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Serum lipoproteins are physiological components of the blood and are divided 
into three m ajor classes on the basis of lipid content, specific density and concen
tration. H um an serum  lipoproteins are distributed among the very low density 
lipoproteins (VLDL, d 0.94- 1.007 g/ml), the low density lipoproteins (beta-lipopro
teins, LDL, d 1.007-1.063 g/m l), and the high density lipoproteins (alpha-lipopro
teins, HDL, d 1.063-1.21 g/m l). This division is generally used for lipoprotein clas
sification of o ther animals, although the boundary may differ from  species to 
species. The best established function of lipoproteins is the transport of biological
ly im portant components such as tryglicerides, phospholipids, cholesterol and fat 
soluble vitam ins. Additional functions ascribed to lipoproteins are  as yet poorly 
understood and require fu rther investigations.

Prior to 1953 there was only sporadic interest in lipoprotein studies. The sug
gestion by Gofman that lipoproteins play a significant role in atherosclerosis has 
stim ulated research into the nature of lipoproteins, although m uch m ore inform a
tion is needed. Numerous studies on hum an lipoproteins have provided extensive 
inform ation on the lipid composition, physical classification, heterogeneity and 
abnorm al distributions in serum, less on metabolism and physiological functions, 
and the least inform ation on synthesis, specific function of each class, apolipo- 
protein structure  and genetic control (4, 14, 15).

The lipoprotein molecule is considered to be very complex, being composed 
of a protein moeity called apolipoprotein, carbohydrates and various lipids. When 
considering studies of lipoprotein bio-synthesis, metabolism and specific functions, 
it is necessary to establish first the structural form of these molecules and their 
genetic control. A likely explanation is that genetically specified amino acid
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sequences of the apolipoproteins determine the lipid binding properties and the 
secondary lipoprotein structure.

The LDL class is the m ost abundant of the lipoprotein fractions in blood (52 % 
of the total). I t  is estim ated tha t this class is a chief carrier of cholesterol (85 %) 
and is selectively bound to the arterial intim a and medial components, accum ulat
ing cholesterol w ith it (16). A main obstacle in structu ral studies of the polypeptide 
moeities of LDL is the great difficulty in preparing a lipid free apolipoprotein in 
water-soluble form. Therefore, any m ethod which will lead to differentiation 
w ithin each class may contribute to a b e tter understanding of the vast hete
rogeneity of these molecules and additionally, their structural, functional and 
regulatory variations. Immunological methods have proved to  be a m ost powerful 
genetic tool in revealing differences and sim ilarities not only between species, but 
also between related individuals, particularly a t the m olecular level.

T he first report by Allison and B lumberg (1) indicated th a t hum an lipoproteins 
are immunogenic. Our prim ary objective was to investigate the antigenic poly
m orphism  of low density beta-lipoproteins (LDL) in swine, which m ight lead to 
prelim inary LDL classification based on immunological properties.

Whole serum  was used originally for injection to produce specific anti-lipo- 
protein alloimmune sera in swine and la ter purified lipoprotein fractions were 
introduced. Double immunodiffusion technique in agar was used to dem onstrate 
polymorphism and immunogenicity of lipoproteins. The first developed alloimmune 
precipitating serum  (5) detected two different antigens. The results of preparative 
ultracentrifugation, immunoelectrophoresis, paper electrophoresis and im muno
chemical analysis revealed that these antigens (designated Lpp-1 and Lpp-2) are 
m arkers of the low density beta-lipoproteins. The analysis of Lpp-1 and Lpp-2 
segregation among 1030 offspring obtained from  179 m atings led us to the fol
lowing hypothesis; 1) allotypes Lpp-1 and Lpp-2 are controlled by codominat allelic 
genes (Lpp' and Lpp2) leaving Lpp" as a tem porary designation for unknown 
alleles; 2) products of these genes are synthesized on separate LDL molecules; 
3) gene Lpp' carries inform ation for two specificities, one unique to one allotype 
and the other to both; 4) the frequencies of Lpp' and Lpp2 are characteristically 
different for the various breeds.

