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Induced Tolerance and ‘‘Homologous Disease” in X-Irradiated Mice 
Protected with Homologous Bone Marrow.” (23414) 

J. J. TRENTIN 
Department of Anatomy, Baylor University College of Medicine and University of Texas 

Dental Branch, Houston 

Several species of mammals can be pro- 
tected against otherwise lethal doses of whole 
body X-irradiation by post-irradiation trans- 
fusion of bone marrow or spleen. Protection 
is associated with rapid recovery of the other- 
wise depleted or destroyed hematopoietic tis- 
sues as a result of reseeding and repopulation 
with cells of the transfused marrow, even if 
the marrow is of homologous or heterologous 
origin( 1-6) .t Mice protected against other- 
wise lethal doses of irradiation with homolo- 
gous marrow are thereby rendered tolerant of 
skin grafts as well as hematopoietic tissue of 

* This investigation was supported !by research 
grant from tihe National Cancer Institute. Prelimi- 
nary report presented at  the May, 1957, meeting of 
the Radiation Research SOC. The author is indebted 
to Dr. R. Shalek for assistance in dosimetry and to 
Booker Morris, Ann Verner, Hilliard Kemp and 
Ingrid Grubs for technical assistance. X-ray facili- 
ties were generously provided by the M. D. Ander- 
son Hospital and Tumor Institute. 

t Autologous-from %me individual ; isologous- 
from another individual of same inbred strain (pre- 
sumably same genotype) or an identical twin; homo- 
logous from an individual of different genotype but 
of same species ; heterologous-from a different spe- 
cies. 

the marrow donor antigenic type( 7,8). Such 
tolerance of homologous skin and hematopo- 
ietic tissue can be abolished by introduction 
into the tolerant mouse of isologous lymph 
node or spleen cells from an unirradiated 
mouse of the same strain(9). The closeness 
of genetic relationship of the marrow donor 
and irradiated recipient has a great effect upon 
both degree of initial irradiation protection 
and duration of survival (8,lO). In  otherwise 
lethally irradiated mice, marrow from guinea 
pigs or rabbits conferred insignificant protec- 
tion(8). Rat marrow gave significant but 
short-term protection. Any type of mouse 
marrow gave excellent 2 1-day protection, be- 
yond which isologous marrow gave permanent 
protection but foreign-strain mouse marrow 
gave significant late mortality characteris- 
tically between the 21st or 30th day and the 
60th day post-irradiation. Late mortality 
was more severe when the foreign strain mar- 
row came from a donor of a different Histo- 
compatibility - 2 genotype (A into C57, Dba 
into A, A into CBA) than when it  came from 
a donor of the same H-2 genotype (C3H into 
CBA) as the recipient. With homologous 
marrow from an F1 hybrid into the irradiated 
parent strain, 2 groups showed excellent pro- 
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tection as late as 100 days post-irradiation. 
comparable to that obtained with isologous 
marrow. Two additional groups showed sig- 
nificant mortality, both early and late, at- 
tributable in part a t  least. to the use of very 
young mice as irradiated recipients. 

