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Summary. Newborn mice of strain A were injected intravenously at birth with
915 million spleen cells from adult CBA donors. The recipients exhibited spleno-
megaly and other signs of graft-versus-host reaction during the first 3 weeks of life.
Adult survivors were uniformly tolerant of CBA skin. They showed no sign of a
continuing graft-versus-host reaction. The spleens of the treated mice were tested
for the presence of immunologically competent donor and host cells by Simonsen’s
discriminant spleen assay. From the age of 7 days onwards the spleens were found to
contain a small percentage of donor cells which were immunologically active
against antigens of a third strain. In spleens from adult survivors activity, attribut-
able to the host component, against third-party antigens was undiminished as
compared with that of untreated A-strain mice. But activity against the CBA
donor strain was absent.

INTRODUCTION

The classical test for the specificity of transplantation tolerance consists in challenging
the tolerant animal with grafts of skin and other tissues from the original cell donor (or a
member of the same inbred strain) and from a third party. If, as typically happens, the
donor-strain graft survives indefinitely but the third-party graft is rejected, the recipient
is said to be specifically tolerant of donor-strain tissue, and this condition is attributed by
Billingham, Brent and Medawar (1956) to ‘an induced specific central failure of the
mechanism of immunological response’. This explanation, however, is not the only one
possible when, as is usually the case, the injected cells include many which are immunolo-
gically competent. In this event the tolerant animal might be a stable lymphoid cell
chimaera, harbouring throughout its life a quota of functional cells derived from the
original donor, and rejection of third-party grafts might be mediated partly or even
exclusively through the activity of those cells. Such rejection would be ‘adoptive’ by
analogy with the way in which a tolerant mouse carrying a skin homograft will reject the
graft after being re-equipped with isologous lymphoid tissue (Billingham et al., 1956).
The possibility is thus left open that the host component of the ‘tolerance chimaera’ is
immunologically inert rather than specifically tolerant, and that the host is only able to
muster an immunological reaction by proxy.

We have sought to dispose of this possibility by the use of Simonsen’s discriminant
spleen assay (see Simonsen 1960a, 1961), which distinguishes activity of the host com-
ponent of a chimaera from that of the donor component. This is based on the principle
that mice older than 3 days injected with homologous immunologically competent cells
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develop splenomegaly if, and only if, the injected cells are capable of reacting immunolo-
gically against the test animal, and the test animal is genetically disqualified from reacting
against the injected cells.

Simonsen’s test can be used in a roughly quantitative manner to analyse the spleens of
tolerance chimaeras, according to principles which will be explained in more detail in
the next section.

The present investigation was designed not only to throw light on the main question
outlined above, but also to detect any non-immunological causes which might conceivably
contribute to the splenomegaly phenomenon. It is, for instance, within the bounds of
possibility that spleen cells transplanted to genetically alien soil might proliferate unduly
through disturbance of a balance held by gene-products other than antigens. Into this
category might fall the substances responsible for regulating normal tissue growth and
regeneration. It is essential to eliminate such a possibility if the splenomegaly test is to
gain full reliance as a quantitative and unambiguous immunological assay. The appro-
priate procedure is to make a spleen assay in which the genetic requirements for the
splenomegaly phenomenon are satisfied, but the immunological requirements are not.
We accordingly included, in our analysis of tolerance-chimaeras, assays of their spleen
cells against newborns of the original donor strain. If the splenomegaly phenomenon is
purely immunological, no enlargement should result.

TERMINOLOGY

We shall use the symbol A(CBA) to designate a mouse of strain A tolerant of CBA
tissue.

MATERIALS AND METHODS

Tolerance was induced by intravenous injection of adult spleen cells into newborn
mice. The spleen donors were from the Harwell substrain of the CBA inbred strain. The
recipients belonged to a substrain of the A inbred strain obtained from N. A. Mitchison.
The strains used for producing hybrids were C57BL/H from Harwell, DBA-2 from the
Chester Beatty Research Institute, and ASW from N. A. Mitchison. At the start of the
experiments all the above strains had already been maintained in this department for a
number of generations.

THE DESIGN OF THE AssAYs. Principles for separately assaying the donor and host
component of a chimaeric mixture of lymphoid cells have been outlined by Simonsen,
loc. cit. The crux of the procedure is that the recipient should be genetically qualified to
accept one component but to reject the other. To illustrate the principle, we may take
from our experimental records an A mouse tolerant of CBA, no. A24, aged 126 days whose
spleen was suspected of harbouring lymphoid cells of both A and CBA origin. We wished
to detect the presence in the spleen of reactive A cells.

