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Table 2. Bascline characteristics of patients in sccondary prevention group

Secondary prevention
Chanacteristics No. (%) of patients p
All Exposed Unexposed
n=88§ n=74 (B4.1) n=14(15.9)

Age. mean (range) 52 (23-71) 51 (29-70) 53 (23-71) 0.62
Men, No. (%) 53 (60.2%) 46 (62.2%) 7 (50.0%) 0.55
BMI 225 21 (25.3%) 17 (24.3%) 4 (30.8%) 0.73
Smoker 42 (50.0%) 38 (53.5%) 4 (30.8%) 0.23
Drinker 39 (46.4%) 33 (46.5%) 6 (46.2%) 1.00
Xanthoma 75 (85.2%) 63 (B5.1%) 12 (85.7%) 1.00

Tendon xanthoma 71 (80.7%) 61 (82.4%) 10 (71.4%) 0.46

Nodular xanthoma 7 (8.0%) 6 (8.19%) 1(7.1%) 1.00

Palpebral xanthoma 8 (9.1%) 5 (6.8%) 3(21.4%) 0.11
PAD 2 (2.3%) 2(2.7%) 0 (0.0%) 1.00
Hypertension 36 (40.9%) 30 (40.5%) 6 (42.9%) 1.00
Diaberes 14 (15.9%) 9(12.2%) 5(35.7%) 0.04
Lipid profile, (mg/dL)

TC! 332 (191-469) 334 (191-469) 322 (229-444) 0.41

TG' 128 (37-636) 128 (37-636) 136 (63-318) 0.85

HDL-C' 42 (20-90) 42 (20-90) 39 (26-73) 091

LDL-C' 249 (117-381) 256 (117-381) 245 (138-354) 0.57
Blood Pressure, mmHg

SBp' 129 (90-180) 128 (96-180) 136 (90-166) 0.97

DBP {mml-lgl ) 80 (52-114) 80 (52-114) 78 (60-104) 0.33
FBS (mg)‘dLl ! 96 (72-252) 97 (72-197) 94 (79-252) 0.96
HbA1c (%) 5.8 (4.1-10.6) 5.5 (4.1-8.1) 6.4 (5.3-10.6) 0.06
Tendon xanthoma thickness (mm)" 14.5 (5.8-25.0) 15.0 (5.8-25.0) 10.0 (8.5-18.8) 0.09
Prior CV events

Angina Pecrons 45 (51.1%) 36 (48.6%) 9 (64.3%) 0.39

Myocardial Infarction 34 (38.6%) 33 (44.6%) 1(7.1%) <0.01

Stroke 7 (8.0%) 4 (5.4%) 3(21.4%) 0.08

Heart failure 2(2.3%) 2 (2.7%) 0(0.0) 1.00

TIA 2 (2.3%) 1(1.4%) 1{7.1%) 0.29
Treatment 0.08

Cholesterol-lowering drugs (non-probucol) 81 (92.0%) 70 (94.6%) 11 (78.6%)

LDL-apheresis 13(14.8%) 11 (14.9%) 2 (14.3%) 1.00

Anti-placelet drugs 50 (56.8%) 44 (59.5%) 6 (42.9%) 0.38

Anti-hypertensive drugs 47 (53.4%) 42 (56.8%) 5 (35.7%) 0.24

Diabetic drugs 6 (6.8%) 3(4.1%) 3(21.4%) 0.05

'Data are the median (range). All data are numbers (%) unless otherwise indicated. Each percentage is related to the total number with measure-
ment data. TIA indicates transient ischemic artack.

147 (124-197) and 33 (17-70) mg/dL. Sub-analysis
of changes in the lipid profile after probucol rrearment
detecred significant three predicrors of CV event risk:
higher bascline TC (HR 2.74, 95% CI 1.05-7.16; p=
0.04) in the primary prevention group: reduction
in TG (HR 0.22, 95% CI 0.06-0.86; p=0.03): and
reducrion in LDL-C (HR 0.17,95% CI 0.03-0.90;
£=0.04) after treatment in the subset of the secondary

prevention group on stable doses of probucol. Neither
TC nor HDL-C after trearment was associated with
CV event risk in the probucol-exposed group, which
indicates that reduction of the HDL-C level after pro-
bucol treatment is not related to CV evenr risk for
probucol-exposed patients.

We evaluated the safery of probucol for all col-
lected dara from 541 patients, and found 56 adverse
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Table 3. Inadence of cardiovascular events

Cardiovascular Event

No event

Primary prevention (n=322) Exposed (n=233)

Unexposed (n=89)

Secondary prevention (n=88) Exposed (n=74)

Unexposed (n=14)

MI
AP
Str.

AP
Ser.
TIA

MI
AP
HF
Str.

Ml
AP
Str.

27 (11.6%)
4
18
3
1
1
4 (4.5%)
1
2
|
20 (27.0%)
6
12
1
1
9 (64.3%)
rl
6
1
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MI. myocardial infarcion; AP, angina pectoris; HE heart failure; Ste., stroke; TIA, transient ischemic attack: PAD, peripheral artery disease.

One of the 4 patients died after 12 months of probucol termination.

cvents il'l ]8 Pi]'ifn‘b- A-‘!;Il'.list, I‘lrllri[ll&. III;IL'ruCIV!iC
anemia and pain in the extremities were recorded as
adverse drug reactions associated with probucol. We
noted and reported gastric cancer stage Il immediacely
to the Ministry of Health and Welfare as an unex-
pected serious event, because of an unknown drug
relation due to many concomitant drugs, although
probucol was found ro be non-carcinogenic alone®".
Six deaths were observed in the population nort taking
probucol or stopping probucol. There was no other
difference in the incidence of adverse events, includ-
ing scrious events, between probucol exposure and
non-cxpostre.

Discussion

Many daca from large-scale randomized controlled
trials have overwhelmingly demonstrated the clinical
benefits of lowering cholesterol with statins™ 2%, yer
the rapid and extensive prophylacric use of cholcsrcr
ol-lowering drugs remains controversial. Few studies
have addressed the clinical risks and bencfits of long-
term treatment of hyperlipidemia among women®* or
clderly patients®®. The satery of long-term cholesterol-
lowering therapy, including the issue of associated
cancer l'isl( or l)f"cﬁl. rc‘"ﬂi“s illl:(:lln.:lll:\i\-'l.‘ l}rL’i‘uSt’
of conflicting clinical evidence®, More importantly,
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conclusions from the results of randomized conrrolled
trials arc limited by their relarively shorr follow-up pe-
riods (gencrally less than 5 years) in the analyzed stud-
les.

