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SUMMARY: Normotriglyceridemic abetalipoproteinemia is a rare familial disorder charac- 
terized by an isolated deficiency of apoB-100, We have previously reported a patient with 
this disease, who had normal apoB-48 but no apoB-100. To elucidate the genetic abnormal- 
ities in this family, we studied the linkage of apoB gene using three genetic markers. The 
proband and her affected brother showed completely different apoB gene alleles, suggest- 
ing that the apoB gene itself is not related to this disorder in this family. By contrast, 
an American case had a point substitution in the apoB gene generating an in-frame stop 
codon. These results indicate that this disorder can be caused by defect(s) of either an 
apon gene or other genes. © 1992 Academic Press, Inc. 

Genetic deficiency disorders of apoBs are divided into two types. One is a complete 

deficiency of apoBs in which patients lack both apoB-100 and apoB-48 in their p lasma( l ) .  

The other is normotriglyceridemic ABL, characterized by an isolated apoB-100 deficiency 

(2). Patients with the latter lack plasma LDL, but chylomicrons are present in plasma 

after feeding fat. What distinguishes this disorder from previously recognized forms 

of ABL is the presence of apoB-48, which indicates the ability to absorb fat and to form 

chylomicrons. The pathogenesis of normotriglyceridemic ABL is of particular interest because 

both apoB-100 and apoB-48 are generated from a single gene on chromosome 2 by a unique 
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ABBREVIATIONS: 
ABL, abetalipoproteinemia; apoB, apoBs, apoB-100, and apoB-48, apolipoprotein B, Bs, 
B-100, and B-48, respectively; LDL, low density lipoprotein; PCR, polymerase chain reaction; 
RFLP, restriction fragment length polymorphism; SDS-PAGE, sodium dodecyl sulfate poly- 
acrylamide gel electrophoresis; VNTR, variable number of tandem repeats. 
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mechanism, i. e., RNA editing at codon 2153 of apoB mRNA(3-6). This mechanism is specific 

to apoB mRNA and implies a particular molecular biological significance. So far three 

cases with this rare disorder have been reported. The first patient was reported by Malloy 

et al. in 1981 (2), and they demonstrated later that the patient had a single base substitu- 

tion on codon 2252 in the apoB gene which gives rise to an in-frame stop codon (7). The 

second patient with normotriglyceridemic ABL was found in Japan by us (8). Recently her 

sibling was born and he showed a lack of plasma apoB-100 as well as his sister. This is 

the first sibling case of this rare disorder and this family enables us to perform a genetic 

linkage study, which leads us to a different conclusion from that of the first reported case 

(7). We report here that the two sibling patients have an apparently different apoB gene 

allele, suggesting that this disorder in our patients is caused by a gene or genes other than 

the apoB gene. 

