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ApoA-I Facilitates ABCA1 Recycle/Accumulation to Cell
Surface by Inhibiting Its Intracellular Degradation and
Increases HDL Generation

Rui Lu, Reijiro Arakawa, Chisato Ito-Osumi, Noriyuki Iwamoto, Shinji Yokoyama

Objective—Calpain-mediated proteolysis is one of the major regulatory factors for activity of ATP-binding cassette
transporter (ABC) A1. Helical apolipoproteins protect ABCA1 against this degradation and increase generation of HDL.
We investigated the mechanism for this reaction focusing on roles of endocytotic internalization of ABCA1.

Methods and Results—Surface ABCA1 was labeled with biotin and traced for its internalization and degradation. ABCA1
in the cell surface was internalized within 10 minutes regardless of the presence of apoA-I. ABCA1 was intracellularly
degraded and was protected against this only when exposed to extracellular apoA-I before its endocytosis.
Consequently, recycle of ABCAL1 to the surface was enhanced, and surface ABCA1 was increased by apoA-I. Direct
inhibition of ABCA1 endocytosis led to decrease of its degradation and increase of surface ABCA1. Generation of HDL

increased in parallel with surface ABCAI.

Conclusion—Surface ABCAL1 is internalized and degraded, and apoA-I interferes with only the latter step to recycle
ABCAL to the surface. Increase of surface ABCA1 results in the increase of generation of HDL. (Arterioscler Thromb

Vasc Biol. 2008;28:1820-1824)
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igh density lipoprotein (HDL) is biogenerated with

helical apolipoproteins and cellular lipid being mediated
by the membrane protein ATP-binding cassette transporter
(ABC) Al.! Helical apolipoprotein, mainly apolipoprotein
A-I (apoA-I), is delivered and liberated by plasma HDL to
somatic cells that do not synthesize apolipoproteins for
biogenesis of new HDL,> whereas apoA-I is likely secreted
from hepatocytes in a free form and interacts with its own
ABCALI in an autocrine manner.?> HDL particles are formed
with apolipoprotein and membrane phospholipid, and choles-
terol is integrated into this particle being dependent on
various cellular factors.> ABCAI expression is upregulated
mainly by the liver X receptor as sensing a cellular oxysterol
level,® but it is also under the regulation by sterol regulatory
element binding protein 2 in the liver perhaps to properly
maintain whole body cholesterol homeostasis.” Interestingly,
it is downregulated by activator protein 2«,® but its physio-
logical role is unknown. On the other hand, ABCA1 is rapidly
degraded by calpain and it seems an important regulation
system for its activity of generation of HDL.® This proteolytic
degradation is retarded when ABCA1 interacting with helical
apolipoproteins®!'© suggesting that this is a positive feedback
system for HDL biogenesis. This must be a steady state
ongoing in vivo in most of the cells that are chronically

exposed to helical apolipoproteins such as apoA-I, although
this view is yet to be proven for its relevance. It was proposed
that ABCAL1 is internalized by endocytosis and seems recy-
cled,'"-'? and HDL biogenesis is associated with such endo-
cytotic reactions.!*-'¢ Involvement of adaptor proteins is also
suggested in the endocytosis and degradation of ABCA1.!7-18
Deletion of PEST sequence of ABCAL inhibited its endocy-
tosis, degradation by calpain, and HDL biogenesis, suggest-
ing that endocytosis of ABCAL1 is a key process for these
all.!” However, there are other views that HDL biogenesis
takes place rather in the cell surface?°-?2 than in the endo-
somes, where ABCAL is entrapped. Most of these studies
were carried out with ABCA transfected and overexpressed.
In this work, we attempted to understand this complicated
process by labeling the endogenous ABCAL in cell surface
and tracing it.

Materials and Methods

Cell Culture and ApoA-I

BALB/3T3 clone A31 cells were maintained and incubated in 5%
Eagle minimum essential medium (MEM) with low glucose and 30%
Ham F-12 (Wako) with 10% fetal calf serum (FCS) at 37°C in a
humidified atmosphere of 5% CO,.2> THPI cells were differentiated
to macrophages by incubating in 10% FCS in the presence of
3.2X107" mol/L of phorbol 12-myristate 13-acetate (PMA; Wako)
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Figure 1. Internalization of ABCA1. A, Cell surface protein of the differentiated THP-1 cells was pulse-labeled with sulfo-SS-biotin. After
further incubation at 37°C for the indicated time, surface biotin was cleaved to detect ABCA1 internalized. Biotinylated protein was
selectively adsorbed by streptavidine-agarose and analyzed by Western blotting for ABCA1. Surface ABCA1 indicates the samples just
after the biotinylation. B, Internalized-ABCA1 was detected in the presence or absence of 100 pmol/L of calpeptin in the same condi-
tion as in A. C, Internalization of ABCA1 was analyzed in BALB/3T3 cells by the same procedure as described above.

for 24 hours.>* Human apoA-I was isolated from human plasma
HDL as described previously.?* It was used at 10 pg/mL in the
medium for all the experiments unless otherwise specified.

Labeling and Tracing ABCA1

Cell surface proteins were biotinylated with sulfosuccinimidyl
2-(biotinamido)-rthyl-1, 3-dithiopropionate (sulfo-SS-biotin)
(Pierce) for 1 hour at 4°C according to the methods previously
reported.>> After quenching the reaction, cells were washed and
lysed, and the membrane fraction was prepared as described previ-
ously.® Biotinylated membrane proteins were isolated by incubating
with streptavidin-agarose beads (Sigma) at 4°C for 1 hour.?¢ After
recovering the beads, proteins bound to the beads were eluted by
incubating in the sample buffer for sodium dodecylsulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE), and then analyzed for
Western immunoblotting by using specific antibody against ABCA1
as previously described.® To trace the labeled surface ABCA1 for
internalization, biotinylation of the cell surface proteins was cleaved
by incubating the cells with 50 mmol/L reduced glutathione (Sigma)
in pH 7.8 three times for 20 minutes,?6 and the remaining biotinyl-
ated ABCA1 was analyzed as above as the internalized portion.
Intracellular ABCA1 degradation was measured as the time-
dependent decrease of biotinylated ABCALI after the surface biotin
was cleaved after the incubation of the biotinylated cells for 1 hour
at 37°C. To examine recycle of ABCAL, intracellular ABCAI was
prelabeled as above. At the various period of the incubation, the cell
surface biotin was cleaved again and the remaining biotinylated
ABCALI was analyzed and compared with the biotinylated ABCAI
without the second cleavage to estimate the resurfaced ABCAI.

Cellular Lipid Release

Cellular lipid release by apoA-I was measured as described else-
where. After incubation of the cells with apoA-I for the indicated
time, concentration of cholesterol and choline-phospholipid in the
medium were evaluated by enzymatic measurement.?’

Quantification of Western Blotting Results
The bands were digitally scanned by using an EPSON GT-X700 and
analyzed with Adobe Photoshop software.

