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IMMUNOLOGICAL UNRESPONSIVENESS IN MICE.

I. TAIMUNOLOGICAL UNRESPONSIVENESS INDUCED IN

EMBRYONIC MICE BY MATERNOFETAL TRANSFER OF HUMAN

I-GLOBULIN

SOHEI SHINKA, YOSHiTANE DOHi, To SINORi 1<0MATsu,
RAlvlAMURTHI NATARAJANl and TsuNEHISA AMANO
Department of Immunolog\., Research Institute for Microbial Diseases, Osaka University,
Yamada-kami, Suita, Osaka

(Receiv. d Feb"ua"y 28,197+)

BIKE\ JOURNAL \101.17, 59-72, 197+

uMMARY Immunological unresponsivencss to human ; -globulin (HzG) was in-
duced in fetal mice by maternofetal transfer after a single injection of to Ierogen

(deaggregatcd Hj. G) into the mothers. The degree and duration of this unrespon-
SIveness depended upon the dose of toIerogen injected and the time of its administra-
tion during pregnancy.

Injection of 5 ing of toletogen Into pregnant mice on the 14-15th day of gesta-
tion or later caused stable unresponsiveness in their offspring whiclT lasted for more
than 56 weeks after challenge \\, ith H"G in Freund's incomplete adjuvant. However,
injection of toIerogen before the 14-15th day of gestation, resulted in transient
unresponsiveness in the offspring, followed by antibody formation. This unre-
sponsiveness \\, as specific to the to Ierogen and was not terminated by challenge
with a cross-reacting antigen, such as rabbit j-globulin. \\'hen the challengc was
given in Freund's complete adJuvant, only injection o1T the 14tlT day resulted in
lasting unresponsiveness. Thus the 14-15th day seems to be a critical stage for
induction of the jinmunological unresponsiveness. The significance of these results
is discussed in the relation of the onto genic development of immunocompetent
cells, that Is, thymus-derived cells and bone marrow-derived cells.

Similar results \\, ere obtained in rats, but no relationship could be found between
the time of induction of unresponsiveness and its specificity

INTRODUCTION

There are several reports of attempts to induce
Immunological unresponsiveness (or tolerance)

I Present address : Department of NIIcrobiolog>.,
ATaulana Azad Alledical College, New Delhi,
India

of humoral antibody, responses by prenatal
alone to soluble protein antigensexposure

(Dresser and Alitchison, 1968). Induction of
unresponsiveness has mainly been demon-
strated in chickens (HITata and Schechtman,
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1960; Tempelis, wolfe and A, TUGller, 1958)
and not seen in mammals (Hanan and Oyama,
1954; Downe, 1955), though there have been a
few experiments on rabbits (Trench, Gardner
and Green, 1964). So far no studies on un-
responsive ness in embryo mice have been
reported.

As is well known, it is relatively simple to
produce unresponsiveness by neonatal injec-
tion of a variety of soluble antigens into mice
and it is generally accepted that such suscepti-
bility to tolerance Inay be due to immaturity
of the immune system in neonatal animals
(Burnet, 1969). Therefore, more younger
embryos could be tolerated more readily on
contact with a certain amount of antigen.

In mice, the cellular events Involved in the
immune response have been \\, ell characterized.
For antibody response to antigens, in general,
the cooperation of at least two specific cell
types is required. (knitchell and ATiller, 1968;
Claman and Chaperon, 1969; Rajewsky at al. ,
1969). One type is bone marrow-derived
lymphocytes (B cells) which are the direct
precursors of antibody-forming cells and re-
spond to the antigenic determinant on a given
antioen. The other type is thymus-derived Iym-
phocytes (T cells) which respond to the carrier
portion of the antigen and have helper function
for B colts (Mireh. 11 and Miller, 1968). A{, re-
over, the jinmunological unresponsiveness
induced by an antigen (i. e. to Ierogen) is under-
stood to be a function of the unresponsiveness
of T or B cells (Alliller and Alitche11, 1969;
Taylor, 1969; Playfair, 1969; Roelants and
Goodman, 1970; Chiller, Habicht and weigle,
1970).

Recently, much attention has been focused
on the onto genic development of the immune
system in embryonic mice (Decker at a1. , 1972;
Dwyer and knackay, 1972; Chiscon and
Golub, 1972; Nossal and Pike, 1972, 1973 ;
Spear at a1. , 1973). The times of appearance
and the kinetic pattern of T cells, B cells and
specific antigen-binding cells in various organs
have been studied by measuring the reactivities
of test cells to antibodies specific to T or B

cells and radioactive antigens at different em-
bryonic ages. The development of the func-
tions of T or B cells have also been investigated
by determination of the ability of test cells to
cooperate with adult B or T cells. However,
there are no reports on the onset of suscepti-
hinty to tolerance of T or B cells in embryonic
mice.

