hydroxytryptamine after the addition of specific

. antigen. It is thought that serotinin (5 hydroxytryptamlne) is the '_

main chem1ca1 medlator of anaphylax1s in the rat and the mouse (6)

In mice, IgE productlon depends on the antlgen-adjuvant system as
well as on the strain of anlmal used Revoltella and Ovary (7)
reported that three of six stralns ‘of mice’ 1mmunlzed W1th DNP haemo-

cyanin and AL(OH), were able to produce.IgE. SWR/J, CS7BL/6J and




' A/HeJ made IgE, whereas CBA/J, DBA/J and SW .made‘high lhevels of IgG1
but.no IgE:(7).- Clausen et al (8) found that the lnbred Strains of
mice NBL/n; C57B1/6J" and C57BL/10J Were far superior'to the'strains
AKR/n, STR/n and- RML in product1on of IgE when challenged w1th hen egg

‘albumin (EA) and saline extracts from Bordetella pertussis (PE)

Several different antigens and adjunants.have heen used toleliclt
IgE production. Using EA as antigen{ Qlausen,-et al.,.were snccessful
' in'stlmulating IgE with SE as adjuvant, Whereas lncomplete Freundfs
- adjuvant was superior in:stimulating 2 hr. PCA antibody, Ig@l (9);
Tumor antigens and alloantigens have also been used to indnce IgE pro-
‘duction ‘in mice. Thus C57BL and dalb]c'mice immunlaed with 1 x‘.lO6
v1ab1e tumor cells from the Bl6 melanoma establlshed in CS7B1 mice,
‘responded w1th productlon of IgE ant1body (10) Klnd and Macedo-,
Sobrinho wereyable to get IgE production.ln mice in.resoonse to rabblt

' anti-mouse thymocyte serum (11),

-Small‘doses df antigen suchﬂas pollen,-which:canse'human,allere
gles, seem. to be best for product1on of IgE (12) .In guinea olgs:'F'.
'Per1n1 and Mota (13) demonstrated that low doses of EA together W1th

',low doses of 11popolysacchar1de (LPS) were effectlve in stlmulatlon of{ifl
' IgE productlon, and hlgh doses of antlgen and adJumant resulted 1n hlghigﬁ”
“v,productlon'of,lgGlu - | =

It has alsoﬂbéen_reported that‘aistate"offtolerahoeﬂoan'be induced
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to the IgE antibody class, Katz and,co-workers (14) showed that two
prefreatmeﬁts‘of miceiwith 500 mg of the copolymer DNP-D-glutamic acid
and D-lysiﬁé significantly reduced the animals' ability to respond to
DNP-crﬁde ascaris extracts (DNP-CAE) with production of IgE éntibody.l
This tolerance could be transferred to syngeneic, unprimed, irradiated
recipients with spieen cells from mice primed with DNP-CAE and alum and
given two 500 ug injections of DNP-D-glutamic.acid and:D-lysine.ZS days
later., Saverbronn Maia, et al, showed that three immunizations of 100
ug EA significantly reduced IgE prqductioﬁ of DBA/LJ mice when

immunized subsequently with 0,1 ug EA.

Thymus Dependency of IgE, Thymus-derived cells (T cells) are

.necessary for production of IgM or IgG to the so-called fThymus-

_ dependent" antigen§. Although most antigens, such as heterologous
protgins and heterclogous erythrocytes, ére thymus depéndent,'there are
some."thymus-independent" anﬁigens, such as endotoxin, pneumococcal

polyéac;haride, and Vi antigen,

Until recently, only gbeculaﬁions.have been made on tﬁe T~cell .
_collaboration with B cells in relafioﬁship to-the-IgE résbdnsé.” Fo;'
ekample,‘Okumurg and Tadg (16) demonstrated that neonétal-thyﬁectém&IOf'
rats.céuseé.a reducpion in'the-préauctiqn.of IgE.in:ré;ponsexéé' |
dinitrpphendl-érudé Aséaris ég?raéé (DNP;CAE)Q

The most meaningful déta‘shpporting T-cell dependency of the IgE
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response is seen in the mork of Michael and Bernstein'(l7). They found
that congenitally athymic (nude) mice failed to respond with IgE pro-
duction to EA, bovine serum albumin, and human gamma globulln, Whereas
their normal thymus bearing littermates did respond to these antlgens.
However, nude mlce that had received thymus cells from normal Balb/c

mice were able to make an IgE response to these antigens,

Some hnpuhlished mork.of Reed and Munoz further indicates that IgE
responses may be thymus dependent.. They found that normal littermates
to nudes could make an IgE respomnse to‘ﬁA and SE, bovineEgamma-globulin
and SE and Keyhole Limpet hemocyanin, whereas nude mice did not respond
to these antigens. They also measured the IgE response to two antigens’
known to be thymus independent for an IéM response, namely, SIII and
endotoxin. Neither nudes nor their normal littermates made any IgE

response to these antigens,

Thymus Regulation of the IgE Response. IgE production may be‘

thymus dependent but may'also be.regulated by "the thymus.. ‘Tada and co- ,'v

‘workers (16), for example, demonstrated that while neonatal thymectomy
of rats décreases the IgE response, adult thymectomy 1ncreases thlS
'response.” They shomed a similar enhancement of IgE prodnction with 406._
rad X-1rrad1at10n (18), splenectomy (16), some 1mmunosuppressrve drués
(19) and antithymocyte treatment (20) One explanation for such an,

enhanced effect is the "turning of f" of suppressor T<cells or the




6
destruction of T-cells,. allowing B-cells to produce IgE in an unregula-

ted -manner.