In long-term treatment for FH, probucol was
used with other cholesterol lowering drugs in over
80% of the secondary prevention group-those with a
more severe clinical outlook than the primary preven-
tion group: a higher prevalence of hypertension and
diabetes, significant thicker tendon xanthoma, more
combined therapy with LDL-apheresis, anti-plateler
drugs, and anti-hypertensive drugs. The high rate of
probucol use in FH was surprising, different from
expected. This mighe partly reflect the preseription
behavior of experts with the result that intractable
patients responded to the rcgimcn

In the secondary prevention, the higher-risk group,
probucol exposure was associated with a reduction in
the risk of cardiovascular events (HR 0.13; 95% CI
0.05-0.34) with high significance (p<0.001), while it
was not significant in the primary prevention group.
This result was also contrary to our expectation that
probut.,o] exposurc would llkclv be associated with
increased event risk due to a a.onloundlng indica-
tion-thar patients considered more severe at diagnosis
would receive more treatment, including probucol.
We did not collect the details of non-probucol drugs
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Fig.2. Kaplan-Meier Estimates of Event-free Rate.

For secondary prevention. the incidence of cardiovascular events was 27.0% in the exposed group and 64.3%
in the unexposed group. An event-free survival curve for the secondary prevention group is given.

Table 4. The results of multivariate analysis using Cox regression procedure

Primary prevention Secondary prevention
Factor
HR 95% ClI P HR 95% CI P

Bascline variables

Tomal cholesterol 1.58 1.06-2.33 0.02 = = =

Drinking 243 1.09-5.44 0.03 - - -

Peripheral artery discase 5.27 0.51-5463  0.16 = = -

Palpebral xanthoma - - - 294 1.02-8.47 0.05

Diabetes = = = 2.58 0.76-8.76 0.13
Treatment in follow-up

Probucol use 1.50 0.48-4.67 0.49 0.13 0.05-034 <0.001

Anti-platelet drug use = = = 248 1.00-6.17 0.05

to simplify the study procedure. However, we would
likely exclude underused statins because of the reduced
usc of non-probucol drugs from the possible factors of
the higher event rate in the unexposed group, because
statins were available when all of the 9 recurrent
patients (Table 3) started and the patients continued
on cholesteral-lowering drugs. We suppose, therefore,

thar the reasons for this unanticipated great risk reduc-
tion include some antioxidant and anti-atherogenic
actions* *#? of probucol. The finding in second pre-
vention may be suggested by the report®” thar probu-
col siglliﬁmnd_\' decreased in vitro LDL oxidimbi“t}'
measured under typically serong oxidative conditions,
and thar long-term trearment with probucol had an
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anti-atherogenic cffect in Waranabe Heritable Hyper-
lipidemic rabbits. From the observation thar the base-
line lipid profile was not different berween the two
groups of exposure and non-exposure in secondary
prevention, the drug might exhibic greates effective-
ness in post-cardiovascular disease patients, in possibly
advanced lipid accumulation and inflammation,
which are associated with the circulation of oxidized
LDL,

In primary prevention, we observed an almost
significant increase of events in the exposed group
(Table 3), and an apparendy increased risk (HR 1.5},
although not statistically significant after adjustment
(Table 4). We suppose, however, that the ideal effects
of probucol might be concealed by rthe following fac-
tors nored in primary prevention. The exposed group
had a worse lipid profile (TC, LDL-C and HDL-C
levels), higher HbAt, and thus definitely a higher
risk than the uncxposcd group. Furthcrmore, 8 (necarly
30%) of the 27 patients experiencing cardiovascular
events in the exposed group discontinued probucol
when they had events. This was consistent with the
different finding between primary and secondary pre-
ventions in the exposed group: less than half of the
patients (113 of 233) in primary prevention conrtin-
ued on probucol, while 53 (72%) of 74 patients con-
tinued in secondary prevention. This estimation might
be conservative.

The controversial and paradoxical action of pro-
bucol- lowering HDL-C- level was not associared
with the risk of CV events in the cohort, therefore, the
association between low levels of HDL-C and an
increased risk for CV evenrs or dearh indicated by the
carly Framingham Heart Srud) ¥ may not be extrapo-
lated to probucol-treated patients. This proposition is
consistent with recent findings that a lowered HDL-C
level is not always atherogenic, burt that the quality
or function of HDL-C is more important than the
HDL-C levels*. In facrt, increased levels of HDL-C
with torcetrapib, a CETT inhibitor, were nor associ-
ated with a significant clinical benefit in patients with
coronary discase®, FH* or mixed dyslipidemia®,

We speculate that enhanced reverse cholesterol
transport by CETP activation as a result of probucol
treatment also contribured ro the derecred risk reduc-
tion in the cohorr. The obscrved positive outcome of
probucol, a CETP activaror, might be a mirror image
of the negative clinical trial resules for the CETP inhib-
itor™. Reports® % of increased coronary heart discase
in CETP deficiency despite increased HDL-C levels,
and the molecular approach to review CETP defi-
ciency ™ support our hypothesis, at least in Japanese
gencalogy. Interestingly, a recent basic rescarch reports

that human CETP expression enhances the mouse
survival rate in an experimental systemic inflamma-
tion model®, indicaring for the first rime a role for
CETP in the defense against the exacerbated produc-
tion of proinflimmatory mediators.

For the safety evaluation, we found no cardio-
toxic adverse drug reaction including QT/QT¢ pro-
lnug_;uiun or torsade de pninrcs. in this study, although
probucol can cause them's7%49,

We obtained these results from an observational
study with no control for inaccuracy, unexpecred bias
or confounding facrors. We could not assure the preci-
sion of the baseline measurements due to unrecorded
dara. The participant centers were major hospitals for
FH, but not all hospitals in Japan, because the study
was conducted as part of a post-marketing study by a
pharmaceutical manufacturer within the framework of
the Japanese government regulations. Some restrictions
on collecting data might have resulted in unexpected
small numbers in the unexposed group in secondary
prevention, although we think that the study cohort
represents nc:lrly a nationwide population of herero-
zygous FH in Japan. The results derived from patient
data in _l.lp.lll can not ncccss.irl]y be generalized to
patients in western countrics.

Despite these limitations of the study, however,
we could evaluate the outcome of long-term probucol
treatment in the medical pracrice serting for FH, a
high-risk population, for as long as 20 years in Japan,
The significant risk reduction of CV events observed
in the secondary prevention group holds clinical sig-
nificance and suggests some beneficial therapeuric
actions of this drug in arteriosclerotic diseases. The
hypothesis from the findings warrants a randomized
controlled trial for verification of the secondary pre-
vention, and needs further rescarch into the molecular
mechanisms or roles of CETP in pathogenesis.
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Proposed Guidelines for Hypertriglyceridemia in Japan with
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The Research Committee for Primary Hyperlipidemia, Research on Mcasures for Intractable Diseases by the Ministry for Health,

Labor, and Welfare in Japan.

The Japan Atherosclerosis Society (JAS) guidelines for the prevention of atherosclerotic diseases, pro-
posing management for LDL cholesterol as the primary target, have successfully contributed to the
prevention of cardiovascular events; however, recently, the impact of hypertriglyceridemia as an addi-
tional cardiovascular risk has become understood, especially in light of the rise in obesity, metabolic
syndrome, and diabetes in the Japanese population. Rather than waiting to obtain conclusive domes-
tic data confirming that hypertriglyceridemia is a cardiovascular risk factor and thar its management
is efficacious, we propose guidelines for hypertriglyceridemia using non-HDL cholesterol as a sec-

ond target.