Three years later it was found that three additional allelic genes {Lpp2, Lpp4 
and Lpp6) also carry inform ation for the Lpp-2 specifity (7, 10, 11, 12) which 
according to present nomenclature (12) is called Lpp-15, leaving Lpp-2 as a 
designation for the unique product of gene Lpp2 (Table II).

Discovery of the third lipoprotein allotype (Lpp-3) was made when unexpected 
anti-lipoprotein antibodies were uncovered in an alloimmune serum in which 
only anti-gammaglobulin antibodies were anticipated (7). Low density lipoproteins 
or their components attached to the surface of untreated  erythrocytes stim ulated 
the anti-Lpp-3 precipitins. This would suggest that lipoproteins can make direct 
contact w ith erythrocytes during lipid exchange. The exchange of lipids between 
blood plasm a and erythrocytes is well documented (see N elson, pp. 317-386). 
Genetic studies showed that Lpp-3 (7, 13) is controlled by a single autosom al gene 
w ith complete penetrance at birth , and belongs to the same Lpp system as the 
Lpp-1 and Lpp-2 allotypes. Identification studies revealed that the Lpp-3 type 
shares sim ilar properties w ith Lpp-1 and Lpp-2.
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TABLE 1

LDL GENE FREQUENCIES IN DIFFERENT BREEDS AND GROUPS OF SWINE

GENE BREED ORIGIN FREQ. BREED ORIGIN FREQ.

L p p ' 1. H am pshire U. S. A. 0.208 1 3. Large White France 0.113
| 2. H am pshire Denm ark 0.205 1 4. Large White Sw itzerland 0.020

1. Y orkshire U. S.A. 0.175 11. H am pshire Denm ark 0.041
2. Y orkshire Denm ark 0.166 12. Landrace Austria 0.032
3. P ietrain Germany 0.145 13. Landrace Scotland 0.023
4. Large White Poland 0.124 14. Landrace Sw itzerland 0.022

L p p 2 5. Large White Scotland 0.117 15. Saddle Back Germany 0.020
6. Large White Sw itzerland 0.116 16. Belg. Landrace Germany 0.020
7. Large White Germany 0.111 17. Yorkshire Belgium 0.019
8. P ietrain Belgium 0.100 18. Landrace Germany 0.016
9. Landrace N etherlands 0.067 19. Landrace Belgium 0.008

10. Large White France 0.045 20. M iniature A ustria 0.005

1. Mexican Pigs U. S.A. 0.750 9. Landrace Belgium 0.033
2. Wild B oar Poland 0.666 10. Landrace Sw itzerland 0.025
3. Large White Poland 0.232 11. Landrace Scotland 0.023

L p p 1 4. Large White Scotland 0.215 12. Large White Sw itzerland 0.025
5. Landrace D enm ark 0.190 13. Landrace A ustria 0.019
6. Y orkshire Denm ark 0.166 14. H am pshire U.S.A. 0.009
7. Y orkshire Belgium 0.134 15. Landrace Germany 0.008
8. Belg. Landrace Germany 0.041 16. H am pshire Denm ark 0.006

1. H am pshire U. S.A. 0.133 7. Belg. Landrace Germany 0.041
2. Landrace Germany 0.084 8. H am pshire D enm ark 0.034

Lpp* 3. Landrace Sw itzerland 0.083 9. Sadie Back Germany 0.031
4. Landrace Belgium 0.050 10. Large White Sw itzerland 0.030
5. Large White France 0.045 11. M iniature Austria 0.010
6. Landrace Germany 0.042 12. Yorkshire USA 0.001