Results

Figure 1A shows time-dependent internalization of ABCA1
in THP-1 cells. Most of the biotinylated ABCA1 in the
surface was recovered as the internalized protein after incu-
bating the cells at 37°C longer than 10 minutes, by cleaving
the surface biotinylation with glutathione after the incubation.
The internalized ABCA1 apparently decreased after 30 min-
utes of incubation, and this decrease was inhibited by a
calpain inhibitor, calpeptin, both in THP-1 cells and BALB/
3T3 cells (Figure 1B and 1C). ABCA1l was thus shown
degraded by calpain after the internalization.

Degradation of ABCA1 by calpain was shown inhibited by
helical apolipoproteins, such as apoA-1.° Therefore, the inter-
nalization of ABCA1 was examined in the presence of
apoA-I. After 10 minutes of the incubation, most of the
surface-labeled ABCA1 was internalized regardless of the
presence of apoA-I (Figure 2A). This process was not
modified any further even by the presence of calpeptin,
indicating that ABCA1 was protected by apoA-I against the
calpain-mediated degradation (Figure 2B). To investigate
whether ABCA1 is “preprotected” by apoA-I before its
internalization or extracellular apoA-I protects ABCA1 even
after it is internalized, degradation of the internalized ABCA1
was examined for timing of adding apoA-I (Figure 2C).
When apeA-I was present in the medium for the period before
the internalization of the prebiotinylated surface ABCAI,
degradation of ABCA1 was retarded (apoA-I (+)). However,
when apoA-I was added to the medium after the prelabeled
ABCA1 was internalized, the degradation was not much
retarded (Chased). This result indicates that the protective
effect of apoA-I on ABCAIl against its degradation is
achieved before ABCAL is internalized, and not by cell-
apoA-I interaction to cause a distant effect on the internalized
ABCAL.
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Figure 2. ABCA1 internalization and the effect of apoA-l in BALB/3T3 cells. A, ABCA1 internalization in the presence of apoA-l for

10 minutes at 37°C. “Surface” ABCA1, immediately after the labeling. “Surface cleaved”, after biotin cleavage before internalization.

B, ABCAT1 internalization with apoA-1 with and without calpeptin. C, Retardation of ABCAT1 internalization by apoA-I. Cells were biotinyl-
ated and incubated for 1 hour at 37°C, and surface biotinylation was cleaved. Biotinylated ABCA1 was analyzed by Western blotting.
ApoA-| (—) indicates without apoA-I throughout the incubation (squares); ApoA-I(+), with apoA-I in the preinternalization period (circles);

Chased, apoA-| was added after the surface biotin cleavage (triangles).
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Figure 3. Recycle of ABCA1 in BALB/3T3. A and B, Total membrane and surface

ABCAT1 after cell incubation at 37°C with apoAl (for 4 hours for B). C, Recycle of -&' 1= ApoA-I(-)
the internalized ABCA1. Internalized ABCA1 was prelabeled by biotinylation of sur- -3 O ABCAlles
face protein at 4°C for 30 minutes, its internalization by incubating for 1 hour at < b 10 —O— ABCAII
37°C and cleavage of the surface biotinylation. After incubation, surface biotinyla- 3 «
tion was cleaved again and the biotinylated ABCA1 was analyzed. ic indicates < £ 5
intracellular, after the second cleavage; ic + s, intracellular plus surface, without £
the second cleavage. The results of digital scanning are demonstrated. ® g
. 0 1 2 3 40 1 2 3 4
Time, hr.

ABCAL in the whole cell membrane increased up to 4
hours of the incubation, and this increase was parallel
between the whole cell and cell surface (Figure 3A and 3B).
To examine the mechanism for this increase of the surface
ABCALI, recycle to the surface of the internalized ABCA1
was examined. After the prelabeled ABCA1 was internalized
and surface biotinylation was cleaved, the cells were further
incubated for certain periods of time and the surface biotiny-
lation was cleaved again to assess the recycled ABCAL to the
surface (Figure 3C). In the absence of apoA-I, the internalized
ABCALI rapidly disappeared, and only its small portion was
found recycled to the surface. In the presence of apoA-l,
clearance of the internalized ABCA1 was substantially re-
tarded as presented above, and a large portion of it was found
recycled to the surface. Thus, apoA-I increased recycling of
ABCAI apparently by blocking the intracellular calpain-
mediated degradation.

To examine whether internalization of ABCA1 is manda-
tory for the HDL biogenesis reaction, clathrin-mediated
endocytosis was inhibited by cytochalasin D.282° ABCALI in
the cell was decreased within 60 minutes in the absence of
helical apolipoproteins when its synthesis was inhibited by
cycloheximide (Figure 4A). When the endocytosis was inhib-
ited by cytochalasin D, ABCA1 did not decrease. The
increase of cellular ABCAI1 by cytochalasin D was shown
attributable to its increase in the cell surface (Figure 4B) as its
endocytosis was strongly inhibited (Figure 4C).

A B

Finally, generation of HDL was evaluated by measuring
release of cellular phospholipid and cholesterol by apoA-I5-30
when the endocytosis of ABCAl was inhibited and its
amount in the cell surface was increased. As shown in Figure
5, releases of phospholipid and cholesterol were both in-
creased by this treatment. As apoA-I by itself increases
surface ABCAI by increasing its recycling, the increment of
the HDL biogenesis should not be to the same extent as the
increase of surface ABCA1 by cytochalasin D in the absence
of apoA-I. This was in fact demonstrated in Figure 5B. The
relative increase of the surface ABCA1 by cytochalasin D
was to a less extent in the presence of apoA-I because the
surface ABCALI is already increased by apoA-I even in the
absence of cytochalasin D. The increase of ABCAI by
cytochalasin D in the presence of apoA-I was parallel to the
increase of lipid release by apoA-I (Figure 5C).

Discussion
In summary, we have shown that: (1) ABCA1 is rapidly
degraded intracellularly by calpain after its clathrin-mediated
endocytotic internalization in the absence of helical apoli-
poprotein; (2) Helical apolipoproteins, represented by
apoA-I, protect ABCA1 from the degradation, not by inhib-
iting the internalization but by inhibiting the intracellular
proteolysis; (3) This inhibition is achieved by preexposure of
ABCAL to extracellular apoA-I before the internalization and
not by the exposure of the cells after ABCAL is internalized;

C
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Figure 4. Effects of cytochalasin D on ABCAT1 in differentiated THP-1 cells. A, Cells were incubated with 10 umol/L cytochalasin D at
37°C and total membrane ABCA1 was analyzed. B, ABCA1 in total membrane and cell surface after incubation with cytochalasin D at
37°C for 30 minutes. C, ABCA1 internalization in the presence of cytochalasin D. Surface Ibld indicates the biotinylated ABCA1 immedi-
ately after the labeling; Surface clvd, biotinylated ABCA1 after cleavage of surface biotin before the incubation at 37°C; Internalized,
ABCAT1 after the incubation at 37°C for 10 minutes and cleavage of the surface biotin. ABCA1 in BALB/3T3 cells were also analyzed for
the internalization by the incubation for 10 minutes at 37°C.
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Figure 5. Effect of
cytochalasin D on the
apoAl-mediated HDL
biogenesis. A, Differen-
tiated THP-1 cells were
incubated with apoA-|

L for 6 hours, and release
of cholesterol and

i phospholipids was
— measured. The effect

0 10 20 30 40 50 of cytochalasin D was
ABCA1 arbitrary unit examined in a dose-
]

dependent manner. The
data represent mean=
SE for 3 measurements

PL Release
| O CHRelease

.