J Atheroscler Thromb, 2008; 15:116-121.
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Introduction

Many prospective epidemiological studies have
indicated a positive relationship between serum tri-
glyceride (TG) levels and the incidence of coronary
heart discase (CHD)" . TG-rich lipoproteins such as
remnant lipoproteins and small dense LDL particles
are increased in hypertriglyceridemia and have been
established to be atherogenic by numerous clinical and
experimental studies*®; however, classification of the
plasma TG level as an independent risk factor for
atherosclerosis has been controversial. This is partly
because plasma TG levels are inversely intercorrelated
by other well-established risk factors, such as low HDL
cholesterol. To dare, large scale trials for intervention
targeting plasma TGs with TG reducing agents such as
fibrates have not reached definitive conclusions about
their effectiveness on primary endpoints, although fib-
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School of Comprehensive Human Sciences University of
Tsukuba, 1-1-1Tennodai, Tsukuba Ibaraki 305-8575, Japan.
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rates have some impact on both primary and second-
ary prevention in small scale studies”™,

The precise estimation of plasma TGs as a cardio-
vascular risk is confounded by orther risk facrors, such
as obesity, diabetes, hypertension and smoking, In
addition, a cluster of merabolic risk facrors, such as vis-
ceral obesity and insulin resistance with hypertriglyc-
eridemia, referred ro as metabolic syndrome, indicares
that plasma TG concentrations are rtightly linked to
other strong risk factors for CHD. Thus, parients with
clevated TGs are at increased risk for CHD, although
greater risk cannot be independently explained by TGs.
Meanwhile, recent meta-analyses suggcstcd that plasma
TGs could be an independent factor for Cl'r by
Supportively, many experimental studies indicated that
triglyceride-rich lipoproteins as well as LDL are ath-
crogenic. Taken rogether, these data suggest that hyper-
triglyceridemia should be regarded as a semi-indepen-
dent risk factor and should be included as a clinical
target for the prevention of CHD. Considering the
increasing prevalence of obesiry, metabolic syndrome,
and diabetes in this country, guidelines specialized for
patients with hypertriglyceridemia need ro be immedi-
ately established. In this study, we propose new guide-
lines for Japanese patients with hypertriglyceridemia

— 246 —
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Table 1. Plasma lipid profile of severe and mild type IIb hyper-
lipidemic patients sub-grouped by non-HDL choles-

terol level
severe type Ib - mild type IIb
Male non-HDLc P
>190 mg/dl < 190 mg/dL
n 51 54
Toral Cholesterol 270=41.8 234403 0.001
Triglycerides 347+ 286 236=110 0.031
HDL Cholesterol 424x8.0 5492152  0.000
LDL Cholesterol 159+51.6 135+£38.1  0.029
non-HDL Cholesterol 228416 182£39.1  0.000
severe type Ib - mild rype IIb
Female non-HDLc P
> 180 mg/dL < 180 mg/dL
n 52 48
Total Cholesterol 265+29.6 231£20.2  0.000
Triglycerides 242120 218£56 0.1
HDL Cholesterol 47.3¢ 14.1 63.2£195 0.000
LDL Cholesteral 1752 40.4 1252179 0.000
non- HDL Cholesterol 224302 168+ 149  0.000

Subjects were parients who visited the outpatient clinic of the Endo-
crinology and Metabolism Unir of Tsukuba University Hospital on a
regular basis (monthly or bimonthly} as descrbed in Marerials and
Methods. Dara are the means = 5D (mg/dL).

using non-HDL as a secondary target after the goal
for LDL cholesterol as the primary target is achieved.

Materials and Methods

A total of 1,124 patients in Tsukuba University
hospital in 2006 were consecutively included in the
study (Table 1). Patients with severe illness were ex-
cluded. Plasma toral cholesterol (TC), LDL-C, TG,
HDL-C, glucose and HbA[c¢ in cither the fasted or fed
state were derermined enzymarically with the Hirachi
7070. Plasma HDL-C concentration was measured by
a dircct method using polyethylenc-glycoso-pretreated
enzymes. We calculated LDL-C concentration with
Friedewald’s formula (TC-TG/5-HDL-C) when TG
was less than 400 mg/dL. Plasma non-HDL-C con-
centration was calculated as TC=HDL-C. One hun-
dred and five male and 100 female patients were diag-
nosed with Type b hyperlipidemia (TC> 220 mg/dL
and TG > 150 mg/dL). They were subcategorized into
two groups according to their non-HDL cholesterol

level (Table 1).

CHD avents
Other
T Risk Faciors
TG
VLDLg, IDLe, ALPe
LDL cholesterol
30 Nen-HDL cholestarol

Fig. 1. Rationale for usage of non-HDL cholesterol: impact
of TG and other risk factors on correlaton berween

LDL-cholesterol CHD event.

nonHDL cholesterol = Total cholesterol = HDL cholesterol=VLDL
cholesterol + IDL cholesterol (remnant I.ipupmn:i.n cholesterol) +
L.DL cholesterol (Friedewald formula).

VLDL chol 14 DL chol | (RLP chol ol) =TG/S

The risk of hypenrig!yccridemin s lppmu(.imatcd w VLDL, IDL,
and RLP cholesterol estimated as TG/5, and incorporated into non-
HDLC. The difference berween non-HDL cholesterol and LDL
cholesterol on X-axis was set up at 30 mg/dL. based upon the data
from Fig. 2.

Results and Discussion

Advantage of Non-HDL Cholesterol as a Marker
for Hypertriglyceridemia

LDL cholesterol has been established as the most
potent predictor of CHD and is currenty the primary
target for treatment and prevention. Other risk factors,
including TG, diabetes, obesity, and merabolic syn-
drome, do nor directly elevare plasma LDL cholesterol,
but could enhance the risk of LDL cholesterol by
shifting up the curve, as depicted in Fig, 1. To evaluate
and manage the risk of hypertriglyceridemia, the TG
level must be interpolated into the risk of plasma cho-
lesterol. In patients wich high TGs, most VLDL cho-
lesterol resides in the smaller (remnant) VLDL frac-
tion. Cholesterol of remnant lipoproteins (VLDL and
IDL), which is concomitantly increased by elevarion
of plasma TG is an appropriate surrogate marker of
hypertriglyceridemia. TG-rich remnant lipoproreins
have been established as atherogenic lipoproreins® 9,
Thus, RLP¢, a commercially available laboratory test
for remnant lipoprotein cholesterol, could be a suit-
able marker for the atherogenicity of hypertriglyceri-
demia; however, this test is expensive and is not prac-
rical for use as a rourine parameter. In contrast, non-
HDL cholesterol, defined as total cholesterol=HDL

cholesterol, is casily calculated, and represents the sum-
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mation of VLDL/IDL (remnant) cholesterol and LDL
cholesterol. It reflects the risks for all apoB-containing
lipoprateins and could be an excellent marker for ath-
erogenic lipoproreins, Plasma TG iwself is not an appro-
priate marker for CHD risk due to its internal and
dietary variability. In contrast, non-HDL cholesterol
is not affected by dietary stares and has much less daily
variability than TG.

