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The efficacy of atorvastatin， a new hydroxymethylglutaryl (HMG)-CoA reductase inhibitor， in reducing serum lipid levels， 
modifying lipoprotein composition， and suppressing cholesterol synthesis was evaluated in patients with homozygous familial 
hypercholesterolemia (homozygous FH) undergoing LDL-apheresis therapy. Atorvastatin was given in escalating doses (10， 20， 
and 40 mgjday) to nine patients with homozygous FH. Five of nine patients responded well to atorvastatin; four of these patients 

were receptor-defective and the remaining one was receptor-negative. The change in LDL-cholesterol in the receptor-defective 

patients averaged -20.6% compared to the baseline level at the highest dose of atorvastatin. Of five receptor-negative type 

patients， only one showed good response to atorvastatin therapy with a LDL-cholesterol reduction of 14.9%. Although the other 

four receptor-negative patients did not show a change in LDL-cholesterol， all of them exhibited a considerable increase in 
HDL-cholestero1. All patients showed reduced urinary excretion of mevalonic acid， suggesting that atorvastatin decreases 
LDL-cholesterol by inhibiting cholesterol biosynthesis even where LDL-receptor activity is not present. Atorvastatin also 
decreased serum triglycerides in both receptor-negative and defective patients， especially in the latter. As cholesterollevel rebounds 
quickly after each apheresis procedure， a combination therapy using atorvastatin and apheresis may increase the efficacy of the 
apheresis treatment， improving cost-bene白teffectiveness by reducing the frequency of the apheresis treatment. cg 2000 Elsevier 
Science Ireland Ltd. All rights reserved. 
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1. Introduction 

Recently developed antilipidemic drugs such as 

HMG-CoA reductase inhibitors (statins) have enabled 

relatively easy treatment of most patients with het-

erozygous forms of familial hypercholesterolemia (het-

erozygous FH) [1，2]. However， individuals homozygous 
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for FH show 1itt1e response to any drug therapy. Aト
though severa1 specia1 treatments have been tried， they 
are impractica1 due to 10w efficacy or expense. As 
examp1es， the portacava1 shunt operation [3] showed 
1itt1e efficacy， whi1e 1iver transp1antation [4] remains 
impractica1 due to expense， undesirab1e host-graft im-
mune responses and a shortage of donors. A1though 
gene therapy may be availab1e in the future [5]， LDL-
apheresis is the on1y current1y avai1ab1e practica1 
method to treat homozygous FH or other types of 
severe hypercho1estero1emias [6，7]. LDL-apheresis di-
minishes angina1 attacks short1y after the start of the 
therapy and atherosclerotic vascu1ar 1esions regress af-
ter 2-3 years [8-11]. Reports from severa1 clinics show 
that the prognosis is good for severa1 years if apheresis 
is repeated once every week or two [6，7，12，13]. How-
ever， 10ng-term observation for more than 10 years 
revea1ed that comp1ete prevention of coronary 
atherosclerosis took p1ace in patients on1y if treatment 
started at an early stage of the disease [7，14]. Conse-
quent1y， more aggressive therapeutic approach to 10w-
ering LDL-cho1estero1 is necessary. 
Long-term observation in severa1 1aboratories has 
shown that aortic va1ve morbidity [15] is the most 
obstinate comp1ication of FH， especially in ho-
mozygous FH patients. A1though the deve10pment of 
atherosclerosis may depend on factors other than hy-
percho1ester01emia itse1f， the marked rebound of serum 
cho1ester01 taking p1ace after each apheresis procedure 
[16] seems to be a m勾ordeterminant for the progres-
sion of debi1itating comp1ications such as aortic 
va1vu10pathy. 
It is well known that statins do not effective1y treat 
homozygous FH un1ess extreme1y 1arge doses are used， 
because of the absence of functioning LDL-receptors in 
these patients [2，17，18]. Atorvastatin， a new HMG-CoA 
reductase inhibitor， is reported1y much more potent 
than previous statins [19，20]. It a1so has the added 
property of 10wering p1asma cho1estero1 by inhibiting 
secretion of apo1ipoprotein B (apo B)-containing lipo-
proteins from the liver [21，22]. Marais et al. gave ator-
vastatin to patients undergoing LDL-apheresis and 
found that atorvastatin enhanced the efficacy of LDL-
apheresis and p1asma exchange [23]. 
There are different cases of homozygous FH with 
different severities which depend upon the activity re-
maining in the mutant LDL-receptors. There is a1so a 
1arge individua1 variation in the rate of LDL synthesis 
and the flux of cho1estero1 into p1asma， independent of 
differences in LDL-receptor activity [16，24]. In addi-
tion， serum LDL-cho1estero1 1eve1s are strong1y influ-
enced by diet， for examp1e， the average cho1estero1 
1eve1s of heterozygous FH patients in Japan are much 
10wer than 1eve1s in patients of any ethnic groups 1iving 
in Western countries [1，2]. Based on these informations， 
the effect of re1ative1y high doses of atorvastatin on the 

efficacy of LDL-apheresis and the safety of statin ther-
apy in homozygous FH patients were assessed in this 
study. 