Tada and Okumura tZl) demonstrated that HTA formation can he
suppressed. by passive administration of homologous antibody.aéainst the .
same antigen. This suopression aﬁpeared selective in that the ﬁTA
‘response was affected, whereas the IgM response was not. They suggested
that blocking antibody in the passively-administered serum:actslhy
suppressing the synthe31s of reagin rather than by preventrng the com~
-b1nat10n of allergen and reagin (21), Thelr reasons for this conclu31on
were: the fact that the amounts:of passive antibody used‘were much less
_than those needed to cover afl of the antfgenic determinants; and also
the fact that ngiwas suppressed whfle‘hemagglutfnating antibodies were

not,

-Okumura and Tada 222) have.used-a hapten-carrier molecule'to
induce reagin-formation. By transferrlng thymocytes from rats hyper—.
rmmunlzed with- crude Ascarls extract (CAE) or DNP CAE 1nto re01p1ents
that were produc1ng hlgh t1ters of HTA they achleved a drastlc reduce_”
t10n of HTA w1th1n two days of transfer.' Because thlS effect only took l

'place when the carrler was the same 1n donor and re01p1ent, they con--‘-

"cluded that carrler-spe01f1c, thmeS derlved lymphocytes can negatlvely j"_-u"fET

-regulate the HTA formatlon wh1ch i's known to be hapten-speclflc (23)

They further 1nvest1gated thlS negatlve control to f1nd what they
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called an "antigen-specific T-cell factor' which they felt was
responsible for the suppression of IgE production. They t;eated the
thymocyté extracts from hyperimmunized donors with differeﬁt nucleases
and proteinases and found.that the T-cell factor was not digestible by
RNase but is destroyed with trypsin and pronase, therefore, they con-
cluded, the T-cell factor was of proteﬁn nature, Its activity sedi-
mented slower than IgG hemagglutin in sucrose density gradient ultra-
centrifugation and was electrophoretically located in regions corre-
sponding to alpha and Béta globulins. They suggest, therefore, that
the T-cell factor may belan unique receptor of the T-cell and né; an -

unusual immunoglobulin (24).

In working with rats, White and Holm (25) demonstrated that admin-
istration of equine antilymphocyte serum befpre immunization with KLH
yielded an enhancement of early systhesis of reéginic aﬁtibody but
giving equine antilymphocyte serum after administration of KLH resulted
in late synthesis enhancement (25). Antilymphocyte seruﬁ pretfeatment

was suppressive for KLH agglutin in productioﬁ.

Kind and Macedo-Sobrinho (11) have reported a similar regulatory.
control of the thymus on IgE formation in mice., They found that X-
irradiation (450 rad) resulted in sustained level of IgE production in_.

mice treated with rabbit -anti-mouse thymocyte serum. Splenectomy "and

thymectomy did not result in increased IgE prodqéfion.
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Effects of Nippostrongylus brasiliensis on Ighk Producticn{

Several investigators have reported a potentiated reagin response fol-

lowing nematode‘infection. Thus, Block, et al (26) demonstrated that

tats infected with Nippostrongylus brasiliensis larvae sécondary to

- immunization with EA or KLH plus alum exhibitedeincreased‘reagin pro-

duction of short duration, The potentiated"respcnse was .only found in

IgE production and not in the other classes of antibody. Jarrett, "

et al (27), in the rat, showed that both antigen and adjuvant must pre-

ceed infection with N. brasiliensis for a potentiated response, which
could rise as much as 100-fold. They‘shdwed that no potentiated

response occurred if PE was substituted for the'parasite,‘leading them

to conclude that the N. brasiliensis did not act as an adjuvant.

The Thymus:as the drigin.pi the Mast Cell, Tt has been hypothe- i
sized by Csaba et al (28) and also by Ginsberg (29) that the thymus is
the otigin of the mast cell. Pritchard, Viklicky and Sima (30), how-
ever, studied the conmective tlssue of the skln and the’ lymph nodes ofs

nude mice and’ found what they proposed to be mast cells._ Because the . -

. nude mouse . is - congenltally athymlc, they concluded that the orlgln of

the mast cell could not p0531b1y be the thymus. If nude skln Was able-‘w

‘to ellC1t a PCA reactlon, there would ‘be- good ev1dence 1n support of

,Prltchard s conclusxon..

The follow1ng experlments were: de31gned to evaluate the role of .

. the thymus 1n IgE productlon.




MATERTIALS AND METHODS

“Animals. Balb/cJ -mice were. obtalned from the Jackson Laboratory,
Har Harbor, Maine. Congenltally athymlc (nude) mice (nu/nu) (31) and -
" théir phenotypically normal 11ttermates (NLM; +/nu or +/+) were
obtalned.from the Montana'State University Colony in‘nhich the.mutant
gene, nu, is being placed onto a'Balb/c background by hackcross-inter-

cross mating scheme (32),

Balb/cJ, nude and NLM mice, 1-3 months of 'age, were immunized by
~various schemes'designed to induce .the production of HTA, 'No,attempt'

was made to distinguish between the'HTA'response of males and females.:

CFW female m1ce, 1-3 months of age, obtalned from Carworth Farms,'

Portage, Mich,, were used as serum rec1p1ents in PCA assays.

All animals were maintained in a clean .environment and were given

acidifiedhehlorinated water and autoclaved‘Purina 5010.feed.