The late mortality ( 2 1  to 60 days) follow- 
ing good early protection with homologous 
marrow was preceded by progressive loss of 
body weight. That it was not due to recovery 
of the host’s ability to reject the homologous 
hematopoietic tissue was indicated by ab- 
sence of hematopoietic depression before late 
death. and by the long duration of tolerance 
of tissues of the homologous marrow donor 
antigenic type as revealed by skin grafts. Be- 
cause of this, and the absence of characteristic 
late mortality after good early protection with 
isologous marrow or F, hybrid homologous 
marrow in an irradiated parent strain, it was 
suggested that the late mortality might more 
likely be the result of the transplanted ho- 
mologous hematopoietic tissue reacting im- 
munologically against the foreign tissue anti- 
gens of its new host( 8) .  I t  is well established 
that the homograft reaction is an immunologi- 
cal reaction against foreign tissue antigens 
mediated by lymphoid tissue elements, and 
that an F1 hybrid of 2 inbred strains of mice 
will accept tissue transplants from either par- 
ent strain, but neither parent strain will ac- 
cept tissue transplants from the F1 hybrid. 
Only the lymphoid system from the same in- 
bred strain or from an F1 hybrid into a par- 
ent strain should not be immunologically ac- 
tive against the tissues of the irradiated re- 
cipient. These were the very combinations 
that failed to give characteristic late mortality 
after good early protection. Conversely, the 
lymphoid system of a parent strain trans- 
planted into an F1 hybrid should react im- 
munologically against the F1 tissue. The lat- 
ter system provides an additional test of the 
theory of late mortality being the result of 
reaction of marrow graft against the host. 
While F1 marrow in the irradiated parent 
should not result in such late mortality, parent 
marrow into the irradiated F, hybrid should. 
Such experiments constitute the basis of the 
present report. In addition, since each parent 
strain reacts against a different set of tissue 

antigens in the Fl hybrid, one group of ir- 
radiated F, hybrids was given a mixture of 
half the usual dose of marrow from each of 
both parent strains, to see if this might give 
more late mortality than marrow from either 
strain alone. Also, since tolerance to homolo- 
gous tissues can be abolished by introducing 
normal host type lymphocytes( 9 ) ,  an attempt 
was made to forestall late mortality with for- 
eign-strain homologous marrow by adminis- 
tering also isologous marrow. 

Materials and methods. Symbols used for 
mouse strains, and irradiation conditions were 
similar to those previously reported ( 8 , l l )  un- 
less otherwise stated. Mice were randomized 
by age and sex between treatment groups. 
1Yherever possible an equal number of mice 
on each of the treatments of a given experi- 
ment were housed together in one pen. Skin 
grafts were performed 174 to 175 days post- 
irradiation. The LDZo for the CBA strain 
under the conditions of irradiation used is 
600 r ( 1 1 ) .  In all of the experiments herein 
reported, a single dose of 770 r whole-body 
S-irradiation was employed, which dose is 
above the LDloo. Bone marrow was injected 
intravenously in a standard volume of 0.5 ml 
per mouse. The nucleated cell count of the 
suspensions used averaged 59,800 cells per 
cu mm (32,000 to 89,000). 

Fig. 1 shows that all of 60 CBA 
mice receiving 770 r and no marrow were 
dead by the 12th day. Of the 192 mice simi- 
larly irradiated but receiving any of the 4 
types of marrow treatment, all groups showed 
excellent 2 1-day protection against the lethal 
effects of irradiation. Beyond 2 1  days only 
marrow from a foreign strain (Cb) gave char- 
acteristic late mortality. This same marrow 
mixed with isologous marrow gave no late 
mortality. Marrow from the F1 hybrid of 
the irradiated strain gave protection equal to 
that with isologous marrow, no characteristic 
late mortality being observed in either case. 
Tolerance to grafts of homologous Cb skin 
was exhibited by all 10 mice so grafted that 
had been protected with either Cb or (Cb x 
CBA) F1 hybrid marrow. Such tolerance was 
not exhibited by any of the 23 CBA mice so 
grafted that had been protected by either 
CBA marrow or a mixture of Cb and CBA 

Results. 
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marrow. Lt’hen either the (Cb x CBA) or 
(A x Db) F1 hybrids were protected with 
isologous marrow, no late mortality after 
early protection was obtained (Fig. 2,  3 ) .  
The pre-5 day mortality seen in the (A x 
Db) mice protected with isologous marrow 
should not be confused with late mortality, 
which occurs after the 21st day. When ir- 
radiated (Cb x CBA) F1 hybrids were pro- 
tected with marrow from either parent strain, 
no late mortality was obtained with marrow 
from the Cb strain and slight late mortality 
with marrow from the CRA strain. However, 
when irradiated ( A  x Db) F1 hybrids were 
protected with marrow from either or both 
parent strains, slight late mortality was ob- 
tained with marrow from the A strain, moder- 
ate late mortality with marrow from the Db  
strain and severe late mortalitv with marrow 

