
peptides, either alone or in combina- 
tion, are necessary for the adrenal 
response to sodium depletion. The 
results of pituitary gland injections sug- 
gest that ACTH and possibly thyro- 
tropin are not necessary for a signifi- 
cant response to sodium depletion. 

The pituitary factor is not the pri- 
mary stimulator of aldosterone secre- 
tion, since sodium depletion is also 
required for a marked effect of the 
injections of pituitary glands. Further- 
more, the width of the zona glomeru- 
losa, the site of aldosterone biosyn- 
thesis, is increased in sodium-depleted 
hypophysectomized rats not receiving 
pituitary gland injections. 

The pituitary gland injections did 
not stimulate the secretion of aldoste- 
rone in sodium-depleted hypophysec- 
tomized rats to the same level as in 
sodium-depleted intact rats. This may 
indicate that there was an inadequate 
dose of the pituitary gland injected or 
that labile pituitary factors are also 
necessary for the maximum response. 
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"Intrinsic" Immunological Tolerance in Allophenic Mice 

Abstract. Mice experimentally derived from pairs of conjoined, undifjerentiated, 
cleavage-stage embryos of different histocompatibility genotypes can retain cells 
of each strain, which still produce their characteristic antigenic products. The 
animals are permanently tolerant of cells of both original types, remain free of 
runt disease, and display a normal and specific immune response to introduction 

of a foreign antigen. Absence of autoimmunity in development of ordinary 
animals is explainable by the "intrinsic" kind of tolerance found here. 
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The immune rejection of antigenical- 
ly foreign cells which ordinarily follows 
their introduction into an organism can 
be circumvented in at least two ways: 
by introducing the graft prenatally or 
early postnatally before immunological 
maturity (1), or by depressing the adult 
host's immune system [for example, by 
irradiation (2) ] before introducing the 
antigen. Acceptance of grafts in both 
cases illustrates the phenomenon of ac- 
quired tolerance (1). 

The earliest developmental origins of 
the immune system are still largely ob- 
scure, despite interesting recent investi- 
gations of the problem. It is therefore 
difficult to assess the precise immune 
status of embryos at any of the stages 
involved in previous prenatal inductions 
of tolerance, whether by way of natural 
vascular anastomoses, transplantation, 
or parabiosis (1, 3). In no instance is it 
certain that the host completely lacked 
primordial cells of the immune sys- 
tem at the time the foreign compo- 
nent was first presented. 

The allophenic mice experimentally 
produced by Mintz (4) are the first 
animals in which homologous cell as- 
sociation within the embryo unques- 
tionably predates any immunological 
differentiation. These single individuals 
are each of multi-embryo origin. Their 
precocious genotypic multiplicity is es- 
tablished during the cleavage period, 
when blastomeres have been demon- 
strated still to be developmentally en- 
tirely labile (4). As a consequence, 
any tissue can ultimately consist of dif- 
ferent genotypes of cells, related as 
coevals rather than as host and donor. 

The animals are formed by first as- 
sembling all the 'blastomeres from two 
(or more) genetically distinctive em- 
bryos into one composite group in 
vitro; this is later transferred surgically 
to the uterus of a pseudopregnant fe- 
male. Here regulation from double to 
single embryo size occurs during im- 
plantation. Normal development to 
birth frequently follows and approxi- 
mately 500 healthy adults, comprising 
many pairs of genotypes, have been 
obtained (4, 5). Mice arising in this 
manner are called allophenic because 
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of the orderly coexistence in them of 
cells with different phenotypes ascrib- 
able to known allelic genotypic differ- 
ences. The two cell populations in a 
tissue strikingly and invariably occupy 
nonrandom positions with respect to 
each other and therefore form con- 
sistent patterns. From analyses of such 
distributions it has been possible to 
deduce complete clonal ontogenies of 
several kinds of cells, including melano- 
cytes (5, 6). 