A suspension prepared from the spleen was injected into young hybrid recipients of
type A x DBA. What happens to the two types of cell after injection? The A cells are
accepted by the host, and at the same time are provoked by the DBA antigens to react
against it, with a resultant splenomegaly corresponding in degree to the number of A cells
in the inoculum. The CBA cells, on the other hand, are treated as foreign by the A x DBA
host and are eliminated before they can cause appreciable splenic enlargement. Clearly
the A x DBA host must be old enough to be able to reject the CBA cells. In practice ages
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of more than g days were found satisfactory. With this proviso, the younger the host the
better, since the degree of splenomegaly produced by a given number of cells is inversely
related to the age of the host.

The test can be put on a quantitative basis by including injections of normal A spleen
cells (‘positive controls’) at two or more different dose-levels. In order to control the

TABLE 1

SPLEEN WEIGHTS AFTER INJECTION OF SPLEEN CELLS INTO A X DBA HYBRIDS

No. of Relative
Source of spleen cells cells spleen weights Ratio to
injected into young injected 10 days after negative conirol
A x DBA hybrids (mallions) injection
(mg.[10 g. body weight)
A(CBA) 10 178 2.37
A (positive controls) 11 160 2.13
5 19 1.59
CBA (negative
control) 20 75 -
Uninjected o 66 -
[ 58 -

possibility that the presence in the chimaeric spleen of donor (CBA) cells might have some
spleen-enlarging effect, in spite of the fact that the test hybrids are qualified to eliminate
them, other litter-mates must be injected with adult CBA cells. These ‘negative controls’
are taken as the base-line for assessing effects of treatment.

Table 1 shows the result actually obtained with mouse A24.

The literal inference from this result would be that 10 million A(CBA) cells contained

TABLE 2

SPLEEN WEIGHTS AFTER INJECTION OF SPLEEN CELLS INTO CBA X C57BL

HYBRIDS
No. of Relative
Source of spleen cells cells spleen weights
injected into young injected 10 days after Ratio to
CBA x C57BL hybrids | (mullions) injection. negative controls
(mg.[10 g. body weight)
A(CBA) 20 46 o 1.25
20 54 S

CBA (positive 8 109 2.73
controls) 3 56 1.40
A (negative 22 43
controls) 22 38 [4° -
Uninjected o 35 -

more than 11 million fully competent host-type cells. This paradoxical conclusion is
attributable to sampling and experimental error and can be better expressed by saying
that the test shows no impairment of host-type activity in the chimaera. To complete the
analysis, a moiety of the same suspension was injected into a second type of hybrid,
CBA x C57BL, in order to test for the presence of CBA cells in the suspension. The result
in the particular case chosen for illustration is shown in Table 2.
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The relative enlargement indicated by the observed ratio of 1.25 shows the presence of
donor cells. As a quantitative estimate, we can say that 20 million A(CBA) cells contained
more than zero but less than g million fully competent donor cells, i.e. that the donor
component amounted to less than 15 per cent of the total.

In view of the rather large errors attending a single test of this kind, it is reasonable to
ask whether the foregoing example would provide statistically significant evidence of any
donor-cell activity at all in the assayed spleen, i.e. whether the 25 per cent excess of the
two chimaera-treated mice over the two uninjected controls could be accepted as real.
Questions of statistical evaluation are discussed in the following section, in which it will
be seen that in our material an excess of 21 per cent of a mean based on two mice over
another based on two mice is sufficient for formal significance at the 2.5 per cent level.

