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A 61-year-old female patient presented with the type III hyperlipoproteinemia (HLP) in association with generalized eruptive and tuberous xanthomas. She had hypercholesterolemia and hypertriglyceridemia, and extensive coronary atherosclerosis. Further studies revealed a positive standing plasma test, abnormal -very low density lipoprotein (VLDL) on lipoprotein electrophoresis,
markedly elevated very low density lipoprotein-cholesterol (VLDL-C) to plasma triglycerides (TG)
ratio (0.86) and homozygosity for apolipoprotein E2. After about one year of therapy with lipid-lowering agents and diet restriction, a significant reduction of serum cholesterol and TG was observed
and the yellowish orange discolorations of palmar creases disappeared from her palms. (Korean J
Clin Pathol 2001; 21: 269-73)
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INTRODUCTION

receptors[3, 4]. Over 90% of patients with type III HLP are
found to have the apoE2/E2 phenotype. On the other hand,

Type III hyperlipoproteinemia (HLP) is a genetic disorder

only 5% of apoE2/E2 individuals in the general population

of lipid metabolism that predisposes affected subjects to the

will develop type III HLP. Thus, another independent mech-

premature development of atherosclerosis. The disorder is char-

anism resulting in hyperlipoproteinemia has been proposed to

acterized by elevated plasma cholesterol and TG, usually of

be necessary for the phenotypical expression of type III HLP

approximately equal levels and usually ≥300 mg/dL[1, 2].

in addition to apoE2 homozygosity[2, 5, 6-8]. Here, we des-

The primary molecular defect of type III HLP is the syn-

cribe a patient with type III HLP associated with general-

thesis of an abnormal isoform of apoE2, which differs from

ized eruptive and tuberous xanthomas.

the most common isoform of apoE (apoE3) by a single amino
acid substitution (cysteine for arginine at residue 158) and
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it has the lowest affinity for low density lipoprotein (LDL)
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sity Hospital with generalized tuberous xanthomas and hyperlipidemia. She was 157-cm tall and weighed 66 kg. She was

우 561-712 전북 전주시 덕진구 금암동 634-18
전북대학교병원 임상병리과
전화: 063-250-1793, Fax: 063-250-1200
E-mail : dskim@moak.chonbuk.ac.kr

obese with a body mass index (weight in kilograms divided
by height in meters squared) of 26.8. She exhibited exten269
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sive eruptive and tuberous xanthomas over the knees, ankles,

did not smoke, nor drink alcohol habitually. Her parents had

soles of the feet, toes, elbows, wrists, and fingers, etc. for

passed away already. Her 69-year-old brother had been suf-

about 20 years (Fig. 1). In addition, yellowish orange dis-

fering from chronic renal failure and diabetes over about 15

coloration were noted on her palmar creases. She had a his-

years. She had two sons and three daughters. Among them,

tory of chronic stable angina with occasional chest pain.

none had a history of xanthomas or hyperlipidemia, cardio-

Otherwise, she has been well. Her electrocardiogram showed

vascular, neurological, or psychiatric diseases. The lipid profile

a ST segment depression in leads V1-6, II, and AVF. The

of this patient at the initial examination was total cholesterol

coronary angiogram revealed the triple vessel disease with

(TC) 1020 mg/dL, TG 1146 mg/dL, low-density lipopro-

diffuse total occlusions or tubular narrowing (>50%) of major

tein-cholesterol (LDL-C) 171 mg/dL, and high density

coronary arteries. Systolic and diastolic blood pressure was

lipoprotein-cholesterol (HDL-C) 42 mg/dL. The standing

normal. Other physical findings were not remarkable. She

plasma test after 24 hours incubation at 4℃ showed a posi-
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Fig. 1. Extensive tuberous xanthomas were observed over the
patient's knees, ankles, soles of the feet, wrists, and fingers, etc.
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Fig. 2. In the standing plasma test, the patient's plasma remains
turbid after standing overnight at 4℃.
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Fig. 3. Lipoprotein electrophoresis of VLDL (lane 2) and plasma
(lane 3) of the patient showed a broad -band. lane 1, controls
plasma.
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Fig. 4. ApoE genotyping by PCR-ARMS technique. The patient's
apoE genotype was apo 2/ 2 (arrow). For comparison, agarose
gel electrophoresis of apoE genotypes 3/ 4 and 3/ 3 is
shown from subjects not related to the patient.
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Fig. 5. Palmar lesions before treatment (A) and after about one year of treatment with lipid-lowering agents and diet restriction (B).