In studies on this problem we plan to induce
unresponsiveness to a given antigen as early
during embryonic life as possible and to see
when susceptiblity to tolerance starts and
whether the time is the same for different

antigens. For this purpose, HrG seemed a
suitable antigen because this protein can be
transferred across the hemochorial barrier

(Gitlin and Koch, 1968; Gitlin and NIOrphis,
1969; AJorphis and Gitlin, 1970) and because
HzG in its monomeric form (deaggregated
HrG) has been widely used as a toIerogen in
experiments on jinmunological tolerance (Dres-
ser 1962; Golub and weigle, 1967a, 1967b;
Chiller at a1. , 1970).

This paper reports that unresponsiveness to
HrG could be induced in embryonic mice by
its maternofetal transfer between the 14th day
of gestation and term. This unresponsiveness
was lost on challenge with Freund's complete
adjuvant. From these results it Is suggested
that the cellular development of unrespon-
siveness varies with the time of its induction.
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I. '11/1/1Q/S

I\lice of the C3H strain were obtained from the

Shionogi Lab. , Osaka, and the Donryu rats from
Nihon Rat Co. , Saitama. They \\, ere fed on stock
diet iVIF obtained from the Oriental 1<0bo Co. ,

Osaka. Breeding animals were kept as groups of
20 female and 5 male mice per cage and 5 female
and 2 male rats per cage and females were

examined daily for vaginal plugs. Females posses-
sing the plug were removed, caged separately, and
treated with the toIerogen at the required time of
gestation. The offspring were kept \\. itI\ their
mothers until + weeks of age and then separated
The offspring \\, ere not segregated according to sex



2. Reage, Its

Cohn fraction U of human I-globulin (HyG) and
rabbit r-globtilin (RjG) \\, ere obtained from AB
KABl, Stockholm, Sweden. Botlt ;-globulins \\, ere
purified by two chromatographies on a columiT of
DEAE-."11ul. se. Pu"ithd ; -globulins (IgG) f, om
monkey, (A{on), horse (HOT), bovine (Bov), sheep
(Sh) and goat (Goa), were obtained by same proCC-
dure from their globulin fractions. Titese sera \\. ere
obtained from 1<nnonji Institute, The Resentclt
Foundation for Microbial Diseases of Osaka Uni-

versity, Kanonji, 1<nga\\, a. Six times recrystallized
hen egg-\\'hite Iysozymc (HL) were pLirchased from
the Seikagal<ukogyo Co. Ltd. . Osaka

T\\. o fragments, Fah and FC, of H; G \\, ere preparcd
by digestion of H; G \\, ith crystalline mercuripapain,
following the procedure of Porter (1959). These
fractions \\eru purified by the methods of Edelman
(1960).

3. ProtC!,! colice, ,tintioii

Protein conccntratioit were determined front the

absorption tit 280 in A taking tite Elf:n \, allues of
HyG, RyG and HL as 14,15 and 26.4, respectively

+. 111di, ct, 'o11 of 1,111'espo, ISI"e, ,ess

Pregnant 6 month-old nTice or rats \\, ere given a
single intraveneous InjectioiT of deaggregatc d protein
(d-H;'G or d-RIG, referred to as toIerogen) in 0.1 inI
of phosplTatc buffered saline, pH 7.0 (PBS-7). Tite
protein, 5% solution In PBS-7, \\as denggregated by
centrifugation at 100,000 Kg for 120 min in the S\\'
50 rotor of a Beckman tiltraceiTtrifuge. TITe Lipper
third of the preparation was dilutcd \\. ith PBS-7 and
used as to Ierogen. In mice, the day of gestation
\^hen toIerogen \\'as injected \\, as estimated, taking
the day. \vhcn the litter \\. as found as day. 21 of
gestation. On the average the period of gestation
was 20 days

*I
?.

X

11~t;^.,-;:q ^"' ^" ^" ~~
,_! , ;;,'. 1_^:' 'I I I I '1 '; ~~~~~~~:I neat'"44 ,,, ,f

^ 4 " am'us

' '^, 10 days 5 ''y' ,,, titratio'". ^ pHA titration and Gel precipitation

5. 11/11/1111,13nti'o11 PIocedi, its

The offspring of mothers \\'hiclt ITad received the
to Ierogen during pregnancy \\, ere jinmunized at 4
or 8 \\, eeks of age, by SLibcutaneousinjection of 50 44g
(for mice) or 500 14g (for rats) of the protein in 0.1 inI
of ETeLind's incomplete (FTCA) or complete adjuvant
(FCA). Booster injections \\. CTe given 4 and 26
weeks after 111e primary immunization (referred to
as challenge) Lising the same antigen in F1CA. In

Challenged with
H y GIFICA
or

H y GIFCA

FIGURE I 011thi, e of sched!,/e 101 filch, ctioii of 11", e, pollsi'"e, !CSS, 1,111"!,, i'snt, 'o11 rilld bleddriiu of 1111'ce or rats.

