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ABSTRACT: Plasma lipid, lipoprotein levels and apolipoprotein apo E phenotypes were determined in 70 patients 
with myotonic dystrophy (MyD) and 81 controls. Marked differences were noticed in the apo E phenotype frequencies 
between the two groups. Plasma triglycerides and VLDL cholesterol were higher in MyD than controls, but only the 
latter was related to differences in the apo E phenotypes between two groups. Accordingly, the ratio of VLDL choles
terol/plasma triglycerides was increased significantly in MyD, suggesting accumulation of intermediary density parti
cles due to lower affinity of E2 containing lipoproteins for lipoprotein cell receptors. The LDL cholesterol concentra
tion was lower in MyD than controls and was related to differences in the apo E phenotype frequencies between the 
two groups. These results indicate increased removal of LDL particles in the apo E2 phenotypes, perhaps due to up-
regulation of LDL (B, E) receptor activity. Plasma cholesterol and HDL cholesterol concentrations were similar in both 
groups. Another feature of the study was lower levels of plasma cholesterol, triglycerides, VLDL and LDL cholesterol 
in the homozygous E4:E4 phenotype. These results suggest increased clearance rate of both VLDL and LDL particles 
and support the concept that apo E4-containing lipoproteins have higher in vivo affinity for ape E and/or B, E recep
tors. 

RESUME: Phenotypes de l'apolipoproteine E dans l'hypercholesterolemie associee a la diminution des niveaux 
de cholesterol-LDL dans la dystrophic myotonique Le dosage des lipides, des lipoproteines plasmatiques, de meme 
que les phenotypes de l'apolipoproteine E (apo E) ont ete effectues chez 70 patients souffrant de la dystrophic 
myotonique (DM) de meme que sur 81 sujets controles. Des differences significatives ont ete observees dans les 
frequences des phenotypes d'apo E entre les deux groupes. Les niveaux de triglycerides et cholesterol-VLDL plasma
tiques se sont averts plus eleves chez les patients DM, comparativement aux controles, alors que seulement le 
cholesterol-VLDL etait associe aux differences des les frequences de phenotypes d'apo E entre les deux groupes. 
Parallelement, le rapport cholesterol-VLDL/triglycerides plasmatiques etait significativement augment^ chez les 
patients DM, suggerant l'accumulation des lipoproteines de densite intermediaire. Ces resultats peuvent s'expliquer par 
la faible affinite de I'apo E2 pour les recepteurs cellulaires. Chez les DM, une diminution du cholesterol-LDL 6tait 
associee aux differences dans les frequences de phenotypes d'apo E entre les deux groupes. Ces resultats indiquent une 
augmentation de la clairance des LDL dans les phenotypes impliquant l'apo E2, phenomene decoulant de la "up regu
lation" de l'activite des recepteurs (B, E) des LDL. Les taux plasmatiques du cholesterol et du cholesterol-HDL 6taient 
semblables dans les deux groupes. Une autre observation de cette etude a ete la diminution des taux plasmatiques de 
cholesterol total, triglycerides et cholesterol des fractions VLDL et LDL chez les homozygotes d'apo E4 (E4:E4). Ces 
rdsultats indiquent une clairance accrue des VLDL et LDL et appuient l'hypothese d'une plus grande affinite in vivo 
pour les r6cepteurs de l'apo E et/ou les recepteurs B, E des LDL. 

Can. J. Neurol. Sci. 1989; 16: 129-133 

Recently, we described linkage between the loci for MyD proteins, E2, E3 and E4, respectively, and determine six differ-
and apolipoprotein E (apo E) in family studies.1 It is known that ent apo E phenotypes.2 Our linkage studies also revealed higher 
the structural gene locus for apo E exhibits polymorphism. The frequencies of the rarer isoforms of apo E in families with MyD 
alleles, designated e2, e3, and e4, code for the three major iso- as compared to apo E isoform frequency distribution in various 
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Caucasian populations.3 Apo E is one of the protein constituents 
of plasma lipoprotein particles. It mediates lipoprotein 
catabolism by binding to high affinity cell surface receptors4 

and thus contributes considerably in determining the plasma 
levels of cholesterol, triglycerides and various lipoprotein frac
tions. 