NUMERICAL TREATMENT OF THE DATA. Since spleen weight and body weight are highly
correlated there is a gain in accuracy if spleen weight is expressed as a ratio, or relative
weight, for example as mg. per 10 g. body weight. Comparisons between treated and
control animals would also naturally take the form of ratios. Ratios are for several reasons

TaBLE 3

ESTIMATES OF VARIABILITY OF RELATIVE SPLEEN WEIGHTS AMONG UN-
TREATED LITTER-MATES IN THE SIX GENOTYPES USED
Analysis of log-transformed data

\

Intra-litter Degrees of Mean

Age-range Genotype sums of squares freedom square
4-18d A 0.021,346 12 0.001,696
9-23d CBA 0.021,647 9 0.002,405
14-18d A x ASW 0.010,835 6 0.001,806
14-16d A x Cs57BL 0.008,166 4 0.002,042
14—20d A x DBA 0.001,825 2 0.000,912
14-15d CBA x C57BL| 0.009,967 | 7 0.001,424
All litters combined ' 0.073,786 1 40 0.001,845

(0.001,845)} =0.0430 =estimated standard deviation on log scale.

awkward to handle. For one thing, there is an algebraic discrepancy between the average
of a set of ratios and the ratio of the averages. These difficulties have been avoided by
converting all measurements to logarithms before computation, so as to restore the
familiar additive relations. After statistical reduction of the log-transformed data, mean
ratios and coefficients of variation were obtained by reconversion from a table of anti-
logarithms. The means quoted therefore represent geometric and not arithmetic means.
For assessing levels of statistical significance, the coefficient of variation (standard
deviation divided by the mean) of relative spleen weights was estimated for normal
litter-mates and found to be approximately 10 per cent, corresponding to a standard
deviation on the logarithmic scale of 0.0430 which was estimated as shown in Table 3.
We may wish to compare the mean of the treated mice in a litter, 71 in number, wich the
mean of nz control litter-mates. Working in logarithms, we subtract the control from the
treated mean. The standard error of the difference is 0.0430 (m +n2)*/(mnz)*. Hence a
difference of more than 1.96 x0.0430(n1 + n2)*/(mns)* is significant at the 2.5 per cent
probability level (not 5 per cent, since we are only interested in one tail of the distribution,
i.e. treated >control). The corresponding values after reconversion from logarithms to
ratios are set out in Table 4 for various numbers of treated and control mice in a litter.
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This tabulation is given as a rough guide: in practice it somewhat overestimates the
degree of significance since the intra-litter standard deviation is itself subject to errors of
estimation and perhaps also to real fluctuations from one litter to another. It is for this
reason that we have taken the more stringent significance level P <o0.025 in preference to
the conventional P <o.05.

When the evidence from a number of separate litters or tests requires to be combined,
weights must be attached to the individual items. Appropriate weights are given by the
expression mng/(n1+nz) since the amount of information yielded by an estimate is inversely
proportional to the square of its standard error. Standard statistical treatment is then
applied, using weighted means and sums of squares instead of the crude unweighted
values.

TABLE 4

CRITICAL RATIOS OF TREATED TO CONTROL
LITTER-MATES IN RESPECT OF RELATIVE
SPLEEN WEIGHTS

If the ratio of the mean of the treated
mice to that of the controls equals or
exceeds the value shown in the table, a
significant effect is indicated at the 2.5
per cent probability level. n;=no. of
treated mice in litters; na=no. of control
mice in litter.

Relative spleen weight :
ratio of treated to
ni, ng control for significance
at 2.5 per cent level.
1,1 1.32
1,2 or 2,1 1.27
1,3 or 3,1 1.25
1,4 OF 4,1
1 >g or 5,1 124
1,6 or 6,1 1.23
2,2 1.21
2,3 or 3,2 1.19
2,4 Or 4,2 1.18
2,5 Or 5,2
3:3 1.17
3,4 Or 4,3 1.16

ExpERIMENTAL PROCEDURES. Cell suspensions were prepared in Hank’s solution with
the use of a hand-operated glass homogenizer, and passed through a fine stainless steel
sieve. The cells were resuspended before use by sucking up and down a few times with a
fine Pasteur pipette. Suspensions intended for intravenous injection were washed once,
and allowed to stand for 4 minutes before use. These precautions were not found necessary
in the case of intraperitoneal injections.

Cell counts were taken over one field of 1 mm.? area at densities ranging from about
fifty to about 300 cells per field. When there were any signs of heterogeneity of cell
distribution in the counting chamber, four fields were counted and the average was taken.

Skin grafting was carried out by the method of Billingham and Medawar (1951). A
graft was classified as successful if it was supple, free from scabbing and growing a full
crop of hair at the time that its possessor was used as a spleen donor. Females were



418 D. Michie, M. F. A. Woodruff and Irmgard M. Zeiss

invariably used as skin donors, in order to avoid any complication arising from the
Eichwald-Silmser effect (1956).