I "' I2'
Challenged with

a-H yG

PFC counting
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some experiments, heat-aggregated HzG (a-HjG)
was used to irumunized mice. Heat-aggregation

was performed by Gamble's methods (Gamble,
1966). The method of immunization used \\, as as
d=scribed by Chiner (1971).

6. Dete, 'millntio, I of seiji, 11 alitibody let!e/

At intervals after the challenge, blood \\, as taken
from the ophthalmic vein of mice and the tall of

The antibody titers of the sera were deter-rats

mined by the passive hemagglutination (pHA) test,
using 0.5y, sheep erythrocytes coated \\. itIT the anti-
gen by glutsraldehyde (Seg"e and Segre, 1968)
Results are expressed as logg (pHA titer)~'. when
diluted serum \\, as used, the dilution factor Is sho\\. n
pHA titers of groups of mice or rats are expressed
as g=ometric means \\, ith the standard deviations

7. He'llo1yt!'c pinqt, e assay

The method of Ierne and Nordin (1963) \\. as used
with the modifications of Cunning ham and Szenberg
(1968). HyG \\, as covalently coupled to indicator
sheep erythrocytes \\, ith I-ethyl-3-(3-dimetlTylamino-
p"opyl) ca"bodiimide HCl (Golub at a1. , 1968), 0b-
tained from the K & K Lab. Inc. , Plainview,

Indirect piaque-forming cells (PFC) \\, ereN. Y

developed Lising an optimal concentration of goat
anti-mouse ;.-globulin

The schedule for induction of unresponsiveness,
immunization and bleeding of mice and rats is
outlined in Fig. I

TABLE I. Effe, t of th, done of d-HrG ,'"-
I'ected into prey"ant in I'ce on the Induction of
unrespo"saoe"ess to H;. G 271 fetal rin'cal

HjG treatment

Day of
gestation

Dose

(ing)

Litter
No

RESULTS

I. I'll"iruzological wit!'esponsibe"ess I'Md"ced 171
fetal 7111'ce
I) Effect of the dose of toIerogen on induction
of jinmunological unresponsiveness in fetal
mice

Three groups of mice in late pregnancy \\, ere
given single intraveneous injections of 0.1 inI
of solutions containing 5 ing, 0.5 ing and 0.05
ing of d-HrG, respectively and their offspring
were challenged by subcutaneous injection of
50 11g of HjG or HL in FTCA at 8 weeks of

Four weeks later, sera were taken andage.

their pHA titers against HrG were examined.
As shown in Table I, treatment of mothers in

Challenge antigen
HLHzG

5

pHA' titer against

Hj-G R;. G HL

18

,

15

0.5

16

4

5

3
2

4

3
5
7

7
3
6

7
7
7

27

" Mice \\. ere challenged subcutaneously \\, ith 50 jig
of H"G or HL in F1CA

" Values are the pHA titers of 10-fold diluted

sera taken from the mice 4 weeks after the chal-

Ienge. (-), pHA titer bel0\*. I : 10

18

2

2
3

0.05

6
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2
3

18

7

8

None

9

10

11

2
2

4

4

12

3
2

3

2



late pregnancy with 5 or 0.5 ing of d-Hj. G
induce complete unresponsiveness to H;, G in
the offspring, \\, hile 0.05 ing of d-H. -. G induced
partial unresponsiveness.

This unresponsiveness was specific to HrG,
and the immune response to HL \\, as not
suppressed
2) Effect of time of administration of toIerogen
on persistence of the state of the unrespon-

Six groups of pregnant mice \\, ere given a
single Intraveneous injections of 5 ing of d-HzG
on days (9,13.14,15.18 and 20) of gustoti. n,
respectively, and their offspring were chal-
Ienged by subcutaneous injection of 50 11g of
Hj. G in FTCA at 4 \\, eeks of age and given
booster injections 4 and 26 weeks after the
challenge. The offspring of untreated mice
were used as controls. The pHA titers to