.

Lipid Release )
owme wouwn

ng/mg cell protein
© 0 = =NnN

as "P<0.05 and **P<0.01 from the control. B, ABCA1 protein in cell surface in the absence and presence of apoA-I for 6 hours. C, The
results of B were digitally scanned, and the lipid release data were plotted against the surface ABCA1.

(4) ABCAL1 that escaped from the intracellular proteolysis is
recycled to the cell surface, and apoA-I therefore enhances
this process to increase cell surface ABCAI; (5) Generation
of HDL is directly proportional to the surface ABCA1 level.
The results are summarized in supplemental Figure I (avail-
able online at http://atvb.ahajournals.org).

It is well recognized that activity of ABCA1 is a rate-
limiting factor for biogenesis of HDL and therefore plasma
HDL concentration in vivo.' Expression of the gene has been
shown to regulate it in vitro and in vivo,®-8 but the degrada-
tion of ABCALI protein seems an important regulatory factor
for its activity as a posttranslational regulation at the cellular
level,®1° whose physiological relevance, however, is yet to be
proven.

We used THP-1 cells and BALB/3T3 fibroblasts as models
for generation of HDL. HDL biogenesis in vivo is largely in
the liver and intestine,?! but any peripheral cells must carry on
the HDL biogenesis reaction for their cholesterol homeosta-
sis.! Indeed, it was proposed that peripheral tissue may be a
significant source of plasma HDL in human.3? Therefore, the
use of these cells is justified to investigate mechanism for
HDL biogenesis by the ABCA1/apolipoprotein system.
ABCAIl seems stabilized in hepatocytes in an autocrine
mechanism by a large amount of apoA-I produced and
secreted by themselves, and the effects of additional apoA-I
may not be apparent.?

When HDL generation is ongoing, helical apolipoproteins
interact with ABCA1 before its internalization and make
ABCALI resistant to the calpain-mediated degradation. Con-
sequently, a large portion of ABCALl is recycled to the
surface without degradation for further HDL generation. This
view is consistent with most of the previous findings that
apoA-I/ABCA1 complex recycles and apoA-I may be re-
leased by exocytosis during the HDL generation reac-
tions.''-'2 Most of the cells in the body are chronically
exposed to HDL, which liberates apoA-I for generation of
HDL.2 Therefore, in the physiological environment in vivo,
ABCAL1 seems protected from the degradation and its clear-
ance rate should be rather slow. Recently, 2 independent
articles proposed that HDL biogenesis by ABCA1 mainly
takes place on cell surface rather than in the endosomes by
tracing the labeled apoA-I in the presence of transfected
ABCA1.2!22 The conclusion in the present work is consistent

with these proposals and may not agree with the view that
HDL biogenesis occurs intracellularly.'3-'6

In the steady state of HDL generation, ABCA1 should be
increased in cell surface from the baseline condition without
apolipoprotein. It is therefore of interest whether there is a
room for further increase of surface ABCAl and conse-
quently for the increase of HDL biogenesis by inhibiting the
endocytotic internalization of ABCAI. Inhibition of the
endocytosis by cytochalasin D increased surface ABCA1X50
to 60% as well as HDL biogenesis in parallel (Figure 5C).
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Supplementary Figure 1. Schematic summary of the results. In the absence of
apoA-I (right), ABCAL is internalized and degraded by calpain and only very
limited amount of ABCA1 could be recycled to the surface. Inhibition of calpain
may lead to more recycle of ABCALI to the surface. In the presence of apoA-I
(left), ABCAL is pre-protected by apoA-I in the surface against the intracellular
calpain-mediated proteolysis. ABCAI is therefore recycled to the surface.
Inhibition of ABCA1 internalization by cytochalasin D (CytD) results in the
increase of surface ABCA1. Surface ABCAL is parallel to generation of HDL by
apoA-l.
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Macrophages regulate tumor necrosis factor-o
expression in adipocytes through the secretion of
matrix metalloproteinase-3

H Unoki'*, H Bujo? M Jiang?, T Kawamura®, K Murakami? and Y Saito®

1Division of Applied Translational Research, Chiba University Graduate School of Medicine, Chiba, Japan; *Department of
Genome Research and Clinical Application, Chiba University Graduate School of Medicine, Chiba, Japan and 3Department
of Clinical Cell Biology, Chiba University Graduate School of Medicine, Chiba, Japan

Objective: Adipocytes accumulated in the visceral area change their function to induce tumor necrosis factor-a (T NF-a)
secretion with concomitant matrix metalloproteinase (MMP)-3 induction in mice. This study was performed to clarify the role of
macrophages (M¢)-secreted MMP on the functional changes in adipocytes using a culture system.

Design: Cultures of 3T3-L1 adipocytes with THP-1 M¢ or the M¢-conditioned medium were used to investigate the role of M¢-
MMP on the TNF-o gene in 3T3-L1 adipocytes by the addition of MMP inhibitors. For animal experiments, male C57BL/6) mice
were rendered insulin resistant by feeding a high-fat diet, and the expression of an M¢ marker F4/80, and MMP-3 genes in
mesenteric and subcutaneous fat tissue specimens were examined.

Results: M¢-conditioned media (M¢$-CM) increased the levels of TNF-o mRNA expression in 3T3-L1 adipocytes, and these
adipocyte responses were abolished by treatment with GM6001, a broad-spectrum MMP inhibitor, or NNGH (N-isobutyl-N-(4-
methoxyphenylsulfonyl)-glycylhydroxamic acid), an MMP-3 inhibitor. The activated form of MMP-3 enhanced glycerol release
as well as TNF-a protein secretion from 3T3-L1 adipocytes. The incubation of adipocytes with MMP-3 inhibited insulin-induced
glucose uptake in adipocytes. Furthermore, a high-fat intake increased the expression of MMP-3, decreased the insulin-induced
glucose uptake of adipocytes and induced expression of F4/80 in mesenteric fat tissue of C57BL/6 mice.

Conclusion: M¢ may cause a pathological link with surrounding adipocytes through the secretion of MMP-3 followed by TNF-a

expression in adipocytes in visceral fat tissue.

International Journal of Obesity (2008) 32, 902-911; doi:10.1038/ij0.2008.7; published online 19 February 2008
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Introduction

Disturbed insulin sensitivity plays an important role in the
accumulation of various metabolic disorders, and has been
recognized as ‘metabolic syndrome’.’” In accordance with
the clinical significance of evaluation of visceral fat accu-
mulation in metabolic syndrome, it has become evident that
visceral fat has direct interaction with other tissues, such as
muscles, liver or vessel walls, through the secretion of several
molecules regulating the insulin sensitivity in tissues.>* The
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transplantation of cultured cells into the intramesenteric
space of mature mice has been established as an adequate
mode for the analyses of the interaction between visceral fat
and insulin sensitivity.® The mice with transplanted cultured
adipocytes showed that visceral fat, and not subcutaneous
fat, secretes the tumor necrosis factor-o (TNF-o), and the
secreted molecules actually disturb the insulin sensitivity
based on the decreased insulin action in tissues.’> The
accumulated visceral fat caused drastic changes in expression
of matrix metalloproteinase (MMP) family genes, among
which MMP-3 potentiated free fatty acid-induced TNF-u
secretion from adipocytes.® Therefore, the MMP-3 activity in
visceral fat seems to be directly linked to cytokine expression
in adipocytes.