RESULTS

TOLERANCE AND GRAFT-VERSUS-HOST DISEASE IN MICE INJECTED AT BIRTH WITH HOMOLOGOUS
CELLS

Mice of strain A were injected intravenously at birth with numbers of CBA spleen cells
ranging from g million to 15 million. Survivors were grafted with CBA skin at ages ranging
from 5 to 11 weeks. A second group were killed and their spleens weighed and assayed, at
intervals during the first 3 weeks of life. These did not receive skin grafts.

The results of skin grafting, summarized in Table 5, show that the doses used were
highly effective in inducing tolerance to CBA skin in A-strain recipients. With this strain-
combination homografts are regularly rejected within 2 weeks and this was confirmed in
seven untreated A mice which were grafted with CBA skin.

The four delayed deaths among the twenty-six injected animals are suggestive of graft-

TABLE 5
INCIDENCE OF TOLERANCE AND RUNT DISEASE IN A-STRAIN MICE, INJECTED AT BIRTH WITH CBA CELLS

No. No. died No. No. Age of mouse Age of graft

Litter Dise injected 2nd-4th grafted grafts when killed when killed
week accepled (days) (days)
A24 12 X 108 2 1 1 1 126 47
A16 10 X 108 5 - 5 5 73, 92, 100 21, 70, 78, S, S
A18 14 % 108 I - 1 1 100 36
Aszsg 10 X 108 4 - I 1 90 25
Zx 15X 108 5 - 3 3 82 46, S, S
Z2 15X 108 5 1 3 3 62, 75, 77 26, 39, 41
Z7 9-15X% 108 4 2 2 2 64, 66 17, 19
Total 26 4 16 16

S=graft surviving at time of writing.

versus-host disease. No such deaths occurred among eleven uninjected litter-mates.
Further evidence is provided by the development of splenomegaly in the younger group
of treated animals, which were killed before they were of an age for skin-grafting. The
relevant data for this age-group are given in Table 6. The ratios shown may slightly over-
estimate the effects of treatment, since comparisons were made with uninjected litter-
mates rather than with litter-mates receiving similar numbers of isologous cells. However,
three additional litters used for other purposes contained litter-mate controls of this type,
from which it appeared that the injection of 20 million isologous cells was without effect.

No splenomegaly persisted in the older A(CBA) mice of Table 5. The mean relative
weights when killed were 55 and 56 mg. per 10 g. body weight in the treated animals and
their untreated litter-mates respectively. This suggestion that the graft-versus-host
reaction had spent itself in the older animals was confirmed by determining the phagocytic
index in four of the latter. Howard (1961) has shown that the phagocytic index calculated
from the rate of removal from the blood stream of intravenously injected colloidal carbon
is greatly increased in animals undergoing a graft-versus-host reaction. In all four adult
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tolerant A animals which were tested the rates of removal were within normal limits. By
contrast, one 15-day-old treated animal of the younger group was tested and gave a
phagocytic index of 0.043, as compared with 0.018 for a 14-day-old untreated control.
This latter value falls within the normal range, taken to be 0.010-0.020. The relative
retardation of growth seen in the younger group of treated animals (Table 6) is doubtless

TABLE 6

BODY WEIGHTS AND MEAN RELATIVE SPLEEN WEIGHT RATIOS OF TREATED AND CONTROL A-STRAIN
MICE IN THE YOUNGER AGE GROUP

Asterisks indicate statistical significance according to the criteria of Table 4. n1=no. of
mice in litter injected with adult CBA cells. ng=no. of uninjected litter-mate controls

Litter-mate Relative spleen

Dose in Age at Treated mice controls weights : ratio
Litter millions sacrifice of treated to

of cells (days) n1 wt.(g.) ng wt.(g.) control
Z2s 12-15 4 4 2.85 3 2.37 1.40*
Z24 13 4 4 1.86 2 1.69 1.51*%
Z23 15 4 1 2.06 2 2.03 1.66*
Z22 15 6 1 2.22 2 3.31 1.67*
Z28 15 7 5 2.56 3 2.65 1.46*
Z21x 15 12 2 2.55 1 3.51 2.04*
Z20 14 14 2 5.35 2 6.29 1.81*
Z18 10 14 2 3.14 2 4.68 1.29*
Z16 14 20 I 4.07 I 9.28 0.77

also a reflection of graft-versus-host disease. Two animals in particular showed severe
runting, including the single treated member of Z16. In the manner typical of later stages
of severe runt disease, this animal had a small spleen containing relatively few cells — only
0.64 x 108 per mg. spleen weight in contrast to values ranging from 0.90 X 10° to 2.60 x 108
for the other animals of this group. Otherwise no consistent differences of cellularity
appeared between treated and control mice.