2. Su同ectsand methods 

2.1. Patients 

Nine homozygous FH patients undergoing LDL-
apheresis treatments once every week or two were 
enrolled in this study. Five patients had a receptor-neg-
ative phenotype and four had a receptor-defective phe-
notype. The backgrounds of individua1 patients， 
including the LDL affinity binding to mononuclear 
cells and the site of mutation of the LDL-receptor 
genes， are shown in Tab1e 1. The mean weight of the 
patients was 64.4 kg (range 49.8"，  79.0) and their body 
mass index (BMI) 25.5 (range 18.9"，  35.8). One patient 
(Patient 7) was extreme1y obese and the mean BMI of 
the other eight patients was 24.2 (士3.1).All the pa-
tients had been given a dietary advice by expert 1ipido1-
ogists or cardio1ogists a1ready before they visited the 
apheresis clinics of our group. They or their mothers 
were recommended to take or to prepare a 10w-fat， 
10w-ca1orie diet， with tota1 fat 1ess than 20% of the tota1 
energy， P / S ratio 1. 3 -1. 5 and cholestero1 1ess than 200 
mg/day， even though the average fat intake of Japanese 
is still not so high (about 25% with P / S ratio 1.1-1.3) 
as in Western countries. Education to reduce the tota1 
ca10rie intake did not work well in Patient 7. 
Among the nine patients， Patient 2 had re1ative1y 10w 
serum cho1estero1 compared with homozygous FH pa-
tients in general. A1though the site of mutation had not 
been identified， we gave a diagnosis of homozygous 
FH， because both of his parents had ch01ester01 1eve1s 
corresponding to FH heterozygotes and the patient 
himse1f had cutaneous xanthomas from soon after 
birth. Such 10w tota1 cho1estero1 leve1 in homozygous 
FH patients was not unusua1 in Japan. 

2.2. Preparation ofαtorvastαtin used in this study 

Crystalline form of atorvastatin was used as a drug 
for this trial. This preparation is 1.5 times greater in 
efficacy compared to the amorphous form; 40 mg/day 
dose of crystalline form is a1most equiva1ent to 60 
mg/day dose of amorphous form preparation. The 
highest dose se1ected in this study was 40 mg/day 
because the to1erabi1ity and safety of the drug had been 
established in Japanese heterozygous FH patients [25]. 

2.3. Therαlpy schedule 

For the first 4 weeks of prechallenge observation， 
each patient remained on their conventiona1 apheresis 
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regimen including any drug(s) prescribed. The next 4 
weeks was a wash-out period， when the administration 
of all drug(s) except probucol was stopped to observe 
baseline plasma lipid levels due to LDL-apheresis alone 
or LDL同apheresisplus probucol. Probucol at a consis-
tent dosage was permitted for use throughout the study 
period if the attending physician considered the use of 
this drug was necessary. After the washout period， 
patients were given atorvastatin， beginning with a 10 
mgjday dose (Step 1; for 6-8 weeks). Doses were 
increased to the next step (Step 2， 20 mgjday， for 6-8 
weeks and Step 3， 40 mgjday， for 8 weeks) if patients 
tolerated atorvastatin well. After tolerability was con白-
rmed， the highest dose (40 mgjday) of the drug was 
maintained for an additional 12 weeks (Step 4) and the 
interval between LDL-apheresis treatments gradually 
lengthened during the last half of this step. The compli-
ance of drug administration was checked by the physi-
cians each time each patient visited the clinic. It was 
almost 100%， with an exception of a period in Patient 7 
(75% in week 17 '" 21) and Patient 3 (25% in week 
32 '" 34). The drug concentration in the blood was also 
monitored at the Laboratory of Yamanouchi 
Pharmaceu ticals. 
Patients were treated with LDL-apheresis using con-
sistent conditions and intervals during the trial. When 
the intervals between treatments changed due to mis-
alignment with a phase or step， the patients were kept 
at the same phase or step until the intervals were brought 
back to the original length of time and the effect of the 
irregular interval disappeared. 

2.4. LDL-αrpheresis 

LDL-apheresis was carried out using either the affinity 
chromatography technique with a dextran sulfate-cellu-
lose column (Liposorber System MA-Ol;Kaneka Corpo-
ration; Osaka) or the double membrane filtration 
techniques (KM 8500 eqipped with EV AL-4A new type， 
Kuraray Co.， Osaka， or Prasauto 1000 equipped with 
Plasmafio， Asahi Medicals， Tokyo) [6，7]. A consistant 
volume of blood plasma (3000-6000 ml depending upon 
the individual patients) was treated at each treatment. 
Heparin was regularly used as an anticoagulant. 

2.5. Lipoprotein and lipidαnalysis 

Lipid values (total cholesterol:TC， HDL-choles-
terol:HDL-C， and triglyceride:TG) were measured at the 
Special Research Laboratories (Tokyo)， where the 
cholesterol assay was controlled using the CDC Lipid 
Standardization Program. TC and TG were measured 
enzymatically. HDL-C was measured in the supernatant 
after precipitation of apo B-containing lipoproteins by 
the heparin-Ca2+ method. Apolipoproteins (apo A-I， B， 
and E) were mesured by the turbidimetric immunoassay 

(TIA) system using reagents from Daiichi Pure Chemi-
cals (Tokyo) [26，27] and Lp(a) using the Tint Elize Lp(a) 
kit ( Biopool， Sweden) [28]. Lipoprotein fractionation 
was carried out by ultracentrifugation using a table-top 
apparatus (Beckmann， Germany) [29] and TC and TG 
in each fraction (VLDL， LDL， and HDL) were mea-
sured. 
Serum lipid levels and apolipoproteins were measured 
just before the start of each apheresis treatment. These 
values were used to evaluate the effects of atorvastatin. 
Percent change from baseline values obtained at the end 
of the wash-out period was calculated from the average 
of the last two sample points in each phase or step. The 
effect of apheresis itself was regularly assessed by mea-
suring plasma lipids before application of plasma to the 
affinity column or the second membrane filter at the start 
of treatment， and once again at the end of each apheresis 
treatment. 
The cholesterol rebound curve was obtained twice for 
each patient; once at the end of the wash-out period 
(before the start of the atorvastatin administration) and 
again after 4 weeks of the highest dosing regimen (40 
mgjday on atorvastatin). Blood samples were taken at 3， 
6， 9， 18，24， 32，44，56， 68 h after the apheresis treatment， 
once on Day 7， once between Day 8 and 14， and finally 
on Day 15. The data were analyzed applying a two-com-
partment model using non-linear regression program 
(Win NONLIN) [30]. 
LDL-cholesterol values (LDL-C) were calculated us-
ing the Friedewald equation [31]. Urinary excretion of 
mevalonic acid was measured at Teijin Bio Laboratories 
using acid extraction followed by gas chromatography-
mass spectrometry [32]. LDL-receptor activity in 
lymphocytes was measured by fiow-cytometry at 
Biomedical Laboratories (BML， Tokyo) [33]. 