There is an infiltration of macrophages (M¢) in the
accumulated fat tissues, and active M¢ cause a pathological
inter-relationship with surrounding adipocytes in visceral
fat, which leads to the progression of insulin resistance.”
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A variety of inflammatory bioactive molecules plays an
important role in pathological interaction between M¢ and
adipocytes in visceral fat.>'* An overexpression of monocyte
chemoattractant protein (MCP)-1 in adipose tissues causes
macrophage recruitment and insulin resistance in mice.'®"?
TNF-a secretion is highly related to the free fatty acid (FFA)-
induced inflammatory changes in both adipocytes and
M¢.'>'S The peroxisome proliferator-activated receptor
activation in M¢ is able to regulate the FFA-induced TNF-o
secretion from adipocytes.'S

The present study was designed to identify the role of
MMP-3 in the interaction between M¢ and adipocytes for
TNF-a gene induction. Conditioned media from Mé (M¢-
CM) increased the TNF-« mRNA expression in adipocytes.
The induced levels of TNF-« mRNA were largely abolished by
treatment with GM6001, a broad-spectrum MMP inhibitor,
or N-isobutyl-N-(4-methoxyphenylsulfonyl)-glycylhydroxa-
mic acid (NNGH), an MMP-3 inhibitor. The active form of
MMP-3 enhanced release of TNF-a and glycerol from 3T3-L1
adipocytes, and inhibited insulin-induced glucose uptake
into the cells. The MMP-3 expression in M¢, in addition to
adipocytes, is potentially important for the development of a
pathological link between M¢ and adipocytes through TNF-o
secretion in visceral fat tissue.

Methods

Cell culture and preparation of M conditioned media

3T3-L1 cells (American Type Culture Collection, Manassas,
VA, USA) were cultured and differentiated into adipocytes as
described previously.’® The human monocytic cell line THP-
1 (American Type Culture Collection) was cultured in RPMI
1640 supplemented with l-glutamine (GibcoBRL, Tokyo,
Japan) penicillin/streptomycin (100U per 100mgml™%;
GibcoBRL) and 109 fetal bovine serum (GibcoBRL, medium
A). To allow the monocytes to differentiate into adherent
macrophages, THP-1 cells were washed in phosphate-buf-
fered saline (calcium- and magnesium-free; GibcoBRL, buffer
A) and resuspended in fresh medium A containing phorbol
12-myristate-13-acetate (SOngml~' PMA; Sigma, ‘St Louis,
MO, USA) for 3 days (at day 0), and were incubated for 3
more days in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 2% bovine serum albumin (BSA). At day
3, the culture media were collected, centrifuged and stored as
M¢-CM. Control CM were prepared by incubating the THP-1
cells with DMEM supplemented with 2% BSA for 3 days
(THP1-CM). M¢-CM and THP1-CM were stored at —80°C
until use. The differentiation of THP1 to mature M¢ was
evaluated by the quantification of CD11b and CD68 mRNA
levels using real-time PCR. The differentiated macrophages
with CD11b and CD68 mRNA levels of more than two fold
greater than those in THP-1 were used for further experi-
ments. Co-culture of adipocytes and M¢ was perfonned
using transwell inserts with 0.4-ym porous membrane
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(Becton Dickinson, Franklin Lakes, NJ, USA) to separate
adipocytes from M¢. To determine the role of Md-secreted
factors on adipocyte responses, serum-starved 3T3-L1 adipo-
cytes were incubated with M¢-CM or THP1-CM ranging
from 10 to 50% of the final volume, for the indicated time
periods. To evaluate the effects of MMP inhibition on M¢-
CM, M¢-CM was treated with a broad-spectrum MMP
inhibitor GM-6001, a specific peptide inhibitor of the
gelatinases MMP-2 and -9, CTTHWGFTILC-decapeptide
(CTT) or an MMP-3 inhibitor, NNGH (Calbiochem, San
Diego, CA, USA) prior to the addition to adipocytes.

RNA preparation and quantitative real-time RT-PCR

Total RNA was isolated from cultured cells, and quantitative
real-time reverse transcription (RT)-PCR was performed with
an ABl 7000 sequence detection system using TagMan
Universal PCR Master Mix and Assays-on-Demand Gene

- Expression Assay Mix (PE Applied Biosystems, Foster City,

CA, USA) described previously.!” The quantification of a
given gene, expressed as relative mRNA level compared with
a control, was calculated after normalization to 185 rRNA.

Enzyme-linked immunosorbent assay

Serum-starved 3T3-L1 adipocytes were incubated with
100 uygml~! human MMP-3 (Sigma) for 1-3 days, and the
culture medium was assayed for mouse TNF-a using
commercial enzyme-linked immunosorbent assay (ELISA)
kits (BioLegend, San Diego, CA, USA) according to the
manufacturer’s instructions as described previously.!

Glycerol release measurernent

Differentiated 3T3-L1 adipocytes were incubated with
DMEM supplemented with 1% FFA-free BSA for 2 days, and
then treated with same medium with M¢-CM at 50% of
volume, THP1-CM at 50% of volume or human MMP-3 at
100pgml~, in the absence or presence of 60 M NNGH for
6h. The concentrations of glycerol in the media were
determined using a free glyceral determination kit (Sigma)
following the manufacturer’s protocol.

2-Deoxyglucose uptake assay

Differentiated 3T3-L1 adipocytes were preincubated in
serum-starved DMEM with 50% M¢-CM, 50% THP1-CM or
human MMP-3 at 100 pgml~?, in the absence or presence of
60 uM NNGH for 6 h. Single adipocytes were prepared from
mesenteric or subcutaneous fat of mice, fed with high-fat
or regular diet as described.’® The cells were incubated
in DMEM without serum for 2h at 37 °C, and then either
treated or not treated with 100nM insulin for 15min at
37°C, as described previously.’® After stimulation, 10pM
2-[*H)deoxyglucose was added and incubated for Smin.
Glucose uptake was stopped by the addition of ice-cold
Krebs-Ringer HEPES buffer with 5uM cytochalasin B and
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25 mM glucose. The cells were washed three times with ice-
cold Krebs-Ringer HEPES buffer with 25mm glucose, and
the 3H-labeled radioactivity was counted using a scintillation
counter (LS-6500; Beckman Coulter Inc., Fullerton, CA, USA).