ANALYSIS OF THE A(CBA) ADULTS

Assay of the Donor Component

Cell suspensions prepared from the spleens of graft-bearing tolerant mice were injected
intraperitoneally into young CBA x C57BL F1 hybrids. Positive and negative controls
were included in each litter as explained in the section on assay design. After 10 days the
test litters of F1 hybrids were killed, and their body weights and spleen weights recorded.
The results are summarized in the left-hand division of Table 7.

Significant evidence of the presence of immunologically competent donor cells was
found in five out of nine tested animals. The quantitative sensitivity of the tests was low,
so that it was possible only to set approximate limits to the proportion of such cells in the
tested cell-populations, but the general conclusion emerges that competent donor cells
constituted a minority, perhaps a small one, of the competent cells present.



D. Michie, M. F. A. Woodruff and Irmgard M. Zeiss

420

001 < yuedoyrudis Aysiyg vad xv S1 > yuedyIuslg , skep 931 Yoy
96 < juedyrusSis AySryg MSV XV - - | sAep oo1 g1y
s < jueoytusis A[y3ryg LSO XV 91 > weoyruSis A[YStH | s&ep oo1 g1y
ool < yueoyrusis A8y LSO XV 6z >> yueoyrudis 10N | skep 6 91y
oo1 < yueoytuis AySryg MSV XV - - | skep ob (3AY
Suryoe| S[OIIUOD :
001 < juedyuSis AySry MSV XV aansod s[qelng yuedyrudis 10N | skep zg 17
19 > yweoyruis AySiyg MSV XV or1< ‘Gz > yuedy1udig I skep LL (4
001 < jueoytusis A[ySryg vad xXv 0z >> yuedYIUSIS JON skep GL s 7
08> ‘Sz< | jueoyrudis Ayt 1dLSD x v gr >> i juedyrudis 10N skep £L 91y
g9 < yueoyrudis A[yStyg 4L XV 6 > yueoywusis A[ySi | sAep 99 Lz
- - - lz < yuedytudis AySryg skep V9 Lz
001 ~ yueoytudis AySryg MSV XV - - skep z9 s 7
7799 350y 790 40U0p
U39 43¢ 9729 150y JUd}9Gu07 Suysay so0f U2 424 579 40U0p JuaGuI0d (vssp IZ7ils g
porouysiy | Jfo aoussaud fo aousprazy pasn SpLqaEy parpwyss Jo aouasaid fo aousprayy w a5y

spriqdyy snorva jsuipSo jusuoguios 350y Jo 5152 ],

SPUqy TELED
X Y g s jusuoguios iouop fo sjsaf

uoneurea Suridures o3 d[qe
-nque axe 1u20 12d 001 Jo $s90xa ur Ajjudtedde sajewnsy ‘G°1 1589 I Jo ohed pareani/jonuod-aanisod e soydur >> [oquis ay,

SLAVYED NIMS vED ONINVIL AOIN V INVIATIOL L1NAV 40 SAVSSV-NIAATdS

L a1av],



Immunological Tolerance. Chimaera Analyses 421

The failure to detect a donor component in some of the older animals suggested that the
immunological reaction of tolerant animals against third-party antigens was unlikely to be
entirely due to the vicarious activity of persisting donor cells. This presumption was
confirmed by the results of assaying the host component of some of the older tolerant
animals, as will now be described.

Assay of the host component. Cell suspensions from the spleens of adult A mice bearing CBA
skin grafts were injected intraperitoneally into hybrids between the A strain and one or
other of the three strains ASW, DBA-2 and C57BL.

The results of the assays are shown in the right-hand division of Table 7.

An immunologically competent host component was detected in every case. The
quantitative evidence gives no ground for supposing that the host component was to any
degree impaired in its competence to react to antigens of a third strain. The tolerance of
CBA skin exhibited by the assayed animals thus represents a specific inhibition of reacti-
vity. Further evidence for this conclusion accrued from the assays of the spleens of tolerant
A mice against newborn CBA mice, as described below.