HzG in the sera of these mice were followed
until 56 \\, eeks after the challenge. Fig. 2
shows the changes in the pHA titers in each
group. Four \\, eeks after the challenge, no
experimental groups showed antibody, titers
against HjG although the control group
showed a significant antibody titer. After the
booster Injection, offspring of mice Iruected
with to Ierogen on the 9th day of gestation (9
day-group) began to produce antibodies and
later some mice in the 13 day-group also began
to show antibody titers. However, most mice
in the 14,15 and 18 day-groups remained un-
responsive until at least 56 weeks after the chal-
Ienge. Mice in the 20 day-group also showed
prolonged unresponsiveness, but it was not so
complete as in the above groups.
3) Effect of cross-reacting IgG o1T the state
of unresponsiveness

Two groups of offspring from mice Injected
with 5 ing of d-H"G on the 16th and 18th
day, of gestation respectively were subdivided
into two sections, and these were challenged
subcutaneously witlT 50 14g of HrG and RjG
in FTCA at + \\, eeks of age, respectively. A
further two groups of mice from mothers In-
jected \\, itIT 5 ing of d-R;. G on days 16 and 18
were treated similarlv. Sera \\, ere taken 4 to

SIvencss

20 weeks after the challenge and antibody
titers against both Hj G and RrG were deter-
mined by pHA tests. The antibody titers 12
weeks after the challenge are given in Fig. 3.

The results sho\\, that the offspring of mice
treated \\, ith d-H; G on day, 16 or 18 d^, of
gestation and challenged with H7G showed
complete unresponsiveness to both H;. G and
and cross-reacting R;, G. However, mice chal-
Ienge with RrG demonstrated slightly sup-
pressed responses to Rj G compared \\, ith
control mice but no antibody titers to H; G.
On the other it and, offspring of mice treated
with d-RIG on day 16 or 18 of gestation and
challenged with RIG demonstrated almost no
antibody titers to either antigen, whereas those
challenged witlT Hj. G manifested a normal jin-
in une response to HjG but did not produce
any detectable antibody to RjG. The degree
of serological cross-reactivity between H;. G
and R; G in control groups was \, ery low.

Thus, it did not seem possible to terminate
the state of unresponsiveness by challenge with
cross-reacting antigen, using any, combination
of antigens.
+) Effect of adjuvant on persistence of un-
responsive ness

Three groups of offspring of mice \\, hich
had received 5 ing of d-HjG on the 14th, 16th
and 18th day of gestation were each subdivided
into two sections. One section from each

group was challenged with HrG in FTCA and
the other section with the same antigen in FCA
at 4 weeks of age. The antibody titers against
H;. G + to 20 \\, eeks after the challenge are
shown in Fig. 4.

A'lice challenged \\. ith Hj. G in FTCA showed
persistence of the state of complete unre-
sponsiveness until at least 20 weeks after the
challenge, whereas mice challenged with Hj, G
in FCA showed different patterns of unre-

Ajice treated at the 16th or 18thsponsiveness.

day of embryonic life started to sho\\. antibody
titers 8 weeks after the challenge and these
titers Increased progressiveIy witlT time, but
mice treated at the 14th day, of embryonic life
did not sho\\ am, antibody, titer for at least

SHINKA, S. at al. I",,,, MMO/og, 'cal 11N, vspo, ,si"e, less 211 711ice 63
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(2)
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6
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2

32 wk

<1

4

4

10

5

9

19

10

8

6

16 wk

2

6

4

4

14

20

2

<1

40 wk

13

13

48

4

5

6

15

10 12 14 16

Day of gestation

8
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FIGURE 2. Killet, 'CS of serif, ,, allti'body titers ill 11n'ce 111nde to/, r", it to HrG by 111nter, ,of eta/ IraJ, ofeJ' tit cal'jolts
e, ,167yo, !IC riges alld challenged tuft/, }{rG ill F1Crl. GIDi, ps of rill'ce from INothers tohad, I'dd recei"ed a single
i, u'ectio, , of 5111g of of-HrG at cal'ioi, s days of gestnt!'ON, tceie chaneliged $116ci, tnneoi, sly 201't/, 50 FLU of H;G ill
F1C, I at 4 aceehs of dige rind tribe, , booste, ' fluecti0,13 I mrd 26 EUeeks ofter the end//e, ,oe. Fah, es ale "eonietr!'c
"lean pH, 4 ti'tel's rigtti, 1st Hj'G of the g, 'o11ps "Itei the challenge. Stalldn, d de"fati'0"s dye $110,011 as a^e, ti'cal bnrs
Shaded coin, ,!,, s yep, 'eseiit the In err, I pHA 11'ters of colltro/ gruffps. tt. ' Nil, 116ers shorei! ribotie each coll, ,, 111 ale 1111"16ers
of 1111ce pel gio, !p. b: Animbers in pal', litheses fly, 1/11/'16e, s of litters 1'11 errc/Igroi!p. c: '11/11/1'ce I'll this g, o11p d, td
40-56 aueeks 41te, ' the chanel!ge

ToIerogen: H yG

8

6

challenged with H yG

4

2

<1.

