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Induced Expression of the Male Isoantigen in the Skin of 
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Department of Pathology, New York University School of Medicine, New York, N .  Y .  

Grafts can be successfully exchangtd be- 
tween animals which are genetically, and 
hence antigenically, identical. In 1955 Eich- 
wald and Silmser(1) reported that female 
mice of the C57 strain rejected male grafts 
from the same inbred strain. This reaction was 
soon shown to have an immunological basis, 
since second-set reactions a.nd specific bler- 
ance were demonstrated( 2,3,4). Hence it 
seems clear that male mice of the C57 strain 
possess an antigen which is not present ia C57 
f d e s .  In addition, male mice of many dhur 
unrelated inbred strains possess this same 
“male” antigen(5). Males and females, even 
of a highay inbred strain, itre obviously not 
g e m t i d y  identical, for male mice have an 
XY and female mice an XX sex c h r o m e  
constitution. I t  has been tacitly assumed by 
previous investigators that the gene deter- 
mining this ‘?ride'' antigen is located oln. the 
Y chromosome. I t  is possible, however, that 
the genetic information necessary to produce 
this antigen is located on same other c!hmm 
some, but that the antigen is expressed only 
in the male due to the influence of the male 
hormonal environment, or repressed in the fe- 
male as a consequence of the female hormonal 
environment. The experiments in this study 
were designed to explore this latter possibility. 

Materials and methods. Mice. C57B1/6J 
and B6AFl (F1 offspring of mtings between 
CSS7B1/6J males and A females) mice were 
purchased from the Roscoe B. Jackson Me- 
morial Laboratory, Bar Hmhr, Maine, and 
maintained an a diet af ccmmercial mouse 
pellets and water ad lib. The experiments to 
be described included procedul.les which 
verified the homogeneity and histocornpa- 
tibility af these mice, since it was necessary 
to graft adult d e  and female C57B1/6J 
mice with skin fram newborn and adult 
C57B1/6J f a d e  donors. In addition, the 
B6AF1 females wew grafted with newborn 

*This wark was supported ’by Grant #AI-O1481 
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C57B1/6J female skh. All of these gna.fts 
survived ptmnanen!tly. Newrborn mice were 
acquired either by ordming pregnant females 
from the Jackson Laboratory or by mting 
C57Bl/6J mice in this lalboratory. 

Skin transplantation. The technique used 
for skin transplantation was a modification of 
the method of Al-Askari, L a m  and 
Thomas(6). Ether anaesthesia was used. T’he 
grafts were rectangular and measured a p  
proximately 1.0 X 0.7 cm. When a. mouse re- 
ceived more than I graft, the immunizing 
grafts were placed in the left anterior axilkcry 
region, and the test graft on the op@te side. 
The direction of graft hair growth was re 
versed in relation (to that of the recipient, 
facilitating observation of the b m d w  of 
the graft. When retransplantation of grafts 
was necessary, care was taken to insure that 
no host tissue was retransplanted with the 
graft, and that the retransplant upas not in a 
hair growth cycle. Recipients were usudly 
unbandagd after 8 days, except that when 
second-set rejections were expected the re- 
cipients were unba.nc€agd earlier. Mice which 
unhdaged  themselves prior to 8 days p t -  
grafting were included in the study only if 
the graft a p e d  healthy at  8 days. 

Grafts were examined grossly at least every 
other day after unbandaging, and the day of 
rejection was recorded as thak day on which 
complete graft breakdown occurred. A graph 
of cumulative graft mortality versus days 
after grafting was plotted, and the median 
survival time (MST), which is dAned as the 
day after tramplantation when 50% of p f h  
have been rejected, was read directly from 
the graph. 

Hormone administration. Estradid and 
testosterone were purchased from K & K 
Laboratories, Plainview, L. I. Solutions of 
0.1 mg/m and 0.3 mg/cc &radio1 and of 
2.0 mdcc  tstmterons were made by first 
dissolving the hormme in a small amount of 
100% ethanol and then diluting tro the desired 
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FIG. 1. Each bar represents the survival time of 1 
first-set C57BV6J male g d t  on a. C57BV6J female 
re-cipielat. The m o w s  indicate graft survival beyond 
the observation time charted in this illustration. 
The survival times of the 27 skin grafts represented 
varied from 10 to >144 days, with a median sur- 
vival time of 2 0  days. 

concentration with Mazda corn oil. The above 
solutions were injected subcutaneously, 0.1 
cc/$ay, in donvr mice, according to the 
schedule shown in the experimental section of 
this report, and control animals were injacted 
with mrn oil. 