tive result of turbid plasma (Fig. 2). The serum VLDL-C

gous for apoE2. The capacity of this apoE2 to bind to the

to TG ratio was highly elevated at 0.86 (normal ratio, about

LDL receptors in-vitro is estimated to be less than 2% when

0.20). The patient exhibited abnormal broad -band on lipo-

the capacity of apoE3, the most common wild apoE pheno-

protein electrophoresis of plasma and VLDL (Fig. 3). ApoE

type, is regarded as 100%. Therefore, particles containing

genotyping by PCR-ARMS (amplification refractory muta-

apoE2 are difficult for the relevant receptors to process. As

tion system) technique as previously described by Kim, et al.

a result, chylomicron and VLDL remnants, known collective-

[9] showed 2/ 2 homozygote (Fig. 4). The DNA sequenc-

ly as

ing analysis using cloning of PCR products of apoE gene

lipidemia[1, 13-15]. Indeed, more than 90% of all type III

(exon 3 and 4) also showed

-VLDL, accumulate in the blood, producing hyper-

2/ 2 homozygote and there

HLP patients are homozygous for apoE2[16, 17]. However,

were no differences or mutations from the published apoE

although the receptor binding-defective form of apoE2 is the

cDNA sequence[10] in the third and the fourth exons of the

common denominator in this disorder, a number of apparent

patient's apoE gene (data not shown). After about one year

paradoxes concerning its pathogenesis still exist suggesting

of HMG CoA reductase inhibitor therapy and dietary control,

additional genetic or environmental factors required for the

the TC (269 mg/dL) level of serum and TG (281 mg/dL)

expression of type III HLP because only 2 to 5% of apoE2

decreased markedly and the yellowish orange discoloration

homozygotes develop this type of hyperlipoproteinemia[2].

of the palmar creases disappeared (Fig. 5). The xanthomas
had regressed slightly and softened.

A dominant predisposition to the disease is shown in some
of the rare apoE mutants[18]. The rare apoE variants associated with the dominant type III HLP result from single
amino acid substitutions (Arg136→Ser/Cys; Arg142→Cys/

DISCUSSION

Leu; Arg145→Cys; Lys146→Gln/Glu; Lys146→Asn; Arg147
→Trp) or from the insertion of a tandem repeat of amino

We described a patient with type III HLP associated with

acids 121-127 (apoE-Leiden)[2]. So, in order to identify the

generalized eruptive and tuberous xanthomas. The diagnosis

responsible mutation, we have sequenced the third and the

of the type III HLP was made according to the standard

fourth exon of the apoE gene. But there were no deviations

criteria[5, 11, 12], i.e., typical xanthomas, homozygosity for

from the“wild-type" sequences in the third and the fourth

apoE2 in combination with cholesterol and/or TG elevation,

exon of the published apoE cDNA sequence[10]. Her 69-

-VLDL on agarose electrophoresis, and an elevated VLDL-

year-old brother with a history of diabetes also revealed hy-

C to plasma TG ratio (>0.3; normal ratio about 0.2). As

perlipidemia (TC 233 mg/dL, TG 242 mg/dL), apoE2

described above, this patient collectively fulfilled the above

homozygosity, and a

criteria for diagnosis of type III HLP.

Of her two sons and three daughters, only one daughter

More than 90% of all type III HLP patients are homozy-

-VLDL on lipoprotein electrophoresis.

(35-year-old) revealed apoE2 homozygosity, but not type III
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HLP. Therefore, more additional studies in this family will

ing role in cell biology. Science 1988; 240: 622-30.

be required to understand the additional genetic, hormonal,

2. Mahley RW, Huang Y, Rall SC Jr. Pathogenesis of type III hyper-

or environmental factors, such as obesity, hypothyroidism,

lipoproteinemia (dysbetalipoproteinemia). Questions, quandaries, and

estrogen status, or diabetes for the phenotypical expression
of type III HLP in apoE2 homozygotes.
Several studies reported that the most striking clinical

paradoxes. J Lipid Res 1999; 40: 1933-49.
3. Rall SC Jr, Weisgraber KH, Mahley RW. Human apolipoprotein E.
The complete amino acid sequence. J Biol Chem 1982; 257: 4171-8.

characteristics of the type III HLP patients were xanthomas

4. Weisgraber KH, Rall SC Jr, Mahley RW. Human E apoprotein hetero-

(about 42% of cases) and coronary artery disease (about

geneity. Cysteine-arginine interchanges in the amino acid sequence of the

33% of cases)[5, 19]. These characteristic dermatological

apo-E isoforms. J Biol Chem 1981; 256: 9077-83.