Many of the animals are derived 
from two genetic sources differing at 
one or more histocompatibility loci, 
including the histocompatibility-2(H-2)- 
locus which exerts the strongest influ- 
ence over graft acceptance. Mintz and 
Palm (7) have in fact identified in some 
allophenics the simultaneous presence 
of H-27c and H-2b erythrocytes, by 
agglutination and absorption methods. 
In the present study, grafting proce- 
dures were used to extend to skin the 
tests for production of diverse anti- 
gens, and also to examine for tolerance 
and immunity. Three kinds of experi- 
ments were conducted: (i) Some al- 
lophenic mice ,were grafted with skin 
from the original (or "parental") strains, 
to ascertain whether tolerance existed 
(Table 1). (ii) Some of the tolerant ani- 
mals were challenged with skin whose 
histocompatibility genotype differed 
from either of the constituent strains, 
to observe whether such recipients were 
capable of a normal immune response. 
(iii) Some allophenics served as donors 
of skin grafts to the "parental" strains, 
as a direct measure of formation of the 
respective antigenic products (Table 2). 

In certain of the strain pairs, coat 
color markers are also included along 
with H-2 differences. The four inbred 
strains involved were C3Hf [geno- 
typically H-27H-2k and AA (agouti) ]; 
C57BL/6 [H-2bH-2b and aa (non- 
agouti, or in this case black)]; CBA- 
T6T6 (H-27H-2k and AA; also homo- 

zygous for the T6 translocation); and 
BALB/c [H-2dH-2d and cc (albino, 
which masks other color factors, in 
contrast to colored, or CC, in the 
three preceding strains)]. AA mice all 
have some black hairs and aa have 
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scattered agouti hairs in certain body 
regions, but the prevailing colors are 
unmistakable. The pure-strain exper- 
imental combinations tested were 
C3Hf<->C57BL/6, CBA-T6T6<->C57BL 
/6, C3Hf<->BALB/c, and C57BL/6<-> 
BALB/c. In the case of C3Hf<-F, 
(C57BL/6 9 X BALB/c &), one em- 
bryo of the pair was an F1 hybrid and 
three H-2 alleles can thus be present 
concurrently; pigmentation is not a dif- 
ferential since BALB/c carries AA and 
both constituents would therefore be 
agouti. 

When blastomeres from any two 
genetic sources are experimentally ag- 
gregated, t'he resultant animals general- 
ly fall into three classes: those which 
resemble only one or the other of the 
genotypes used, and a group with cells 
of each of the two kinds. It must be 
emphasized that elimination of one of 
two original genotypes clearly bears no 
relation to immune rejections. A num- 
ber of survivors with only one detecta- 
ble genotype have been obtained even 
when both members of the pair were 
immunogenetically identical: for exam- 
ple, coisogenic strains differing only 
because of a mutation at one coat 
color locus (4-6). The process of em- 
bryo size reduction in vivo may con- 
tribute heavily to such unilateral ex- 
clusions, but selection undoubtedly takes 
place at later times as well. The mosaic 
class itself consists of a quantitative 
spectrum of individuals with varying 
proportions of the two genotypes of 
cells. The frequency distribution within 
the total span is often significantly 
skewed in a direction characteristic 
of the genotypic combination. As sug- 
gested by Mintz elsewhere (5), the facts 
strongly imply that specific selective 
advantages commonly exist between 
cells with alternative gene expressions 
at virtually any locus, and that selec- 
tion at the cell level plays an orderly 
and major role in ontogeny. 

The availability of a quantitative col- 
or series within an allophenic combina- 
tion provides opportunity for compari- 
sons between color markers and the 
strain-associated H-2 variants. Coat 
color genes are known to act directly 
in melanocytes (for example, black or 
albino) or indirectly on melanocytes 
through effects in hair follicles [for 
example, agouti or non-agouti (8)]. 
The H-2 genes, on the other hand, 
lead to antigen formation in a wide 
variety of tissues, including skin. It is 
therefore reasonable to expect that two- 
color animals might show H-2 mosai- 
cism as well as tolerance for component 
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Table 1. Grafts from "parental" strains to 45 allophenic recipients in tests for tolerance. 
Symbols: + indicates graft acceptance; 0 indicates graft rejection. 

Allophenic recipient 
Color of Cases "Parental" strain donors Atrecipient (No.) 