Predictive Power of Non-HDL Cholesterol

Non-HDL cholesterol reflects the risks of both
hypertrigyceridemia and LDL-cholesterol '™ 'V, Several
studies have indicated that non-HDL cholesterol is
better than LDL cholesterol in its predictive power of
cardiovascular discases, indicarin% that VLDL choles-
terol could contribute 1o CVD*™. Non-HDL choles-
terol is also a useful marker in a variety of subpopula-
tions: men, the elderly. and patients with high-risk dis-
cascs such as diabetes and end-stage renal discase!™'?,
Our current clinical data from patents with type b
hyperlipidemia also support the usefulness of non-
HDL cholesterol (Table 1). In our outparient clinic,
70% of patients had diabetes and roughly 10% were
type [Ib hyperlipidemia (cholesterol > 220 mg/dL and
TG>150 mg/dL). These type IIb hyperlipidemic pa-
tients were equally divided inro two sub-groups: severe
(non-HDL cholesterol levels = 190 mg/dL for male pa-
tients and 180 mg/dL for female patients) and mild
<190 mgh‘lL for male patients and 180 mg/dL for fe-
male patients. When the severe and mild b gro
were compared, rotal, LDL, HDL cholesterol, alldTp
levels were significantly different among these two
groups for both genders, excepr for serum triglyceride
in females (Table 1). These dara indicate thar non-
HDL cholesterol is an excellent marker representing
all the components of dyslipidemia. The uscfulness of
non-HDL cholesterol rather than low-density lipopro-
tein cholesterol as a rool for lipoprotein cholesterol
screening and assessment of risk and therapy has been
already recognized in the USAY: ", Another candi-
date marker for both remnant and LDL cholesterol is
plasma apoB level ™. ApoB is a direct marker for the
particle number of apoB-containing lipoproteins and
reflects risks of both remnants and LDL. Non-HDL
cholesterol is highly correlated wirth apoB, and should
replace this specialized and expensive laboratory tes
despite some reports indicating that apoB is better
than non-HDL cholesterol for the predictive power of
("Hn It.:ﬂl_

However, according to the Friedewald formula,
the TG risk in non-HDL cholesterol represents only
one fifth of TG levels as remnant cholesterol, and thus,
the contribution of the nsk is relatively weak com-
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Fig.2. Distribution of non-HDL cholesterol vs. calculated

LDL cholesterol in normolipidemic patients.
Non-HDL cholesterol and LDL cholesterol calculared from Frie-
dewald formula were highly correlared. Subjects were from the out-
patient clinic of Tsukuba University Hospirtal "

pared to that of LDL cholesterol. Our previous dara
indicated that the correlation of non-HDL cholesterol
to LDL cholesterol was much stronger than that to
the TG level (Fig.2)*". It should be noted that non-
HDL cholesteral is not a specific marker for hypertri-
glyceridemia. Rather, non-HDL cholesterol should be
regarded as a general single marker for both hypercho-
lesterolemia and/or hypertriglyceridemia.

Proposed Guidelines for Hypertriglyceridemia
Based upon these considerations, we propose
guidelines for hypertriglyceridemia in Japanese patients
using non-HDL cholesterol as a secondary target, as
shown in Table 2. This is an extended version of the
2007 edition of the Japan Atherosclerosis Society (JAS)
guid:llncs for the prevention of atherosclerotic dis-
eases in which LDL cholesterol is the primary marker
and target. It is essentially similar to the AHA-ATPII
guidelines for hyperTG in USA™. ATPII reccommends
using non-HDL cholesterol as a secondary target when
plasma TG is greater than 200 mg/dL because VLDL
cholesterol is not significantly accumulated if TG is
less than 200 mg/dL*”. We do nort have enough clini-
cal data for Japanese on the relationship berween TG
and VLDL cholesterol to provide the appropriate TG
level where the use of a non-HDL marker should be
considered. Currently, we recommend using non-HDL
for patients with hypertriglyceridemia (TG > than 150
mg/dL). Even for patients with hypertriglyceridemia,
the primary targee is still LDL cholesterol. In the 2007
JAS guidelines, goals of LDL for the secondary pre-
vention group and the primary prevention group with

category I, I, and I are 100, 120, 140, and 160 mg/
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Table 2. Proposed Japanese Guidelines for Hypertriglyceridemia

Catopcning Goal for plasma lipids (mg/dL)
il Coronery Risk F8ctors | prmary LDLG | SecondarynonHDLC | HDLC
Primary I (Low Risk Group) <160 <190
m1mrmﬂn first line, | O (Inermediate) 1~2 <140 <170
I (High) <120 <150 240
W,P'ﬁf"f“ N Past History of CHD <100 <13

Goals for control depend upon ctegories of LDL cholesters] and non-HDL cholesterol. The prlmarv target in hypertriglyceridemia is

LDL<holesterol. If the goal for LDL-chol L in the |
the secondary target, For the parients with TG > 500 mga’dl

GdeIlﬂﬂ for Atherosclerosis 2007 is already achieved, nonHDL-C is

enetic disorders and the prwvmlnn of acute pancrearitis should

be considered. Coronary risk factors other than LDL du.lln!rtrn| lm.ludr low HDL cholesterol, aging, diabetes, hypertenstion, smoking,

past history of CHD, and obesity (visceral obesity).

dL, respectively. Goals for non-HDL cholesterol in
cach group are those for LDL cholesterol plus 30 mg/
dL. This is based upon our outpatient clinic data that
non-HDL cholesterol was 30 mg/dL higher than LDL
cholesterol (Fig.2)?". ATPIN also recommends using
LDL cholesterol goal+30 mg/dL*). This also corre-
sponds to the calculated VLDL cholesterol of the cut-
off point of normal TGs (150/5 mg/dL). This goal is
arbitrarily ser and could be modified in the future,
especially when the relative atherogenicity of remnants
and LDL cholesterol are more precisely determined. In
the case of TGs of greater than 500 mg/dL, the risk of
pancrearitis should be carefully considered as a poten-
tial acute complication.