2.6. Monitoringαdverse events 

Adverse events related to atorvastatin administration 
were monitored during the whole trial period. Clinical 
signs， symptoms and laboratory data (biochemical mea-
surements of plasma components， hematology， and uri-
nalysis) were checked at least every 4 weeks. 

2.7. Statisticαlαnαlysis 

Paired t-test was used to evaluate the change of lipid 
levels before and after atorvastatin treatment. 

3. Results 

3.1. Chω'lges in serwn lipid levels 

Changes in TC， LDL-CうHDL-C，and TG are summa-
rized in Table 2. TC levels decreased as the dose of 
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atorvastatin escalated in receptor-defective patients 
(P = 0.047)， but no change was seen in receptor-nega-
tive patients， except in one patient (Fig. 1). LDL-C 
levels changed in the same way as TC. There was a 15% 
decrease in one receptor-negative type patient (Patient 
9). Except for this case， receptor-negative patients were 
non-responders. There was no relationship between ei-
ther the weight or BMI and the extent of the LDL-C 
reduction. 
HDL-C levels slightly increased in both receptor-de-
fective and negative patients (Fig. 2). Although the 
change was not significant， considerable increases were 
observed in four out of five patients with receptor-nega-
tive type. TG levels decreased significantly (P = 0.042) 
at the end of Step 4 in receptor-defective patients， but 
the whole movement was not statistically significant 
(Fig. 3). Three out of five negative patients also showed 
a slight TG decrease during the course of the atorvas-
tatin treatment， although the difference between the 
baseline level and the level at Step 4 (40 mg/day) was 
not significant in this group. These observed changes in 
serum lipid levels induced by atorvastatin were almost 
equal to or greater than changes induced by the regular 
treatment (LDL-apheresis combined with antilipidemic 
drug(s)) used before the start of this trial. 

3.2. Changes in apolipoproteins (apo A -1 and B) 

Apo A-I level showed no changes in either receptor-
negative (from 90.2::[ 6.8 mg/dl at the baseline to 
91.8 ::[ 14.3 in Step 4) or receptor-defective patients 
(from 76.8::[ 8.7 to 74.3::[ 8.7). Apo B slightly de-

Table 2 

creased in receptor-defective patients (from 172.5::[ 
142.8 to 142.8 ::[ 52.0 mg/dl)， while a slight increase was 
observed in receptor-negative patients (仕om242.6::[ 
37.5 to 262.8 ::[ 77.4). These slight changes in apo A-I 
and B were not comparable to the change in lipids. 

3.3. Chω1ges in lipoprotein lipid concentrαtions 

Changes in cholesterol levels in LDL fractions ob-
tained by ultracentrifugation were comparable to the 
change in LDL-C calculated by Friedewald equation; 
22.2% reduction was observed in receptor-defective pa-
tients， while the level increased by 11% on average in 
receptor四negativepatients (Table 3). Cholesterol levels 
in the VLDL fraction showed a decrease and the levels 
in HDL fraction showed a considerable increase in 
receptor-negative patients. In contrast， no marked 
changes in HDL-C were observed in receptor-defective 
patients. Triglyceride levels showed decreases in both 
LDL and VLDL fractions in receptor-defective pa-
tients. Significant decreases (P < 0.05) of triglyceride in 
HDL and VLDL fractions were observed in receptor-
negative patients， while it was counterbalanced by the 
increase in LDL-fraction in this group (Table 3). There 
was a significant correlation between percent changes in 
VLDL-C and VLDL-TG (Pearson's correlation coeffi-
cient = 0.794) in Step 4 compared to the baseline level. 

3.4. Changes in Lp0α:) levels 

Lp(a) slightly increased from 13.6::[ 6.2 to 18.6::[ 
11.3 mg/dl due to atorvastatin treatment. However， 

Serum lipid levels in homozygous familial hypercholesterolemia patients just before each apheresis treatmenta 

Serum lipids LDL-receptor N Regular treatment mg/dl Baseline phase Step 4 mg/dl (%)b Paired t-testC 

phenotype (%)b (mg/dl) 

Total cholesterol Negative 5 463::!:: 101.4 (-0.4) 463 + 74.7 470::!::99.2 (1.3) N.S. 

Defective 4 292::!:: 80.4 (-4.5) 307 + 82.8 255::!::89.9(-17.7) P<0.05 

LDL Negative 5 393 ::!:: 84.3 (-1.5) 396 + 61.5 401 ::!:: 83.9 (0.9) N.S. 

-cholesterol Defective 4 249 ::!:: 74.3 (-5.2) 262 + 74.2 212::!:: 86.7 (-20.6) N.S. 

HDL-cholesterol Negative 5 39 ::!:: 4.2 (1.1) 39 + 3.1 42::!::4.9 (7.1) N.S. 

Defective 4 30::!:: 7.9 (-4.5) 32 + 5.1 34::!:: 3.7 (7.5) N.S. 