MATERIALS AND METHODS 

Materials : The Y family, which is described in the present article, consists of five mem- 
bers. Father, mother and their son T.Y., enjoy good health. The parents are not of con- 
sanguineous marriage. T.Y.'s sister, Y.Y., born in 1981, is the case we reported earlier (8). 
Another patient, K.Y., is her brother born in 1984, and was referred because of extreme 
malnutrition up to the age of one month. He was examined at Meijo Hospital as was his 
sister. Fasting peripheral venous blood samples from each family member were collected, 
and immediately centrifuged and separated into plasma and blood cells. Plasma samples 
were subjected to immunoblot analysis, and blood cell samples were used to extract DNA 
as described below. 
Immunoblotting of apoB : Monoclonal antibodies against apoB were generated by a fusion 
of mouse spleen cells immunized with normal human LDL and a mouse myeloma cell line 
NS-1 (9). Hybridomas were screened by enzyme immunoassay and immunoblotting. The 
monoclonal antibodies anti-apoB-1, which recognizes only apoB-100 but not apoB-48, and 
anti-apoB-2, which recognizes both apoB-10O and apoB-48, were isolated from culture medium 
by an Affigel Protein A affinity column with a MAPS buffer set (Bio-Rad). The patient's 
lipoprotein fraction of d%1.063 was delipidated, electrophoresed on a 3-10%0 gradient SDS- 
PAGE (10), electroblotted onto cellulose nitrate, and subjected to immunological detection 
using these monoclonal antibodies and peroxidase conjugated rabbit anti-mouse IgG (11). 
DNA isolation, digestion, and Southern blotting : Genomic DNA was extracted from 
peripheral white blood cells as described previously (12). The DNA was digested by the 
restriction enzyme XbaI, and was separated by electrophoresis on 0.7°/5 agarose gel and 
transferred to a membrane filter by Southern blotting (13). The DNA probe used was 
pHBC2-1, which was prepared as described elsewhere (14). They were labeled with Ea-~P? 
dCTP using a Random Primed DNA Labeling Kit (Boehringer Mannheim) according to the 
manufacturer 's  instructions, hybridized onto the membrane filters, and were autoradio- 
grained after washing. 
Amplification of DNA : We performed amplification of the 5' end signal peptide region of 
the apoB gene using a modification of the method originally described by Boerwinkle and 
Chan (15). The "Del" allele lacks 9 basepairs encoding amino acids -16  to -14 (Leu-Ala- 
Leu) of the apoB signal peptide, while the "Ins" allele does not. This difference is seen 
as a polymorphism by amplification of the regions flanking this portion. Two PCR 
primers were synthesized by DNA synthesizer (Applied Biosystems) : 5'-CAGCTGGCGATG 
GACCCGCCGA-3' and 5'-TTCGGCCCTGGCGCCCGCCAGCA-3'. The reaction was performed 
at 97°C for 30 seconds, and 75°C for 2 minutes, and repeated for 35 cycles. Amplified 
DNA was electrophoresed on 10~ polyacrylamide gel, and was visualized by ethidium 
bromide stain. Amplification of the 3' VNTR of the apoB gene was performed by the 
method described by Boerwinkle et al (16). Primers for amplification were synthesized as 
described above : 5'-ATGGAAACGGAGAAATTATG-3' and 5'-CCTTCTCACTTGGCAAATAC- 
3'. The reaction was performed at 95°C for 1 minute, 56°C for 1 minute, gradually heated 
to 72°C over 3 minutes, and 72°C for 2 minutes, and repeated for 30 cycles. Amplified 
DNA was electrophoresed on 5 ~  polyacrylamide gel, and was visualized as described 
above. 
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RESULTS AND DISCUSSION 

ABL is divided into two types; deficiency of both apoB-100 and apoB-48 (classical  

ABL), and isolated apoB-100 deficiency with intact  apoB-48 in p lasma (normotr iglycer idemic 

ABL) (2,17).  In studies on classical ABL, several repor t s  have concluded that  this 

d isorder  is not  caused by a defect in the apoB gene itself but arises post - t ransla t ional ly .  

This conclusion is based on linkage analyses  (18,19) a n d / o r  immunohis tochemical  examina-  

tions (20,21). On the o ther  hand, some invest igators  have repor ted  that  in pat ients  with 

classical  ABL, apoB was not found in the intestine (22,23). The reason  for this discrepan- 

cy is not  known. At present  there are  three repor ted  cases described as normotr ig lycer i -  

demic ABL (2,8,24), but the molecular  defect of this d isorder  has  not  been well investigated. 

Recently a point  subst i tut ion producing an in-f rame stop codon at  the 2252nd amino acid 

(nucleotide 6963) was repor ted  by Hardman  et al. (7), in a case that  Malloy et al. docu- 

mented first  as  "normotr iglycer idemic abeta l ipoprote inemia"  (2). 