Animals and animal care

Male C57BL/6] mice (Charles River, Wilmington, MA, USA)
were rendered insulin resistant by feeding a high-fat diet
consisting of 20% protein, 20% carbohydrate and 60% fat
(Research Diet, New Brunswick, NJj, USA) starting at 8 weeks
of age for 2 weeks as described previously.’* Control mice
were fed a standard diet consisting of 4.5% fat (Research
Diet). Mesenteric and subcutaneous fat tissue specimens
were resected, and total RNA was isolated as described
previously.’ All applicable institutional and governmental
regulations concerning the ethical use of animal were
followed during this research. All animal care and procedures
were approved by the Animal Care Committee of Chiba
University School of Medicine as described previously.

Western blot analysis

Membranes from fat tissue specimens were prepared and
solubilized in solubilization buffer (200 mM Tris-maleate, pH
6.5, 2mM CaCl,, 0.5 mM PMSF, 2.5mM leupeptin and 1%
Triton X-100) as previously described.’ The protein con-
centrations were determined using the BCA Protein Assay
Reagent (Pierce, Rockford, IL, USA). For immunoblotting,
equal amounts of membrane protein, protein extracted from
pelleted beads, or concentrated media were separated by 10%
SDS-PAGE after heating to 95°C for 5min under reducing

conditions, and transferred to a nitrocellulose membrane.
The blots were incubated with antibody against MMP-3 (SC-
6839, 1:100 dilution), followed by peroxidase-conjugated
anti-goat 1gG, and then they were developed using the ECL
detection reagents (Amersham Pharmacia, Piscataway, NJ,
USA). The signals were quantified by densitometric scanning
using the NIH image software program.

Statistical analysis

Results are presented as meants.d. Statistical significance
between two groups was evaluated by Student's t-test.
Statistical significance among several groups was performed
using a one-way ANOVA. A value of P<0.05 was considered
to be significant.

Results

Effects of M$-CM on TNF-u gene expression in 3T3-L1
adipocytes

3T3-L1 adipocytes were incubated with M¢ in the transwell
system to evaluate the interactions between M¢ and
adipocytes. A co-culture of adipocytes and M¢ revealed
significant induction of TNF-u gene in adipocytes relative to
the control culture at 24 h (Figure 1a). The extent of changes
in TNF-o mRNA expression was dependent on the number
of M¢ (data not shown). The role of M¢ factors on TNF-a
gene in adipocytes was investigated by incubating 3T3-L1
adipocytes with M¢-CM for 4 h. Consistent with the results
in the transwell system, M¢-CM significantly induced
expression of TNF-o mRNA in adipocytes (Figure 1b). The
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Figure 1 Mg-secreted factors increased the expression of tumor necrosis factor-o (TNF-) in 373-11 adipocytes. (a) Time course of the TNF-a expression in 3T3-L1
adipocytes co-cultured either with THP-1 cells (open circle) or M¢ (filled circle). 3T3-L1 adipocytes were first seeded on the well bottom, and then THP-1 cells or
THP-1 M¢ were seeded on the permeable membrane of the insert. TNF-a mRNA levels were analyzed using quantitative real-time RT-PCR. Relative ratios of TNF-«
mRNA levels in 3T3-L1 adipocytes co-cultured either with THP-1 cells or M¢ to those co-cultured with THP-T cells for 8h (control) were presented. Data are
expressed as mean 2 5.d. (n=4). *P<0.05 in comparison to the value with THP1-CM. (b) Effects of the conditioned media of THP-1 (THP1-CM) or M¢ cultures (M-
CM) on the TNFf-a gene expression in 3T3-L1 adipocytes. Serum-starved 3T3-L1 adipocytes were treated with either 10% THP1-CM or M¢-CM for 4 h, TNF-a mRNA
levels in 3T3-11 adipocytes were analyzed using quantitative real-time RT-PCR. The relative ratios of TNF-« mRNA levels in 3T3-L1 adipocytes with M¢-CM to those
with THP1-CM (control) were presented. Data are expressed as mean £ s.d. (n=4). *P<0.05 in comparison to the value of the contro! with THP1-CM. (c) Dose-
dependent effect of THP1-CM or M$-CM on TNF-a gene expression in 3T3-L1 adipocytes. The TNF-o mRNA levels in 3T3-L1 adipocytes were analyzed using
quantitative real-time RT-PCR. Relative ratios of TNF-« mRNA levels to those with THP1-CM at 10% of volume (control) were presented. Data are expressed as

mean t5.0. (n=4). *P<0.05.
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induction of mRNA for TNF-a was 1.9-fold after 4h of
incubation with M¢-CM in comparison to that in control.
M¢-CM dose-dependently increased TNF-o mRNA expres-
sion at the concentrations from 10 to 5096 (Figure 1c). There
were no obvious changes in the morphology of the
adipocytes, and there was no apparent toxicity with either
M¢-CM or THP1-CM (data not shown).

Role of Md-derived factors in induction of TNF-a mRNA in
adipocytes

The expression of the MMP-3 gene is one of most induced
genes in accumulated visceral fat tissues, and MMP-3 induces
the TNF-x secretion from adipocytes.® To explore the
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molecular mechanisms of the above observed interaction
between M¢ and adipocytes, the role of MMP secreted from
M¢ in the induction of TNF-« mRNA was investigated in
adipocytes. The expression of MMP genes significantly
increased in M¢ in comparison to those in THP-1 cells
(Figure 2). Among them, MMP-9 was most induced gene in
Mé (199-fold). The expression of MMP-3 and -12 genes was
hardly. detected in THP-1 cells. These results raise the
possibility that M¢-secreted MMP enhances the expression
of the TNF-« gene in 3T3-L1 adipocytes in co-culture system.
M¢-CM treated with various types of MMP inhibitors
was added to 3T3-L1 adipocytes to examine the changes of
TNF-a gene expression in 3T3-L1 adipocytes (Figure 3).
GM6001, a broad-spectrum MMP inhibitor, markedly altered
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Figure 2 The expression of matrix metalloproteinase (MMP) family genes was induced in M$. THP-1 celis were differentiated into Mé by incubating PMA for 72 h.
MMP-2, MMP-3, MMP-9, MMP-12 and TIMP-1T mRNA levels were analyzed using quantitative real-time RT-PCR. Relative ratios of mRNA levels in M¢ to those in
THP-1 cells (control) or absclute mRNA levels were presented. Data are expressed as mean 1 s.d. (n=6). *P<0.05 in comparison to the value of the control with

THP-1 cells. N.D., not detected.
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Figure 3 Effect of the inhibition of matrix metalloproteinase (MMP) activity on M¢-CM-induced tumor necrosis factor-x (TNF-x) gene expression in adipocytes.
Serum-starved 3T3-L1 adipocytes were treated with THP-1-CM or M¢-CM in the absence or presence of 10 uM GM6001, 85 um CTT or 60 um NINGCH for 4 h. the
TNF-2 mRNA levels were analyzed using quantitative real-time RT-PCR. Relative ratios of the TNF-o mRNA levels in 373-L1 adipocytes to those with THP1-CM
(control) were presented. Data are expressed as mean 1 5.d. (n=4). *P<0.05. n.s., not significant.
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Figure 4 Matrix metalloproteinase (MMP)-3 induced the tumor necrosis factor- (TNF-a) mRNA and protein expression in 3T3-L1 adipocytes. (a) Serum-starved
3T3-L1 adipocytes were treated with the active form of MMP-3 (100 ngmi~") for 8 h. The TNF-a mRNA levels were analyzed using quantitative real-time RT-PCR.
Relative ratios of the TNF-a mRNA levels to those without MMP-3 (control) were presented. Data are expressed as mean £s.d. (n=6). *P<0.05 compared to the
value of the control. (b) Serum-starved 3T3-L1 adipocytes were treated with MMP-3 for 1-3 days. TNF-a protein concentrations in conditioned media were analyzed
using an ELISA. Relative ratios of TNF-a concentration with those in the absence of MMP-3 for a day (control) were presented. Data are expressed as mean t s5.d.