Triglyceride Negative 5 157士92.1(28.1) 138+105.1 136士94.4(2.1) N.S. 
Defective 4 66::!:: 28.7 (12.0) 61 + 23.7 46士16.7(-24.0) P<0.05 

a The effects of atorvastatin-apheresis combination therapy in receptor-negative and defective phenotype compared with the effects of regular 

treatment. Mean::!:: S.D. 
b % Change from baseline. 

C Pre-and post-treatment of atorvastatin. 
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Fig. 1. Changes in total and LDL-cholesterol in patients with ho-
mozygous familial hypercholesterolemia undergoing LDL-apheresis 
by administration of atorvastatin. Atorvastatin was given in escalat-
ing doses from 10 to 40 mg/day (St巴p1-4 as shown in the text: 
Subjects and methods (Section 2)). The patients were divided into 
receptor-negative ( ・ )and -defective (…・…)groups and the 
percent changes of serum cholesterol from baseline levels are shown 
for individual patients. 

since there was a wide range of individual variation， 
this difference was not statistically significant. 

3.5. Urinαry excretion 01 mevalonic acid 

Decreases in urinary excretion of mevalonic acid 
were seen in 8 patients in whom the measurement was 
done， the average rate of change being -22.4% (Fig. 
4). The most remarkable decrease was seen in Patient 9， 
whose LDL-C showed a good response in spite of the 
complete lack the receptor function. However， there 
was no significant correlation between urinary excretion 
of mevalonic acid and the percent change of either 
LDL-C nor VLDL-C in the whole group of patients. 

3.6. LDL-receptor activity in lymphocytes 

Affinity binding of LDL on LDL-receptors in 
lymphocytes was measured before and after the treat-

一'、，、・.-

一←ーreceptornegative (n=5) 
…・…receptordefective (n=4) 

Regular Baseline Step 1 Step 2 Step 3 Step 4 
treatment phase 

% change of HDL-cholesterol (each patient) 

Fig. 2. Changes in HDL-cholesterol in patients with homozygous 
familial hypercholesterolemia undergoing LDL-apheresis by the ad-
ministration of atorvastatin in escalating doses. The values for indi-
vidual patients are shown: (-・-)receptor-negative， (…・…)
receptor defective patients. 

ment of atorvastatin. However， there was no change in 
LDL-receptor activity even at the highest dose of the 
drug (data not shown). 

3.7. Analysis 01 the rebound curve 01 cholesterolαifter 
the apheresis treαtlnent withα:nd without αtorvαstαtin 

The rebound curve of cholesterol after the apheresis 
treatment was obtained in only one receptor-defective 
and four receptor-negative patients. It showed remark-
able improvement after atorvastatin treatment in a 
receptor-defective patient (Patient 5)， whose TC and 
LDL-C before the apheresis treatment decreased by 18 
and 21%， respectively， by this assay. 
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Fig. 3. Changes in serum triglyceride in patients with homozygous 
familial hypercholesterolemia undergoing LDL-apheresis by adminis-
tration of atorvastatin in escalating doses. The values for individual 
patients are shown: ( ・ )receptor-negative， (…・…)receptor-de-
fective patients 
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Tab1e 3 
Serum 1ipid (ch01ester01 and trig1yceride) concentrations in 1ipoprotein fractions is01ated by ultracentrifugation after atorvastatin (40mgjday， at the 
end of Step 4) treatment in receptor-negative and -defective homozygous fami1ia1 hyperch01ester01emia patients compared to the 1eve1s in base1ine 

phase and regu1ar treatment phasea 

Lipoprotein fractions Activity of LDL Number of Regu1ar treatment Base1ine phase End of Step 4b 

receptor subjects phase 

LDL-cho1ester01 mgjd1 (%) Negative 5 391.0 + 84.0 376.3 + 40.8 430.8 + 101.4 
(3.7::t 19.1) (11.1士23.6)

Defective 4 249.8 + 78.7 270.0 + 74.0 216.0 + 106.2 
( -7.8土10.8) ( -22.2 ::t 22.4) 

Tota1 9 328.2 + 106.7 329.1 + 77.6 323.4 + 149.7 
( -1.4士16.2) ( -5.5土27.8)

VLDL-ch01ester01 mgjd1 (%) Negative 5 31.8 + 30.5 22.5 + 19.5 13.8 + 14.6 
(68.8::t 137.7) ( -44.5士34.2)(*)

Defective 4 7.9 + 5.2 4.7 +4.7 4.5 +4.2 
(213.5::t 402.5) (19.6土23.8)

Tota1 9 21.2 + 25.2 14.6::t 16.9 9.2 + 11.1 
(133.1士275.8) ( -12.4土90.8)

HDL2・.ch01ester01mgjd1 Negative 5 15.9 + 2.7 15.8 +4.5 21.6 + 2.6 

(ふ mgjd1) (0.0 ::t 3.8) (4.5士4.3)
Defective 4 15.0 + 2.4 14.0 +4.9 17.1+2.9 

(1.0 ::t 5.1) (3.1土3.2)
Tota1 9 15.5 + 2.4 15.0 + 4.5 19.3 + 3.5 

(0.5士4.1) (3.8士3.6)

HDL3-ch01ester01 mgjd1 Negative 5 16.2 + 2.3 14.2 + 5.3 17.0+3.0 

(企 mgjd1) (2.0::t 5.9) 2.9::t 3.2) 

Defective 4 14.9 + 3.8 16.3 + 3.1 15.2 + 1.2 

( -1.5士2.5) ( -1.1士1.9)
Tota1 9 15.6 + 2.9 15.1 + 4.3 15.6 + 3.0 

(0.5土4.8) (0.9士3.2)