Results. I ,  First-set and second-set C57B1/ 
6J mule grafts on C57Bl/6J femde recipients. 
Fig. 1 sbm the survival of grafts from 
C57B1/6J male donors on C57B1/6J female 
recipients. While the usual survival of grafts 
across major histocompatibility barrim is 
only 9 to 11 days, the rejection of male skin 
by fem'ales of the same inbred strain is a 
slower, more chronic reaction, in which m e  
grafits are rejected relatively quickly while 
others survive for long periods of time, some- 
times pennanenrtly. The MST far male grafts 
on females vf the C57B1/6J strain in ithis la- 
boratory was 20 days. The MST for this reac- 
tion in other strains is even longer(7). 
C57B1/6J females which have already re- 
jeoted one C57B1/6J male graft reject a sec- 
ond graft in an accelerated fashion, as shorn 
in Fig. 2. The MST for this reaction is 11 
days. These observations were in good agree- 
ment with those of previous investigators. 

I I .  Newborn C57B1/6J male grafts on 
C57B1/6J female recipients. In order to in- 
vestigate the possibillity that the hormonal 

environment of the adult male plays a role 
in the expression of the d e  specific antigen, 
newborn C57B1/6J males were used as donors 
of skin grafted onto mature C57B1/6J fe- 
male recipients. These grafts had a MST of 
56 days (Fig. 3 )  as compared with the MST 
of 20 days when grafts from adult donors were 
used. All of these grafts of skin f r m  n w b  
were eventually rejected. 

Medawm( 8) has provided quantitative d ~ t a  
demonstrating that the survival time of a 
graft is inversely proportional to its size, so 
that a large graft (containing m m  antigen) 
is rejected more quickly than a smaller graft 
(containing less antigen). The grafts froan 
newborn and adult C57B1/6J male donors 
were the m e  size, and the prolonged Sumival 
time of the newborn male grafts on C57B1/ 
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FIG. 2 .  Each bar represents the survival o\f one 
C57BV6J male skin graft on a C57BV6J gemale 
which had already rejected 1 male graft. The sur- 
vival times of the 39 skin grafts represented varied 
from 7 to 20 days, with a mediam survival t ime 
of 11 days. 
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FIG. 3. Each bar represents the survival of 1 n m h r n  C571BV6J male skin &t on a 

CS7BV6J female recipient. The age af the donor is given in days. The 2 day old donor was 
between 48 and 72 hours old, the 1 day old donors were between 24 and 443 hours old, and 
the <1 day old donors were 1 s  than 24 hours old. The survival times of the 8 grafts rep- 
resented varied from 52 to 91 days. The arrow indicates graft survival beyond the abuem- 
tion time charted in this illustration. The median survivd tinies of these grafts was 56 days. 

FIG. 4. In  e-menct IV skin from newbarn C57BV6J females was grafted onto sexually mature 
C57BV6J male intermediate hosts, dowed  to remain in residence for various periods o,f h e ,  
a d  then excised and retmnsplanted to  adult CS7BV6J female f ind hosts which had already 
rejected two C57BV6J d e  skin grafts. Modifications using intermediate fmak hosts, ,m- 
immune final hosts, and adult female dorurrs were also perfomed. In  experiment V the inter- 
mediate host was a B6AF1 temde, and ‘the final host was nok pre-immunized. The data 
fsor experiment IV are in Table 11, and the data focr experiment V are in Table 111. 

65 females (MST = 56 days), as compared 
to the survival time when adult male donors 
were used (MST = 2 0  days), is therefore 
prabably indicative of a lower concenctratioln 
of male antigen on newborn male skin. Basch 
and Stetson(9) have demonstrated that H-2 
antigens in C517B1/6 mice, although present 
a t  birth, do not reach adult levels until about 
20 days of age. The low m m t m t i m  of 
male antigen m newborn C57B1/6 skin m y  
be just another example of this general 
phenomenon, or tnay be indicative of the hm- 
monal immatu&y of these newborn mice. 

