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Influence of Sex on Bone Marrow Transplantation in Mice With 
Induced Tolerance. (27036) 

ALBERTO P. CRISTOFFANINI”, EARL V. LONG AND LEANDRO M. TOCANTINS 
Charlotte Drake Cardeza Foundation, Jefferson Med. College, Philadelphia, Pa. 

Eichwald and Silmser ( 1) and Hauschka (2) 
reported that female mice frequently reject 
male skin grafts, while males usually accept 
female grafts. This phenomenon which was 
thought to be related to the sex chromosomes 
has been shown to play a significant role in 
every strain of mice tested (3,4,5,6,7,8,). Fur- 
thermore, using tolerant rat mice combina- 
tions, Billingham and Silvers demonstrated 
that this sex factor is also present in heterolo- 
gous combinations, and added evidence to re- 
late it to the Y chromosome(9). Rejection or 
decreased receptivity by female mice of male 
material was later reported in is0 and homo- 
grafts of transplantable tumors (10) and also 
in isologous normal thymus transplants ( 11 ) . 

Lengerova and Chutna (12) reported the ap- 
pearance of secondary disease in C,,BI males 
protected against lethal irradiation with isolog- 
ous female bone marrow. Similar results were 
obtained by us in C,H mice(l3). They inter- 
preted this secondary disease as being caused 
by the reaction of the female graft against the 
male host in a way equivalent to the “Eichwald 
and Silmser phenomenon,” lending support to 
the graft-anti-host theory (14).  During studies 
in our laboratory of the effect of induced “tol- 
erance” on homologous bone marrow trans- 
plantation (15), it was observed that “tolerant” 
males behaved differently from “tolerant” fe- 
males, when used as donors, or hosts, in homo- 
logous bone marrow transplantation experi- 
ments. This different behavior was thought to 
be related to the “Eichwald-Silmser phenom- 
enon.” 

Material and methods. Newborn animals of 
A/ Jax and C3H strains? were injected, within 
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24 hours after birth with 2 to 5 X lo6 bone 
marrow cells from C3H and A/Jax adult fe- 
males respectively, via the anterior fascia1 
vein. The cells were obtained from marrow of 
a resected femur and suspended in 0.05 ml of 
0.1% solution of Sequestrene in phosphate buf- 
fered saline at pH 6.5-7.2. The newborn were 
allowed to nurse under usual animal farm con- 
ditions and survivors were weaned at 30-40 
days. At 6 weeks of age, a number of the in- 
jected C,H animals were grafted with A/Jax 
skin (males with male skin and females with 
female skin). The animals which were used 
later for bone marrow transplantation experi- 
ments were irradiated and protected with mar- 
row injections. The irradiation was carried out 
at 14-16 weeks of age by giving 800r in a rota- 
tory lucite cage to groups of 10 animals, at 
250kv, 15A, 4.0 mm. Al. filter, target distance 
60 cm, rate 114-11th per minute. The adult 
animals which received marrow were given 
10 X 10‘ cells in 0.5 ml of suspension, via tail 
vein, within 4 hours after irradiation. The an- 
imals were observed and weighed daily. 

Results and discussion. Experiment 1. C3H 
mice of both sexes, injected at birth with fe- 
male A/Jax bone marrow, when grafted with 
A/Jax skin (males with male skin and females 
with female skin) uniformly rejected these 
skin-grafts; however, date of rejection was de- 
layed as is shown in Graph 1. Examination of 
this data by Analysis of Variance (Appendix 
A) demonstrates that the injected animals re- 
jected their grafts 3.7 days later than the non- 
injected controls (P<O.OOl) and there is no 
significant difference between sexes. These re- 
sults are markedly different from those re- 
ported by Billingham and Brent(l6,17) for 
this same strain combination. They have re- 
ported that 70% of their animals became at 
least partially tolerant and 43% of them were 
highly tolerant, while our animals as a group 
showed a slight degree of tolerance and none 
of them appeared to be highly tolerant. How- 
ever, in their experiments, donors of the bone 
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APPENDIX A. Analysis of Variance. 