Antlgens. 'Hen egg albumin (EA), 5-tines erystalliaed. was'obtained
" from Mlles Laboratorles Tnc.,. Kankakee, Ill The crystalllzed EA was S
:stored at 20°C For 1mmun1zatlons, EA was dlssolved at the approprl-,ﬁ
ate.concentratlon 1n‘sallne or ohosphate buffered‘sallne (PBS) FreShi

EA solutlon was prepared for each experlment. ;‘-7

-Crude Asearis‘Extradt. Dr. Herbert J Morse, Ill Laboratory of'

. Mlcroblal Immunlty, Natlonal Instltutes of Health, Bethesda, Maryland :M e
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made-and provided the crude'ascaris extract (CAE), CAE ﬁasdprepared h& _"

homogen1z1ng sallne-washed Ascarls organlsms, d1alyz1ng the. homogenate
agalnst several changes of PH 8.2 horate buffered sallne and clarlfylng
d1alysate by centrifugation (lO,DOO x G - 30 mlnutes). :CAE was ‘stored
in small aloquateS'at_-ZOdC;‘ For use; dAE Was thawed.and diluted to the
desired concentration in saline. |

DNP-Ascaris. Dihitrophenylated crode Ascaris“extract (DNP-CAE)
was also made and provided by Dr. H, Morse., The DNP grouo was combined

5

with ascaris extract in the ratio of 48 DNP/10” daltons,

Vi-antigen (Vi) was purified hy Dr. F. Jarvis, Idaho State Univer=~
81ty, Pocatello, Idaho, by a contlnuous flow paper curtain electro-\
'phore51s procedure (33) ThlS antlgen, a polymer of N-acetyl galactos-
aminuronic acid (33), was prov1ded by Dr. Jo. T. Ulrlch of Idaho State :
Unlver51ty., The lyophlllzed Vi was stored at 4°C ' forvase in experle:

ments, Vi was dissolved in saline,

Adjurants. ATﬂm was, preoared as -followss- 75 grams of.aluﬁlnum i
ammonlum sulfate. (Humco Laboratory; Texarkana, Texas) Was added to 180”
.‘ml of d1st111ed water and then 75 ml of l N NaOH was slowly added Wltth"
" continuous’ m1x1ng. The resultlng prec1p1tate was. Washed 8 tlmes w1th :
sterlle d1st111ed Water and was. flnally resuspended in. sterlle dlstrl-:
-j led'water.at a~concehtratlon of 60 mg/mT ThlS adJuvant Was m1xed by

1

bipetting with the'different aﬁtigehs-ﬁsed‘prlor to-lmmunrzatlons."
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Pertussis Extract. A saline extfact of ﬁordetella bertuésis (PE)
was made (9) ana prévided by Dr, John Muno?, Rocky Mountain Laﬁoratorf,
Hamilton{ Montgna. fhe lyophilized.ektract Qas sto?ed at 49¢C and was .
dissolved in saline for use 'as anladjﬁvant; At timeslif wéé’mixed wifh

antigen before immunization,

Lipopolysaccharide (LPS) was.extracted from Escherichia coli 0113

-by the hot phenol-water method (34) and was provided by Dr. J. A,
Rudbach, University of Montana, Missoula, Mt, LPS was dissolved in PBS -
at a-concentration of 1.mg/ml and'gtored at -209C until diluted in'PBS

for use in experiments.

. Complete Freund's Adjuvant (CFA)'was'purchased from Difco-LaBo:a-

tories, Detroit, Michigan,

Aﬁtilymphocyte'Serum. Rabbit anti-mouse lymphocyte serum (RAMLS),

lot 13096, was purchased from Microbiological Assdciétes,-Béthesqa,_n
- Maryland., Other.lpfs were'not used in this-experiment.
“Nematodeé. In some.expérimenféfdésigned tb'bdééniiatejﬁTA prbdﬁd4

'tion, mice were injected subdutaheouél&:with 600 L3Jlérvae_of é mdusé-z'

édépted‘straiﬁ'of thé nématode Nfgpostroggylué br@éiliensié (35)i

_'irfa&iation;'yﬁiée and ‘rats were gi@éﬁ'400-4501fad}whéléibédeﬁ::':s"

irradiétioﬁ'ﬁéingja‘Picker 60 Cobalt therapy unit. Tblinéure_uﬁifofmlf
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" dose dur1ng 1rrad1atlon, the mice were'held in a plex1glass cage placed
.on top of .a rotatlng turntable. The-dose rate was approximately 75
rad/min, |

Splenectomz. Spleens were removed surgically froﬁ Balb/c mice at -
approximately six ;eeks_of age., The mice were anesthetized wlth the
proper.dose of Nebutol (36). Thefspleeh was ligated and cauteriéed
before reﬁoval. .The peritoneum and skin were sutured separately. 'Care
was taken not.to_tear the spleen and hot to leaye any spleen remnants

in the mice.

‘Thymus Grafts. One month~oldﬁuude mice were anesthetized with

Nebutol (36}'prior.to implantatioh of two to.four thymus‘glands from
_donors~less than three days of age. Implants uere'made uhder the .

fascia in the axillary region of the.nude._-Either Balb/c.or NLM Were~
used as’ thymus donors. Only thymus- grafted nudes that outwardly |

appeared healthy were used in experlments.