1. Chester W hite U. S.A. 1.000 17. Large White Germany 0.887
2. Duroc D enm ark 1.000 18. Landrace Sw itzerland 0.861
3. P ietrain France 1.000 19. Pietrain Germany 0.854
4. Poland China U. S.A. 1.000 20. Y orkshire Belgium 0.846
5. Welsh Scotland 1.000 21. Landrace D enm ark 0.809
6. Wessex Scotland 1.000 22. Large White Sw itzerland 0.803
7. M iniature Austria 0.984 23. Large White France 0.795

L p p 5 8. Landrace Scotland 0.953 24. H am pshire D enm ark 0.712
9. Landrace Austria 0.947 25. Yorkshire D enm ark 0.666

10. Saddle Back Germany 0.947 26. Large White Scotland 0.646
11. Landrace N etherland 0.931 27. H am pshire U. S.A. 0.647
12. Landrace Germany 0.914 28. Yorkshire U .S .A . 0.514
13. Landrace Belgium 0.906 29. Large White Poland 0.433
14. P ietrain Belgium 0.900 30. Wild Boar Poland 0.333
15. Belg. Landrace Germany 0.895 31. Mexican Pig U .S .A . 0.250
16. Landrace Germany 0.889

1. Large W hite Poland 0.209 4. Yorkshire U .S .A . 0.007
L p p 6 2. Large White Scotland 0.019 5. Large White Sw itzerland 0.005

3. Large White Germany 0.011
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Two new allotypes (Lpp-4 and Lpp-5) were identified in 1971 (9, 10). This 
discovery elim inated non-reactors in the Lpp system from  the group of serum 
samples derived from three breeds (Chester White, H am pshire and Poland China), 
however, the testing of some European breeds indicated the existance of an 
additional gene, which was confirmed later by the discovery of the Lpp-6 allo
type (11). Recent studies suggest that an additional gene or genes may be present 
in Yorkshires and some exotic pigs, and extensive testing of different breeds and 
groups of pigs will be required to reveal additional alleles in this system. M arked 
differences in distribution of allotypes in the Lpp system  delayed genetic studies, 
and some combinations have been obtained only through crossbreeding (Table 1).

Each of the serum samples tested (over 7500) gave positive reactions w ith only 
one or two of the six reagents, suggesting a closed genetic relationship between 
the allotypes studied. Completed immunogenetic and immunochemical analysis 
for the six Lpp allotypes (Lpp-1, -2, -3, -4, -5 and Lpp-6) have confirmed that these 
immunogens are low density beta-lipoprotein m arkers and are determ ined by 
six allelic or closely linked genes, which can result in 21 genotypes. Marked 
differences between unrelated, and sim ilarities between related swine in gene 
frequencies, were foundin most of th  31 breeds or groups of pigs tested (Table I) 
w ith the Lpp5 gene being present in all of them  at higher frequencies. With the 
exception of the breeds tested in the U. S. A., o ther groups were in sm aller num 
bers. High frequencies for gene Lpp5, in com parison to o ther genes, were found 
in all prim itive pigs and also in some breeds selected for lean meat. A significant 
diviation from  the expected 1:1 ratio was observed (7) in 412 pigs selected for 
the testing station, there being fewer individuals of Lpp3/5 genotype than  the 
Lpp2/5 combination.

The original alloimmune precipitating sera against six allotypes were selected 
from more than 30 immune sera. Each of these sera exhibited more than one 
specificity. In  every case it was possible to fractionate these sera by absorption 
w ith certain norm al sera. The immunogens present in the norm al sera used for 
fractionation showed partial serological and genetic relation w ith certain  of the 
six specificities, indicating that more than one gene carries inform ation for the 
same m arker (common specificity), and that each gene specifies more than one 
allotypic determ inant. Further immunogenetic studies conducted after completing 
the analysis on the six allelic genes included im m unizations of 76 selected homo
zygous and heterozygous recipients in the Lpp system w ith purified lipoproteins 
from selected animals and resulted in production of a large num ber of alloimmune 
precipitating sera.