NO MARROW (48 MICE1 
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NEITHER 
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from both the A and Db strains combined. In 
those groups of F1 hybrids showing slight to 
moderate late mortality after protection with 
parent marrow, many of the mice that es- 
caped late mortality nevertheless showed body 
weight depression as compared to the controls 
receiving isologous marrow (Fig. 4) .  Ex- 
pressed in terms of potential histo-incompati- 
bility of donor and recipient, late mortality 
after good early protection against an other- 
wise lethal dose of irradiation was not seen 
in those combinations where neither the host 
nor the donor can potentially react immuno- 
logically against each other (CBA into CBA, 
(Cb x CBA) into (Cb x CBA), (A x Db) 
into (A x Db)) ,  or where only the host strain 
can potentially react against the donor strain 
but not vice versa ( (Cb x CBA) into CBA). 

, ~~~~ I t  was seen in those combinations of foreign 
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strains where both the host and the donor 
strains can potentially react against each 
other (Cb into CBA in this report; Db  into 
A, C3H into CBA, A into CBA, and A into 
CS7 in an earlier report) (8). It occurred in 
some but not all of those combinations where 
only the donor strain can potentially react 
against the recipient strain but not vice versa 
(Cb into (Cb x C‘BA): CBA into (Cb s 
CBA); A into (A  s D b ) :  Db into (-4 s Db) 
and both A and Db into (-4 s D b ) ) .  The 
term “potentially” is used advisedly since a 
host potentially capable of reacting against 
and rejecting the tissues of a homologous 
strain is rendered incapable of doing so by 
protection against an otherwise lethal dose of 
irradiation with marrow of that homologous 
strain, as demonstrated by the survival of skin 
and bone marrow. There is no evidence. how- 
ever. that transplanted homologous lymphoid 
elements are thereby rendered incapable of 
reacting against the tissues of the host. 

Discussion. The absence of characteristic 
late mortality after good early protection in 
irradiated CBA mice given homologous mar- 
row from an F1 hybrid of the CBA strain, and 
its presence in CBA mice protected with 
homologous marrow from a foreign strain 
(Cb) ,  indicates that late mortality is not the 
result of recovery of the host’s ability to re- 
act immunologically against the grafted 
homologous marrow elements. The CBA 
strain normally reacts against and rejects tis- 
sue grafts from either the Cb strain or the 
(Cb x CBA) F1 hybrid. since both contain 
the same set of foreign antigens characteristic 
of the Cb strain. Yet late mortality is seen 
only with Cb marrow. This, together with 
the absence of secondary hematopoietic de- 
pression before late death, and the induced 
tolerance to tissues of marrow donor antigenic 
type as revealed by skin grafts. contradicts 
the concept that late mortality results from 
the host reacting against the marrow graft, 
at least under the conditions of the present 
experiments. In this regard it must be em- 
phasized that the level of irradiation em- 
ployed was above the LD,,,,,. I t  is highly 
probable that a t  lower levels of irradiation 
some of the irradiated host’s cells responsible 
for the homograft reaction would recover and 

reject homologous tissue, whether marrow or 
skin( 11). There is one difference between 
the Cb and the (Cb x CBA) F1 marrow donor 
that correlates well with the observed result. 
Lymphoid elements of the Cb strain can re- 
act against the tissues of the CBA recipient, 
whereas those of the (Cb x CBA) F1 hybrid 
cannot. 