features are a typical clinical finding and pathognomonic for

5. Brewer HB Jr, Zech LA, Gregg RE, Schwartz D, Schaefer EJ. NIH

type III HLP. This patient also had generalized, eruptive and

conference. Type III hyperlipoproteinemia: diagnosis, molecular defects,

tuberous xanthomas, palmar xanthomas, called xanthochromia striatum palmaris and extensive coronary atherosclerosis.

pathology, and treatment. Ann Intern Med 1983; 98: 623-40.
6. Hazzard WR, Warnick GR, Utermann G, Albers JJ. Genetic trans-

The primary form of type III HLP is usually highly respon-

mission of isoapolipoprotein E phenotypes in a large kindred: relationship

sive to therapy. In most cases dietary interventions alone or

to dysbetalipoproteinemia and hyperlipidemia. Metabolism: Clinical &

in combination with treatment of a preexisting metabolic
derangement normalize the lipid levels[5]. This patient also

Experimental. 1981; 30: 79-88.
7. Utermann G, Vogelberg KH, Steinmetz A, Schoenborn W, Pruin N,

showed a significant reduction of serum cholesterol and TG

Jaeschke M, et al. Polymorphism of apolipoprotein E. II. Genetics of

levels with the disappearance of palmar xanthomas after

hyperlipoproteinemia type III. Clin Genet 1979; 15: 37-62.

about one year of therapy with lipid-lowering agents (HMG
CoA reductase inhibitors) and diet restriction.

8. Utermann G. Apolipoprotein E polymorphism in health and disease. Am
Heart J. 1987; 113: 433-40.

Early and definitive diagnosis of type III HLP seems to

9. Kim DS, Lee HS, Choi SI, Suh SP. Modified and improved amplifica-

be important because of an increased risk of accelerated or

tion refractory mutation system polymerase chain reaction method for

premature atherosclerosis. In addition, because of the familial

apolipoprotein E genotyping. Korean J Clin Pathol 2000; 20: 150-6.

nature of the disease, family members of the affected sub-

10. Paik YK, Chang DJ, Reardon CA, Davies GE, Mahley RW, Taylor

jects should be screened for hyperlipidemia and apoE pheno-

JM. Nucleotide sequence and structure of the human apolipoprotein E

type or genotype.

gene. Proc Natl Acad Sci USA. 1985; 82: 3445-9.
11. Fredrickson DS, Morganroth J, Levy RI. Type III hyperlipoproteinemia: an analysis of two contemporary definitions. Ann Intern Med. 1975;

요 약

82: 150-7.
12. Morganroth J, Levy RI, Fredrickson DS. The biochemical, clinical, and

저자들은 61세 여자환자에서 전신적으로 발생한 발진성, 결절
성 황색종을 동반한 제 3형 고지단백혈증을 경험하였기에 보고하

genetic features of type III hyperlipoproteinemia. Ann Intern Med. 1975;
82: 158-74.

는 바이다. 환자는 고지혈증, 결절성 황색종 및 관상동맥질환을

13. Eto M, Watanabe K, Ishii K. Reciprocal effects of apolipoprotein E alle-

가졌으며, 추가검사상 standing plasma test 양성, 혈장 지단백

les (epsilon 2 and epsilon 4) on plasma lipid levels in normolipidemic sub-

전기영동검사상 비정상적

-VLDL, VLDL-cholesterol/혈장

jects. Clin Genet. 1986; 29: 477-84.

triglyceride비의 현저한 증가(0.86) 및 아포지단백 2/ 2 유전자

14. Sing CF and Davignon J. Role of the apolipoprotein E polymorphism in

형 등의 전형적인 제 3형 고지단백혈증의 검사소견을 나타냈다.

determining normal plasma lipid and lipoprotein variation. Am J Hum

환자는 약 1년간의 약물 및 식이요법후 처음 내원전보다 혈중 콜

Genet. 1985; 37: 268-85.

레스테롤 및 중성지방의 현저한 감소소견을 보였으며 손바닥의
선상황색종은 현저하게 사라졌다.

15. Rall SC Jr, Weisgraber KH, Innerarity TL, Bersot TP, Mahley RW,
Blum CB. Identification of a new structural variant of human apolipoprotein E, E2 (Lys146 leads to Gln), in a type III hyperlipoproteinemic subject with the E3/2 phenotype. J Clin Invest. 1983; 72: 1288-97.
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