(Two-color* 9 C3Hf + C57BL/6 + 
C3Hf<*-C57BL/6 ) Agouti t 3 C3Hf + C57BL/6 + 

) Agouti 10 C3Hf + C57BL/6 0 
Black 6 C3Hf 0 C57BL/6 + 

Two-color 1 CBA-T6T6 + C57BL/6 + 
CBA-T6T6BA-T6T6 + ->C57BL/6 + 

Agouti 1 CBA-T6T6 + C57BL/6 0 
Black 2 CBA-T6T6 0 C57BL/6 + 

C3Hf-F1(C57BL/6 9 X BALB/c ^) 5 C3Hf + BALB/c + 

C3Hf<->BALB/c Agouti 2 BALB/c 0 

C57BL/6<--BALB/c Black 1 BALB/c 0 
White 3 C57BL/6 0 

.~~~~ ~ .B.. a .k 
* The tolerant allophenic recipient in Fig. 1 is from this 
recipient in Fig. 2 is from this group. 

genotypes. The tolerance situation in donor, ha 
one-color cases is less apparent be- of the tw 
cause of possible internal mosaicism, Control g 
and could be clarified by appropriate tween the 
graft tests. (The term allophenic is re- ings were 
tained for all mice from multiple em- inspected 
bryos, since total loss of one strain surgical c 
may not become ascertainable defini- were exa 
tively in a given case.) weeks anm 

The initial aggregation of embryos weeks. G] 
in random pairs could lead to XX/XY observed i 
sex chromosomal mosaicism in as many were follo 
as 50 percent of allophenic mice. Some animals. 
individuals of this sort have in fact 
been identified through karyotype anal- 
yses, and their external sex phenotype Table 2. Gi lophenic dc 
can evidently be either male or female for mosaicid 
(9). Therefore, grafting experiments order of p 
were arranged so as to avoid the im- of agoutia] 

munological complication that a Y- recipients a 
linked histocompatibility factor (10) original stn 
would cause if an ostensible female of the opp 

contained XY cells. Grafts from al- 
lophenics went only to male recipients; D Donors 
only female donors were used in graft- (No.) 
ing to allophenics of either external sex. L 

Ear skin grafts to the side of the e 
body were employed because of the 
ease with which they remain distinguish- 2, t l 
able from surrounding host skin. (A 1, T I 

report describing the fate of multicolor 
body skin from allophenics after graft- 4, t 
ing to the pure strains is in prepara- 
tion.) Grafts were prepared by cutting 1 ] 
off the ear at its base, peeling the two 1, T 
flat surfaces apart, and removing the { T 
cartilage ~by scraping on a support of 1 
saline-saturated filter paper. Each ear 1 
thus yielded two thin half-moon shaped , T 
pieces. Surgical procedures for applica- 1, T 
tion of graft to host have been de- 1, T 
scribed elsewhere (11). When one ani- 1,T 
mal received two grafts, they were 1, T* 
placed side by side in the same bed. - - 
Where an allophenic acted as graf This donor 
Where an allophenic acted as graft failure. 

group. t The tolerant allophenic 

alf of each ear went to each 
o "parental" strain recipients. 
rafts were also exchanged be- 
a original strain pairs. Dress- 

removed and operative sites 
on the eighth to tenth post- 

lays. Grafts from allophenics 
mined daily for the first 3 
d then at least weekly for 7 
rafts to allophenics were also 
frequently, and persistent ones 
)wed for the entire lives of the 

rafts from 21 C3Hf<->C57BL/6 al- 
)nors to "parental" strains, in tests 
sm. Two-color donors are listed in 
rogressively decreasing proportion 
Ind increasing black in overall coat 
animals were also used as graft 

nd found tolerant to grafts of both 
ains; "t" animals were not tolerant 
posite-color strain (see Table 1). 

Percentages of grafts 
surviving in recipients: 

C3Hf C57BL/6 

.eft Right Left Right 
ear ear ear ear 

Agouti-colored donors 
100 100 0 0 
100 100 0 0 

Black donors 
0 0 100 100 

Two-color donors 
65 100 0 10 
100 75 0 0 
95 60 10 35 
60 35 0 25 
100 90 0 10 
20 20 100 100 
50 50 95 100 
50 25 100 50 
40 25 100 90 
0 20 100 100 
t t 100 100 
0 0 50 100 
0 10 40 100 
0 0 95 95 

is shown in Fig. 1. t Technical 
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Figs. 1 and 2. Tolerant C3Hf<--->C57BL/6 allophenic recipients, each bearing a C3Hf 
and a C57BL/6 ear skin graft side by side on the right flank. The recipient in Fig. 
1 has both agouti and black coat colors; the animal's own ears were removed and 
grafted to the "parental" stains. The recipient in Fig. 2a is all agouti; an enlarge- 
ment of the graft, in Fig. 2b, shows donor pieces on either side of a fine vertical 
scar (arrow). 