Thymus Cell In1ect10ns. Thymocyte preparatrons were made by

screenlng young adult Balb/c thymuses through starnless steel 80-mesh C

screens 1nto PBS contalnlng 1%. fetal calf serum (PBS FCS) he:
thymocytes Were then ashed once w1th PBS FCS Viability'was deter;”ﬁ-”“
mined by a Trypan Blue . Excluslon test, and l 4xlO v1able.cells con; ;'

tained in 0,7'ml were 1n1ected;slowly:1nto'the'tall'yeln.ofzreC1prent'.:

- nude mice,
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Immunization Pfocedures. To obtain HTA, mice weré given varying
doses of antigen and adjuvant on day 0, Aﬁtigen and adjuvant were_'
always’miked priox toAimmunization.. CFA was ﬁixed with antigen with a
double syringe while all other adjuvanﬁs used were mixed with a

pipette. The injections were usually given intraperitoneally, although

.there were some experiments in which the route of injection was intra-

venous,

The animals were bled on days 10 and 20 after initial immunization
of antigén alone because 1 found that adjuvant has a deleterious effect
on ‘antibody prdduction if given at this time., The animals were then

bled on day 30, 10 days after the booster injection. Serum was collec-

ted from individual animals and stored separately at —30°C because I

-.and others (37) have found that reaginic antibody denatures at 0°c,

Passive Cutaneous Anaphylaxis. A pool was made from the serum of

individual animals within a given experimental group, TWOjfold serial
dilutions of the éérum pool were made in saline, - 0,05 ml of‘é.given

serum dilution was injected intradermall& on the back of a recipient .-

. CFW ﬁouse; The hair was clipped frém the back éf-reéipient'mfge'ZA. .

hours prior to the intradermal injection, . Recipient miéé were
injected intravenously with 0.2 ml.of'aﬁtigen solution (1% -solution of

EA, 0.2 mg DNP-CAE or 0.2 mg CAE) in saline céntaining Q.S%,Evans Blue

‘dye, Thirty minutes after intravenous challenge with antigen and Evans
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. Blue the animals were killed by cervical dislocation &nd the skin on the °

back was incised and inverted. A positive reaction was noted by a blue
circular area of the skin at the injection site, Vertical and horizon-
tal measurements were recorded., An area less than 4mm x 4mm was recorded

as a negative reaction, whereas an area greater or equal to 4mm x 4mm

was recorded as a positive reaction. Reactions were given a subjecti?e'

rating of 1+ to 4+ determined by the depth of color, a 4+ reaction

being the deepest blue. The endpoint was defined as the last dilution

giving a positive reaction,

It should be noted that two differenf HTAs are measufe& byﬂthe PCA
assay. If the recipient animals ére allowed.to wait two hours before
challenge with antigen-and Evans Blue dye, then IgGj is detected. IgGy

is heat stable, has a short duration in&the skin and a long duration in

" the serum, In contrast, if antigen and Evans Blue dye are injected 72

hours after skin sensitization, the PCA reaction deﬁects'IgE, which is
heat labile, has a longer duration in skin but a. shorter duration in

the serum.




RESULTS

IgE Production in the Mouse. Heat sensitivity is a good‘prope¥ty
to use fo distinguish between héat-stable IgGy and heat;labile.IgE.
Thué, it was determined from heating undiluted serum tha£ the 2-hour
PCA reaction remainedAWhile the 72-hour PCA diminished. This same

result was found in sera from both antigens used for immunization and

" from serum collected after a primary immunization on day 10 and a

éepondary immunization collected on day 30 (Table I). It should be

‘noted that the 72-hour response remained if the serum was not heated,
‘These results  suggest that the antibody observed at 72-hours is IgE,

‘Because of these results, I routinely used the 72-hour PCA response as a

measure of IgE,

Prelimina;y Studies on the Ability of Different Antigens Eg Elicit

an IgE Response in Mice. Several different antigen-adjuvant combina-
tions were tésted for their ability to elicit IgE antibody production iﬁ
Balb/c mice (Table II), Mice immunized with 10 ug CAE plus 50 ég PE
failed'to.pfoduée IgE (line A), even when boostéd'%ith 10 mg CAE 6n‘déy.

20} Negative reéulfs were also obtained with 125 jig EA plus 50 g PE

'-(line B) and 10" ug CAE plus 1 yg LPS'(liﬁe_C)é again, booster injeétions’

Qere not effective.. CAE, however, was'a good antigen to_eliqit igE when.
used with either CFA or alum adjuvants: - 100 pg CAE plus 20 'mg alum
(line D) gave 721h: PCA reactions on day 10 after a primary immuniza-

tion and day 30 after a secondary immunization.. A slighfly higher




TABLE I

Effects of heating a homocytotropic antibody positive serum from Balb/c mice, 30
minutes at 56°C as demonstrated by passive cutaneous anaphylaxis reactions

Immunization Immunization Heated No. of Day Serum Sensitization PCADTiter of

Day O Day 20 Serum Collected Period Serum Pool
in Pool

10 pg EA2, A1P 10 pg EA + 5 30 2 hr 256C

samef same % 5 30 72 bt neg®

same same - 7 30 7.2 he 128

10 pg CAEY CFA® none + 5 20 2 hr 64

same same =+ 5 20 72-hr neg

same same - 7 20 72 hr 128

8EA = hen egg albumin

bA1 = 10 mg alum

€256 = titer reciprocal of serum pool

dCAE = crude ascaris extract

€CFA = complete Freunds adjuvant in equal volume as antigen

fsame = same serum as above
8neg = not detected at 1/8 dilution
hpca = passive cutaneous anaphylaxis

91
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titer on dday 10 was obtained if the dose was reduced.to;lo ng CAE plusz
lO'mg alum (line E), When CFA was used (line f), the mice broduced IgE’
.on days 10 and’ 20, and also after a booster injection. 'Very good primary,“
titers were obtained with 10 ug DNP-CAE plus 10 mg alum (llne G), and

" also after a booster 1nJection'of DNP-CAE,

Egg albumin with alum as adjuvant was by far the easiest compeuud
to use and also elicited high ‘titers qf IgE on days_lO,-ZO and 30. The
| optimal dose was 10 ng EA plus 10 mg alum (line H). éFA uas also effes-,
" tive with 125 pg EA in production ot,IgE on days 20 and 30:altheugh the‘.