The absence of late mortality in CBA mice 
protected with a mixture of Cb and CBA mar- 
row dissociates late mortality from any im- 
mediate effect of the homologous marrow on 
the host, including transmission of pathogenic 
bacteria. Absence of late mortality in this 
group would appear to be related to failure of 
the Cb marrow to survive when administered 
with isologous marrow. That it could not sur- 
vive in this group is indicated by rejection of 
Cb skin grafts in all 11 mice of this group so 
tested. As indicated earlier, tolerance of 
homologous marrow donor tissues can be abol- 
ished by subsequent administration of isolo- 
gous (host type) lymphocytes (9).  I t  would 
appear that tolerance can be prevented ini- 
tially by simultaneous administration of ho- 
mologous and isologous marrow. Implicit in 
these results is the concept that late mor- 
tality is related to the continued persistence 
and function in the irradiated host of marrow 
elements from a homologous donor that is 
capable of reacting immunologically against 
the recipient. The presence of characteristic 
late mortality in F1 hybrids protected with 
marrow from some but not all parent strains 
is difficult to interpret. Its absence cannot be 
associated with the use of 2 parental strains of 
the same H-2 genotype, since the parent 
strains of both hybrids differed a t  the H-2 lo- 
cus( 12) .  That characteristic late mortality 
occurs in any group of F1 hybrids protected 
with parent strain marrow is still further evi- 
dence that late mortality does not result from 
recovery of the host’s ability to react against 
the grafted marrow elements, for the F1 hy- 
brid could not so react to begin with. But if 
late mortality represents an immunological re- 
action of the graft against the host, then it 
should occur in all the combinations of parent 
marrow into F1 hybrid. Unless, of course, 
the hypothesized reaction of transplanted 
hematopoietic elements against the tissues of 
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a tolerant host does not always result in 
death. It is possible that if the degree of in- 
compatibility is small enough, and the tolerant 
host strong enough (heterosis) , the great ex- 
cess of antigen and constant replacement of 
damaged tissue may permit the host to sur- 
vive in spite of an incompatibility which when 
operating in the direction of host vs. donor 
would uniformly cause rejection of skin 
grafts. In human blood transfusion, a given 
blood type incompatibility which when oper- 
ating in the direction of patient vs. donor 
usually gives a major transfusion reaction, 
will, when operating in the direction of donor 
vs. patient usually give only a minor trans- 
fusion reaction. It would seem appropriate to 
look toward signs in the process leading to 
late mortality, before the severe end-point of 
death itself. The fact that in some combina- 
tions of homologous donor and recipient 
strains not all of the treated mice show late 
mortality but the survivors may show a body 
weight depression, suggests that the “disease” 
in question is not always a lethal one. Im- 
paired hair growth, atrophy of lymphoid or- 
gans and general debilitation as well as body 
weight depression are characteristic of ir- 
radiated mice treated with foreign strain 
homologous or heterologous marrow as op- 
posed to isologous marrow, even though they 
may not succumb to characteristic late mor- 
tality during the 60-day post-irradiation pe- 
riod. 

If late mortality represents the reaction of 
transplanted homologous or heterologous he- 
matopoietic tissue against a tolerant host, 
then irradiation is not an essential component 
of the disease, except insofar as it is necessary 
to render the host tolerant. If tolerance could 
be achieved by other means, such a disease 
should be demonstrable even in unirradiated 
animals. This would be an important step in 
establishment of the etiology of the disease. 
Actually immunological tolerance can be 
achieved by introduction of homologous or 
heterologous tissues into unirradiated animals 
of several species before or shortly after birth 
or hatching(l3). In addition, F1 hybrid 
mice are normally tolerant of tissue grafts 
from either parent strain. Experiments on 
the latter system are now in progress. In the 