Treatment of Hypertriglyceridemia Based upon
Non-HDL Cholesterol Level

Treatmenr of patients with hypertriglyceridemia
for primary prevention should be initiated wirth life-
style modifications, especially reducing weight and in-
creasing physical activity. Lifestyles exacerbating hyper-
trigylyceridemia, such as overweight, obesity, physical
inacriviry, cigarette smoking, excess alcohol intake, and
very hlgh carbohydrate diets, need to be improved.
Other disorders and drugs that cause secondary hy per-
triglyceridemia, including diabetes, chronic renal fil-
ure, nephrotic syndrome, and steroid therapy, should
also be treared firse. In the event thar lifestyle modifi-
cation for at least three months is not effectve to
achieve the goal of non-HDL cholesterol, medication
should be considered. Currently, due 1o lack of evi-
dence o fully justify the use of fibrates for high TGs
prior to statins, it is recommended to use a statin as
the first line choice for high non-HDL cholesterol. If
statin therapy is already used to control LDL choles-
terol, management of non-HDL should be targeted by

increasing the dosc of the statin or swirching o a
stronger form. This is based upon the notion that rem-
nant lipoproteins, as well as LDL, are taken up through
LDL receprors thar are up-regulared by statins. In the
case of type Il hyperlipidemia, or if high non-HDL
cholesterol is much more prominent than LDL che-
lesterol because of hypertriglyceridemia, fibrates could
be considered as they specifically reduce plasma TGs
and are cffective against type 1l hyperlipidemia. How-
ever, LDL cholesterol should be carefully monitored
since fibrates occasionally raise LDL cholesterol fol-
lowing a decrease in TGs (VLDL cholesterol). In case
the goal for LDL cholesterol is not attainable, the ad-
dition of cholestimide and/or ezetimibe ro statin could
be considered, whereas EPA could be considered for
hypertriglyceridemia. A positive result from a recent
large scale Japanese study using both EPA and prava-
statin to estimate the prevention of atherosclerotic
evenrs, justifics superimposing EPA on starin therapy,
although the contribution of the plasma TG-lowering
effect of EPA to the prevention of cardiovascular events
is not yet determined®”. The complexiry of the choice
of medication for high non-HDL cholesterol is cur-
rently inevitable because no agents specifically decrease
non-HDL cholesterol. Drug information strongly
warns against the use of both statins and fibrates be-
cause of increasing the risk of the life-threatening side
effect of rhabdomyolysis. Joint use is justified only
when the benefit exceeds the risk, which requires ex-
pertise in this ficld; however, considering the very few
reports of rhabdomyolysis as a severe side effect in re-
cent post-marker studies in Japan, carefully prescrib-
ing both agents for high-risk padents such as those
with type IIb hyperlipidemia could be re-considered.
Joint use might be restricted in the elderly or renal
compromised parients. In addition, monitoring mus-
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cle symptoms and plasma creatine phosphokinase is
necessary in patients prescribed cither statins or fi-
brates.

Conclusions and Future Prospect of the Guidelines

Non-HDL cholesterol containing both LDL cho-
lesterol and remnant cholesterol, is an excellent predic-
tor of atherosclerotic risk, and should be a treatment
target. Non-HDL cholesterol is simple, convenient,
and free from dictary variations. These advantages are
crucial for nation-wide use of the guidelines and health
check activity. This simple measurement could also
make it !,uossiblc to re-evaluate previous clinical studies
using this parameter to offer a good chance of estimat-
ing the usefulness and importance of this marker in a
large meta-analyrical scale.

In the current study, we propose that LDL cho-
lesterol is the primary warger and non-HDL cholesterol
should be the secondary rarget for clevared TG. Con-
sidering that non-HDL and LDL cholesterol are par-
tially redundant, non-HDL could replace LDL as the
primary target and as a general marker for both ele-
vated cholesterol and TG. As Table 1 shows, non-HDL
cholesterol could be used as a general and convenient
lipid marker for type IIb hyperlipidemia.

This proposal still faces the recent problem of
selecting lipid markers for the initial assessment for
dyslipidemia. The recent GL focus has been on LDL
cholesterol rather than TC, while LDL cholesterol
has a problem the lower reliability for direct measure-
ment. In addition, a considerable portion of hypertri-
glyceridemia is not applicable to this equation. For
subjects with hypertriglyceridemia, application of this
new GL eventually requires all TC, TG, HDL, and
LDL cholesterol measurements to assess both LDL and
non-HDL cholesterol. Currently, however, the Japa-
nese medical system covers only three out of four lipid
measurements as healtheare services provided by health
insurance. Further Japanese clinical studies and careful
evaluarion of the data, as well as technical improve-
ments of reliable LDL cholesrerol measurements, are
required to determine the most efficient protocol to
select lipid measurements as the inirial assessmenrt of
dyslipidemia to prevent CVD in Japan. Furthermore,
guidelines for HDL cholesterol should also be estab-
lished, although the relative importance and position-

ing of non-HDL and HDL is yet to be determined.
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Coexpression of CLA-1 and Human PDZK1 in Murine
Liver Modulates HDL Cholesterol Metabolism

Hidenori Komori, Hidenori Arai. Terumi Kashima, Thierry Huby, Toru Kita, Yukihiko Ueda

Objective—In rodents scavenger receplor class B type I (SR-BI) is a key molecule for selective uptake of cholesteryl ester
from high-density lipoprotein (HDL). This study was aimed to clarify the role of the human SR-BI/CD36 and LIMP-T]
Analogues-1 (CLA-1) as a molecular target of selective uptake of cholesteryl ester from HDL in vivo.

Methods and Results—To clarify the function and regulation of CLA-1 in vivo we produced CLA-/ BAC transgenic mice.
In spite of abundant hepatic RNA expression of CLA-J, CLA-/ BAC transgenic mice had no significant effect on mouse
HDL cholesterol. Although coexpression of a human scaffolding protein PDZK 1 along with CLA-1 enhanced hepatic
CLA-1 expression, it did not affect mouse HDL cholesterol levels, either. However, in the presence of human apoA-1.
HDL cholesterol level and size were significantly reduced in CLA-1 transgenic mice, and its reduction was more
pronounced in CLA-//human PDZK ] double transgenic mouse.

Conclusions—We established a mouse model to study human reverse cholesterol transport by expressing CLA-/, human
PDZK 1, and human apoA-1 gene. Our results imply that enhancing CLA-| expression by human PDZK 1 in the liver can
modulate HDL cholesterol metabolism and possibly enhance reverse cholesterol transport to prevent the progression of
atherosclerosis in human. (Arterioscler Thromb Vasc Biol. 2008;28:1298-1303)

Key Words: lipoproteins m receptor m transgenic model m apolipoproteins m genetically altered mice

he inverse correlation between plasma high-density li-

poprotein (HDL) cholesterol levels and the risk of the
coronary heart disease has been established.'* HDL is an
antiatherogenic lipoprotein involved in the reverse cholesterol
transport (RCT) system where HDL removes excess cholesteryl
ester (CE) from peripheral tissues and carries it back to the liver.
Therefore, establishing a new therapeutic strategy which can
enhance RCT is of great benefit to prevent the development of
coronary hean disease.

One of the candidate molecules for RCT is scavenger
receptor class B type 1 (SR-BI). SR-BI was first cloned in
1994 as a modified low-density lipoprotein (LDL) receptor.**
In 1996 this receptor was found to be an HDL receptor that
mediates selective uptake of CE from HDL to the liver.®t
SR-BI interacts with HDL wia apoA-I, which is a major
apolipoprotein on HDL molecules,” and is necessary for
mediating CE uptake 5

We and others showed that increasing the expression of
SR-BI in the liver enhances RCT resulting in a decrease of
atheromatous lesion formation in spite of the decreased
plasma levels of HDL cholesterol.'"-'% In contrast, decreased
expression of SR-BI stimulates the lesion formation in spite
of increased HDL cholesterol levels.'*-'* Thus, in rodents
SR-Bl is a key molecule as an HDL receptor in the liver

affecting RCT and the pathogenesis of atherosclerosis. These
observations suggest SR-BI as a molecular target for antiath-
erosclerosis therapy.