ASSAY OF SPECIFIC TOLERANCE IN THE HOST COMPONENT

Cell suspensions from the spleens of adult A mice bearing CBA skin grafts were injected
intravenously into newborn CBA mice. In the main the suspensions represented moieties
of those used in the previous assay.

There are very few antigens of the H-2 system present in CBA which are absent from A
(see Gorer, 1959; Gorer and Mikulska, 1959); it was therefore expected that control
injections of cells from normal A donors into CBA newborns would give a comparatively
poor reaction and one which might take longer to reach its maximum than the 1o-day

TABLE 8

RISE AND FALL OF SPLENOMEGALY IN CBA MICE WHICH RECEIVED ADULT A-STRAIN
SPLEEN CELLS INTRAVENOUSLY AT BIRTH

Figures in bold type denote treated : control ratio of relative spleen weights.
Figures in brackets denote numbers of treated and control mice respectively in the
litter

Days
Dose
9 10 11 ' 12 ‘ 15 ‘ 23
5 - - - 1.6 (213) - 1.0 (1,2)
10 - 1.9 (2,2) - 2.7 (1,2) 1.2 (1,2) | 1.0 (1,2)
15 - 2.2 (1,2) - | 3.5 (1,3) - -
20 1.4 (2,2) - 2.6 (1,2) | - - -
30 - 2.2 (1,2) - [ - - -

interval previously used. Pilot tests, summarized in Table 8, confirmed this expectation,
and an interval of 12 days was adopted for the assays described in this section.

As implied in the introduction, this assay of the chimaeric A(CBA) spleens is expected
to give a null result on the hypothesis that the splenomegaly phenomenon is exclusively
immunological in origin. That is to say, no greater spleen enlargement is expected in the
animals receiving cells from tolerant A spleens than in negative control litter-mates
receiving an equal number of isologous CBA cells. The latter are included in order to
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control the possibility that the mere injection of large numbers of spleen cells might
cause some spleen enlargement.

Four litters were obtained containing both tolerant-spleen-injected mice and negative
controls, permitting the direct comparison to be made as shown in Table g, in which an
additional litter lacking negative controls is included. By the procedures outlined in the
section on numerical analysis, a combined estimate was made of the ratio of the mean
relative spleen weight of CBA newborns injected with A(CBA) cells to that of litter-mate
controls receiving an equal number of CBA cells. The estimate was slightly below unity
with an upper fiducial limit of 1.10 at the 2.5 per cent probability level.

There is thus no sign of a spleen-enlarging effect of adult A(CBA) cells when injected

TABLE g

ASSAY OF SPLEEN CELLS FROM A(CBA) MICE AGAINST NEWBORN CBA RECIPIENTS

Test litters. Relative spleen

A(CBA) donors No. of mice receiving : weight ratios :

(a) 20x 108 (b) 20x% 108 (¢) 5% 108 (6)/(a) (c)/(b)
Litter Age CBA cells A(CBA)cells A cells

(neg. controls) (pos. controls)
A16 73 - 1 1 - 1.26
A3g 90 2 3 2 0.99 1.57
A16 100 1 1 1 0.84 1.25
A18 100 I 3 2 1.04 1.55
A24 126 1 2 - 1.03 -

Combined estimates: (b)/(a) =0.984 +£0.057; (¢)/(b) =1.461

into CBA newborns at a dosage of 20 million. By contrast the injection of only 5 million
cells from non-tolerant A mice (‘positive controls’) caused substantial enlargement. Three
of the four litters referred to above contained satisfactory positive controls and an addi-
tional litter of this type was available from which the negative controls were lacking. The
spleen enlargement found in these positive controls is entered in the right-hand column
of the table, in the form of a ratio to the relative spleen weights of their chimaera-treated
litter mates. The combined estimate shows a 46 per cent enlargement.

In sum, the spleen of an adult A mouse tolerant to CBA skin has lost its power to induce
splenomegaly in a newborn CBA mouse, although retaining full power against hybrids
between A and a third strain.

ASSAY OF DONOR COMPONENT IN THE YOUNGER GROUP

Immunologically competent cells of donor origin can be detected, as we have seen, in
the spleen of a tolerant mouse of at least 4 months of age. Is this degree of lymphoid cell
chimaerism gradually attained, e.g. by differential multiplication of donor cells, or has it
been fully present from the early days of life?