The tests for tolerance (Table 1) 
show that all ten two-color animals (of 
C3Hf<->C57BL/6 and CBA-T6T6<- 
C57BL/6 types) were indeed tolerant 
of grafts from both original strains 
(Fig. 1). Of 15 randomly chosen all- 
agoutis from the same two allophenic 
pairs, four were tolerant of both pa- 
rental grafts (Fig. 2) and therefore must 
have contained some C57BL/6 cells 
elsewhere than in their hair follicles; 
the remaining 11 were not. Of eight all- 
blacks from these strains, however, 
none accepted grafts from the agouti- 
colored source. The rate of rejection 
of incompatible grafts followed the 
same strain-specific schedule as in con- 
trols (for example, rejection of 
C57BL/6 by C3Hf by day 12, and the 
reciprocal by day 9). A small sample 
of six one-color individuals from other 
strain combinations (C3Hf<->BALB/c 
and C57BL/6<--BALB/c) were similar- 
ly found to lack tolerance to the strain 
of opposite color. The C3Hf<-->F 
(C57BL/6 Y X BALB/c 8) hosts were 
challenged with C3Hf and with BALB 
/c in lieu of the F, constituent. Tests 
here also revealed some tolerant ani- 
mals and one that accepted skin from 
only one donor. 

Tolerance was permanent in all 
cases. Some animals were killed (for 
other studies) at ages ranging from 
8?/2 to 26 months; some are still alive 
at 30 months with grafts still intact. 
No evidence of runt disease has ap- 
peared in these or in any of the total 
population of 500; the spleen, lymph 
nodes, and other organs of many have 
nevertheless been found to be a mix- 
ture of two unrelated cell strains (6, 
12). 

Tolerance here can be designated 
natural or "intrinsic," rather than "ac- 
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quired," because of its known basis in 
early development, and it therefore 
differs from all previous experimental 
examples of tolerance. Burnet and Fen- 
ner (13) first postulated a model of 
absence of autoimmunity in normal 
ontogeny. The present experiments serve 
to establish the validity of that model 
and to show that this kind of "in- 
trinsic" tolerance is indeed characteris- 
tic of development. Association of ge- 
netically unlike cells prior to differen- 
tiation precludes any subsequent ap- 
praisal by either type of the other as 
foreign. Presumably, an active process 
of self-recognition (here multiple 
"selves") is involved. The lack of toler- 
ance in some one-color animals, which 
assuredly had the "lost" strain at least 
through the blastocyst stage, suggests 
that capacity for immunological self- 
recognition does not arise in embryon- 
ic life until post-blastocyst. 

Nontolerant allophenics might con- 
ceivably harbor some cells of the graft- 
rejected type, since analogous situations 
have been reported. These include slow 
rejection of skin grafts between dizy- 
gotic cattle co-twins with red cell mo- 
saicism (14), and homograft rejection 
by mouse radiation chimeras with do- 
nor-type y-globulin in their serum (15). 
Many tissues as well as blood from 
our nontolerant allophenics are being 
analyzed for mosaicism with various 
markers, and the results, although in- 
complete, suggest that under these 
conditions nontolerance may usually 
accurately reflect nonmosaicism (see 
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phenics were accepted by the same 
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Fifteen allophenic donors were also 
checked for tolerance, and the results 
were concordant (Table 2). The one 
tolerant agouti without C57BL/6 in its 
ear skin is no exception. Other anal- 
yses of that individual and of the other 
tolerant all-agoutis prove that mosaicism 
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The results of the present investiga- 
tions are directly relevant for an assess- 
ment of the hypothesis of "allogeneic 
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inhibition" advanced by the Hellstroms 
and the Mollers (16). According to 
this view, based on complex in vitro 
and transplant experiments, cells of 
different histocompatibility types can 
destroy or inhibit each other on direct 
contact, without antibody formation or 
immune-system intervention, and can 
thereby act as a surveillance system in 
the organism by eliminating variant 
cells. While the observations are of in- 
terest, they appear to be strictly sui 
generis and to apply to the unusual 
conditions of those experiments rather 
than to the 'biological situation more 
characteristic of an organism. From 
allophenic mice, it is clear that in an 
intact, unirradiated, and healthy ani- 
mal, cells of diverse histocompatibility 
types can coexist in any tissue for 
an entire lifetime with complete im- 
punity. 