However, the RCT system in human is more complicated
than in rodents, and it has been hard to study the role of
SR-BIl in human because of the presence of CE transfer
protein (CETP). The human homologue of SR-BI was indepen-
dently cloned as CD36 and LIMPII analogous-1 (CLA-1).171%
CLA-1 functions as a receptor for HDL as well as LDL, VLDL.,
modified LDL, hepatitis C virus (HCV) in vitro.'?-2! In human
CLA-1 is expressed in liver, adrenal gland, testis, and macro-
phages in the atherosclerotic lesion,**22% However, the physi-
ological function and the regulation of this molecule still remain
unknown,

Tissue expression of SR-BI is regulated both transcription-
ally and posttransscriptionally. PDZK1 was cloned as an
associating protein with SR-BI stabilizing SR-BI protein ‘on
the hepatocyte ** PDZKI1 is found in liver, kidney, small
intestine, pancreas, adrenal cortex, gastrointestinal tract, and
testis in human tissue samples.*® PDZK] is a 70-kDa protein
composed of 4 functional PDZ domains that play an impor-
tant role in the transport, localization, assembly, and scaffold-
ing of membrane proteins. Coexpression of hamster SR-BI
and rat PDZK1 in CHO cells increases SR-BI expression.** In
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contrast. hepatic downregulation of PDZK1 with fibrates.
MAPI17 wansgenic mouse, and PDZK [-deleted mice showed
decreased hepatic SR-BI protein expression posttranscrip-
tionally.>»=* Interestingly. PDZK [-deletion mice show dra-
matically reduced hepatic SR-BI expression along with in-
creased plasma cholesterol levels. ™ Thus in the liver, but
not in steroidogenic tissues,” posttranscriptional control of
SR-BI proteins expression depends on the presence of
PDZK1 in rodents.

To explore the function and the regulutory mechanism of
CLA-1 in vivo, we generated CLA-/ transgenic and human
PDZK | transgenic mouse by introducing human BAC clones,
Then we produced double transgenic mouse coexpressing
CLA-1 and human PDZKI to enhance hepatic CLA-1 ex-
pression. We investigated CLA-1 expression in the liver
along with PDZKI1 and their effect on HDL metabolism.

Methods

Bacterial Artificial Chromozome Isolation and
Generating Transgenic Mouse

Bacterial anificial chromozome (BAC) clone 265119 containing full
length of the 75-Kb CLA-I gene as well as 70-Kb upstream and
25-Kb downstream sequence (Figure |A) was obtained from Re-
search Genetics by polymerase chain reaction (PCR) screening. BAC

A
_ 70Kb . 75Kb 25Kb_
. " CLA -1gene il

BAC 265119

B
Cc

-
-4

Figure 1. Analysis of CLA-1 BAC transgenic mouse. A, Schema
of BAC 265119 containing the CLA-1 gene. B, RNase protection
assay for CLA-1 RNA expression. Ten ug of lotal RNA in each
organ were subjected for the analysis to detect the expression
of the first exon of CLA-1 or mouse-SR-BI. C. SR-BI and CLA-1
expression in macrophages by RT-PCR.
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A
_ 34Kb __ 37TKb 109 Kb ~
human PDZK1 gene -
BAC 354F1 i
\-
2 @ )
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S AT EET T
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Figure 2. Analysis of human PDZK1 transgenic mouse. A,
Schema of BAC 354F1 containing the human PDZK1 gene. B,
Expression pattern of PDZK1 in human PDZK1 BAC transgenic
mouse by RT-PCR, After digestion by DNasel, 0.5 ug of total
RAMA were transcribed to subject for PCR amplification. Mouse
f-actin was served as an internal control, h-PDZK1 Indicates
human PDZK1; m-PDZK1, mouse PDZK1.

was isolated by alkali method and the backbone, pBELOBACI |,
was removed by pulsed ficld gel (PFG) electrophoresis. The linear-
ized fragment was purified by phenol-chloroform extraction and then
by dialyzing against an injection buffer (10 mmol/L Tris'HCI pH 7.5:
I mmol/l. EDTA: 100 mmol/L. NaCl) through Millipore type VS
0.025-mm membrane (Millipore). Purified DNA was diluted 10 5.0
pg/ml for pronuclear injection into FVB mouse fertilized embryos
(B.L.. Hogan, Manipulating the Mouse Embryo: A Laboratory
Manual, Cold Springs Harbor Express). By the same method the
180-kb genomic DNA fragment containing the full-length sequence
of human PDZK] with both 34-kbp upstream of exon | and 109 kbp
downstream of exon 10 (Figure 2A) isolated as BAC clone 354F1
was used to generate human PRZK | transgenic mouse

Other Genetically Engineered Mice

SR-Bi-deleted (SR-BI"'") mouse was generated as described.
Human apeA- transgenic mouse (h-apedAl”) and apoA-I-deleled
mouse (m-apeAl ™)' were obtained from the Jackson Laboratory
(Bar Harbor, Me). All transgenics were established in an FVB strain,
and SR-BI" and m-apeAl™" mice were back-crossed with FVB
mice al least 6 generations, respectively, so that all mice used in the
current study have FVB genetic background. All animals in the
current study were caged in Kyoto University Animal Facility, which
is air-conditioned with controlled light-cycle, and were manipulated
along with the Animal Welfare Regulations of Japanese government

L]

Plasma Lipid and HDL Particle Analysis
Al the age of 8 wecks after fed normal chow, blood samples of
female mouse were collected by tail vemn bleeding in EDTA-coated
Microtainer tbe (Becton Dickinson and Company). Samples were
centrifuged at 7500 for 5 minutes and stored at —80°C wntl
analysis, Plasma totdl (TC) and free cholesterol (FC) was determined
by cholesterol oxidase method using Cholesterol E-test Wako
(Wako) for TC and Free Cholesterol E-test Wako for FC, Esterified
chalesterol (CE) concentration was calculated by subtracting FC
from TC. Plasma levels of HDL cholesterol were evalvated by
measuring cholesterol after prepicitating the apolipoprotein B con-
taining fraction with 6.5% polyethylene glycol (PEG).™
Cholesterol profile in plasma lipoproteins was analyzed by a dual
detection high-performance liguid chromatography (HPLC) system
with 2 1andem TSKgel LipopropakXL columns according to the
method of Usui et al (Lipidsearch System, Skylight Biotech Inc).™
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Genolyping of transgenic muce. RNA 1solation and  analysis,
macrophage RNA isolation, Western blotting for liver lysates. and
statistical analysis are described under Matenials and Methods
section in the onhine Data Supplement avarlable at hup:/Jatvb.
ahajournals.org.