In the family described in the present  report ,  two siblings were diagnosed as nor-  

motr ig lycer idemic ABL on the bases of clinical features,  l ipoprotein determinat ion (8), and 

immunological  charac ter iza t ion  of the pat ients '  apoB. As shown in Fig. l ,  d~1 .063  lipo- 

protein of patient  Y.Y. (lane 2) contain normal  sized apoB-48 but lack apoB-100, in spite 

of the fact  that  her  parents  have both the apoB-48 and apoB-100 (lane 1). Another  patient,  

K.Y., shows the same abnormali t ies ,  but an unaffected sibling, T.Y., is free f rom the de- 
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Fig.l, SDS-PAGE and immunoblotting analysis of patient's apoB. Lipoproteins of d (1.063 
from the father (lanes 1,3,5) and the patient Y.Y. (lanes 2,4,6) were delipidated and applied 
to SDS-PAGE (3-10% acrylamide gradient) gel (10). The apolipoproteins were electroblotted 
onto cellulose nitrate and were subjected to immunological detection using a monoclonal 
antibody which recognizes only apoB-100 (lanes 3 and 4) or another monoclonal antibody 
which recognizes both apoB~100 and apoB-48 (lanes 5 and 6). 

Fig.2. Polymorphic studies of the apoB gene in the Y family. The genomic DNAs were 
subjected to endonuclease digestion or to amplification by PCR. Lanes are of the father 
(F), the mother (M), the unaffected sibling" T.Y. (T), the patient Y.Y. (Y), and the other 
patient K.Y. (K). (A): XbaI RFLP. X1 and X2 genotypes correspond to 8.6 and 5.0 kilobases 
fragments, respectively (25). Y.Y. had an X1X2 genotype, while K.Y. had an X1X1 geno- 
type. (]3) : Polymorphism of the apoB gene signal peptide region. Y.Y. had a De l / I n s  
genotype and K.Y. had an Ins / In s  genotype. (C) : Polymorphism of the 3' VNTR region. 
R35 and R37 correspond to DNA containing 35 and 37 tandem repeats, respectively (16). 
Y.Y. showed an R37/R35 genotype and K.Y. had an R3S/R35 genotype. 
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Fig.3. The structure of the apoB gene and the polymorphic sites examined Jn this study. 
The apoB gene consists of 29 exons (indicated as vertical bars and squares). Three 
polymorphic sites used in this study are shown. The apoB-48 RNA editing codon and 
the polyadenylation signal are also indicated. 

fect (data not shown). Monoelonal antibody anti-apoB-1 recognized the father's apoB-100 

(lane 3) but did not bind to the patient's apoB-100 (lane 4). Another monoclonal antibody, 

anti-apoB-2, recognized the father's apoB-100 and apoB-48 (lane 5) and also recognized 

patient Y.Y.'s apoB-48 (lane 6). These results indicate that the patients' apoB has the 

same apparent molecular weight and antigenic epitopes as normal apoB-48. 

The present linkage study reveals that there is no linkage between the apoB gene and 

the occurrence of normotriglyeeridemic ABL in this Japanese family. We utilized the re- 

striction fragment length polymorphism (RFLP) by XbaI. Fig.2 (A) shows the sizes of 

the fragments of the apoB gene produced by digestion with XbaI in the family members. 

The father had only a 8.6 kilobases fragment, indicating an X1X1 genotype, according to 

the terminology of Hegele et al (25). The mother had both 8.6 and 5.0 kilobase fragments, 

indicating an X1X2 genotype. Patient Y.Y. showed a X1X2 genotype, while the other patient, 

K.Y., showed a XlXl genotype. We also examined two other polymorphic sites of the 

apoB gene. In the signal peptide coding region which is located in the upstream domain 

of the apoB gene, patient Y.Y. showed an I n s / D e l  genotype, while another_affected sibling 

K.Y. showed a homozygous pattern for the Ins allele (Fig.2 (B)) .  In the polymorphic 

study of the 3' VNTR region which is located at the most downstream portion of the apoB 

gene, as shown in Fig.2 (C), patient Y.Y. has the R37 allele from her mother and R35 from 

her father, while patient K.Y. shows a R35/R35 genotype. Taken together, in all of these 

three polymorphic studies, the two affected siblings showed different combinations of the 

inherited apoB gene. As shown in Fig.3, the distance between the signal peptide polymor- 

phic site and the XbaI polymorphie site is less than 36 kilobases, and that between the 

Xbal polymorphic site and the 3' VNTR region is about only 6 kitobases. The occurrence 

of genetic recombinations between these marker positions is highly unlikely, based on the 

frequency of the genetic recombination in human beings (26). 