BEATRICE MINTZ 

Institute for Cancer Research, 
Fox Chase, 
Philadelphia, Pennsylvania 19111 

WILLYS K. SILVERS 
Department of Medical Genetics, 
University of Pennsylvania, 
Philadelphia 19104 
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Radio Reflection by Free 

Radicals in Earth's Atmosphere 

Barry, Coleman, Libby, and Libby 
(1) suggest that signals recorded by 
the Canadian satellite Alouette II are 
due to the stimulated emission of mag- 
netic-dipole radiation from Zeeman 
transitions of free radicals in the earth's 
magnetic field. The main evidence pre- 
sented in favor of this hypothesis is 
that the signals appear to track with 
the value of the magnetic field at the 
satellite and that the observed fre- 
quencies give Lande g values (propor- 
tional to the ratio of signal fre- 
quency to local magnetic field) be- 
tween 0.6 and 1.8, which are in the 
same range as some known ground- or 
metastable-state g values of free radi- 
cals. The ionograms shown were taken 
over the Antarctic with the satellite 
at altitudes of 1000 to 1300 km where 
the earth's field is about 0.3 gauss. 
It was tacitly assumed that the radia- 
tion propagates at the free-space veloci- 
ty, and the same assumption is used in 
most of the following. 

Unfortunately, the calculation given 
in (1) for the signal due to induced 
magnetic dipole transitions is incor- 
rect. The authors assume that the energy 
lost by those free radicals which were 
initially in an upper Zeeman sublevel 
is radiated isotropically, that those in 
the lowest sublevel do not take part 
in the radiation process, and that the 
amplitudes back at the satellite antenna 
add incoherently. Actually, only spon- 
taneous emission together with the dif- 
ference between the stimulated emis- 
sion and the absorption play a role. 
Also, any excess stimulated emission 
energy will travel away from the satel- 
lite, in the same direction as the trans- 
mitted pulse, owing to a net construc- 
tive interference between the electro- 
magnetic wavelets radiated by the free 
radicals and the very much stronger 
stimulating wave (2). 

We can find the power radiated back 
to the satellite by quantum mechanical 
calculation of the expectation value of 
the oscillating magnetic dipole moment, 
and by then putting this value into the 
standard magnetic dipole radiation for- 
mula derived from Maxwell's equa- 
tions. For completely incoherent addi- 
tion of the radiation from each free 
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the standard result obtained if the radi- 
ation field is quantized also: namely 
that the stimulated emission due to a 
given mode of the radiation field goes 
into the same mode provided that 
coupling between the modes can be 
neglected. 

To calculate the actual power that 
would be returned to the Alouette II 
satellite, still assuming free-space prop- 
agation, we must take account of the 
relative phases of the wavelets radiated 
by the free radicals. We assume a 
satellite dipole antenna along the 
the earth's field direction and take this 
to be the axis. For resonance at v = 
106 cy/sec, J = 2?, and g = 2 and for 
distances of roughly a wavelength or 
greater from the satellite, the oscil- 
lating magnetization per unit volume 
in the azimuthal direction is given ap- 
proximately by 

M=4.5 X '10-(4sin ) X 

r (N+- N) e i7re-it [erg gauss-' (cma)-l] 

Here r is the distance from the antenna, 
0 is the angle between r and the 
axis, k= 27r/X, X is the wavelength, 
o = 27rv, r - 10-4 second is the time 
the satellite pulse has been on at 
the point in question, and N+- N_ 
is the difference between the num- 
ber of radicals per cubic centimeter 
initially in the upper and the lower 
Zeeman sublevels. After adding up the 
contributions to the electric field along 
the satellite antenna which were due to 
the magnetization in each element of 
volume and estimating the contributions 
from closer than a wavelength to the 
antenna, we find that a value of N+ - 
N_ of about 107/cm would be needed 
in order to give observable signals. The 
contributions from the near-field and 
far-field regions are comparable. The 
power returned to the satellite should 
be regarded as enhanced spontaneous 
emission from a highly radiating state 
set up by the satellite pulse. 

From the above result and the nor- 
mally assumed total atmospheric densi- 
ty of N < 106/cm3 at the altitudes 
of interest, it seems highly unlikely 
that the Alouette II signals discussed 
(1) are due to induced magnetic dipole 
radiation from free radicals. If the radi- 
cals had a thermal equilibrium distribu- 
tion over the Zeeman levels, a density 
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, 10-7. This agrees with the esti- 
mates made by Hodges and Colegrove 
(3) in refuting an earlier proposal for 
finding the density of free radicals at 
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