Results

Gene Expression and Lipid Profile of CLA-1 BAC
Transgenic Mouse

To clarify the function of CLA-1 in vivo we generated CLA-/
transgenic mouse. The inclusion of endogenous regulatory
elements within the BAC transgene allows assessment of
physiological tissue distribution and regulation of CLA-/
(Figure 1A). The CLA-1 BAC clone does not contain any
other genes. To confirm the expression of the transgene in
various tissues of CLA-1 transgenic mice (CLA-] TG). RNase
protection ussays were performed (Figure 1B). Under physi-
ological regulation by the human promoter. the expression
pattern of CLA-/ was quite similar to that of the mouse SR-B/
gene. Expression of the CLA-{ gene was high in hver, adrenal
glund, intestine, and ovary. CLA-1 was also expressed in
macrophages of CLA-/ TG (Figure 1C).

To investigate the effect of the transgene on lipid metab
olism, plasma levels of total cholesterol (TC) and HDL
cholesterol (HDL-C) were determined. Plasma TC levels of
10 transgenic mice were not significantly decreased com-
pared with those of the linermate (WT) animals (CLA-1 TG
86.5=12.1 mg/dL versus WT 99.5=9.5 mg/dL: ns.). No
significant difference was found in plasma HDL-C Jevels
(CLA-1 TG 53,1 223,0 mg/dL. versus WT 63.9%10.8 mg/dL;
n.s.), either. Although we have established 2 independent
transgenic lines, there was no difference in cholesterol levels
in both lines, There was no gender difference of cholesterol
levels in these mice, Thus CLA-I expression in addition to
endogenous SR-BI did not affect plasma cholesterol levels.

CLA-1 Protein Expression Was Increased by
Coexpression of Human PDZK1 in Liver

Because PDZKI is an important regulator for SR-BI expres-
sion, we assumed that expression of human PDZK1 can be
effective for the expression and function of CLA-1. To this
end we first produced human PDZK] BAC transgenic mouse
(h-PDZK1). The BAC fragment including the whole human
PDZK] gene with 34-kb upstream and 1 10-kb downstream
sequences was prepared for microinjection (Figure 2A). To
evaluate the expression pattern of the human PDZK/ trans-
gene and to distinguish it from the endogenous PDZK] gene,
we performed RT-PCR in various tissues of h-PDZK| mice.
Similar to endogenous PDZK1 expression in liver, Kidney,
and intestine, the human PDZKT transgene was expressed in
liver, kidney, adrenal gland, and ovary (Figure 2B), which is
consistent (o the previous report.** Neither human nor mouse
PDZK1, however, was not expressed in macrophages (data
not shown)

To assess the effect of human PDZKI expression on
hepatic CLA-1 expression. we then produced CLA-1/h-
PDZK! double trunsgenic mouse and performed immuno-
blotting analysis of hepatic CLA-1 in these mice (Figure 3A).
To exclude the effect of endogenous SR-BI and its cross-
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Figure 3. Expression of PDZK1 and CLA-1 in each lissue. A,
SR-BIVCLA-1 protein expression in liver. Fifteen micrograms of
liver lysates from each 2 mice were subjected for blotting. The
PDZK1 band in the h-PDZK1 mouse represents the sum of
mouse and human PDZK1. B, Quantitative analysis of SR-BI
and PDZK1 protein expression in liver by Optical densitometry.
*P<0.05.

reaction to the SR-BUCLA-1 antibody, we introduced the
CLA-] transgene in SR-BI'" mice, producing SR-81""/
CLA-! and SR-Bl'' /CLA-1/h-PDZK] mice. Because the
PDZK] antibody does not distinguish between human and
mouse PDZK1, the band corresponding to PDZK1 in SR-BI "/
CLA-1/h-PDZK ] mouse represent the sum of endogenous and
transgenic expression. Compared with SR-Bl expression in WT
mice, SK-BI""/CLA-1 mouse expressed a significantly lower
level of CLA-1 protein in the liver (Figure 3B). However,
mtroduction of the PDZK! trunsgene (SR-BI™'/CLA-1/h-
PDZK] mice) sigmficantly increased expression of human
PDZK1 protein along with CLA-1 protein expression. Thus
human PDZK | expression in the liver enhanced hepatic CLA-1
prolein expression.

Species Difference in apoA-1-SR-BI Interaction on
CE Uptake

To determine whether CLA-| can regulate HDL-C metubo-
lism in the presence of human PDZK1, we measured choles-
terol levels in these mice (Table). HDL-C was increased by
approximately 2 folds in the absence of SR-BI or CLA-I
(WT:96.3217.3 mg/dL. versus SR-81"": 209.0=17.8 mg/dL;
P-<0.05). However, introducing lower levels of CLA-I (SR-
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Table.

Plasma Cholesterol Levels in Transgenic Mice

CLA-1 Modulates HDI. Cholesterol Metabolism

1301

Apod-| Genotype SR-BI SH-BI

SR-BI " /CLA-1 SR-BI"" /CLA-1/h-PDZK1

mapoAl "'
TC
HDL-C
CE
FC

mapoAl == fhapoA®
TC
HOL-C

111.34151° (- 53%)
96.3=17.3" (- 54%)
799467 (—35%)
31,4226 (-72%)

2340=188
208.0=17.8
1237=328
11032291

580.2+85.5
557.3+38.3
3426=909
2376=63.0

162.1 2 16.5¢ (—72%)
147941541 (=T73%)
CE 114.4 =551 (—67%)
FC 47.7=2.31 (—80%)

2158+
1947+
1431+

2.7

20.5(-8%)
22.8(~T%)
14.0(+16%)
1.1 (=34%)

206.7 £12.3" (—12%)
1856193 (—11%)
14135148 (+14%)
65.0=6.8" (—41%)

359.8>
3398+
2352+
1246

286,6+32.21 (—51%)
247 4 4591 (- 56%)
179.3=31.21 (- 48%)
107.3=18.71 (—55%)

42.51 (-38%)
36.91 (- 39%)
40.91 (~31%)
21.71 (—48%)

Values are expressed as means * SO (mg/di)

TC Indicates total cholesterol, HOL-C, HDL cholesterol: CE. esterified cholesterol; FC, free cholesterol; mapoAl, mouse apoA-|:

hapoAl, human apaA-|

*P<-0.05 vs mapoAl''"/SR-BI™'"; $P<0.05 vs mapoAl ™' /hapoAl/SR-BI-
(—%) percent reduction compared lo the value of SR-BI " in each apoA-| genotype.

BIT"/CLA-1) or higher levels of CLA-| in the presence of
PDZK1 (SR-BI""ICLA-1/h-PDZK1) did not show any
change in HDL-C.