LDL-trig1yceride mgjd1 (%) Negative 5 75.5 + 43.0 65.2 + 24.7 81.9 + 65.6 

(12.4 ::t 45.5) (13.5土56.9)
Defective 4 27.0 + 10.3 32.9 + 22.3 21.8 + 10.4 

( -6.2 ::t 24.6) ( -25.6士28.0)

Tota1 9 53.9 + 40.2 50.8 + 28.0 51.8 + 54.1 

(4.1 ::t 36.9) ( -6.0土46.4)
VLDL-trig1yceride mgjd1 (%) Negative 5 55.0 + 44.7 86.6 + 88.3 74.9 + 95.2 

( -27.3士24.9) ( -34.0士20.6)(*) 

Defective 4 16.5 + 7.2 27.1 + 14.8 13.9 + 10.5 
( -25.4土47.2) (-45.3 ::t 44.5) 

Tota1 9 37.9 + 37.8 60.1 + 70.5 44.4 + 70.7 
( -28.4士33.9) (-39.7::t32.6) (**) 

HDL-trig1yceride mgjd1 (%) Negative 5 18.7 + 14.0 81.5 + 113.8 61.5 + 68.5 
( -42.9士34.2) ( -28.5士15.9)(*) 

Defective 4 9.0 + 2.3 8.6 + 3.3 7.4 + 3.3 
(15.3::t 46.5) (-14.4::t 20.1) 

Tota1 9 14.4 + 11.3 49.1 + 89.2 34.4 + 53.4 
(-17.1士48.3) (-21.5士18.4)(**) 

aMean土S.D.(% change from base1ine phase). *P<0.05 **P<0.02. 
b In one receptor-negative patient， Step 3 data was used in p1ace of the Step 4 data， because the samp1e at Step 4 was missed. 

3.8. Adverse events 

There were no serious adverse effects resulting in any 

patients stopping treatments. One patient complained 
numbness in her right hand， but drug administration 
continued without further problem. Some sporadic 
changes of clinical laboratory tests (elevation of ALT， 
AST， and/or CPK)， possibly attributable to atorvas-
tatin， were observed in four patients. However， these 
changes were mild (within double the upper limit of 

normal range) and disappeared during the course of the 
trial period. Atorvastatin was well tolerated in all 
pat1ents. 

4. Discussion 

Homeostasis of cholesterol in both blood plasma and 
tissue cells is mediated primarily by LDL-receptors [34]. 
In FH patients， who lack this receptor function， plasma 
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LDL and cholesterol levels markedly increase. This 

situation is most severe in homozygous individuals 

[2，17]. Although the cholesterol level can be reduced by 
statins in heterozygous individuals [1，2]， antilipidemic 
drugs， except probucol， show almost no effect against 
homozygous FH， because of the almost complete ab-
sence of receptor-mediated LDL removal from the 

plasma [2，17，35-37]. In the earliest report on the effect 
of compactin， the first HMG-CoA reductase inhibitor， 

an extremely large dose of the drug was slightly effec-

tive in reducing the serum cholesterol even in a ho-

mozygous FH patient of the receptor-negative 

phenotype [17]. However， the appearance of a serious 
adverse event involving muscular symptoms put strong 

limitations on the use of statins at a very high dosage. 

Recently， Raal et al. reported that a very high dose of 
simvastatin (80 or 160 mg/day) was successful in LDL 
reduction in homozygous FH including one receptor-

negative type patient [18]. No serious adverse effects 
occurred during their study. 

Atorvastatin is a second generation statin produced 

by chemical synthesis [38]. Reportedly， it has an addi-
tional cholesterol-lowering ability mediated by the sup-

pression of VLDL secretion from the liver. This 
mechanism is independent of the LDL-receptor mecha-

nism [21，22]. Most of the cholesterol-lowering effect of 
statins is mediated by the enhancement of LDL-recep-

tor expression induced by even a small decrease in 

intracellular cholesterol concentration， especially in the 
liver [39]. Therefore， the additional lipid-lowering effect 
of atorvastatin seems to be a unique characteristic of 

this drug [40，41]. In addition， atorvastatin has a wider 
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Fig. 4. Changes in a 24 h urinary excretion of mevalonic acid by the 
administration of atorvastatin at a dose of 40 mgjday. Values for 
individual patients are plotted. 

range of tolerability without the appearance of adverse 

effects than older statins [42]. Therefore， the drug can 
be used at a very high dose. 

Treatment of homozygous FH patients is now mainly 

done by using LDL-apheresis extracting LDL and 

other apo-B containing lipoproteins through an extra-

corporeal circulation system [6，7]. However， a marked 
rebound of cholesterol takes place after the apheresis 

treatment. Because of the almost complete lack of 
LDL-receptors and also the increase in synthesis of 

cholesterol， the rebound is very severe in homozygous 
FH patients [16]， making it difficult to keep the LDL-
cholesterollevel in an optimal range where the develop-

ment of atherosclerosis can be minimized [16，30]. Even 
by repeating the apheresis treatment once a week， the 
progression of atherosclerotic vascular lesions cannot 

be prevented completely. 

A recent report from South Africa demonstrated that 

high doses of atorvastatin (amorphous type， 80 mg/ 
day) was effective in suppressing cholesterol synthesis 

and keeping LDL-C levels lower in patients with ho-

mozygous FH compared with the conventional 

apheresis treatment without drugs [23]. However， most 
of the subjects of that study had a receptor-defective 

phenotype peculiar to South Africa [43]. Therefore our 
experiments tested the generality of this result regard閏

less of the type of LDL-receptor mutation and also in 

ethnic populations with different dietary conditions. 