Deduced from these results, we can summarize the apoB gene haplotypes of the family 

members in the pedigree tree as shown in Fig.4. The two affected siblings, Y.Y. and K.Y., 

have inherited at least one different allele of the apoB gene from their mother; the alleles 

designated IV and III, respectively. This result indicates that the occurrence of an isolated 
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Xl R35 I n s ( I )  
X1 R35 Ins ( I I )  
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( ~  Xl R35 Ins ([I]) 

X2 R37 Del (iv) 

T,Y. 

X2 R37 Del (Iv) 
X1 R35 Ins (IorII) 

Y.Y. K.Y. 

X2 R37 Del (IV) X1 R35 Ins (Ill) 
Xl R35 Ins (IorH) X1 R35 Ins(IorII) 

Fig.4, The haplotype analysis of the apoB gene among the members of the Y family. 
Genotypes of the apoB gene were studied by the combination of XbaI RFLP, polymor- 
phism of the 3' VNTR region and polymorphism of the signal peptide. The father had 
only an XlffR35/Ins haplotype (I  or]]). Among the siblings, the X2 allele was always as- 
sociated with alleles R37 and Det, indicating that the mother had an X1 /R35 / In s  hap- 
lotype (llI} and an X2/R37/Del haplotype (IV). Square : male, Circle : female. The 
solid square and circle indicate the patients. 

apoB-100 deficiency in this kindred is not linked to the apoB gene, i.e., the molecular cause 

of this disorder is not due to an apoB gene mutation. 

With regard to patients who have a normal apoB gene, the possible mechanism of 

the apoB-100 deficiency could be defects in transcription, RNA processing, or translational 

a n d / o r  posttranslational processing. We failed to find evidence of any other protein 

deficiency in the Y family, suggesting that the general capacity for protein secretion from 

the liver is intact in this family. We detected a small amount of apoB-100-1ike protein in 

these patients' plasma in the very early period of their lives, but it disappeared completely 

after they were one year old (8) .  Genetic switching mechanisms in apoB synthesis 

have been reported in experimental animals (27) and in human beings (28), and another 

possible explanation could be defects in mechanisms of this sort. Further studies concern- 

ing the genetic defect in this family should provide us with important insights into under- 

standing the mechanism of apoB synthesis. 

ACKNOWLEDGMENT 

This research was supported by a grant  from Japan Health Sciences Foundation. 

REFERENCES 

1. Bassen,F.A. and Kornzweig,A.L. (1950) Blood 5, 381-387. 
2. Malloy,M.J., Kane,J.P., Hardman,D.A., Hamilton,R.L. and Dalal,K.B. (1981) J.Clin. 

Invest. 67, 1441-1450. 
3. Hospattankar,A.V., Higuchi,K., Law,S.W., MegIin,N. and Brewer,H.B.,Jr. (1987) 

Biochem.Biophys.Res.Commun. 148, 279-285. 
4. Chen,S.H., Habib,G., Yang,C.Y., Gu,Z.W., Lee,B.R., Weng,S.A., Silberman,S.R., Cai,S.J., 

Deslypere,J.P.,_Rosseneu,M., Gotto,A.M.,Jr., Li,W.H. and Chan,L. (1987) Science 238, 
363-366. 

5. Powell,L.M., Wallis,S.C., Pease,R.J., Edwards,Y.H., Knott,T.J. and Scott,J. (1987) Cell 
50, 831-840. 

6. Higuchi,K., Hospattankar,A~V., Law,S.W., Meglin,N., Cortright,J. and Brewer,H.B.,Jr. 
(1988) Proc.Natl.Acad.Sci.USA. 85, 1772-1776. 

7. Hardman,D.A., Pullinger,C.R., Kane,J.P. and Malloy,M.J. (1989) Circulation 80, Suppl. 
II-466, 1853, (Abstr.) 

103 



Vol. 182, No. 1, 1992 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

8. Takashima,Y., Kodama,T., Iida,H., Kawamura,M., Aburatani,H., Itakura,H., Akanuma, 
Y., Takaku,F. and Kawada,M. (1985) Pediatrics 75, 541-546. 