former system, Billingham and Brent ( 14) 
have observed delayed mortality. The fol- 
lowing points of similarity between the con- 
dition they observed and that seen after ir- 
radiation protection with homologous marrow 
strongly suggest that the two represent the 
same process: a )  appearance of the condition 
following introduction of homologous lymph- 
oid elements or their precursors into tolerant 
hosts; b) delayed onset of overt manifesta- 
tions; c) depression of body weight; d)  
lymphoid organ atrophy, and e) greater oc- 
currence of mortality in some combinations of 
donor and recipient strains than in others. 
The possible identity of these 2 conditions, 
together with the absence of characteristic 
late mortality in irradiated mice protected 
with isologous or F1 hybrid homologous mar- 
row would prompt one to avoid use of the 
terms “late irradiation mortality” or “sec- 
ondary irradiation syndrome.” It would ap- 
pear more appropriate to use the terms 
“homologous disease” and “heterologous dis- 
ease” to designate the specific complications 
attributable to successful transplantation of 
homologous or heterologous, as opposed to 
isologous or autologous bone marrow or 
lymphoid tissue into a tolerant host. This 
would apply to those situations where toler- 
ance is induced or acquired, regardless of the 
method, as well as where tolerance is a con- 
genital abnormality or a genetically deter- 
mined normal state. In addition to the con- 
ditions already observed in irradiated or neo- 
natally injected animals i t  would include any 
similar conditions subsequently observed in a 
variety of situations, such as agammaglobu- 
linemic or hypogammaglobulinemic individ- 
uals transplanted with lymph nodes, as well as 
in F1 hybrid mice receiving bone marrow or 
spleen or lymph nodes from either parent 
strain. 
Summary. CBA mice protected against an 

otherwise lethal dose of irradiation with isolo- 
gous CBA bone marrow showed normal re- 
jection of skin grafts from the Cb strain. Ir- 
radiated CBA mice protected with Cb or 
(Cb x CBA) F1 hybrid marrow were tolerant 
of skin grafts from the Cb strain. Irradiated 
CBA mice protected with a mixture of mar- 
row from the Cb and CBA strain were not tol- 
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erant of skin grafts from the Cb strain. Late 
mortality ( 2  1 to 60 days post-irradiation) . 
after good early protection ( 2  1 days) against 
doses of whole body X-irradiation above the 
LDIoo, did not occur in mice protected with 
isologous bone marrow (where neither the 
host nor the donor can react immunologically 
against each other). I t  occurred in mice pro- 
tected with homologous marrow from a for- 
eign strain (where both the host strain and 
the donor strain can potentially react im- 
munologically against each other). ‘It did not 
occur in mice protected with marrow from an 
F, hybrid of the irradiated strain (where the 
host strain can potentially react against the 
donor strain but the donor strain has no po- 
tential to react against the host strain). It 
occurred in some but not all combinations of 
irradiated F, hybrids protected with marrow 
from a parent strain (where the host has no 
potential to react against the donor strain but 
the donor strain can potentially react against 
the recipient strain). 

The terms “homologous disease” and “he- 
terologous disease” are proposed to designate 
the complications specifically attributable to 
successful transplantation of homologous or 
heterologous, as opposed to isolog-ous or au- 

tologous, bone marrow or lymphoid tissue into 
a tolerant host. 
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Production of Hyaluronic Acid in Tissue Cul ture  by Fibroblasts Growing 
from Intestinal, Stomach, Liver  and Kidney Explants.” (23415) 
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The isolation of hyaluronic acid, and the 
description of its enzymatic hydrolysis by 
Meyer( 1) brought to light the enzyme-sub- 
strate nature of the spreading reaction, first 
found in skin and subcutaneous tissue( 2 ) .  In 
many tissues in which the spreading reaction 
was demonstrated, hyaluronic acid was found 
to be present and to be hydrolyzed by hyal- 
uronidase. On the other hand, spreading fac- 
tors were described which were not found to 

* Aided in [part by U.S.P.H.S. grant. 

be related to hyaluronic acid and its hy- 
drolysis. so - called hyaluronate - inactive 
spreading factors. 

Favilli ( 3 )  and Duran-Reynals( 2 )  demon- 
strated the spreading reaction in organs other 
than skin and subcutaneous tissue, such as 
stomach, intestine, and striated muscle, while 
no conclusion could be reached concerning 
spreading reaction in hepatic and renal tis- 
sue. I t  was, however, unknown whether the 
spreading reaction found in those organs was 