(n=6). *P<0.05 in comparison to the value without MMP-3.

the stimulatory effects of M¢-CM on the gene expression
of TNF-u (—42%). The gelatinases inhibitor, CTT and an
MMP-3 inhibitor, NNGH were used to determine the role of
the gelatinases (MMP-2 and -9) and MMP-3 on the TNF-a
gene expression in 3T3-L1 adipocytes. The stimulatory
effect of M$-CM on the TNF-« gene expression was not
significantly inhibited by CTT treatment. In contrast, the
induction of TNF-a by M¢-CM was markedly inhibited by
NNGH treatment (—56%), suggesting an important role for
MMP-3 in the adipocyte function. To determine if MMP-3 is
the soluble mediator causing TNF-« induction in adipocytes,
3T3-L1 adipocytes were treated with activated MMP-3,
and TNF-o« mRNA expression and release were measured.
MMP-3 treatment significantly increased TNF-« mRNA

International journat of Obesity

expression by 3.2-fold (Figure 4a), and the increases were
also detected after 50-200 ng ml~' MMP-3 treatments for 8 h
(data not shown). Figure 4b shows that MMP-3 treatment
{100 ng ml~*) increased TNF-a secretion in a time-dependent
manner.

Active MMP-3 induces lipolysis, and reduces insulin-induced
glucose incorporation in 3T3-L1 adipocytes

In order to determine the role of M¢-derived MMP-3 in the
functional changes of adipocytes to induce the TNF-oc mRNA
expression in adipocytes, the effect of MMP-3 on the
lipolysis of 3T3-L1 adipocyte was analyzed (Figure 5a). The
glycerol release was significantly increased in the media of
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Figure 5 Effect of matrix metalloproteinase (MMP)-3 on lipolysis and insulin-induced glucose incorporation in 3T3-L1 adipocytes. (a) Glycerol release was
measured in the media of 3T3-L1 adipocytes after treatment with S0%THP1-CM, 509% Md-CM or 100 ugmi~" human MMP.3, in the absence or presence of 60 pM
NNGH for 6 h. The refative ratios of glycerol content with those treated with THP1-CM (control) were presented. Data are expressed as mean +s.d. (n=8). *P<0.05.
n.s., not significant. {b) 2-DG uptake was measured in 3T3-L1 adipocytes in the absence (open column) or presence (closed column) of 100 nM insulin for 15 min
after treatment with either 50% THP1-CM, 50% M¢-CM or 100 ugmi~" human MMP-3, in the absence or presence of 60 uM NNGH, for 6 b. Relative ratios of 2-0G
contents with those treated with THP1-CM in the absence of insulin are indicated. Data are expressed as mean ts.d. (n=6). *P<0.05. n.s., not significant.

3T3-L1 adipocytes incubated with M¢-CM, in comparison to
those incubated with THP1-CM. The increase in glycerol
release observed in the cells incubated with M¢-CM was
inhibited by 38% in the presence of NNGH. The glycerol
release in the media of 3T3-L1 adipocytes incubated with
MMP-3 was also significantly increased, in comparison to
those incubated with THP1-CM. The increased release was
almost abolished by the NNGH treatment. Next, the effect of
MMP-3 on the insulin-induced glucose incorporation into
3T3-L1 adipocytes was analyzed (Figure Sb). The glucose
uptake was significantly decreased in the media of 3T3-L1

adipocytes incubated with M¢-CM, in comparison to those
incubated with THP1-CM. The decrease in glycerol release by
the incubation 3T3-L1 cells with M¢-CM was recovered by
69% in the presence of NNGH. The glycerol release in the
media of 3T3-L1 adipocytes incubated with MMP-3 was
significantly decreased, in comparison to those incubated
with THP1-CM, and that reduction thereafter almost
completely recovered due to the NNGH treatment. There-
fore, My-CM induces lipolysis, and reduces insulin-induced
glucose uptake in 3T3-L1 adipocytes, possibly in part
through the secretion of MMP-3.
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High-fat intake induced the expression of MMP-3 in mesenteric
fat tissues as well as the induction of F4/80 gene

To assess the expression of MMP-3 gene in adipose tissue Mo,
the levels of MMP-3 mRNA were examined in mesenteric fat
tissue from mice fed with high-fat diet in relation to the
expression of the F4/80 gene, an M¢-specific antigen’$2°
(Figure 6). High-fat intake for 2 weeks significantly induced
the expression level of F4/80 mRNA in mesenteric fat tissue
by 2.2-fold in comparison to the level in the control mice.
The levels of MMP-3 and TNF-a genes in mesenteric fat tissue
were also significantly induced by 2.8- and 2.5-fold in the
mice fed the high-fat diet compared in the control mice,
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respectively. The expression of F4/80, MMP-3 or TNF-a gene
in subcutaneous fat tissues was not significantly different
between the mice fed with regular chow and high-fat diet.
The MMP-3 protein expression was analyzed in either
visceral or subcutaneous fat tissue specimens (Figure 7a).
The MMP-3 protein levels in visceral fat tissues, but not in
subcutaneous fat, were significantly higher in the mice fed
with a high-fat diet than those fed with regular chow. The
insulin-induced glucose uptake activity in the adipocytes
prepared from visceral fat tissues was significantly decreased
in the mice fed with high-fat diet in comparison to those
consuming regular chow (Figure 7b). These results indicate
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Figure 6 High fat induces F4/80, tumor necrosis factor-a (TNF-x) and matrix metalloproteinase (MMP)-3 mRNA expression in mesenteric fat. Mesenteric or
subcutaneous fat tissues were prepared from C57BL/6 mice fed regular chow (Reg) or high-fat (HF) diet. F4/80, TNF-a and MMP-3 mRNA levels were analyzed using
quantitative real-time RT-PCR. Relative ratios of mRNA levels in mice fed high-fat to those fed regular chow were presented. Data are expressed as meanis.d.

(n=6). *P<0.0S in comparison to the value of the control.
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Figure 7 High fat induces matrix metalloproteinase (MMP)-3 protein expression, and reduces insulin-induced glucose incorporation of adipocytes in mesenteric
fat. Mesenteric (Mesent) or subcutaneous (Subcut) fat tissues were prepared from C57BL/6 mice fed regular chow (Reg) or high-fat (HF) diet. (a) The MMP-3 protein
expression of tissue extracts were analyzed by ‘western blot analysis using an antibody against MMP-3. Relative ratios of MMP-3 protein levels with those of
mesenteric fat tissues of mice fed regular chow (control) are indicated. Data representative of three experiments are shown. Bars are expressed as mean £ s.d. (n=#6).
*P<0.05. n.s., not significant. (b) The 2-DG uptake was measured in single adipocytes prepared from fat tissues in the absence (open column) or presence (dlosed
column) of 100 nm insulin for 15 min. The relative ratios of 2-DG contents with basal of cells prepared from mesenteric fat of mice fed regular chow are indicated.