Therefore, we presumed that CLA-1 requires human
apoA-1 for its sufficient interaction with HDL. To address this
issue we introduced human apoA-/ in the absence of mouse
apoA-1, producing mouse apoA-I-deletedhuman apoA-/
transgenic mice (m-apoAl™ " Mh-apoAl ). Introducing human
apoA-I resulted in a 1.5-fold increase in HDL-C. In the
absence of SR-BI or CLA-/, HDL-C was increased by
approximately 3.5 folds (Table). In contrast to the results in
mouse apoA-I, introducing CLA-I lowered HDL-C by 39%
(SR-BI'" /CLA-1: 339.8%+36.9 mg/dL versus SR-BI7":
557.3+38.3 mg/dL; P<<0.05). Addition of the human PDZK
trunsgene further reduced HDL-C by 56% (SR-BI™' /CLA-1/
h-PDZKI: 247.4245.9 mg/dL: P<0.05 compared to SR-BI "'/
CLA-T). We also determined the plasma CE and FC levels in
these mice. Plasma CE levels were not different among the 3
groups of SR-BI™" mice in the presence of mouse apoA-l
(Table). However. plasma FC levels significantly decreased
in the presence of CLA-/ and h-PDZKI. Meanwhile, in the
presence of human apoA-l, CE and FC decreased signifi-
cantly along with HDL-C by the addition of CLA-f and
h-PDZK 1. By HPLC analysis the HDL particle size was also
decreased along with the expression level of CLA-1 (Figure
4). However, the pattern of HDL particle size is somewhat
different in mice with mouse or human apeA-1. The HDL
particle size is almost the same between SR-BI' and
SR-BI™""/CLA-1/h-PDZK] mice with human apoA-f,
whereas the HDL particle size is larger in SR-BI' /CLA-1/
h-PDZK1 mice than in WT mice with mouse apoA-1. Thus,
effects of CLA-1 expression on plasma CE/FC and HDL
particles size were consistent in mice with mouse or human
apoA-/. These results suggest that CLA-1 requires human
apoA-1 to interact efficiently with HDL particles in vivo,

Discussion

In this study we have established a mouse model to study
human RCT by coexpressing of CLA-/, human PDZK], and

human apoA-I gene and found that CLA-1 expression plays
an important role in plasma HDL cholesterol metabolism in
vivo. Therefore, this model would be a useful tool to study the
function of human CLA-1 and its effect on HDL metabolism
Because we have used BAC clones for transgenic mice to
obtain physiological levels of expression, this could be
another advantage for in vivo study.

Upregulating hepatic SR-BI can prevent atherosclerosis by
accelerating RCT in rodents. However, RCT is more compli-
cated in human. Human has another mechanism to transfer

—g=SRBI*/
120~ -O-SRBIY HOL
~E-SRBI-“/CLA-1 aa
gmo wB=SRBI/CLA-1M-PDZKI  #
E 80
€0
40
20
ok
B
=E=SREI
700 -~ SRBI--
=@=SREI/CLA-1 HDL
~8-SRBIICLAM-POZKT

Cholasterol (mg/dl}

Framzr?nmu

Figure 4, Plasma lipoprotein analyses by HPLC. Plasma sam-
ples obtained from 8-week-old chow-fed mice of the indicated
genotypes were fractionated by HPLC. A, Plasma obtained from
mice with mouse apoA-l. B, Plasma obtained from mice with
human apoA-| transgene in the absence of mouse apoA-|
(m-apoAl ™" fh-apoAl'9),
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CE in HDL particles to the liver, which is mediated by CETP.
In CETP-deficient patients,** HDL-C levels are higher than
people with CETP, suggesting that SR-BI-dependent RCT is
less important in human lipid metabolism than in rodents.
However, there is a huge variability in HDL cholesterol levels
in those patients, also suggesting a role of CLA-1 and other
molecules in RCT in human. Therefore, by introducing CETP
in this model we might be able to produce a model that
resembles human RCT,

lkemoto et al show that PDZKI can bind its N-terminal
PDZ domuain to the C terminus of SR-BI in vitro and in vivo
and suggest that PDZK1 contributes to the proper sorting and
delivery of SR-BI to the plasma membrane in hepatocytes as
well as to its stability and function in the liver.** We have
shown that expression of human PDZK1 enhanced CLA-1
protein expression compared with the mice expressing only
CLA-1. Our animal model coexpressing both CLA-1 and
human PDZKI1 demonstrates that human PDZKI is an
important enhancer of CLA-1 expression in the liver. For the
interaction between SR-Bl and PDZK|1 4 C-terminal amino
acids of SR-BI are essential. which are preserved completely
in various species.’” Despite containing the same 4
C-terminal amino acids mouse PDZKI1 could not fully stabi-
lize CLA-I in the liver. These species difference may be
caused by a higher constructive change of protein for the
moleculur interaction. Similarly different SR-BI reaction to
the drugs between human and mouse® might be explained by
the species-specific involvement of PDZK].

Our data indicate that CLA-1 cun selectively uptake CE
from HDL contining human apoA-I. suggesting a species
difference in apoA-1-SR-BI interaction in the CE uptuke
mechanism, in spite of its high levels of homology by 80%
amino acid identity between mouse SR-BI and CLA-1. Tt is
not clearly known which site of apoA-1 is critical for the
binding to SR-BI because apoA-I contains multiple regions
with amphipatic a-helical repeats, which can bind to SR-BI.’
Comparing amino acids sequences between human and
mouse apoA-l, the carboxyl-terminal region (residue 185 to
243) shows 60% identity between human and mouse, whereas
the amino-terminal region (residue | to 43) and the central
core region (residue 68 to 185) have 72% identity. The
carboxyl terminus of apoA-l is involved in protein-lipid
interaction, which is eritical for the initial rapid binding
HDL, cholesterol efflux from the plasma membrane, and
binding to the receptor.’® Gong et al have reported that the
difference of mean hydrophobicity in the helical segment
may be responsible for lower efficiency of mouse apoA-1 in
its stability and lipid binding than of human apoA-1.*" Thus
the constructive difference in the carboxyl terminus may
affect the conformation of HDL and contribute to species-
specific binding.

We have demonstrated that FC was decreased by the
expression of CLA-1 and human-PDZK 1, but not CE in mice
with mouse apoA-I. SR-BI has been reported 1o mediate not
only selective uptake of HDL-CE® but also bidirectional
transfer of FC between HDL and cells.*'#? SR-Bl-mediated
cellular uptake of FC and CE correlates with the expression
level of SR-BI in different cell lines.*' In vivo SR-BI
promotes the uptake of HDL-FC and facilitates the rapid

clearance of HDL-FC by the liver into bile.** However, FC
efflux mediated by SR-BI seems to occur independently of
acceptor binding to SR-BI.** Therefore, it is conceivable that
CLA-1 could mediate the uptake of FC from HDL particles
independent of species-specific apoA-1. In vitro study is
necessary to address this issue.

Hepatitis C virus (HCV) is known to infect hepatocytes via
CLA-1. However, mouse SR-BI is not able to bind E2, the
envelope glycoprotein of HCV.*' Because of the species
specificity of HCV infection as we found in apoA-I interac-
tion, HCV infection can be studied in vivo only in a
chimpanzee model, Therefore, our murine model expressing
CLA-1 can be a useful model to study the mechanism of HCV
infection.

In conclusion our data implicate that CLA-1 could modu-
late HDL cholesterol metabolism in human as an HDL
receptor in the liver and that CLA-1 and PDZK1 are possible
molecular targets for athero-therapeutical strategies in
human.
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