I I I .  Exogenous hormonal treatment of 
C57B116J male and female donors. Attempts 
were made to induce the male antigen in fe- 
males and repress i t  in, males by long-term 
exagenous treatment with testosterone and 
&radio1 respectively. These treated amimals 
were then used as donors of skin grafts to 
normal C57B1/6J female mice (Table I). 

The grafts from testosterone treated females 
survived on female recipients, indicating that 
no new antigen had been induced by the treat- 
ment. In  contrast, the MST of estractiol- 
treated male donor grafits was prolonged, but 
the survival of the grafts from o i l - t m t d  
control animals was also prolmged, for 
reasons which are not apparent at present. 
T h e  negative results were nolt surpaisling, 
since the simple tmkmenrts given would not 
be expected to mimic the complex h o m d  
differences between male and female mice. 

I V .  Newborn C57B1/6J female grafts on 
adult C57B1/6J male intermediate recipients 
retransplanted onto immune C57B1/6J fe- 
mule final recipients, and various controls. 
Since it was judged to be impossible to re- 
produce accurately a male h u m d  environ- 
ment in a female m o w ,  newborn C57B1/6J 
female skin was grafted onto adult C57B1/6J 
males, allowed to remain in resideme f a  

TABLE I. Hormonal Treatment of C57E1/6 Skin Graft  Donors to Female C57B1/6 Recipimb. 
~~ 

Age of donor at 
No. of start  of treat- Median survival 
mice Sex Treatment ment (days) Days treated time (days) 

23 Male Estradiol 11-1 3 17-55 36 
14 Male Oil 12 17-55 58 

20 26 Male None 
2a Female Testosterone 13-1 6 30-60 Permanent 
12 Fernmale None - -- Permanent 

- - 
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TABLH 11. The Survival of Skin Grafts from Newborn C57B1/6J Female Mice on Adult 
C57B1/6J Female Recipieds After Residence on Sexually Mature C57B1/6J Maje Intermediate 

Hosts, and Various Controls. 

(-Intermediate host*-, ,--Find female host-, 
Age of female Time in residence Pre- 
donor (days) Sex (dayel immunized t Survival (days) 

1,1,1,1 Male ~,8,8,8 + 
1 Male 15 + 
<I) < 1, < 1,<1 Male 25,25,25,25 + 
3,3,<1,1,2,2,2,1,<1,4 Male 40,41,4O,43,41,41,41, + 
< 1)1,<1,< 1 Male 46,46,47,47 0 
77,73,73,73,73 Male 40,40,4,41,4 1 + 
1,1,<1 Female 62,62,63 + 

4 1,40,4 1 

> 182, > 182,> 182, 

> 175 
17,>189,> 189, > 189 
9,9,10,11,16,17,17,23, 

>163,>239 
33,36,> 234,>234 
> 165,> 164,> 164, > 165,> 165 
> 171,>171,> 171 

> 183 

The intermediate hosts were all sexually imture. 
t The survival time of the 2 immunizing grafts, the time allowed to elapse between immuniz- 

ing grafts, and the time between immunization and retramplantation had no effect on the final 
outcome. 

various p&& of time, and then excised and 
retransplanted onto C57B1/6J female IF- 
cipients already immune to male skin. In this 
manner female skin remained hea.ltthy and 
viable for long periods of time in the tissue 
environment of a male mouse. The T i -  
mental plan is illustrated in Fig. 4. M d f i -  
cations using mn-immunized find recipients, 
adult female donor grafts, or intermddte fe- 
male hosts were also performed, and the re- 
sults are shown in Table 11. 