8

6

4

2

<1

I^:a Anti-H yG titer
^ Anti-R yG titer

,^

.^

8
(2)

o
.-:

challenged with R yG
5

X
L_

co

. ToIerogen' R yG+-.

<
T
a

7
(2)

19"
(4)

^

(1)

~

00
o
.

8

6

4

2

challenged with H yG

20 weeks after the challenge.
5) Absence of antibody-forming cells
minice treated during the embryonic
period

Next these results were compared
with results on adult mice treated with

d-HzG and challenged \\, ith ITeat-aggre
gat, d HrG ("-HzG) in colin. , and
studies were made to see whether the

state of unresponsiveness Induced in
fetal mice \\, as due to deficiencv of anti-
body forming cells. For these PUT-
poses experiments were made using
a-HrG without Freund's adjuvant as
the jinmunogen and the state of un-
responsive ness was examined by the
pHA test and the enumcration of

piaque forming cells. Two groups of
mice treated with d-HjG on the 14th
and 18th days of embryonic life, re-
spectively, \\, ere injected Intraveneouly
with 400 14g of a-HzG at 4 weeks old
and ten days later were given a booster
injection of 400 Ag of a-HzG intraperi-
toneally. Their sera and spleens \\, ere
examined 5 days after the booster In-
jeerion. As can be seen in Table 2,
neither serum antibody nor 19S and 7S
antibody forming cells, represented as
direct and indirect PFC, respectively,
were detected in the tolerant mice.

5

(1)

< IC

4

(1)

8

6

9
(2)

4

2

<1

challenged with R yG

18

Day of gestation

FIGURE 3. Spar, fcity of 1111respo, ,sirei, ess to H;'G nild R;G
filch, Cert ill fetal 7111ce. GIDi, ps of 1111'ce 1101/1 1110theis reh, t/,
had recei"ed a sillg/e I'vecti'o11 of 5Ing of d-H;G or d-RrG o11
the 16t/, day or 1st/I dny of gest"tin, ,, respectiue/y, fuere elm/-
Ie, ,ged 2:11't/, 50 Ag of HrG or RyG in FIGrl at 4 roeeks of dge
and serif, ,I in^t, 'body tite, 's to both H;'G alld RjG fuel'e deter-
milled 12 toeeks nitei' the c/laneiige. FDi' details, see File'. 2. a
Tile taro coh, ,'11/3 o11 the r, kilt shoal incni, pHH tite, s of colltro/
g, 011ps

6
(1)

16

5
(1)

2. 111,111tt, 1010g!cd1 1111re$pollsitie"ess I'M-
threed 111 fetal rats

Similar results to those described

above were obtained in preliminary
experiments LISing Donryu rats. So
an attempt was made to Induce partial
tolerance in fetal rats by maternofetal

SHINKA, S. at al. I'll"inito!oga'cal MMFespo, Israeliess ill 7111ce 65
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8 wk
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I. H yG in FCA

L_
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.-.

.-,

12 wk

6

87
(2) (2)

7

N

7

9 (2)
(2)

6
7

4
7

4
7

4

4

fi. city of it by jinmunodifTusion.
Eight \\, eek old rats \\, hose mothers

had been treated \\, ith 0.5 ing or 5 ing
of d-Hj G at various times during
pregnancy were challenged with 500 11g
of HzG in FTCA and sera were taken
4, 8 and 16 weeks after the challenge
and analyzed by the pHA test and by
jinmunodifTusion using Fah or FC of
H7G and various cross-reacting IgGs.

As seen in Fig. 5 and Table 3, rats
treated with d-HzG in during the
embryonic period showed a state of
partial unresponsiveness, that Is a con-
siderable decrease of the serum anti-

body titer in comparison with the con-
for 16 weeks after thetrol group

challenge. Precipitin tests were made
o11 individual sera using whole mole-
CUIes of HjG (IgG) and its two frag-
merits (Fab and FC). It was found
that the sera of some rats from groups
treated on the 16th or 18th day, of
gestation did not show any precipita-
tion line with IgG or with the two
fragments. The sera of a fe\\, rats
showed precipitation lines \\, ith IgG
and its fragments. The sera of most
rats showed a particular state of partial

splittermedunresponsiveness,

tolerance ", namely, their sera gave
precipitation lines with FC but not \\, ith
Fab. Similar analyses were carried out
using various cross-reacting IgGs and
it was also noted that the sera of most

rats did not give precipitation lines
with any, cross-reacting IgGs tested
except monkeys IgG. However, a few
exceptional sera reacted with several
kinds of IgGs \\, hile some did not react
with any, IgG tested. However, no