Data are expressed as mean £ 5.d. {(n=6). *P<0.05. n.s., not significant.

that high-fat intake causes M¢ recruitment into visceral fat,
and possibly leads to the induction of the MMP-3 and TNF-a
expression, as well as the inhibition of glucose incorporation

of adipocytes.

Discussion

The current study demonstrated that M$-CM influences the
expression of TNF-a from 3T3-L1 adipocytes. This induction
of TNF-u is attenuated by an MMP-3 inhibitor, NNGH. The
active form of MMP-3 showed the capability for the
induction of lipolysis and the inhibition of the insulin-
induced glucose uptake, as well as for the enhanced secretion
of TNF-o.. These findings suggest that MMP-3 thus plays a
role in the modulation of the adipocyte function from M¢ in
adipose tissues.

Recent observations suggested that inflammatory condi-
tions evoked in fat tissues recruit activated Mé, possibly
enhancing and/or continuing the chronic process in fat
tissues.®? TNF-« is suspected to be one of the key players
among many cytokines in the interactive modification of
function in Mé and adipocytes.*” Based on the results
obtained herein using a culture system, infiltrating M$ may
therefore modify the maturation process and secretion level
of TNF-u in adipocytes in fat tissues. The expression of TNF-«
is observed in 3T3-L1 preadipocytes, and declines gradually
after the beginning of maturation in the presence of
inducers.?! The mice with transplanted cultured 3T3-L1 cells
showed that the transplanted adipocytes in visceral space,
and not subcutaneous space, secret TNF-o and the secreted
molecules actually disturb the systemic insulin sensitivity,
based on the decreased insulin action in tissues.® The
induced expression of TNF-u is also observed in the

adipocytes in visceral spaces of subcutaneously lipectomized
mice.?? Therefore, the adipocytes that accumulate in visceral
space are potentially sensitive to induce the TNF-a gene
expression in mice.

Recent studies have indicated that extracellular matrix
(ECM) degradation is important for adipogenesis. MMPs are
essential for proper matrix remodeling, a process that takes
place during adipose tissue formation. Human mature
adipocytes secret MMP-2 and -9 and their proteolytic
activities are induced during differentiation of murine-
cultured adipocytes.® mRNA levels for MMP-2, MMP-3,
MMP-12, MMP-14, MMP-19 and TIMP-1 are strongly in-
duced in obese adipose tissues in a genetic or a diet-induced
model of obesity.2* The treatment of cultured preadipocytes
with either synthetic MMP inhibitors or neutralizing
antibodies decreases differentiation.? These previous studies
using cultured adipocytes suggest that MMP activity is
required for adipocyte conversion. The body weight of
MMP-3-deficient mice is increased in comparison to that of
wild-type mice, as is the weight of the isolated subcutaneous
and gonadal fat deposits.”> MMP-11-deficient mice develop
adipocyte hypertrophy in comparison to wild-type mice. 2
Furthermore, the membrane-anchored metalloproteinase,
MT1-MMP, acts as a 3D-specific adipogenic factor that directs
the dynamic adipocyte-ECM interactions critical to WAT
development.?”’ These studies using knockout models
revealed critical roles of MMPs in fat tissue development
and adipogenesis, and possibly also in fat accumulation
accompanied with insulin resistance. A recent study reported
that the MMP-3 expression levels are negatively correlated with
percent body fat, and the MMP-3 gene variants are associated
with both BMI and type 2 diabetes in Pima Indians.?8

The mice with transplanted cultured 3T3-L1 cells showed
that the transplanted adipocytes in the visceral space, and

90¢
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not subcutaneous space, increased TNF-x gene expression.® A
microarray analysis revealed that the MMP-3 gene expression
is drastically induced in addition to TNF-a.° Therefore, the
MMP-3 gene expression in visceral fat seems to be directly
linked to cytokine expression in adipocytes. The current
study showed that the active form of MMP-3 enhanced
glycerol release, as well as TNF-ax protein secretion, from
3T3-L1 adipocytes. The incubation of adipocytes with MMP-
3 inhibited insulin-induced glucose uptake in adipocytes.
Therefore, the induction of MMP-3 gene expression may
modulate lipid and glucose metabolism in visceral adipo-
cytes, leading to the induction of TNF-a secretion. The
treatment of 3T3-L1 preadipocytes with the MMP inhibitor
Hlomastat has been shown to prevent their differentiation
into adipocytes.?® The subcutaneous administration of MMP
inhibitor KB-R7785 reduced the plasma glucose and insulin

 levels with a concomitant decrease in the TNF-a production

in KK-AY mice.’® These observations indicate that M¢-MMP
may thus play a functional role in the induction of TNF-a
gene expression impairing insulin sensitivity in adipocytes.

Recently, MMP-3 has been shown to be a signaling
molecule via the ERK pathway, followed by proinflammatory
cytokine induction, and induce superoxide generation in
microglia.3! Moreover, activated MMP-3 is present in the
nuclear compartment of malignant and nontransformed
hepatocytes, and is associated with the onset of apoptesis.>?
These studies suggested a novel function of MMP-3 as a
signaling molecule active for intracellular functions. The
current results showed that high-fat intake induced a
decrease in insulin-induced glucose incorporation in adipo-
cytes, as well as an increase in M¢-infiltration and TNF-a
expression in visceral fat tissue. Therefore, MMP-3 may affect
the lipid metabolism of adipocytes through the ECM
degradation and the activation of other extracellular and
intracellular molecules leading to the lipolysis and glucose
incorporation. Therefore, M¢-derived MMP-3 may modulate
the secretion of TNF-x in adipocytes by modulating the lipid
metabolism, which is tightly linked to visceral fat accumula-
tion and systemic insulin resistance.

In conclusion, this study suggests that MMP-3 is important
for the function of pathological link between M¢ and
adipocytes, which leads to insulin resistance in metabolic
syndrome through the regulation of cytokine expression
such as TNF-a. The further elucidation of the role of MMP-3
and its secretion from activated M¢ and adipocytes is
therefore expected to contribute to the elucidation of the
unexpected relationship between chronic inflammation and
disturbed insulin sensitivity in humans.
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The Research Commirtee for Primary Hyperlipidemia, Research on Measures 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 cardiovasculas 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 that 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 scrum eri-
glyceride (TG) levels and the incidence of coronary
heart disease (CHD)"?. TG-rich lipoproteins such as
remnant lipoproteins and small dense LDL particles
are increased in hypertriglyceridemia and have been
cstablished 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 date, 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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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 other risk factors, such
as obesity, diabetes, hypertension and smoking. In
addinion, a cluster of metabolic risk factors, such as vis-
ceral obesity and insulin resistance with hypertriglyc-
eridemia, referred to as metabolic syndrome, indicates
that plasma TG concentrations are tightly linked to
other strong risk factors for CHD. Thus, paticnts with
elevated TGs arc at increased risk for CHD, although
greater risk cannot be independently explained by TGs.
Meanwhile, recent meta-analyses suggested that plasma
TGs could be an independent factor for CHD" 2.