8 out of 10 newborn f d e  donor grafts 
that had been in residence on an adult ITkitle 
for 40-43 days and then excised and r&rans- 
planted to an immune female recipient were 
rejected. The MST for these grafts was 
16.5 days. When the intermediate recipient 
was female rather than male, Ithe retransplants 
survived permanently, showing that grafts 
could survive the retransplanting prl-ooedure. 
When the final recipients were not pre-im- 
rnunized, 2 out of 4 rertransplants survived and 
2 were rejeded in 33 and 36 days respec- 
tively. This prolonged survival, manpared 
with a MST of 16.5 days with pecimntunized 
recipients, is consistent with the hypothesis 
that the antigen induced on newborn female 
skin and ;the anbigen of m d  males are 
identical. When adult female donor skin was 
used instead of newborn, )the retramplants 
&ved permanently. When the Mod of 
residence of newborn female donor grafts on 

the intermediate male recipient was as short 
at 8 to 15 days, all of the retransplants sur- 
vived, and 3 out of 4 grafts retramplanted 
a t  2 5  days a h  survived. 

These expenimants seem to indicate that 
newbvrn f d e  skin which has been in 
residence on an adult male for sufficient time 
citn be s h  to possess “male” antigen. One 
possible explanation for this finding is that 
male antigen had been adsorbed anto the cell 
surfaces of the graft. However, adsorption of 
antigens, if it occurred, would be w e d  to 
occur pnim to 15 days post-grafting; yet the 
8 and 15 day retramplants and most of the 
2 5  day retramplants survived permanenltly 
on the final hosts. Another possible explana- 
tion is that cells from the intermediate hwt 
containing male antigen had infilbrahd the 
graft, the rejection being essentially a r w -  
tion against these cells. However, in the short 
term retransplants (8 days) the inflammtory 
and wound-haling responses, originating in 
the host, were still occurring, so thak these 
retransplants contained many intermediate 
host cells. Yet these retransplanlts survived 
perfectly well on the find hosts. In  addition, 
adult C57B1/6J female skin, treated in! the 
same mannm as newbarn female skin, and 
subject !to the same potential host cell i d l -  
tration (and amtigen adsorption), survived 
permanently on the find hwt. It is un!Likdy 
that hwt cell infiltmtion or antigem adsap- 
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TABLE 111. The Survival of Skin Grafts from 
Newborn C57B1/6J Female Mice on Adult C57B1/ 
65 Female Final Recipients After Residence on 

B6AF1 Female Intermediate Hostrr. 

Time in reslidence 
Age of female on intermediate Survival on final 
donar (days) B6AF1 host (days) host (days) 

. 1  
1 
1 

<1 
<1 
<1 

1 
1 
1 
1 
1 

41 
41 
41 
41 
41 
41 
40 
40 
40 
40 
40 

10 
> l 8 l  
>I81 
>187 
>187 
>187 > 189 
>l89 > 189 > 189 > 189 

tion would occur to a strikingly different de- 
gree in newborn a d  adult grafts. I m t d ,  it 
is mare reasonable to assume that the cells of 
a new’by)lm are not yet fully differentiated, and 
can therefore still be induced to prduce anrti- 
gens which adult cells have lost the abilaity to 
produce. Hence the evidence accumulated thus 
far tavms the hypothesis that in a male en- 
v i m n m t  newborn female cells ca.n be in- 
duced to d u c e  male antigen. 

V .  Newborn C57B1/6J female grafts on 
adult B6AFl female intermediate recipients 
retransplanted onto adult C57B1/6J female 
final recipients. In this experiment the in- 
t m d i a t e  recipient was an Fl female from 
a mating of a C57B1/6J female and an A 
male. The C57B1/6J newborn female graft 
was in residence on this F1 i m t e d i a t e  hmt 
far 40-41 days before excision and retrans- 
plantation to a C57B1/6J female. If ingrowth 
of hmt cells or adsarption of antigens were 
the correct explanation of the experimental 
data in part IV, the newbolrn C57B1/6J fe- 
male grafts should acquire “A” antigens from 
the F1 intermediate host and suibsequently be 
rejected by the C57B1/6J female final re- 
cipients. These final recipients were not p r e  
imu~l ized  against “A” antigens because the 
histoincompatibility between A and C57B1/ 
65 is much greater than bet- C57B1/6J 
male and female, and the use of a nm-im- 
munized final recipient makes the situation 
more nearly comparable to h t  in which 
C57B1/6J male intmnediarte recipients were 
d and the final C57B1/6J female hast was 
p r e - i m h a e d  against mak antigen. As Table 

I11 shmvs, 10 out of 11 retransplants from F1 
i n t d a t e  h t s  survived on the f i d  hod. 
These data seeon to rule out the pcsibility 
that host cell infiltration and antigen ad- 
sorption could account for the &ta in experii- 
ment IV. Instead, the best explanation of the 
experimental results is that Mewbolrn fennale 
skin in an adult male envimment can be in- 
duced to p d u c e  “male” antigen, and that 
skin d l s  from adult f d e s  have losit the 
capacity to be so induced. 