Source of Variation Source of Degrees of Mean 
Squares Frcwtorn Square F p (F) 

Sex 2.74 I 2.74 .75 NS 
Injection 179.43 I 179.43 48.89 .001 
Sex-In’ection Interaction 1.30 1 1.30 .35 NS 
Individual Mice 213.04 52-3 3.67 
Correction for Disproportion 34.26 

I - 
- - - 
-. - - Total 430.77 6 1 

1. Effect or lack of effect of injection seems to tw itidependent of sex of animals (no significant interaction 

2. No significant difference between sexes (in eitlic~r tion-injected or injected groups). 
3. Highly significant effect of injection (regardlvss of SPX). Injection associated with an average increase of 

between sex and injection). 

3.7 days in survival time of grafts. 

marrow used to inject newborns were mostly 
males ( 17) whereas we have used females 
throughout. 

Experiment 2. In a group of experiments to 
be reported elsewhere (15) we have observed 
a delay in the occurrence of secondary disease 
when C3H females injected at birth with fe- 
male A/Jax bone marrow cells were used as 
donors, or hosts, in homologous transplanta- 
tion experiments. This was interpreted to mean 
that a slight tolerance (demonstrated in litter- 
mates by skin grafts), delays the immunologi- 
cal phenomenon which results in secondary 
d’ isease. 

In Graph 2 are plotted average body weight 
and survival curves of the following groups: 

A) Eleven normal C,H males lethally irradi- 
ated at 14-16 weeks of age and then protected 
with bone marrow from A/Jax males which at 
birth had received bone marrow cells from 
C3H females. (tolerant donor, males). 

B) Eleven normal C3H females were lethally 
irradiated and then protected with bone mar- 
row from A/Jax femdes which at birth had 
received C3H female bone marrow (15). (tol- 
erant donor, females). 

C) Thirty male and female C,H mice leth- 
ally irradiated and protected with male and 
female bone marrow respectively, from normal 
non injected A/Jax mice (males and females 
in this combination behaved identically, and 
are plotted together). 

Paradoxically, the use of supposedly “tol- 
erant” male donors, instead of increasing sur- 
vival time of the male recipients, had the op- 
posite effect: mean survival time of the Group 
A), 10.55 =t 6.4 days, is sianificantlv shorter 

than the homologous bone marrow control C) 
(24.77 A 12.3 days) (P<O.Ol), and much 
shorter than mean survival time of the females 
R j which received “tolerant” bone marrow 
4% 35.63 k 13.9) (P< 0.001). The survival curve 
of  these males follows closely those reported in 
homologous experiments in which hypersensi- 
tized animals have been used (18,19,20). 

The difference between Groups A) and B) 
is sex, and the paradoxical effect in A) is ob- 
tained by male donors which received female 
material at birth. It can be speculated that in- 
jection of animals at birth produced a “chim- 
era”; if so, the A/Jax male donors of group 
A )  contain C,H female cells which have been 
sensitized against their male host, and A/Jax 
male cells which have become tolerant to fe- 
male C,H cells. When the bone marrow from 
these animals is used to protect normal C3H 
males, their A/Jax cells will not react immedi- 
ately against C3H (the reaction will rather be 
delayed since the animals are partially toler- 
ant), but the already hypersensitized C3H 
female cells will react against “male.” 

Experiment 3. In Graph 3 are plotted the 
average body weight and survival curves of 
the following groups: 

D) Eight C3H males which at birth had re- 
ceived bone marrow from A/Jax female don- 
ors, were lethally irradiated (at 14-16 weeks 
of age) and protected with A/Jax male bone 
marrow. (“tolerant hosts” males). 

E) Thirteen C3H females which at birth had 
received female A/Jax bone marrow (litter- 
mates of Group D),  were irradiated and pro- 
tected with normal A/Jax female bone mar- 
row. (“tolerant hosts” female). 
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S U R V I V A L  OF A/JAX MICE SKIN 
G R A F T E D  IN C,H MICE. 

AVERAGE BODY WEIGHT CURVES 

AFTER LETHAL RADIATION. . 
AND ACCUMULATED SURVIVAL CURVES OF C3H MICE 

2 5 ,  
EXPERIMENT No.2 

A- 0 0-0 

c ....... 0 

13 

w D A Y S  AFTER R A D I A T I O N  

C) The same homologous bone marrow 
control as in Exp. 2. Mean survival time for 
the males D) (17.0027.4 days) is shorter 
than that of the homologous bone marrow 
controls, (24.77 2 12.3 days) but this differ- 
ence does not reach statistical significance. 
However, when this mean survival time is com- 
pared with that of the “tolerant” female 
Group E) , (34.23 & 9.1 days), the survival of 
the males is significantly shorter (PCO.001) . 