16 wk

5 7

6

3

6

4

20 wk

5 7

3

3

16

Day of gestation

FIGURE 4. Effect of 111ycobncte, 'ia in the adyi, omit o11 pel'sist-
e, ,ce of 1,111'espo, !siue, less inch, cert ill fetal 111ice. Thi ee groi4@s
of 7111'ce 1101/1 7110the, s coh, biz had I'eceiued 5711g of d-H;'G at
diffe, 'eiit d"ys of gestnt, 'o11 toere challenged colt/, Hj G ill F1CH
or 111 FCrl at I EUeeks of age and the seri, ,,! d, ,t, 'body titers
against HjG fuel e dete, ,, lined 4 to 20 toeeks of tel the the
challenge. Foi. of etai7s, see File. . 2. a. The tano coh, ,,,, Is o11 the
I'fallt ale illeni, pHH tite, 's of collt, 'o1 gi'o14ps.

transfer of a decreased dose of the to Ierogen
per body weight and to analyze the specificity
of the antibody produced as a result of this
partial tolerance. As the rats showed strong
antibody response against HzG compared with
C3H mice, it was possible to analyze the speci-

6

4

4 7

3

14

3

6

4 2

2

5

18

4
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relation was found between the dose of the

to Ierogen or the time of induction of the
unresponsiveness and the specificity of the
reaction.

,,



TABLE 2. Serunt o72ttbody litei's and nitmber of antibody-/o1'nil'rid cells 111 7112'ce lendered tolerant
to HjG by ?, Interno/etnl t, 'onSIer fit tiara'oils e"167yo"IC noes and chn//ended ?calh heat-dugreuoted
H. , G, ,

HjG treatment

Dose

(ing)
5

7 4t:I(N=+) 3t2 (N=5) o

7 2tl(N=+) +t2 (N=5) o

None 8 lot4(N=+) 1010t281(N=4) 9.3t0.7

" NIIce were challenged intraveneously \\itit 400 11g of a-H; G at 4 \\eeks of age and 10 dayslater a booster
injection of the same antigen \\'as given intraperitoneally. F1\. e days after the booster injection, serum
antibody titers and the numbers of PFC were determined

" Each group consisted of 2 litters
" Geometric mean numbers of PFC counted in spleen cells pooled according to group t standard devia-

tion. N, number of slides counted.

Geometric mean pHA titer of group ,. standard deviation

of d-H;G as toICrogen and H"G in F1CA as
jinmunogen. The results indicated that be-
tween the 14th day of gestation and term, and
particularly the 14-15th day, Is a ITighly suscep-
tive period to tolerance and the unresponsive-
ness induced during this period is stable, lasting
for at least 56 weeks after challenge. However,
the unresponsiveness Induced before the 14th
day is transient and gradually disappears.
Therefore, about the 14-15th day of gestation
seems to be a critical stage for' induction of the
unresponsiveness. One possible explanation
of this is that before the 14th day of gestation,
HrG cannot be transferred through the mater-
nofetal barrier efficiently, if at all. i. !o in-
formation is available on the catabolism of

deaggregated HjG transferred to fetal mice by
the maternofetal route. However, A{orphis
(1970) found that the extent of maternofetal
transfer of HzG between the 15th day of gesta-
tion and term was 100 times that on the 11th

day in Swiss albino webster mice. A10reover,
the half-life of HjG in adult mice was found
to be only about 2 days by determining the rate
of elimination of 1311 and 1251-labeled HzG
myeloma proteins from circulation (Spiegel-
berg and Grey, 1968). Thus, it is quite likely
that the poor induction of stable unresponsive-

Da\ of

gestation

I+

18

No. of
mice

,I

H;'G PFC/10' spleen cells"

direct PFC indirect PFC

DISCUSSION

An Immunological unresponsive state to HjG,
as Judged by failure to form ITUmoral antibody,
was induced across the maternofetal barrier

in fetal mice by a single Intravcncous Injection
of d-HzG into pregnant mice. This unrespon-
SIveness is specific to the toIerogen, and its
degree and duration depend upon the dose of
the to Ierogen and the time of its administration
during pregnancy.

The dose of to Ierogen affected the state of
unresponsiveness, since injection of increasing
"in, unts (0.05,05 and 5 ing) of d-HzG flit.
mice in late pregnan^, changed the unre-
sponsiveness from partial to complete. it is
not known how these differences in the amount

of d-HrG injected into the pregnant mother
affected the concentration of d-HrG transferred
to the fetal mice. However, Gitlin and Koch
(1968) found that on increasing the maternal
serum concentration of HrG up to a level of
2 inglml, there was a rapid increase in the
amount transferred to the fetus on the 15th
to 17th day of gestation in Swiss albino mice.