9. Kodama,T., Ohnishi,S., Aburatani,H., Itakura,H., Akanuma,Y. and Takaku,F. (1984) 
Arteriosclerosis 4, 521a. (Abstr.) 

10. Aburatani,H., Kodama,T., Ikai,A., Itakura,H., Akanurna,Y. and Takaku,F. (1983) 
J.Biochem. 94, 1241-1245. 

11. Towbin,H., Staehelin,T. and Gordon,J. (1979) Proc.Natl.Acad.Sci.USA. 76, 4350-4354. 
12. Kunkel,L.M., Smith,K.D., Boyer,S.H., Borgaonkar,D.S., Wachtel,S.S., Miller,O.J., Breg, 

W.R., Jones,H.W.,Jr. and Rary,J.M. (1977) Proc.Natl.Acad.Sci.USA. 74, 1245-1249. 
13. Southern,E.M. (1975) J.Mol.Biol. 98, 503-517. 
14. Aburatani,H., Matsumoto,A., Itoh,H., Yamada,N,. Murase,T., Takaku,F. and Itakura,H. 

(1988) Atherosclerosis 72, 71-76. 
15. Boerwinkle,E. and Chan,L. (1989) Nucleic Acids Res. 17, 4003. 
16. Boerwinkle,E., Xiong,W., Fourest,E. and Chan,L. (1989) Proc.Natl.Acad.Sci.USA. 86, 

212-216. 
17. Kane,J.P. and Havel,R.J. (1989) In The Metabolic Basis of Inherited Disease, sixth ed. 

(C.R.Scriver, A.L.Beaudet, W.S.Sly, and D.Valle Eds.), Vol.I, p.1153, McGraw-Hill, 
New York. 

18. Talmud,P.J., Lloyd,J.K., Muller,D.P.R., Collins,D.R., Scott,J. and Humphries,S. (1988) 
J.Clin.Invest. 82, 1803-1806. 

19. Huang,L.S., Jaenne,P.A., de Graaf,J., Cooper,M., Decklebaurn,R.J., Kayden,H. and 
Breslow,J.L. (1990) Am.J.Hum.Genet. 46, 1141-1148. 

20. Lackner,K.J., Monge,J.C., Gregg,R.E., Hoeg,J.M., Triche,T.J., Law,S.W. and Brewer,H.B., 
Jr. (1986) J.Clin.Invest. 78, 1707-1712. 

21. Bouma,M.E., Beucler,I., Pessah,M., Heinzrnann,C., Lusis,A.J., Naim,H.Y., Ducastelle,T., 
Leluyer,B., Schmitz,J., Infante,R. and Aggerbeck,L.P. (1990) J.Lipid ges. 31, 1-15. 

22. Glickman,R.M., Green,P.H.R., F.R.A.C.P., Less,R.S., Lux,S.E. and Kilgore,B.S.A. (1979) 
Gastroenterology 76, 288-292. 

23. Levy,E., Marcel,Y.L., Milne,R.W., Grey,V.L. and Roy,C.C. (1987) Gastroenterology 93, 
1119-1126. 

24. Herbert,P.N., Hyams,J.S., Bernier,D.N., Berman,M.M., Saretelli,A.L., Lynch,K.M., 
Nichols,AN. and Forte,T.M. (1985) J.Clin.Invest. 76, 403-412. 

25. Hegele,R.A., Haung,L.S. Herbert,P.N., Blum,C.B., Buring,J.E., Hennekens,C.H. and 
Breslow,J.L. (1986) N.Engl.J.Med. 315, 1509-1515. 

26. Botstein,D., White,R.L., Skolnick,M. and Davis,R.W. (1980) Am.J.Hum.Genet. 32, 314-331. 
27. Davidson,N.O., Powell,L.M., Wallis,S.C. and Scott,J. (1988) J.Biol.Chem. 263, 13482-13485. 
28. Davidson,N.O., Teng,B. and Verp,M. (1990) Clin.Res. 38, 444A (Abstr.) 

104 