AVERAGE BODY WEIGHT CURVES 
AND ACCUMULATED SURVIVAL CURVES OF C3H MICE 

AFTER LETHAL RADIATION. 
EXPERIMENT No.3 

D- 
E -- 
c .......a 

5 10 15 20 2 5  30 35 40 45 3 0 DAYS AFTER R A D I A T I O N  

FIG. 1. Survival and date of rejection of grafts of 
A/Jax skin in C3H mice-injected at  birth with 
A/Jax bone marrow-as compared with similar grafts 
in non-injected C3H mice. Data for both sexes are 
plotted separately. 

FIG. 2. Average body weight curves and accumu- 
lated survival curves of CsH mice after lethal ir- 
radiation and protection. A = C3H males protected 
with bone marrow from A/Jax male mice-injected 
at birth with C3H female bone marrow-(“folerant” 
donor, males). B=CsH females protected with bone 
marrow from A/Jax female mice-injected at  birth 
with C3H female bone marrow-( “tolerant” donor, 
females). C = C3H mice (males and females) pro- 
tected with bone marrow from normal non-injected 
A/Jax mice (males and females respectively). 

FIG. 3. Average body weight curves and accumu- 
lated survival curves of C3H mice after lethal irradia- 
tion and protection. D=C3H males-injected at birth 
with A/Jax female bone marrow-protected with 
bone marrow from normal non-injected A/Jax males 
(“tolerant” hosts, males). E = CsH females-injected 
at birth with A/Jax female bone marrow-protected 
with bone marrow from normal non-injected A/Jax 
females (“tolerant” hosts, females). C as in Fig. 2, C. 

As in the previous experiment, it may be 
postulated that the injected animals are par- 
tial chimeras and that the female cells they 
carry are already hypersensitized against 
males. If this assumption is correct, this hyper- 
sensitization is responsible for the shortening 
of survival in the males. 

Summary. Mice of A/Jax and C3H strains 
were injected at birth with bone marrow cells 
from females of the opposite strain in an at- 
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tempt to induce “tolerance.” Skin grafting ex- 
periments demonstrated that both males and 
females so treated did acquire a slight degree 
of tolerance. When the partially tolerant fe- 
male mice were used as donors or hosts in  
homologous bone marrow transplantation cx- 
periments (with the opposite strain), the date 
of appearance of the secondary disease \\-as 
delayed, an effect attributable to acquired tol- 
erance. However, when partially tolerant male5 
were used, survival did not increase, but actu- 
ally decreased. The animals died in a very 
short time? as if hypersensitized. It has been 
proposed that the “tolerant” animals are chim- 
eras; if so, the male animals may contain fe-  
male cells already hypersensitized against 
“male,” and these “hypersensitized” cells may 
be responsible for the short survival. 
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A Goitrogenic Rat Diet Producing Normal Body Weight Gain.* (27037) 

FREDERIC W. N O R D S I E K ~ ~  Introduced by Elmer L. Severinghaus) 
Institute of Nutrition Scirnws. Columbia University, New York 

The first demonstration of low iodine goiter 
in the rat was reported by Levine, Reniingtoii 
and Von Kolnitz(l), and the diet the!- cle- 
signed is, with minor modifications. still i n  
general use today and has come to be knowii 
as the Remington diet. Attempts to improve 
the slow rate of body weight gain produced 
by this diet by adding animal proteins (2) have 
shown that such additions reduced the goitro- 
genic effect of the diet, making it less suitable 
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for use in experimental goiter studies. Thus 
Parker et at?. (3)  observed good growth in rats 
fed a diet similar to the Remington diet with 
addition of DL-methionine, dried beef and 
“animal protein factor,” but only the second 
generation of animals showed substantial thy- 
roid enlargement, whereas growing rats con- 
suming the standard Remington diet concist- 
eritly develop goiter in 5 weeks. 

The present paper describes a new low iodine 
goitrogenic rat diet, formulated without animal 
proteins, that supports a normal rate of body 
weight gain. 

Materials aid Methods. Brewers type dry 