Atorvastatin was effective in suppressing cholesterol 

rebound after apheresis mainly in receptor-defective 

individuals. In subjects with residual LDL-receptor ac-

tivity， statin may act by increasing the expression of the 
receptor protein. Interestingly， there was a decrease in 
VLDL圃C and -TG in patients with receptor-negative 

type FH. In addition， the increase in HDL-C was 
greater in receptor-negative than in receptor-defective 

patients. Atorvastatin also effectively reduced LDL-C 

in one receptor-negative patient. The excretion of 
mevalonic acid in urine was markedly decreased in this 

patient， while the decrease was seen in general irrespec-
tive of the molecular types of the receptor mutation. 

These results indicate that both cholesterol synthesis 

and secretion of VLDL were suppressed by atorvastatin 

even in patients who completely lacked LDL-receptors. 

Because of the large content of cholesterol in both 

tissue and plasma， it may be difficult to reduce total 
plasma cholesterol significantly in a short period of 

time by suppressing cholesterol syn凶the白SI臼swithout the 
up.イ

lecit出hin-choles坑te町rol acyl t仕ransfl白erase (LCA T) and 

cholesteryl ester transfer protein (CETP) increases es-

terified cholesterol content of LDLs [44，45]. Conse-
quently， there should be high amounts of esterified 
cholesterol in LDL fraction in patients with a complete 

lack of LDL-receptors. Even if cholesterol is extracted 

from the tissue by HDL， cholesterol will stay as a 
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constituent of LDL due to the presence of LCAT and 
CETP and the absence of LDL-receptors. However， the 
suppression of cholesterol synthesis will certainly give 
advantages to homozygous FH patients such as im-
provement of clinical symptoms or， at least， slowing the 
progression of vascular lesions， as previously shown 
using large doses of compactin [17]. Since homozygous 
FH is very severe， the suppression of cholesterol synthe-
sis even to a small extent is beneficial. Further clinical 
approach using expanded-dose can be tried in the 
future. 

5. Conclusion 

(1) Five of nine homozygous FH patients responded 
wel1 to atorvastatin. Four patients had a receptor-defec-
tive and one waωs r閃ec印epμtor.引 ega剖ti討vephenotype. 
(2) LDL-C decreased with escalating doses of ator-
vastatin. The change at the highest dose was 20.6% in 
receptor-defective patients. In receptor-negative pa国
tients， marked changes were not seen except for one 
patient showing a good response ( -15%). 
(3) VLDL-C and VLDL-TG were decreased and 
HDL-C increased in receptor-negative patients. The 
decrease in TG was 0 bserved in both LD L and VLD L 
fractions in receptor-defective patients. Changes in 
LDL-C， HDL-C， and TG due to atorvastatin were 
much greater than those observed in previous drug 
treatments combined with LDL-apheresis in four ho-
mozygous patients including one receptor-negative 
individual. 
(4) All patients showed a reduced urinary excretion 
of mevalonic acid， while there was no change in LDL-
receptor activity in lymphocytes. This suggests that 
atorvastatin is able to decrease TC by inhibiting the 
biosynthesis of cholesterol in the liver even in the 
absence of increased LDL-receptor gene expression. 
(5) Percent changes of LDL-C and apo B and that of 
VLDL-TG and VLDL-C correlated significantly. These 
findings (items 3-5) suggest that the decrease in LDL-C 
is mainly attributable to the presence of remnant LDL-
receptor activity in receptor-defectiive patients， while 
the reduction of the VLDL secretion from the liver 
gave a beneficial effect in receptor-negative patients. 
(6) Atorvastatin was well tolerated and effective in 
homozygous FH patients undergoing LDL-apheresis. 

Acknowledgements 

We thank Drs Yasuko Miyake and Taku Yamamura 
for analyzing LDL-receptor gene mutations. We also 
thank Drs Katsushi Tagata and Shigemitsu Tamada for 
their expert work and skillful assistance in LDL-
apheresis. 

References 

[1] Il1ingworth R. How effective is drug therapy in heterozygous 

familial hypercholesterolemia. Am J Cardiol 1993;72:D54-8. 
[2] Yamamoto A， Kamiya T， Yamamura T， et al. Clinical features 
of familial hypercholesterolemia. Arteriosclerosis 1989;9:166-74. 
[3] Bilheimer D. Portacaval shunt and liver transplantation in treat-
ment of farnilial hypercholesterolemia. Arteriosclerosis 1989;9:1 
158-63. 

[4] Hoeg JM， Starzl TE， Brewer Jr HB. Liver transplantation for 
treatment of cardiovascular disease: comparison with medication 
and plasma exchange in homozygous familial hypercholes-

terolemia. Am J Cardiol 1987;59:705-7. 
[5] Grossmann M， Raper SE， Kozarsky K， Stein EA， Engelhardt 
JF， Muller D， Lupien P-J， Wilson JM. Successful ex vivo gene 
therapy directed to liver in a patient with familial hypercholes-

terolemia. Nature Genet 1994;6:335-41. 

[6] Yamamoto A， Kojima S， Harada・SibaM， Toyota Y， Takamiya 
M， Tsushima M， Kishino B， Tatami R. Plasmapheresis for 
prevention and regression of coronary atherosclerosis. Ann NY 
Acad Sci 1995;748:429-40. 

[7] Yamamoto A， Kawaguchi A， Harada・ShibaM， Tsushima M， 
Kojima S. Apheresis technology for prevention and regression of 
atherosclerosis: an overview. Ther Apher 1997;1 :233-41. 

[8] Thompson GR， Myant NB， Kirpatrick D， Oakley CM， Raphael 
MJ， Steiner RE. Assessment of long-term plasma exchange for 
familial hypercholesterolemia. Brit Med J 1980;43:680-8. 