The serological and genetic data from  analysis of the patterns of reaction 
obtained with these sera confirmed previous observations and revealed tha t each 
of the established allelic genes in the Lpp system carries inform ation for a very 
complex group of immunogens, in addition to its unique specificity. Furtherm ore, 
the first pair of mutually exclusive allotypic determ inants has been found and it 
is composed of the unique Lpp-5 m arker determ ined by the Lpp5 gene, and the 
common Lpp-15 immunogen specified by each of the rem aining five Lpp alleles. 
The second pair of mutually exclusive specificities Lpp-2 and Lpp-12 was esta
blished when homozygous animal of Lpp2/2 produced anti-Lpp-12.

Assuming that the Lpp-12 and Lpp-15 immunogens are substituted in the Lpp2 
and Lpp5 genes by information for the unique Lpp-2 and Lpp-5 m arkers respec-
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tively, presum ably the sim ilar alternative entities could be dem onstrated for the 
remaining alleles. This assum ption has been confirmed when homozygous animals 
of Lpp‘1', L p p and Lpp4/4 obtained from specific mating, were inoculated 
w ith appropriate immunogens. The absence of Lpp6 in our experimental herd 
tem porarily delays investigation of the Lpp-16 immunogen.

Five reagents; anti-Lpp-1, -2, -3, -12 and -15 were used to test 36 norm al hum an 
sera. All hum an sera gave positive reaction with the anti-Lpp-12. The reacting 
component appeared to be a low density lipoprotein. Absorption w ith 8 randomly 
selected hum an sera have removed reactivity from anti-Lpp-12 dem onstrating 
immunogenic relation of hum an LDL with swine.

Antigenic properties of the Ag system of hum an LDL have been found, as might 
be expected in the apolipoprotein moiety (2). Althoug our studies are incomplete, 
it is m ost likely that all allotypic specificities of the Lpp system in swine reside 
in protein components of LDL.

Tabla II.

IMMUNOGENETIC MODEL OF LOW DENSITY LIPOPROTEINS (LDL) IN SWINE

Lpp' 11 12 14 15

. 4Lpp 11 12 13
//////
/ / /  4// 
/ / / / / /

15 16

Lpp' 11 12 13 14 'vV/A 16

Lpp 11 12 13 14 15

^Predicted marker

Alloprecipitins against several serum lipoprotein antigens of unknown origin 
were discovered in the sera of adult pigs (6). Later it was dem onstrated that 
crystal violet swine fever v&ccine, which contains whole pig blood stimulates 
this alloprecipitin production. Twenty alloimmune sera produced against whole 
swine blood were examined recently for antibodies against lipoprotein antigens, 
and nine of them  gave precipitation reactions w hit some of the pig sera tested (8).
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J anado et. al (3) showed that swine lipoproteins resem ble m ajor classes of 
hum an lipoproteins and they were able to dem onstrate by differential flotation 
procedure tha t the LDL class has two clearly resolved components (LDL1, LDL2) 
which could be separated at solvent densities of 1.060 and 1.090. Incomplete 
investigations on the density distribution of the 11 allotypic specificities confirmed 
earlier observations (5) tha t the product of each gene occurs on separate molecules 
of the same density range for the same types of homozygotes, and m arkedly 
different densities for certain heterozygotes and between different types of certain 
homozygotes. The reactivity of preparative u ltracentrifugation fractions obtained 
from  lim ited num ber of animals, separated a t various densities, was used to 
define the boundary for allotypes of the Lpp system. None of the fractions w ith 
density lower than 1.027 g/m l and higher than 1.082 g/m l showed any traces of 
the immunogens. The highest concentration was observed between d 1.055-1.065 g/ 
ml. If the lipid binding ability resides in genetically determ ined structural dif
ferences of apolipoproteins, it is likely tha t in some heterozygous animals two 
populations of LDL, with m arked differences in density, can be observed.