Reports on circulating lipids in MyD are fragmentary and 
also inconsistent, showing elevation of both plasma cholesterol 
and triglycerides5 or no increase in either.6 Due to the variable 
effects of apo E alleles on plasma lipids and lipoproteins in pop
ulation studies3 and also due to the higher frequency of rarer 
apo E isoforms in families with MyD, we studied the effects of 
apo E phenotypes on plasma lipids and lipoprotein concentra
tions to further our understanding of these relationships. 

Figure I - A typical banding pattern of apo-VLDL in analytical iso
electric focusing electropheresis on polyacrylamide gels. 

MATERIALS AND METHODS 

Subjects 
The data in this study are derived from 39 families with 

MyD. A total of 151 individuals with an average age of 37 
years and varying in age from 8 to 83 years were sampled. 
Blood samples were obtained and the plasma was separated and 
stored at 4°C as described previously.7 MyD was diagnosed in 
70 patients8 and the remaining 81 unaffected subjects (spouses 
and first degree relatives) were included in the study as con
trols. Males (n = 35) and females (n = 35) were equally repre
sented in the MyD group and had similar average age of 36 
years (range, 8-81) and 35 years (range, 14-83), respectively. 
The control group was composed of 31 males and 50 females 
with average age of 35 years (range, 18-63) and 42 years 
(range, 10-79), respectively. 

Laboratory methods 
Plasma cholesterol, triglycerides and lipoprotein cholesterol 

were determined as previously described.7 The apo E pheno
types were determined as follows: the isolated VLDL fraction9 

was delipidated with acetone: ethanol (1:1, v/v) followed by 
diethyl ether at -20°C. The colorless precipitated protein was 
dried under N2 at room temperature and stored at -20°C. Apo 
VLDL was solubilized in 10 mM Tris-HCl, pH 8.2, containing 
8 M urea and 30 mM dithiothreitol, just before electrophoresis. 
The apo E isoproteins were separated by isoelectric focusing 
electrophoroesis in 7.5% polyacrylamide gels containing 8 M 
urea and 2.0% ampholines (LKB-Produkter AB, Bromma 
Sweden), pH 4-7, and 5-7 (Biorad, Richmond, CA) in the pro
portion of 4:1 as described by Utermann et al.10 Gels were poly
merized in cylindrical tubes and run in a water-cooled column 
disc electrophoresis apparatus (Hoefer Scientific Instruments, 
San Francisco, CA) at 4°C for 16 hours at 150 V. Samples of 
known phenotypes, E4:E3 and E2:E2 were included in each 
run. Gels were then removed from their tubes and stained with 1 
to 2% aqueous Coomassie brilliant blue-R (Sigma Chemical 
Co., St-Louis, MO) using the method of Malik and Berrie." 

A typical electrophoresis banding pattern of apo E and apo C 
is illustrated in Figure 1. The various phenotypes were assigned 
according to the nomenclature as described by Zannis et al.2 

The apo E phenotyping was done without prior knowledge of 
the clinical diagnosis as well as plasma lipid and lipoprotein 
values. 

Statistical analyses 
All values are expressed as mean ± SEM. Comparisons 

between two groups were made by unpaired two-tailed 
Student's t test. Differences in frequency distribution of apo E 
phenotypes were assessed by the X2-test. 

Results 
Plasma triglycerides were significantly increased by 29 per

cent (p < 0.01) in MyD as compared to the controls composed 
of spouses and first degree relatives (Table 1). When compared 
by age and sex with the lipid distribution values for American 
population reported by Rifkind and Segal,12 MyD patients were 
situated near the 90th percentile for triglycerides, whereas the 
control group was in the 75th percentile range. In contrast to 
triglycerides the plasma cholesterol concentration was not only 
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similar in both MyD and controls but it was also in the normal 
50th percentile reported by Rifkind and Segal.12 Despite similar 
concentration of cholesterol in both groups, the distribution of 
cholesterol in lipoprotein fractions was different as shown in 
Table 1. Corresponding to plasma triglyceride concentration, 
VLDL cholesterol was increased by 54 percent (p < 0.01) in 
MyD as compared to controls. On the other hand, LDL choles
terol was significantly lower by 9 percent (P < 0.05) in patients 
with MyD than controls. Furthermore, the LDL cholesterol 
level in the controls was similar to the mean value in the 
American population12 whereas, LDL cholesterol level in 
patients with MyD was more near the 25th percentile. HDL 
cholesterol concentrations in both groups were similar and were 
also within the normal range of the reference values.12 