This question was approached by performing on the younger group of animals a series
of assays for the donor component similar in all essentials to those done on the adult A
(CBA) mice. The results of the assays are shown in Table 10. They are essentially similar
to those obtained with the older group, thus giving no evidence of a gradual increase in
the degree of chimaerism. The possibility, however, of such an increase having occurred
before day 7, the youngest age at which a donor component was detected, is not excluded.
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DISCUSSION

The experiments reported above establish rigorously two conclusions about the con-
stitution and status of animals made tolerant of homografts by injecting them at birth
with homologous spleen cells.

PRESENCE AND STATUS OF DONOR CELLS

In the first place some of the immunologically competent cells in these animals are of
donor type. In other words, the animals are chimaeras, and some at least of the persisting
donor cells, or their direct descendants, have retained their immunological competence.
This was not unexpected, but hitherto formal proof appears to have been lacking. In the
case of animals rendered tolerant by neonatal injection of homologous cells, chimaerism
was inferred by Billingham and Brent (1959) from their demonstration that donor-strain
antigen persists in these animals. Their evidence, although highly suggestive, is not
conclusive, since purified protein antigen can persist for many months in a tolerant reci-

TABLE 10

TESTS OF THE DONOR COMPONENT OF YOUNG A(CBA) MICE AGAINST CBA X C57BL HYBRIDS

In the first six cases the spleens of two or more litter-mates have been pooled as indicated by the
numbers after the oblique stroke

Litter and no. Age in days | Evidence of presence of Estimated per cent

of chimaeras at assay competent donor cells donor cells
Z24[1+3 4 Not significant <33
Z24[2+44 4 Not significant <33
Z25/1, 3, 4, 5 4 Not significant <5
Z28[1—5 7 Significant 11-23
Z21/2+3 12 Not significant No quantitative estimate
Z20[2+3 14 Highly significant '
Z18/2 14 Not significant "
Z26/3 18 Not significant '
Z16/3 i 20 Highly significant '

1

pient which is not a chimaera (Dixon and Maurer, 1955). The postulated chimaerism is,
however, fully confirmed by the present study, and has been shown to extend to immuno-
logically competent cells, presumably belonging to the lymphoid series.

Chimaerism has on the other hand been sufficiently demonstrated in certain dizygotic
twins in cattle and humans, and in lethally irradiated animals resuscitated with homolo-
gous haemopoietic tissue (for review see Woodruff, 1960). Some of the evidence, based on
the demonstration of donor-type antigens, is perhaps not quite decisive, but morpholo-
gical evidence, based on female sex chromatin in the human male twin (Booth, Plaut,
James, Ikin, Moores, Sanger and Race, 1957), and an easily recognized somatic chromo-
some marker in the mouse (Ford, Hamerton, Barnes and Loutit, 1956) is unimpeachable.

In the early stages of the chimaerism which we studied, the donor cells were shown to be
actively engaged in a reaction against the host. In long-established chimaeras, however,
this reaction had subsided, as judged by spleen weights and phagocytic indices. Since they
nevertheless retained the competence to react against third-party antigens, it appears
that the donor cell population, although initially derived from adult animals, itself
became specifically tolerant of the host. The results thus support the claim to this effect
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advanced by Simonsen (1960b), and suggest that in our A(CBA) chimaeras a mutual
accommodation was ultimately reached between donor and host components, each
acquiring specific tolerance of the other.

PRESENCE AND STATUS OF HOST CELLS

Secondly, the great majority of immunologically competent cells in the chimaeras we
have investigated are of host type. In other words the notion that rejection of third-party
grafts by apparently tolerant animals might be due to cells of donor origin having ‘taken
over’ completely the immunological defences of the animal, can now be rejected, and the
original concept of tolerance as immunologically specific is confirmed.

A by-product of the investigation is the demonstration that specific tolerance is a
property not only of whole animals but also of aggregations of cells, to wit the spleen-cell
suspensions we have employed for the assay of the host component against donor-strain
newborns. Whether or not specific tolerance is also a property of individual cells (see
Woodruff, 1959) remains open to question, because if one accepts an elective interpreta-
tion of immunological specificity (Burnet, 1957; Lederberg, 1959) the phenomenon we
have observed can be explained equally well by selective clonal elimination.
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