Discussion. The apparent iduction of 
“male” antigen in newbrn f d e  skin cells 
would indicate that both male and female 
mice have the genetic infarmtion ne(cesusary 
for the production of this antigen. The fact 
that th is  antigen n d l y  appears d y  in the 
male m y  be only secondarily dependent oln 
the Y-chrmmme in ists role as the carrier of 
information lading to “mal-”( 10). Dif- 
ferences between male and f d e  sex hm- 
m d  patterns may very well be of prime im- 
portance in determining the activity of the 
‘‘male’’ hiitocmpatibility locus. The un- 
successful attempts to induce or repress the 
antigen by exogenous h o m d  treatment 
may only reflect the difficulty of administering 
the p r o p  combinatioxw and concentrations of 
hormones, or the failure to begin treratment 
before significant sexual differenthtion has 
occurred. 

Many studies have dmomtrated thak the 
total antigenic capbilities of an organism am 
never simultanmwly expressed. Among the 
best studied examples are the cha.nges fram 
fetal to adult hemoglobins ( 11). Perhap6 the 
best example of hulmmal control over the ex- 
pression of lit cell surface antigen is the Tz 
(thymus leukemia) antigen described by 
Boyse, Old and Stockert ( 12) .  In the present 
study, the male antigen appears to be another 
example of a transplantation anrtigen whose 
expression can be controlled, or “modulated,” 
by humral factors. In view of the presence of 
the male antigen in so many inbred strains, 
the antigen may be a cornon b i o c h b d  
entity which is either induced or structurally 
altered in a. male hormonal environment, 
causing it to be antigenic in a female of other- 
wise identical genetic constitution. 

A great deal of work remains to be done 
in this system. I t  would be interesting to study 
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other inbred strains under the same expesi- 
mental canditions, and to see whether F1 
rides from different strain combinations have 
the same effeat when used as inbermdate 
hosts as C57B1/6J males. Even more impor- 
tant is the task of localizing the source of the 
inducing sulbstance, and then characterizing 
the inducer itself. I t  should be pointed out 
that the data obtained in the present study 
are also consistent with the hypothesis that 
the gene involved has been derepressed as a 
consequence of removal from a female en- 
vironment, rather than induced to function 
as a consequence of transfer to a male en- 
vimnmmt. Intermediate male hosts which 
have been adrenalectomized, pnadectomized, 
hypophysmtmized, or subjected to a com- 
bination of these procedures may help to 
supply answers to some of t h e  questions. 

Finally, i t  may be worth suggesting that 
antigenic alterstions controlled by hormones 
may play an important role in the pathogene 
sis of certain human diseases, suspected of 
being autoimmune in nature, which occur in 
a population undergoing acute hormonal 
changes; examples are systemic lupus ery- 
thematosus occurring in f d e s  just past 
p u h t y ,  and eclampsia occurring in pregnant 
women. 

Summary. I t  has been previously assumed 
that the “male” isoantigen of mice is deter- 
mined by a gene located on the Y chromo- 
some. This study seems to indicate that n m -  
born female shin, nourished in a male en- 
vironment, can be induced to express the 

male antigen. H e m  the expression of this an- 
tigen seems to be influenced by the Y chmrnio- 
some only in its “rnit1edeteTm;inting” role, a d  
the gene responsible for the production of this 
antigen may be present in both sexes. 
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Previom work on rat parstid gland & m n +  
strated that pilocarpine evokes a saliva h t  
has sympathetic-like characteristics and that 
these characteristics result fmm pilocarpine 
stimulation of sympat!hdc pathways( 1 ) .  This 
syqmthetic cmponmt  is inhibited by pr* 
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