As shown in Table 2, all six apo E phenotypes were repre
sented in both groups, however, major differences were noticed 
in their frequency distribution in MyD patients and the controls. 
The most prevalent apo E phenotypes3 E3:E3 and E3:E2 
showed the lowest frequency in MyD as compared to controls, 
whereas, phenotypes E4:E2 and E4:E3 showed the highest fre
quencies in MyD, and these differences were significant. The 
rarer homozygous phenotype E2:E2 as reported in all popula
tion studies3 was equally distributed in both groups, and was 
also markedly more frequent as compared with other Caucasian 
populations. The E4:E4 homozygous phenotype was more com
mon in MyD as compared to controls, but due to small num
bers, these differences were not statistically significant. 

Data on the concentrations of plasma lipids and lipoproteins 
in relation to various apo E phenotypes are presented in Table 3. 
Since age and sex are both important determinants of plasma 
lipid and lipoprotein levels, each lipid and lipoprotein trait was 
adjusted for age and sex by linear regression. Only phenotypes 
with five or more subjects are shown for comparison. 

In the controls, plasma cholesterol and LDL cholesterol con
centrations showed a gradual reduction from the phenotype 
E3:E3 to E2:E2 in the order described. A similar trend was also 
seen for plasma triglycerides but not for VLDL cholesterol con
centration. As compared to homozygous phenotype E3:E3, the 
heterozygous phenotype E4:E2 showed significantly higher 
concentrations of both plasma cholesterol and LDL cholesterol, 
but levels of VLDL cholesterol and triglycerides were not 
affected in the E4:E2 phenotype. In contrast the concentrations 
of all the traits in heterozygous E4:E3 phenotype were very 
similar to that in the homozygous E3:E3 phenotype. 

In patients with MyD the plasma levels of triglycerides and 
VLDL cholesterol were significantly elevated in the phenotype 
E2:E2, whether compared to E3:E3 or corresponding E2:E2 in 
the controls. Similar trend was also noticed in patients with 
E4:E2 phenotype; plasma triglyceride levels were significantly 
higher, whether compared to E3:E3 or corresponding E4:E2 in 
the controls. The results on VLDL cholesterol were significant 
only when compared to E3:E3 in controls. Although similar 
trend was noticed in patients with E4:E3 phenotype, only the 
results on VLDL cholesterol were significantly different from 

Table 1: Plasma Lipid and Lipoprotein Concentrations (mg/dl) in 
Patients with MyD and Controls. 

Number 
Average Age (Years) 
Cholesterol 
HDL Cholesterol 
LDL Cholesterol 
VLDL Cholesterol 
Triglycerides 

*p<0.05; **p<0.01. 

Controls MyD 

81 
39 

189 ±4 
45.7 ±1.3 
22.6 ±3.8 
21.0± 1.3 
168 ±9 

70 
36 

191 ±6 
48.2 ±1.4 
111.3 ± 4.4* 
32.4 ± 4.0** 
216± 17** 

Table 2: Distribution of Apolipoprotein E Phenotypes in Patients 
with MyD and Controls 

APOE 
Phenotype 

E2:2 
E3:2 
E3:3 
E4:2 
E4:3 
E4:4 

*p< 0.001; tp<0.02 

Controls 

24 
25 
5 

17 
2 

MyD 

10 
4* 
2* 

13t 
35* 
6 

Table 3: Age and Sex Adjusted Levels (mg/dl) of Plasma Lipids and Lipoproteins in Relation to Apo E Phenotypes1 

Phenotype (N) LDL-C VLDL-C TG 
VLDL-C/TG 

ratio 

E2:E2 (8) 
E3:E2 (24) 
E3:E3 (25) 
E4:E2 (5) 
E4:E3(17) 

E2:E2(10) 
E4:E2(13) 
E4:E3 (35) 
E4:E4 (6) 