The effect of the time of administration of

toIerogen on the state of the unresponsiveness
was studied using a constant amount of 5 ing

pHA titer"

against HjG
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L
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4

(1)

2225 ing of d-H yG
^ 0.5 ing of d-H yG

8 wk

^

co

--,

4

(1)

N

o0
o
.

volving antigenic recognition to toIer-
ance by contact with a specific antigen
(or to 16rogen). Recently, there have
heell many reports on the onto genic12"

I;; ( 2 ) development of the immune system
I-.' in emb^ onIC mice. Dw ,er andI-.' in embryonic mice. Dwyer and
1.1 Mackay showed that specific binding
:". of antigen to lymphocytes was first

detected on thymic lymphocytes, at
the 14th day of gestation in CBA mice.

12 Spear at al. also found that T cells,
B cells and antigen-binding cells ap-
peared in the spleen of Swiss-L mice
on the 15-16th day of gestation. On
the other hand, Chiscon and Golub
(1972) first detected B cell function
capable of cooperating with adult T
cells, on the 16th day of gestation in
the liver of CBA mice, but could not
detect T cell ftinctioit in fetal or

neonate liver and lung. Although
there are small discrepancies between
these results, in general they indicate
that the immune system in fetal mice
begins to develop on the 14-16th day
of gestation. This is compatible with
the second interpretation for the reason
for a critical stage at the 14-15th day
of gestation, given above.

Allce \\, hich became tolerant to Hj. G
by maternofetal transfer of the toIero-
gen remained fully responsive to an
unrelated antigen, such as hen egg-
white Iysozyme. Thus, the unrespon-
SIveness seems to be specific to the
to Ierogen. However, the Immune re-

of these mice to the cross-sponse

reacting antigen, RIG, \\, as slightly
suppressed. This suppression may

ofbe attributed to the unresponsiveness

cross-reacting T cells orland B cells which
are a minority of the total cells which respond
to RjG. No antibody against Hj. G was
detected in these mice, so the unresponsiveness
to HrG was ITot terminated by challenge with

These results do notcross-reacting antigen.

agree with the report of Scales and CTuse

(2)
4

(1)

3

14

12

10

8

6

4

2

16 wk

7

(2)

4
9

4

3

16

Day of gestation

FIGURE 5. Kinetics of selli, ,, alit, 'body liters in lots yelldeied
p"lira/!y tofu, 'alit to HyG by Pi, ater, 101etn/ t, o114jei at un, ','oils
erubiyoiii'c ages till of chol/e, Iged coith H; G ill FTCH. Sewii
gro!, ps o11'ats11'011,7110the, s tuft^^h hadi'eceit!ed " $1'11g!e nay'ectioit
of H;'G at diffeie, it doses at o, 110i, s days of gestntio, , reel'e c/In/-
lei, ged $116ci!toneo, ,sly 7,111,500 Ag of H;Gill F1CH at 8 toeeks
of age a, ,d the seri, ,, I aim'body titeis rigQhist HrG 20ei. e deter, ,!,',, ed
4.8 o11d 16 toeehs after the chanelige. FD, ' details, see F1:g. 2
n : The coll, 1,111 o11 tile I Jig'/It shores the liren, I pHA tile, ' of the
collti o1 g, 'o11p.

7

4
82

10

7

10

ness before the 14tl\ day of gestatioiT is due to
an insufficient concentration of transferred

toIerogen, irrespective of whether the system
of antigen recognition has develop in the
embryo at this time, or not. An alternative
interpretation is that the susceptibility de-
velops from the 14th day of gestation may due
to development of the immune system, in-

18
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TABLE 3. SpecificztJ, of antz'60dJ, PIOdi, ced in rats rendered pollt'allJi 101eront to HjG bj! ?Jin-
terno/elfi/ transfer o1 a!arz'oils e"!bylioni'c ages and challenged 2021/1 Hj. G in FIG, 4"

H; G treatment

Da\. of

Dose gesta-
tion

(ing)

Litter
No

pHA
titer

against
H. . G"

11

12

10

12

8

8

12

9

13

10

5 16

IgG

+

+

2

18

Human

Fab

Precipitation with various IgGS In tiel"

T

3

+
+

.

16

.

FC

+
4

0.5

4

.

.