" titers are much lower than if alum was used as adjuvant.

" Aftér all these tests were completed, it was decided that 10 ug. EA .
plus 10 mg alum (line L) was the best antlgen-adjuvant combination with

which to observe the IgE response.

Ihymus Dependency of the IgE Respense. - An attempt wasfmade to

'determlne whether or not IgE exhibits the usual thymus derlved cell
(T-cell) bursa-equ1valent (B cell) collaboratlou requlred for produc- o
tlon of other 1mmunoglobu11n classes.- To. test for such- a requ1rement,

.attempts were made to 1nduce IgE productlon in the nude mouse (Table
II1), Because thls.anlmal lacks T cells from b1rth it provldes au -

_excellent-system 1n which to observe_thymus-dependencyof:Both nudéland §

»

NLM mice Were 1mmun1zed Wlth 10 ng EA plus 10 mg’ alum, and Were boostedv.}'z'

. w1th 10 pg:EA on day 20.- The NLM responded on days 10, 20. and 30 w1th




TABLE II

Effectiveness of different antigen-adjuvant combinations injected intraperitoneally
in eliciting IgE production in Balb/c mice

Line Antigen-Adjuvant Com- Immunization No. of Serum 72 hr PCA2 Titer of Serum Pool

binations Day 0 Day 20 in Pool Day 10 Day 20 Day 30
A 10 mg CAEP, 50 ug PEC 10 ug CAE 4 negd neg neg
B 125 pug EA®, 50 ug PE 125 ug EA 5 neg neg neg
C 10 ug CAE, 1 mg Lpst 10 mug CAE 4 neg neg neg
D 100 pg CAE, 20 mg A18 100 ug CAE 4 gh neg 128
E 10 pg CAE, 10 mg AL 10 ug CAE 4 16 neg 128
F 10 ug CAE, CFA! 10 ug CAE 4 64 128 32
G 10 g DNP-CAEJ,10 mg Al 10 ug DNP-CAE 4 64 32 256
H 10 ug EA, 10 mg Al 10 pg EA 4 64 16 128
I 125 pg EA, CFA 10 ug EA 4 neg 16 8

4PCA = passive cutaneous anaphylaxis
bcag = crude ascaris extract

CPE = saline extract of Bordetella pertussis
d

neg = not detected at 1/2 dilution
€EA = hen egg albumin

fips = lipopolysaccharide

€A1 = alum

hg = titer reciprocal of serum pool
iCFA = complete Freunds adjuvant

JDNP-CAE = dinitrophenylated crude ascaris extract

81
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TABLE III
Thymus Dependency of the IgE Response
Line Immunization Immunization Group Time of PCA2 Titer of Serum Pool
Day 10 Day 20 Graft Day 10 Day 20 Day 30
A 10 pg EAD, AIC 10 ug EA NLMd  nae 323 32 32
B samef same Nu® NA neg neg neg
C same same Nu-TC" 2 months neg neg 16
D 10 pg EA, Al 10 ng EA NLM NA 64 8 32
E same same Nu NA neg neg neg
F 10 pg EA, Al 10 ug EA Balb/c NA ' 64 32 32
G same same Nu-TGK 7 months 32 128 not done
H 10 pg EA, Al 10 ng EA Balb/c NA 64 128 128
E same same Nu-TC 2 months neg neg 16
J 10 pg CAE, Al 10 pg CAE NLM NA 128 32 16
K same same Nu NA neg neg neg
L same same Nu-TG  4-6 months neg neg 2
M 10 pg EA, Al 10 pg EA Balb/c NA 16 8 not done
N same same Nu-TC 7 months neg neg not done
0 same same Nu-TG  6-12 months 16 4 not done
apcA = passive cutaneous anaphylaxis 8Nu = nude, athymic mouse

bEA = hen egg albumin
€Al = 10 mg alum
dyiM = normal littermate to nude

BNu-TC = nude with thymus cells
*32 = titer reciprocal of serum pool

= J.neg = not detected at 1/2 dilution
NA = i1

£ SOk DRy kNu-TG = nude with thymus graft
same = same serum as above
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production.of IgE, Thus, NLM responded after a.primary immunihation as
seen‘on.days 10 and 20 and also after a secondary immunlhation as seen
on day.BQ (line A). -The nude mice, homever, made no such responses

(line B),

Repetitions of this experiment:yielded similar resulta (Table I1I,

- line: D and F),

Attempts were also made to induce IgE production in nude mice with
another antiéen, CAE (Table III). The immunization dose was 10 ug CAE:'
plus 10 mg alum, Again,‘NLM responded on days 10, 20 and 30 with pro-
ductlon of IgE antibody, and again, nude mice failed to respond to the

antigen even after secondary immunization. -

IgE Production in Nude Mice Reconstituted with Thymus Cells.