[9] Yokoyama S， Yamamoto A， Hayashi R， Satani M. LDL-
apheresis: potential procedure for prevention and regression of 
atherosclerotic vascular lesion. Jpn Circ J 1987;51:1116-22. 

[10] Hennerici M， IUeophas M， Gries F A. Regression of carotid 
plaque during low density lipoprotein cholesterol elimination. 
Stroke 1991 ;22:989-92. 
[11] Keller C， Schmitz H， Theisen K， Zollner N. Regression of 
valvular aortic stenosis due to homozygous familial hypercholes-

terolemia following plasmapheresis. IUin Wshr 1986;64:3338-41. 

[12] Kroon AA， Aengevaeren WRM， van der Werf T， Uijen GJH， 
Reiber HC， Bruschke AVG， Stalenhoef APH. LDL-apheresis 
atherosclerosis regression study (LAARS). Effect of aggressive 
versus conventional lipid lowering treatment on coronary 
atherosclerosis. Circulation 1996;93: 1826-35. 
[13] Koga N. The retardation of progression， stabilization， and re-
gression of coronary and carotid atherosclerosis by low-density 
lipoprotein apheresis in patients with familial hypercholes-

terolemia. Ther Apher 1997;1:260-70. 
[14] Borberg H. Fifteen years experience with LDL-apheresis. In: 

Yamamoto A， editor. Therapeutic Plasmapheresis XVI， 
1997:56-62 Tokyo， Jpn Soc Apheresis. 

[15] Kawaguchi A， Miyatake K， Yutani C， Beppu S， Tsushima M， 
Yamamura T， Yamamoto A. Hypercholesterolemic valvulopa-
thy: characteristic distribution of premature atherosclerosis in 
homozygous and heterozygous farnilial hypercholesterolemia. 
Am Heart J 1999;137:410-8. 
[16] Harada・ShibaM， Tajima S， Yokoyama S， Miyake Y， Kojima S， 
Tsushima M， Kawakami M， Yamamoto A. Siblings with normal 
LDL receptor activity and severe hypercholesterolemia. Arte-
rioscl Thromb 1992;12:1071-8. 
[17] Yamamoto A， Sudo H， Endo A. Therapeutic effect of ML・236B
in primary hypercholesterolemia. Atherosclerosis 1980;35:259 

66. 
[18] Raal FJ， Pilcher GJ， Illingworth DR， Pappu AS， Stein EA， 
Laskarzewski P， Mitchel YB， Melino MR. Expanded-dose sim-
vastatin is effective in homozygous familial hypercholes-

terolemia. Atherosclerosis 1997; 13 5: 249 -56. 

[19] Jones P， Kafonek S， Laurora 1， Hunninghake D. Comparative 
dose efficacy study of atorvastatin versus simvastatin， pravas-



98 A. Y;αmamoto et al. / Atherosclerosis 153 (2000) 89-98 

tatin， lovastatin， and fluvastatin in patients with hype1'choles-
te1'olemia (The CURVES Study). Am J Ca1'diol 1998;81:582-7 

Fo1' The CURVES 1nvestigato1's. 
[20] Da1't A， Jerums G， Nicholson G， et al. A multicente1'， double 
blind， one-yea1' study compa1'ing safety and efficacy of ato1'vas-

tatin ve1'sus simvastatin in patients with hype1'choleste1'olemia 

Am J Ca1'diol 1997;80:39-44. 
[21] Bisgaie1' CL， Essenburg AD， Aue1'bach BJ， Pape ME， Seke1'ke 

CS， Gee A， Woelle S， Newton RS. Attenuation of plasma low 
density lipop1'otein choleste1'ol by select 3・hyd1'oxy-3・methylglu-

ta1'yl coenzyme A 1'eductase inhibito1's in rnice devoid of low 
density lipop1'otein 1'ecepto1's. J Lipid Res 1997;38:2502-15. 

[22] Burnett JR， Wilcox LJ， Telfo1'd DE， Kleinstive1' SJ， Ba1'1'ett 
PHR， Newton RS， Huff MW. 1nhibition of HMG-CoA 1'educ-
tase by ato1'vastatin dec1'eases both VLDL and LDL apolipo・

p1'otein B p1'oduction in minature pigs. Arte1'ioscl Tb1'omb 
Vascul Biol 1997;17:2589-600. 

[23] Ma1'ais AD， Naoumova RP， Fi1'tb JC， Penny C， Newwi1'tb 
CKY， Tbompson GR. Dec1'eased p1'oduction of low density 
lipoprotein by ato1'vastatin afte1' aphe1'esis in homozygous famil-
ial hype1'cholesterolemia. J Lipid Res 1997;38:2071-8. 

[24] Bilheime1' DW， Stone NJ， Grundy SM. Metabolic studies in 
familial hype1'choleste1'olemia. Evidence fo1' a gene-dosage effect 
in vitro. J Clin 1nvest 1979;64:524-33. 

[25] Yamamura T， Oikawa S， Saito Y， Mabuchi H， Matsuzawa Y， 
Ohashi Y， Yamamoto A. Clinical efficacy of C1-981 (Ato1'vas-
tatin) with hete1'ozygous familial hype1'choleste1'olemia. Rinsho・

1yaku (J Clin The1' Med) 1998;14:2031-54 (1n Japanese). 
[26] 1keda T， Shibuya Y， Senba U， Sugiuchi H， A1'aki S， Uji Y， 
Okaba H. Automated immunoturbidimet1'ic analysis of six 

plasma apolipoproteins: co1'1'elation with 1'adial immunodiffusion 
assays. J Clin Labo1' Analysis 1991;5:90-5. 