+
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+
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+
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L
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" Sera of rats of the 7 groups described in Fig. 5 taken 16 \\. eeks after the challenge \\'ere anal .zed b\.
the pHA test and by gel precipitation

" pHA titers of 10-fold diluted sera from each rat

' +, strong precipitation line, t, faint line, . , no line
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(1970) that the unresponsiveness to HrG in
adult mice may be terminated by injection of
bovine I-globulin or its fragments, but the dis-
CTepancy may be due to differences in many
factors, such as the phylogenic relationship
among antigens, the manner of Induction of
unresponsiveness and the strain of mice used.
Lack of termination of the unresponsiveness
was probably due to unresponsiveness of B
cells which respond to HrG or of cross-reacting
T cells, capable of cooperating with the B cells.
Further work is required on this

Gitlin and A1. ,phi^ (1969) f, und that ther.
is no difference in the facilities for maternofetal

transfer of HrG and RjG in mice. Further
studies showed that mice which were tolerant

to RIG showed almost complete unresponsive-
ness to hornologous R7G but remained nor-
mally responsive to cross~reacting HjG. This
may be because the population of cross-reacting
T or B cells Is only a small proportion of the
total T or B cells which respond to HrG.
NIOreover, the unresponsiveness was not ter-
minated by challenge with H7G. This failure
may also be explained as described above.

when Freund's complete adjuvant was used
for the challenge, mice which had become
tolerant to HzG on the 16-18th day of Gin-
bryonic life developed an antibody response
8 weeks after the challenge, but mice which
had become tolerant on the 14th day did not,
and the unresponsiveness persisted for at least
20 weeks after the challenge. These results
can be explained on the basis of the following
two predictions ; first, the unresponsiveness
induced on the 16 or 18th day of embryonic
life may be restricted to specific T cells, while
that induced on the 14th day may involve both
T cells and B cells. Second, mycobacteria
(H, ,RA st"^in) in FCA may hare ^ h. IPer fun. -
ti. n for T wits, us angg. st. d by Lind (1968)
to explain his finding that unresponsiveness to
a salmonella Hagellin in rats can be terminated
by challenge with flagellin in FCA. Recently,
Chiller at a1. (1973) found that bacterial en-
dotoxin had a similar capacity to terminate the
unresponsiveness of mice to HrG when ad-

ministered with challenging antigen.
Previ. usIy Chine" at a1. (1971) fomnd ^ dif-

ference between the kinetic patterns of un-
responsive ness of T cells and B cells induced in
adult mice : T cells became tolerant more easily
and remained for longer than B cells. A
similar difference seems to exist between the

susceptibilities of T cells and B cells to to Ier-
anCG in fetal mice; namely, the T cells can
probably easily be rendered tolerant at any
time from the 14 days of gestation to term,
whereas B cells are less susceptive to tolerance
and in order to become tolerant a suitable

amount of the to Ierogen must be administered
during a short critical period. The fate of B
cells may be decided by \, anous factors, such
as the quantitative relationship bet\\, een the
concentration of to Ierogen and the number of
B cells or the degree of differentiation of B
cells when they are exposed to the to Ierogen.
These prediction require further studies, in-
cluding studies on the reconstitution of T and
B cells. The reason for the differences found

between the responses of mice which became
tolerant on the 16 and the 18th days of gesta-
tion Is unkno\\, n.

Heat-aggregated HjG is highly jinmuno-
genic, without added adjuvant, and has been
widely employed as challenge jinmunogen in
previous studies on unresponsiveness to HyG
in duned in adult mire (W, ig1*, 1972). In th.
present work this form of antigen gave similar
results to those obtained using Freund's ad-
Iuvant. Complete unresponsiveness was ob-
served in mice for at least 8 weeks after birth
at both the serum and cellular level. No

antibody was detected in the serum or anti-
body-forming cells in the spleen. This shows

observed in thisthat the unresponsiveness

work is due to lack of antibody formation, that
is, absence of antibody forming cells.

Studies on the induction of the unrespon-
SLveness by maternofetal transfer of d-HrG

also made in Donryu rats. Attempts
were made to produce partial tolerance in fetal
rats. This was done by inoculation of de-
creasing amounts of d-HrG to one tenth of
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the amount employed in mice. In these
partially tolerant rats, the relationship between
the specificity of the depleted antibody among
the anti-HjG antibodies produced and the
dose of the to Ierogen or time of induction of
unresponsiveness was studied.

All the rats treated on the 10th day of gesta-
tion and half the rats treated on the 16th or

18th day showed the phenomenon termed
" split tolerance " (Taussig, 1971). That is,
gel precipitation showed that they produced
detectable antibody to FC but not to Fab.
However, the analyses were not very sensitive
or quantitative, so it is still uncertain \\, he ther
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