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Each gene or chromosomal region of the 
main human leukocyte antigenic system, HL- 
A, is manifested by multiple factors which 
segregate together as units in family studies 
(1, 2 ) .  Within the HL-A region, several 
subloci have been identified. The factors 
within each sublocus appear mutually exclu- 
sive to one another. For example, only one of 
the factors HL-A 1, 2, 3, Lc-11, and Dausset 
15 and 17 of the first sublocus has been 
observed to be present on a single chromo- 
some ( 2 ) .  Thus the factors behave as true 
alleles and no more than two have ever been 
observed phenotypically in the same person 

In a prior immunogenetic analysis of the 
lymphocytes of a large family we detected 
crossover between a leukocyte specificity de- 
signated as “Thompson” and the known HL- 
A factors (4).  We now report the finding of 
crossover in one of four additional families in 
which HL-A and “Thompson” segregation 

( 2 7 3 ) .  
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were followed. At the same time we have 
noted that when a population of unrelated 
donors was carefully and repeatedly typed 
for four mutually exclusive factors of the 
HL-A system, namely HL-A 1 .O, 2.0, 3 .O and 
Lc-1 1, Thompson showed, with a very occa- 
sional exception, a mutually exclusive or alle- 
lic relationship to these four. Familial and 
population analyses thus appear paradoxical 
and together suggest the possibility of gene 
interaction or epistasis. 

Materials and Methods. All typing was 
done with the Terasaki microcytotoxicity test 
( 5 )  as modified by us (6) .  The “Thomp- 
son” antiserum was produced by intradermal 
injection of leukocytes from a donor into a 
recipient preselected on the basis of similari- 
ty to each other with existing antisera (4). 
Absorption of the “Thompson” antiserum 
with all of 30 positively reacting cell samples 
from different donors and of different races 
completely removed cytotoxic activity. The 
serum can therefore be considered as mono- 
specific within the limits of the absorption 
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FIG. 1. Reactions of lymphocytes of 100 random 
donors with antisera to HL-A 1.0, 2.0, 3.0., Lc-11, 
and “Thompson” specificities: (black bars), positive 
reactions ; (unmarked), negative. For example, 28 
donors reacted with anti-HL-A 1.0; among this 
number 6 also reacted with anti-HL-A 2.0. 

criterion (4).  Absorption may not, however, 
distinguish between the few cross-reacting 
antibodies now known to exist within the 
HL-A system (2, 7 ) .  

Results. About 15% of Caucasians and 
over 30% of Negroes are “Thompson” - 
positive. Testing of Dausset’s cell panel by 
one of us (RW) in Paris revealed that 
“Thompson” is distinct from Dausset factors 
15 and 17. Typing of our 100-member Los 
Angeles cell panel (Fig. 1) showed that with 
two possible exceptions the “Thompson” spe- 
cificity is absolutely exclusive to HL-A 1.0, 
2.0, 3.0, and Lc-11. The two exceptions both 
involve weak positive reactions with anti-HL- 
A 3.0 sera in subjects whose cells are strongly 
reactive for both HL-A 1.0 and “Thomp- 
son7’. In  studies now numbering up to 400 
donors, the very occasional instance of 
“triplicate” positivity has always involved 
HL-A 3.0, “Thompson,” and one of the other 
known specificities a t  the first sublocus. I n  
addition, in these few “triplicate” instances 
the cells have always reacted only weakly 
with the HL-A 3.0 antisera. I t  is thus pos- 
sible that the “Thompson” factor in a few 
individuals may show cross-reaction with 
anti-HL-A 3.0 sera, but that the genotypic 
exclusivity or allelism is absolute. 

Despite the above relationships noted on a 
population basis, within one genetically in- 
formative family the “Thomp~on” factor 
showed evidence of segregation at  least par- 
tially independent of the HL-A system (4). 
Furthermore, of two families in the Torino 
workshop for whom double backlcross analysis 
could be accomplished, one showed crossover 
between Thompson and HI,-A. Of four addi- 
tional, informative families typed as part of 
the present study? one gave evidence of cross- 
over. Immunogenetic analyses of two of these 
families, one (Levy) with and one (Walford) 
without evidence of crossover, are presented 
in Table I. If mother Levy is homozygous 
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TABLE I. Irrimunogeiietic Analysis of Two Families Showing Double-Backcross Relation between the RL- 
A System and the ‘4Thompson” Specificity.” 

Reaction with antisera detecting HL-A factors 
’ Reactions 

Gal- Gal- chromo- Thompson 
Family 1.0 2.0 3.0 7.0 8.0 11 18 20 lardo legos Ortiz somes antiserum 

IIL-A Lc- HL-A With 

Levy 
Father 
Mother 
Child 1 

2 
3 
4 
5 
6 

Walford 
Father 
Mother 
Child 1 

2 
3 

+ + - -  + -  + + - - -  + - - -  + -- - - - _-  - 
+ + - -  + - -  + - - -  + + - -  + - -  + - - -  
+ - - -  + -  + + - - -  

a Family Levy shows independent segregation, family Walford does not. 