164+ 9^ 
183 + 6 
192 ±5 
222 +18* 
190± 12 

183+19 
206 + 8 
200 ±8 
158+llc 

95±8c 
111 ±7^ 
125 ±4 
156± 13b 
125 ±10 

CONTROLS 
16.0 + 4.1 
20.2 ±2.1 
21.8 ±2.3 
21.4 ±5.2 
20.2 ± 3.0 

MYOTONIC DYSTROPHY 
76 ± 6c* 

117±8t 
127 ±6 
97±9c 

53.6 ± 20.1b 
39.8 ± 8.7b 
30.0 + 3.8* 
12.3 ± 1.0a 

120 ±20" 
160 ±15 
178 ±15 
163 ±27 
171 ±22 

242 ± 60** 
249 ± 34=>* 
228 ± 25 
101 ±12b 

0.13 ±0.07 
0.13 ±0.03 
0.12 ±0.02 
0.13 ±0.05 
0.12 ±0.03 

0.22 ± 0.06ct 
0.16 ±0.04"* 
0.13 ±0.03 
0.12 ±0.03 

1 Data is not shown for the apo E phenotypes with n < 5 
a, p < 0.05; b, p < 0.01; c, p < 0.001; significance of the difference compared to apo E phenotype E3:E3 in the controls. 
*, 0.05 < p < 0.10; t, p < 0.05; significance of difference between corresponding phenotypes in the controls and MyD. 
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E3:E3 phenotype. On the contrary, plasma concentrations of 
both triglycerides and VLDL cholesterol were significantly 
lower in patients with homozygous E4:E4 phenotype as com
pared to homozygous E3:E3 phenotype in controls. 

The higher concentrations of triglycerides and VLDL choles
terol in MyD were accompanied by changes in the LDL choles
terol level in the phenotypes E2:E2, E4:E2 and E4:E4, but not 
in E4:E3. Thus, LDL cholesterol level was significantly lower 
in the E2:E2 phenotype in MyD as compared to E3:E3 as well 
as corresponding E2:E2 in the controls. The effects on LDL 
cholesterol and plasma cholesterol levels were manifested in the 
opposite direction in the E4:E4 phenotype in MyD, that is, their 
concentrations were significantly lower than in the E3:E3 phe
notype. 

DISCUSSION 

The genetic polymorphism of apo E is controlled by three 
alleles, e2, E3 and e4 at a single gene locus2 resulting in 
aminoacid substitutions in the three major isoproteins, E2, E3 
and E4. These isoproteins determine the affinity of apo E-con-
taining lipoproteins for lipoprotein receptors,4 thus E2 has lower 
affinity than E3 and E4. Another important aspect of apo E 
polymorphism is the variable effects of apo E alleles on plasma 
lipid and lipoprotein concentrations. Thus e2 is associated with 
low and E4 with high plasma levels of cholesterol, LDL choles
terol and apo B.3 The metabolism of triglyceride-rich lipopro
teins as well as apo E itself is markedly influenced by the apo E 
phenotypes.13-14 The present study demonstrates the variable 
effects of apo E phenotypes on plasma cholesterol, lipoprotein 
cholesterol and triglyceride levels in both affected and unaffect
ed subjects from families with MyD. 

As compared to controls, the plasma concentrations of 
triglycerides and VLDL cholesterol were elevated in MyD, 
whereas LDL cholesterol was decreased and HDL cholesterol 
was unaffected. Plasma cholesterol concentration was also unaf
fected due to concomitant increase and decrease in the concen
trations of cholesterol in the VLDL and LDL fractions, respec
tively. Our results on hypertriglyceridemia in MyD are in 
concordance with the recent findings of Hudson et al15 who also 
reported that increased triglyceride and VLDL cholesterol con
centrations were particular to MyD and were not associated 
with other forms of muscular dystrophies. Based on strong posi
tive correlation between hypertriglyceridemia and hyperinsu-
linemia, these authors15 concluded that increased VLDL levels 
in MyD were due to insulin resistance which is often part of a 
vicious cycle leading to hypertriglyceridemia.16 Indeed, hyper-
insulinemia and generalized insulin resistance are among the 
most consistent features of MyD17 and furthermore, elevation of 
plasma VLDL is the most common alteration of lipoproteins in 
diabetic disorders.18 Our results also show that in MyD the con
centration of plasma triglyceride was elevated to some extent in 
the various phenotypes E2:E2, E4:E2 and E4:E3, whereas it 
was decreased only in the phenotype E4:E4. Similar results 
were reported in type II diabetics,19 in whom plasma triglyc
erides were elevated in the various phenotypes E3:E2, E3:E3 
and E4:E3, that were studied. Thus, elevated levels of plasma 
triglycerides in most of the apo E phenotypes in MyD is a com
mon feature probably resulting from insulin resistance. On the 
other hand, the magnitude of increase in VLDL cholesterol may 