Because nude mice failed to produce IgE ln response to EA and alum,
their response was checked following reconstitution with 1.4 x 108

' thymus cells from'normal Balb/c mice, Two months after the thymus cell
rnJectlons were made, the mice were 1mmun1zed wrth lO ug EA plus lO mg
alum (Table III, llne C) Thymus cell-rnJected nude mice d1d not‘
respond untll after the secondary 1mmun1zatlon of lO pg EA The tlter
of the response ‘was not as hlgh as the Balb/c control although there wasf
- a response (16) in contrast -to the" total lack of a response in normal

nude mlceO_ Th1s experlment was repeated w1th 31m11ar results (llne I)




21

Igk Production in Nude Mice Reconstituted with Thymus Glands,

Nude mice were also implanted subcutaneously with 2 to &4 thymue glands
to make them immunoibgically competent, .Seven.months latet, these mice
and- Balb/c controls were immunized with 10 pg EA plus 10 mg alum on day
0 and 10 pg EA alone on day 20. The Balb/c mice responded with pro- |
~duction of IgE on days 10, éO and 30 (Table III, line Fj The nude
mice which had received the thymus glands also responded well on days
10 and 20 (llne G). No test was done on day 30, 1In a repeated
experiment nude mice that received thymus glahds 6 to 12 mqhths before
immunization with 10 pg EA plus 10 mg alum made an IgE respohse similar
to the response of the Balb/c controls. Similar response was obeerved:

on days 10 and 20 (Table III, lines M and 0).

Thymus-implanted nude mice were also immunized with 10 jug CAE plus .
10 mg alum 4 to 6 months after gratting. In this case, they made no
reéponse on days 10 and 20 but did make a slight response after
secohdary.immunizatidn. The Balb/c controls responded on-all three days

(Table III, lines J and L)

IgE Responee.gixNude Mice to. a Thymds.lndependent Antigen.' Nude f,:'“
-mice. and NLM'Were‘immuhized with l'pg.Vi mimed with ld-mg alﬁm.}Vd is,
‘known ‘to Be a thymus 1ndependent antigen for the IgM response. Attempts.
were made ‘to 1nduce IgE productlon in nude mice with thlS antlgen. :ﬁn- :

‘fortunately, Vi does not stlmulate IgE productlon in NLM Tt did -
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not elicit IgE production in nude mice (Table IV),"

The Thymus as the Origin of the Cells Responsible for PCA Reactions.

Mota (65 has.suggesfed that the ceil‘responsible for the an;phylatiév
reaction in rats and mice is the mast cell; the combination of antigen
and antibody stimulétes the mast cell to release the éharmacological
mediators of the PCA reaction, histamine and serotonin (6). Therefore,
if nude mice were able to produce a PCA reaction éhe origin of the mast

cell could not be the thymus as others have suggested (28, 29),

To test this hypothesis, nude mice and CFW mice were sensitized
with serum known to be positive for a PCA reaction. As shown in' Table V, '
nude mice in all cases gave a PCA reaction at least as good as the CFW

controls for both 72 hr and 2 hr PCA reactions.

Effects of Immunosuppressive Agents on the IgE Response in Mice,

Tada demonstrated fhat rats showed an enhancédrproductibn of IgE'when

treated with 400 rad X~irradiation (18), splenectomy (16),. some immuno-,

" suppressive drugs (19) and antithymocyte treatment. (20). . Attempts were

made to show this same enhancement effect in mice. Balb/c mice were

injected with 0,3 ml ALS 4 days after immuniégtiénfwi;h“lQ'pg’EA and 10 -

‘mg aluﬁ. A decreased titer was observed on déys'lo,CZO,“Sd‘ahd 40

(Table VI, lines A and B) in animals that were treated with Aﬂs.
Similar results were obtained when .this was répeated changing only the

time of administration of ALS. When ALS was administered at the time.of




TABLE IV

IgE response of mice to a thymus independent antigen, Vi

Immunization Group PCAaTiter of Serum Pool
Day 10 _ Day 10 Day 20
1 pg Vi, ALP NLMC ived :

pg Vi, M negative negative
same as above® Nuf negative negative

8pPCA = passive cutaneous anaphylaxis
ba1 = 10 mg alum

CNLM = normal littermate of nude

dnegative = not detected at a 1/2 dilution

€same as above = denotes the same serum as above
fNu = congenitally athymic nude mouse

X4




TABLE V

Passive cutaneous anaphylaxis response of nude® and CFW mice to homocytotropic
antibody positive serum

Recipient Mouse No. of Serum Period of

PCAgTiter of Serum Pool

in Pool Sensitization Day 10 Day 30€
Nuds* 5 2 hours NDb 64C
CFW 7 5 2 hours ND 64
Nudg 2 72 hours 16 64
CFW 5 72 hours 16 32
Jok
Nude 4 72 hours 64 64
Jok
CFW 4 72 hours 64 64
8nude = congenitally athymic nude mice
bND = not done
C64 = titer reciprocal of serum pool
dpca = passive cutaneous anaphylaxis
*

= denotes serum pool #1

** = denotes serum pool #2

4




TABLE VI

Thymus regulation of the IgE response

Line Immunization Immunization Group No. Serum PCA3Titer of Serum Pool
Day 10 Day 20 in Pool Day 10 20 30% 40
A 10 ng EAP AIC 10 pg EA Balb/c 7 649 128 128 32
B  same® same aLsf 7 4 16. 32 333
G same same AOO.Rg 7 negh 32 16 4
D same ) same Spx>* 7 64 32 64 8
E 10 mg CAEJ,Al 10 pg CAE NLMK 4 128 32, . 16
F same same ALS 4 neg 4 neg
G 10 pg CAE, Al 10 pg CAE NLM D 2 neg neg
H same same ALS 5 8 4 2
I 10 ug EA, Al 10 pg EA NLM 4 64 8 32
J same same ALS 4 neg neg 4