The first low density beta-lipoprotein (LDL) classification in swine, based on 
immunological properties, is presented in Table II. The Lpp phenotypes of all 
swine tested show complete concordance w ith this scheme. Immunogenetic analy
sis of 5447 of 7548 animals tested for 11 of the 12 immunogens predicted in this 
model led us to the following hypothesis; each of the six genes specifies at least 
six m arkers, of which five common immunogens form  the basic Lpp structure 
and the remaining antigen expresses structural and functional differences between 
Lpp types; the allotypic specificities of each gene reflect the amino acid com
position of a (n)apolipoprotein structure and collectively the necessary structural 
basis for LDL function. Incomplete additional inform ation has been obtained 
indicating that the num ber of immunogenic entities presented in the table is not 
complete. I t  seems too early to speculate how structu ra l differences of low density 
beta-lipoproteins originated and evolved in swine or the o ther species studied.

These studies were supported by the Graduate School, University of Wisconsin, 
College of Agricultural and Life Sciences, University of Wisconsin, Madison and 
the National Pork Producers Association.

SUMMARY

Using the immunodiffusion technique a num ber of immunogenic specificities 
(allotypes) have been detected in swine plasm a by alloimmune precipitating sera 
produced against whole swine sera or purified liprotein fractions. The allotypes 
identified as lipoproteins in their nature are located on low density beta-lipo- 
protein (LDL) molecules. Results of immunochemical and genetic studies revealed 
that these m arkers are specified by six allelic or closely linked genes, which can 
result in 21 genotypes. Immunogenetic analysis led us to  the following hypothesis; 
each o fthe six allelic genes specificies at leats six m arkers of which five, called 
common m arkers, form a basic lipoprotein struc tu re  and the remaining antigen 
expresses structural and functional differences between lipoprotein types.
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ZUSAMMENFASSUNG

Zahlreiche immunogenische Spezifizitaten (Allotypen) wurden im Plasma des 
Schweins m it einer Gel-immunodiffusion technique aufgedeckt m it alloimmun 
prazipitations Seren, welche gegen ganze Schwein Seren oder gegen purifizierte 
Lipoprotein Fraktionen hergestellt wurde. Die Allotypen, identifiziert als Lipo- 
proteine sind m it niederiger Dicht Beta-lipoprotein (NDL) Molekiilen verbunden. 
Die Resultate der immunochemikalischen und Genetischen Studien enthiillten, 
dass diese M erkmaltypen spezifiziert sind von sechs Allelen oder nahe verbun- 
denen Genen, welche 21 Genotypen ergeben. Die immunogenetische Analyse ergab 
die folgende Hypothese: jedes von den sechs allelen Genen spezifiziert mindestens 
sechs M erkmaltypen von welchen fiinf (die gemeine M erkmaltypen genannt sind) 
die Grundlage zur lipoprotein S truk tur formen und das ubrige Antigen ist fur die 
strukturellen und funktionellen Verschiedenheiten zwischen den lipoprotein Typen 
verantwortlich.

SUMARIO

Mediante las tecnicas de inmunodifusion en gel, un num ero de especificidades 
inmunogenicas ha sido detectado en el plasma sanguineo de cerdo por sueros 
aloinmunes precipitables o fracciones purificadas de lipoproteina. De acuerdo 
con su naturaleza, los alotipos identificados como lipoproteinas se encuentran 
localizados en la zona de las moleculas de beta-lipoproteina de baja densidad 
(LBD). Los estudios inmunoquimicos y geneticos revelaron que estos m arcadores 
estan especificados por seis genes alelicos. Estrecham ente ligados, que pueden 
resu ltar en 21 genotipos. El analisis inmunogenetico nos llevo a form ular las 
siguientes hipotesis: cada uno de los seis genes alelicos especifica por lo menos 
seis m arcadores, cinco de los cuales, llamados marcadores comunes, form an una 
estructura basica de lipoproteina, y el antigeno restante expresa diferencias fun- 
cionales y estructurales entre los tipos de lipoproteina.
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