[27] Noma A， Hata Y， Goto Y. Quantitation of se1'um apolipo・
p1'otein A-1， A-II， B， C-II， C-III and E in healthy Japanese by 
tu1'bidimet1'ic immunoassay: 1'efe1'ence values， and age-and sex-
rela ted differences. Clin Chim Acta 1991; 199: 147 -5 8. 

[28] Sano T， Fujita S， Katayama Y. Fundamental evaluation of 
measu1'ement of lipoprotein(a) by Tint Elize Lp(a). Medicine and 
Pharmacology (1gaku・to・Yakugaku) 1993;29:707-19 (1n 

Japanese). 
[29] B1'onzert T， B1'yan H. New micromethod for measuring choles-
te1'ol iq plasma lipoprotein fractions. Clin Chem 1977;23:2089-

98. 
[30] Ha1'ada-Shiba M， Yamamur・aT， Toyota Y， Tsushima M， Ko・
jima S， Yamamoto A. Rebound curve following LDL-apberesis 
refiects catabolic rate of plasma choleste1'ol and the synthetic 1'ate 

of Lp(a). 1n: Gotto AM， Paoletti R， Smith LC， Catapano AL， 
Jackson AS， editors. D1'ugs Affecting Lipid Metabolism. Risk 
factors and Future Direction. Dord1'echt: Kluwe1'， 1996:591-7. 

[31] Friedewald WT， Levy R1， F1'edrickson D. Estimation of the 
concent1'ation of low-density lipop1'otein cholesterol in plasma 
without use of the p1'epa1'ative ult1'acentrifugation. Clin Chem 

1972;18:499-502. 

[32] Nakamur・aK， 1mata 1， Sato K， Sakoda K， Kawakami M. 

Measurement of mevalonic acid in plasma by GC-MS. Med 

Pha1'macol (1gaku-to・Yakugaku)1992;27:939-45. 

[33] Ranganathan S， Hattori H， Kaship ML. A rapid flow cytometric 

assay fo1' low-density lipop1'otein 1'ecepto1's in human pe1'iphe1'al 

blood mononuclea1' cells. J Lab Clin Med 1995;125:479-86. 

[34] B1'own MS， Goldstein JL. Recepto1'-mediated cont1'ol of choles-

terol metabolism. Science 1976;191:150-4. 

[35] Bake1' SG， Joffe B1， Mendelsohn D， Seftel HC. Treatment of 

homozygous familial hype1'cholesterolemia with p1'obucol. S A仕
Med J 1982;62:7-11. 

[36] Yamamoto A， Matsuzawa Y， Kishino B， Hayashi R， Hirobe K， 

Kikkawa T. Effects of probucol on homozygous cases of familial 

hypercholeste1'olemia. Athe1'oscle1'osis 1983;48: 157 -66. 

[37] Moutafis CD， Myant NB， Mancini M， Oriente F. CholestY1'a・

mine and nicotinic acid in the t1'eatment of familial hype1'choles-

terolemia in the homozygous fo1'm. Athe1'osclerosis 

1971;14:247-58. 

[38] Bocan TMA， Fe1'guson E， McNally W， et al. Hepatic and 
non-hepatic ste1'ol synthesis and tissue dist1'ibution following 

administ1'ation of a live1' selctive HMG-CoA 1'eductase inhibitor 

C1-981: comparison with selected HMG・CoAreductase in-

hibitor. Biochim Biophys Acta 1992;1123:133-44. 

[39] Bilheimer DW， Grundy SM， Goldstein JL. Mevinolin and 
colestipol stimulate recepto1'-mediated clea1'ance of low density 

lipoprotein from plasma in familial hype1'cholesterolemia het-

e1'ozygotes. P1'oc Natl Acad Sci USA 1983;80:4124-8. 

[40] Kraus BR， Newton RS. Lipid lowering activity of ato1'vastatin 
and lovastatin in rodent species; t1'iglyce1'ide lowering in rats 

correlates with efficacy in LDL animal models. Atherosclerosis 

1995;117:237-44. 

[41] Conde K， Ve1'ga1'a-Jimenez M， K1'aus BR， Newton RS， Fernan-

dez ML. Hypocholeste1'olemic actions of atorvastatin are associ-

ated with alte1'ations on hepatic cholestreol metabolism and 

lipop1'otein composition in the guinea pig. J Lipid Res 
1996;37:2372-82. 

[42] Bakke1'a1'kema RG， Davidson MH， Goldstein RJ， et al. Efficacy 
and safety of new HMG-CoA 1'eductase inhibitor， atorvastatin， 
in patients with hypertriglyce1'idemia. JAMA 1996;275:128-

33. 

[43] Rubinsztein DC， van de1' Westhuyzen DR， Coetzee GA. Mono-

genic primary hypercholeste1'olemia in South Af1'ica. S African 

Med J 1994;84:339-44. 

[44] Hoeg JM， Vaisman BL， Demosky SJ， et al. Lecithin-cholesterol 

acylt1'ansfe1'ase ove1'exp1'ession generates hype1'alphalipop1'oteine・

mia and a nonatherogenic lipop1'otein pattern in transgenic 

rabbits. J Biol Chem 1996;271 :4396-402. 

[45] 1keda Y， Ashida Y， Takagi A， Fukuoka T， Tsuru A， Tsushima 

M， Yamamoto A. Mechanism of the p1'oduction of small dense 

LDL in hype1't1'iglyceridemia. 1n: Jacoto B， MathとD，Fruchart 

J・C，edito1's. Atherosclerosis XI. Singapore: Elsevier Science， 
1998:777 -88. 