8PCA = passive cutaneous anaphylaxis

ipr
JCAE
kNLM

hen egg albumin

10 mg alum

titer reciprocal of serum pool

= same serum as above

rabbit anti-mouse lymphocyte serum

R = 400 rad X-irradiation

= not detected at 1/2 dilution

splenec tomy

crude ascaris extract
normal littermate to nude

* = denotes serum after second immunization

Y4
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of immunization with lO Pg EA and 10 mg aluh, the IgE response was
abolished on:days 10 and 20 and barely detectable on day 30'(linesll and
J); When ALS Was admihlstered at the same time as immohization With.lOf'.
. pg CAE plus-lb mg alum, a slightly higher titerxwas observed for one ‘
experimeht (Table VI;”lines G and H)‘Whereas a ﬁuch lower titér‘was |
'-observed in ahother experiment . (Table VI, line E ahd F). 400 rad X-‘
1rrad1at10n (line C) and splenectomy (llne D) also decreased the IgE
response; "From these data, it can be seen that immunosuppressive

agents depress the IgE response instead of enhancing it.

Effect of Infection with Nippostronglus brasiliehsis on the IgE

ResEonse. Other investigators (26, 27) have'demonstratedlln rats-a
.potentiated IgE response to several dlfferent antigensifollowing
nematode infectlono An attempt was made to find'this potentiated re-
spohse‘in mlce. Mice ﬁere inoculated‘shbcutaneously.withl600 larvae of{l‘

the paras1te Nlppostrongylus bra31l1ens1s ten days after 1n1t1al

‘immunization of lO pg EA plus 10 mg. alum. Balb/c mice w1thout 1nJected RN

larvae served as controls. Sera Were tested by the’ PCA method on days ,:
_10 Zd, 30 ‘and 40 (Table VII) The mice recelved a secondary 1mmun1-1.
}zatlon on day 20 follow1ng collectron of.serum.;lece that recelved the{
600 larvae showed ‘a sllghtly hlgher t1ter on day 30 (256 vs 128)

..'Because there was only one dllutlon separatlng the worm 1nfected from

the controls, these data are not very meanlngful One dllutlon varla-'-yf'

.«t1on.can be.seen‘throughout this experlment, It should be noted how--3~:

.-




TABLE VII

Effects on IgE production of infection with Nippostrongylus brasiliensis ten days
after initial immunization with 10 pg egg albumin and 10 mg alum

Group No. of Serum in Pool 72-hr PCA® Titer of Serum Pool
Day 10 Day 20 Day 30*Day 40
Balb/c 7 64° 128 128 64

Balb/c with worm
infection® 7 64 64 256 32

3pca = passive cutaneous anaphylaxis

b6y = titer reciptrocal of serum pool

Cworm infection = 600 larvae of the worm Nippostrongylus brasiliensis were

injected subcutaneous
* = mice received a second immunization on day 20 of 10 iig egg albumin

LT
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ever, that the PCA reactions were of a deeper blue in the worm infected

mice.’




DISCUSSION .

' heeause the mouse produces two different homocytotropic anti-
bodies, it was neeessary to make certaln.that the antibody with nhich>I
was working was IgE and not IgG i. IgGy is present in the skin of
‘sensitized anlmals two hours after sensitization and is heat reS1stant
for 30 minutes at 56°C, IgE, on the other hand, 1s‘present 1n'the skrn
for longer periods of.time, beyond_72 hours after sensitization, and is’
heat labile at 56°C for 30‘minutes. 'Tovmake sure the.IgGl was not
persisting in the skin_for 72 hours and thus giving false.positivev
reactions, the undiluted serum Was heated at 56°C for 30 minutes, and
recipient aniﬁals.were'challenged With antigen-and Evans Blue dye 72
hours after sensitiration° No reactlon was.observed at this time,
which indicated that at 72 hours only'IgE Was~present. IgE was only
detected if the.serum was not heated. From these observations, I knew
" the antibody being observed was IgE,

-Several different antigens were used to elicit an IgE,response.
Although others have been able to obta1n a response us1ng PE as . an‘
'adjuvant (25 8, 9), I was not. . Oftentlmes w1th this adJuvant, there
was blurng of the entlre skln, whrch probably was' an 1ndlcat10n of- an‘
1gGy response° The best 1mmun1z1ng agent trled was lO ug EA mrxed Wlth‘
10 mg alum. CAE was not a rellable antlgen. Sometlmes CAE would |
e11C1t a good response, but at other times 1t'would not° DNP CAE was an

excellent 1mmunogen,“ It was also m1xed with alum leOI;tO 1mmunrzat10n."
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Other investigators have implied that the IgE response‘is thymus
dependeht (17, 21)., The data I hévevcollected proﬁides good verifica-
tion éhat'the-IgE résfonse is thymus dependent. Tada et al (21) foun&
that neonatal'£hymectomy results in a'decréased IéE.response. -It.may
‘not completely eliminate the IgE response because with ﬂeonatal tﬁymec-
tomy there is a éossibility of leaving some thymus cells in the animal,
either due to failure to remove all of the gland or tb'seédipg of
" T-cells to other organs before birth. For these reasons, the nudé
mouse offers an ideal system in.which éo observe thymus dependency
because this animal lacks thymus cells frém birth. Nude mice immunized
with 10 ug EA and 10 mg alum failed to produce. any detec£ab1~e 1gE,
whereas; NLM produced IgE in high quantities; Nude ﬁice also failed to
produce any IgE when immunized with 10 ug CAE mixed with 10 mg alum,
The failure of the qude mouse to produce IgE provides a good indication
of the thymus dependency of the IgE response., To say that the reason
the nude mouse does-not produce IgE is that it has:no thymus, it is
necessary to show that lack of a thymus is the §ﬁ1y reason the nude
méuse failed to p;o&uce IgE. To establish this, thymus glands Qere
implanted in nude ﬁice before they were immuﬁized Qithvlolpg~EA and 10
mg alum, If thé_nudeé were first implanfed.with é thymu; frpﬁ a NLM or.
Balb/c mouse, thef were able to éréducé.igE; without thg thymus grafts
from'nérmgl'animéls, Ehey cou¥d nét produce any IgE; Thymus ceil?' |