* Supportively, many experimental studies indicated that

triglyceride-rich lipoproteins as well as LDL are ath-
erogenic. Taken together, 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 obesity, metabolic syndrome,
and diabetes in this country, guidclines specialized for
paticnts with hypertriglyceridemia need to be immedi-
atcly cstablished. In this study, we propose new guide-
lines for Japanesc paticnts with hypertriglyceridemia

— 136 —



Japanese Guidelines for Hypertriglyceridemia 117

Table 1. Plastma lipid profile of severe and mild type ITb hyper-
lipidemic patients sub-grouped by non-HDL choles-

terol
severe type b mild type ITb
Male non-HDLc ?
>190 mg/dL. <190 mg/dL
n 51 54
Total Cholesterol 270+ 41.8 234+403 0.001
Triglycerides 3474286 236:110  0.031
HDL Cholesterol 42.4%8.0 549+15.2 0.000
LDL Cholesterol 159%51.6 135+38.1 0.029
non-HDL Cholesterol 228+ 41.6 182+39.1  0.000
- sewerc type Ib - mild type IIb
Female non-HDLc ?
>180 mg/dl. <180 mg/dL
n 52 48
Total Cholesterol 265+29.6 231%20.2 0.000
Triglycerides 242£120 218456 0.1
HDL Cholesterol 47.3x14.1 63.2x19.5 0.000
LDL Cholesterol 175+ 40.4 125179 0.000
non-HDL Cholesterol 224%30.2 168149 0.000

Subjects were patients who visited the outpaticat dinic of the Endo-
crinology and Metabolism Unit of Tsukuba University Hospital on 2
regular basis (monthly or bimonthly) as described in Materials and
Methods. Data are the means £ SD (mg/dL).

using non-HDL as a sccondary targer after the goal
for LDL cholesterol as the primary target is achicved.

Materials and Methods

A roral of 1,124 paticnts in Tsukuba University
hospital in 2006 were consccutively included in the
study (Table 1). Patients with scvere illness were ex-
cluded. Plasma rtotal cholesterol (T'C), LDL-C, TG,
HDL-C, glucose and HbAlc in cither the fasted or fed
statc were determined cnzymatically with the Hitachi
7070. Plasma HDL-C concentration was measured by
a direct method using polycthylene-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 IIb 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 events
Other
T Rlisk Factors
16
VLDLs, IDLe, RLPe
. LDL cholesterol
30 Non-HDL cholesterol

Fig. 1. Rationale for usage of non-HDL cholesterol: impact
of TG and other risk factors on correlation between
LDL-cholesterol CHD event.

nonHDL cholesterol=Total cholesterol - HDL cholesterol=VLDL

cholesterol + IDL cholesterol (remnant lipoprotein cholesterol) +

LDL cholesterol (Friedewald formula).

VLDL cholesterol + IDL cholesterol (RLP cholesterol) = TG/5

The risk of hypertriglyceridemia is approximared o VLDL, IDL,

and RLP cholesterol estimated as TG/5, and incorporated into non-

HDILC. The difference between non-HDL cholesterol and LDL

cholesterol on X-axis was set up ar 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 currently the primary
target for treatment and prevention. Other risk facrors,
including TG, diabetes, obesity, and metabolic syn-
drome, do not directly clevate plasma LDL cholesterol,
but could enhance the risk of LDL cholesterol by
shifting up the curve, as depicted in Fig. 1. To cvaluate
and manage the risk of hypertriglyceridemia, the TG
level must be interpolated into the risk of plasma cho-
lesterol. In paticnts with 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 clevation
of plasma TG is an appropriate surrogate marker of
hypertriglyceridemia. TG-rich remnant lipoproteins
have been established as atherogenic lipoproteins® 5,
Thus, RLPc, a commercially available laboratory test
for remnant lipoprotein cholesterol, could be a suit-
able marker for the artherogenicity of hypertniglyceri-
demia; however, this test is expensive and is not prac-
tical for use as a routine 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 YLDL/IDL (remnant) cholesterol and LDL
cholesterol. It reflects the risks for all apoB-containing
lipoprotcins and could be an excellent marker for ath-
erogenic lipoproteins. Plasma TG itself is not an appro-
priate marker for CHD risk due to its internal and
dictary variability. In contrast, non-HDL cholesterol
is not affected by dictary states 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 discascs, indicatin % that VLDL choles-
terol could contribute to CVD*?, Non-HDL choles-
terol is also a uscful marker in a variety of subpopula-
tions: men, the elderly, and patients with high-risk dis-
cases such as diabetes and end-stage renal discase!319.
Our current clinical data from patients with type IIb
hyperlipidemia also support the uscfulness of non-
HDL cholesterol (Table 1). In our outpatient clinic,
70% of patients had diabetes and roughly 10% were
type IIb hyperlipidemia (cholesterol > 220 mg/dL and
TG>150 mg/dL). These type IIb hyperlipidemic pa-
tients were equally divided into two sub-groups: severe
(non-HDL cholesterol levels 2 190 mg/dL for male pa-
tients and 180 mg/dL for femalc patients) and mild
<190 mg/dL for male patients and 180 mg/dL for fe-
male patients. When the severe and mild Ib groups
were compared, total, LDL, HDL cholesterol, and TG
levels were significantly different among these two
groups for both genders, except for serum triglyceride
in females (Table 1). These data indicate that 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 tool for lipoprotein cholesterol
screening and assessment of risk and therapy has been
alrcady recognized in the USA''®. 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 with apoB, and should
replace this specialized and expensive laboratory test
despite some reports indicating that apoB is better
than non-HDL cholesterol for the predictive power of
CHD ">,

Howcvcr, 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 risk is relatively weak com-

300 -
250 .
g 150 150+ hd
14
§ 100 “Q
ghy
4 *
50
0 T Y T y ]
0 50 0 o 150 200 250
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Fig.2. Distribution of non-HDL cholesterol vs. cakulated

LDL cholesterol in normolipidemic patients.
Non-HDL cholesterol and LDL cholesterol calculated from Frie-
dewald formula were highly correlated. Subjects were from the out-
patient clinic of Tsukuba University Hospital 2.

pared to that of LDL cholesterol. Our previous data
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 cholesterol 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 sccondary target, as
shown in Table 2. This is an extended version of the
2007 edition of the Japan Atherosclerosis Society (JAS)
guldcllncs for the prevention of atherosclerotic dis-
cases in which LDL cholesterol is the primary marker
and target. It is essentially similar to the AHA-ATPHI
guidelines for hyper TG in USA®, ATPI recommends
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 not have enough clini-
cal data for Japanese on the relationship between 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 paticnts with hypertriglyceridemia,
the primary target 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, II, and M arc 100, 120, 140, and 160 mg/
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