be influenced by the apo E phenotypes as shown by our results 
in MyD. Thus, VLDL cholesterol concentration was increased 
by 33 and 79 percent respectively, in the phenotypes E4:E3 and 
E2:E2 as compared to E4:E3 in MyD. Also the ratio of VLDL 
cholesterol/plasma triglycerides was significantly higher in the 
phenotypes E2:E2 and E4:E2 (0.22 and 0.16, respectively) in 
MyD, as compared to ratios of 0.12 to 0.13 in all other pheno
types, both in controls and MyD. These results suggest the 
accumulation of intermediate density lipoprotein (IDL) particles 
ensuing hypertriglyceridemia, particularly in the E2:E2 pheno
type in MyD, but not in the corresponding phenotype in the 
controls. Similar results have been consistently reported in type 
III hyperlipoproteinemia,13 due to the poor recognition of apo 
E2 isoprotein by the hepatic cell receptors for apo E-containing 
lipoproteins.4 

Our results on lower LDL cholesterol concentration in MyD 
are in contrast with lack of effect reported previously15 in 10 
patients. This discrepancy is reconcilable, taking into considera
tion that 7 of the 10 patients in the previous study had either 
E3:E3 or E4:E3 phenotypes and the other 3 had E3:E2 pheno
type. Our results show that E3:E3 and E4:E3 phenotypes have 
no effect on LDL cholesterol concentration, since LDL choles
terol levels in both these phenotypes are similar to the mean 
LDL cholesterol level in the controls. Furthermore, LDL 
cholesterol levels in these phenotypes are similar in controls 
and MyD, further illustrating the lack of effect of these pheno
types on the LDL cholesterol concentration. On the other hand, 
all other apo E phenotypes, E4:E2, E3:E2, E4:E4 and E2:E2 
showed LDL cholesterol lowering effect to varying degree, 
from 6 to 39 percent in the order described, as compared to 
E3:E3 phenotype in controls. These phenotypes account for 33 
of the 70 patients with MyD in our study, thus explaining lower 
concentration of LDL cholesterol. 

The relation between apo E phenotypes and plasma LDL 
cholesterol levels has been documented previously,3-13'20 and 
there is general agreement that e2 increases and e4 decreases 
the concentration of LDL cholesterol as compared to e3 allele. 
Our results on lower LDL cholesterol in homozygous E2:E2 in 
both MyD and controls and intermediary levels in heterozygous 
E3:E2 phenotype in controls are in accordance with previous 
reports, and suggest that the clearance of LDL from the circula
tion is most likely higher in the E2 subjects, probably resulting 
from upregulated liver LDL (B, E) receptor activity.21 On the 
other hand, our results on apo E4 and plasma cholesterol are 
different from the previous studies. In the present study the 
association of E4 with E3 (heterozygous phenotype E4:E3) is 
without significant effect on plasma lipid and LDL cholesterol 
levels, while in the E4:E2 phenotype, both higher and lower 
concentrations of LDL cholesterol are noticed, suggesting inter
action between the two isoproteins in relation to hypertriglyc
eridemia. Our data on the homozygous E4:E4 phenotype are of 
considerable interest. The simultaneous lowering of plasma lev
els of cholesterol, triglycerides, VLDL and LDL cholesterol 
suggest that the clearance of both VLDL and LDL particles is 
enhanced in the e4 homozygous subjects. These results are in 
agreement with lower plasma apo E concentration reported pre
viously as well as increased clearance of radiolabeled E4 iso
protein in kinetic studies.14 The rapid metabolism of apo E4 
may be due to its higher in vivo affinity for apo E and/or LDL 
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(B, E) receptors. These results are in contrast to the reported 
association between e4 and type V hyperlipoproteinemia,22 

although the role of apo E4 in the accumulation of triglyceride 
rich lipoprotein particles remains to be established. It is likely 
that hypertriglyceridemia may be due to linkage of e4 allele 
with other genes such as apo C-I and apo C-II which are also 
located in the cluster23 apo E-C-I-C-II on the long arm of chro
mosome 19 and are involved in triglyceride metabolism. 
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