injections also restored the response to some nudes. Ferhaps‘if;the




..thymus dependent cell type.,
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mice were to have more time between thymus cell injection and immuniza~
tion,. they would all have responded with production'of IgE,: From these

data, one may conclude that the IgE,response is thymus-dependent.

I attempted to induce IgE production in nude mice with Vi, an

St

" antigen known to be thymus independent for the IgM response. Neither-_-'l

nude mice nor their NLM responded with production of IgE to this
antigen, It can befconcluded that Vi does not induce detectable levels

of IgE in nude or normal mice.

Although nude mice were unable to produce IgE, the possibility'that
they also lack cells capable of eliClting a PCAIreaction was checked.
Mota (6) has called these cells "mast cells," They are the cells which"
combine with lgE'antibody and, in the presence of the specific antigen, .

release.the pharmacological mediators- of the PCA reaction, which is

_primarily serotonin in the mouse. Both nude mice and CFW controls were-

sensitized with serum collected from-animals knoWn to be positive for a,

PCA'reaction. Because the nude m1ce reacted as Well as the CFW controls, .

it: was concluded that they do. have the cells necessary for PCA react-;mﬂfli¢

1ons.' Inasmuch as nude mice 1ack a functlonal thymus, 1t was, also con-g

cluded that the or1g1n of such a cell is: not the thymus and 1t 1s not a"waJ

Several 1nvest1gators have ‘shown that agents Wthh are 1mmunosup-‘5

\

press1ve for other types of antlbody have an enhanc1ng effect on’ IgE
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.production, Tada and co-workers found thié to be true .in rats (16, 18,
19, 20). White and Holm (25) found enhancement of IgE in rats given
ALS, Kiné and Macedo-Sobfinho (11) showed similar results when mice
were treated with 450 rad X-irradiation. In my egperiment, Balb/c mice
were given ALS or X-irradiated., WNeither of these showed én increase in
production of IgE, Splenectomy of Balb/c mice also showed no enhéncing
effect., Iﬁ most cases, immunosuppressive agents caﬁsed a decrease in
IgE production.' The immunosupp?essive agents I used did not démon-
strate that the thymus has a negative regulatory éffect on IgE pro~
duction, It should be noted that theée experiments were déne with
Balb/c mice, and another strgin of mice méy show different results.
Balb/c mice were selected for these studies because they mgke good IgE
resﬁonses; perhaps they make good responses because they lack suppres-
sor T-cells., If this is the case, one would not expect immunosuppres-
sive treatments to enhance IgE production in this strain. Such
treatment might, however, enhance IgE production in stfaipsvwhigh.r:

normally'makélpoor IgE responses.

A‘pbtentigted'IgE response has been observed in rats following
nematode infection.(26, 27). In my study, Balb/c mice were ino@ulated‘

subcutaneously with 600 larvae of the nematode Nippostrongylus

brasiliensis ten days after immunization‘witﬁ 10 pg EA and 10 mg alum,

No meaningful poEgntiated response was observed in“the mice that

received the worm infection., The PCA reactions, however, were a much
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deepé: blue than in the control.animals. The titers between the worm
infected and the controls were not meaningful. More experimentation on

this. subject is- needed,




SUMMARY
The regulatory effects of the thymus gland on the productlon of
reaglnlc immunoglobulin E (IgE) were studied u51ng congenltally
athymlc (nude) m1ce, phenotypically normal 11ttermates (NLM) of nude
mice and.halb/c mice. Antlgen spec1f1c IgE was quant1tated 1n‘CFW mlce
by the passive cutaneous anaphylaxis (PCA) assay. Alum, completeA

Freunds adjuvant and saline extract of Bordetella pertussis were used

as adjuvants. Nude mice failed to‘produce specific IgE following‘both

primary and secondary immunization with hen egg albumin (EA), crude

-ascaris extract and crude ascaris extract coupled to dinitrophenyl

groups. In contrast, NLM and Balb/c mlce-made'strong IgE responses.
Nude mice 1mplanted with thymus - glands from neonatal Balb/c or NLM
donors made IgE responses equal to the responses of NLM mice, These
data indicate that there is an absolute requ1rement for thymus derlved

cells in the formation by mice of specific IgE.

Nude mice were passively sensitized'intradermally with an IgE-"

'p031t1ve serum; when challenged lntravenously w1th spec1f1c antigen, o

these nude mice demonstrated strong PCA reactlons. It is clear,'”

therefore,_that although nude m1ce cannot make spec1f1c IgE they do

"_ have the mechanlsm necessary to e11C1t PCA reactlons.

Attempts Were made to show a negatlve regulatory effect of the--

thymus on IgE productlon by u31ng splenectomlzed 60Co-1rrad1ated or

: antilymphocyte serumatreated mices -N0¢enhancement of,IgE-production
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was observed in these experiments., In contrast to results obtained by’

others using. rats, infection of immunized mice with the nematode

Nippostrongyius brasiliensis did not pqtentiate specific IgE production.-
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