“Thompson”-positive, child no. 3 should give 
a positive reaction. If the mother is 
heterozygous, children nos. 1 and 4 reflect 
crossover with, or independence from the 
HL-A system. 

Discussion. It is clear from our population 
results (Fig. 1 )  that the “Thompson” specifi- 
city is strongly related phenotypically and in 
an inverse, allelic manner to other factors of 
the first HL-A sublocus. The genotypic rela- 
tionship suggested by the family studies are 
less clear. If crossover is indeed not infre- 
quent, the combined observations of pheno- 
typic exclusivity and partially independent 
segregation might suggest gene interaction, 
either between genes located at  some distance 
apart on the same (HL-A) chromosome or 
separately present and at different loci on the 
paired (HL-A) chromosomes. For example, 
if a silent chromosome (Lc-X) of the HL-A 
system is only expressed when the Thompson 
gene is also present, one might explain the 
results of the family (Levy) by assuming the 
father to be homozygous Lc-X/Lc-X and 
the mother to be HL-A 3.O/Lc-X, with the 
Thompson gene being on the Lc-X-carrying 
chromosome of the mother but not at the 

same locus as Lc-X. Then children nos. 1 and 
4 must represent cross-over, with interaction 
of genes on paired chromosomes to yield the 
final antigenic factor reactive with the 
“Thompson” antiserum. We do not stress this 
precise interpretation (which would predict 
finding Thompson-positive children born to 
phenotypically-negative parents) because fur- 
ther genetic studies may suggest others. 

Summary. Population and family studies 
of the Thompson specificity and four factors 
of the first sublocus of the HL-A main hu- 
man leukocyte system are described. The 
Thompson specificity is strongly allelic or 
pseudoallelic to the other factors of the 
sublocus. At the same time, evidence of cross- 
over between Thompson and HL-A has been 
found in 3 of 7 families studied to date. 
Taken together, population and family data 
suggest the possibility that the Thompson 
factor is the expression of gene interaction or 
epistasis involving the HL-A and some other 
system. 
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Injection of minute quantities of lipopoly- 
saccharide extracted from cell walls of gram- 
negative organisms (endotoxin) produces a 
variety of physiological responses of several 
target organs. Information about the distribu- 
tion of endotoxin in the target organs would 
be helpful in elucidating the mechanism of 
those effects, and radioactive labeled endotox- 
ins have been employed for this purpose. 

Braude and co-workers (1, 2 )  studied the 
distribution of lethal doses of 51Cr labeled 
endotoxin from E .  coli injected intravenously 
in rabbits and mice, and attempted to cor- 
relate the physiological response with the 
distribution of radioactivity. Similarly, Star- 
zecki et al. (3) studied the plasma clear- 
ance and tissue distribution of 51Cr labeled 
endotoxin in normal and endotoxin-resistant 
dogs. Other workers (4-6) also studied the 
distribution of endotoxins from other bacteri- 
al species labeled with other isotopes. Howev- 
er, in these studies a lethal dose of endotoxin 
had to be injected because of the low specific 
activity of the endotoxin. High specific ac- 
tivity can be obtained by labeling purified 
endotoxin from Salmonella enteritidis with 
IZ5I ( 7 ) .  We have investigated the possibili- 
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ty that this preparation might be useful in 
studying the distribution of small nontoxic 
amounts of endotoxin, but serum enzymes 
degrade the endotoxin molecule in vitro, re- 
moving a large part of the radioiodinated 
lipid from the bulk of the lipopolysaccharide 
(8). If similar degradation occurs in viva, 
interpretation of the results of tracer injec- 
tion studies would become complex, for part 
of the radioactivity would be iodinated fatty 
acids or free iodide. The present experiments 
on the distribution of radioactivity after in- 
jection of 1251 labeled endotoxin in mice 
showed that degradation of the endotoxin 
complex does indeed occur in vivo and the 
radioactivity in some tissues is due more to 
iodine freed from the endotoxin than to the 
localization of the injected endotoxin complex 
itself. By co’mparing the distribution of radio- 
activity after injection of chromium and io- 
dine labeled endotoxin some information can 
be obtained about the distribution of the dif- 
ferent parts of the endotoxin complex. 

Methods. Experimental animals. Swiss 
Webster mice of either sex weighing 20-25 g 
were housed in cages containing 4-5 animals, 
given food and water ad libitum and kept for 
2 hr a t  25 or 37’ before the intravenous 
injection of endotoxin and held at the same 
temperature for the duration of the experi- 
ment. At various times after injection the 
animals were anesthetized with ether, decapi- 
tated and the blood was collected directly 




