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E tt {(ShRNA) against LacZ, NCEH1, or
CES1 were used to mfeet 250 and 750 mois. Two
days after infection, whole-cell lysate-was subjected to Western
blotting (A) and'the measurement of neutral CE hydrolase activ-
ity {B). C, MTT assay was-performed to assess cell viability of
HMMs infected with recombinant adenoviruses coding for
shRNA against LacZ, NCEH?1, or CES1. Data are expressed as
percentages to control cells. Data are presented as the - :
means*SD of 3 (B) or 4 {C) measurements. *P<0.05, =P<0.01
(determined by ANOVA followed by the Bonferrom pcst hoc
analysis).

the neutral CE hydrolase activity further from that attained
with Ad-shLacZ. Infection with increasingly higher doses of
Ad-shLacZ nonspecifically reduced the protein expression
(Figure 4A) and neutral CE hydrolase activity (Figure 4B).
To rule out-the possibility that infection of 'Ad-shLacZ,
Ad-shNCEHI, or: Ad-shCESI is cytotoxic;. we. performed
MTT assay (Figure 4C). There was no significant difference
in: MTT activity among the cells infected with 3 viruses.
Viability of cells infected 750 mois of adenovirus slightly
decreased compared with no treatment cells, but the differ-
ence: was: not: significant. Although there is a nonspecific
effect of ‘adenovirus infection, these results support - that
neutral CE hydrolase activity in HMMs is primarily mediated
by NCEHI, not by CES1 or LIPE, in combination with the
results of inhibition of human NCEH1 in HMMs by AS115
(Figure 3):

Finally, we investigated- the expression of :NCEHI in
human aortas (Table). We stained sections of aortas from 20
cases. of autopsy whose clinical characteristics are summa-
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rized in Table. The lesions were morphologically classified
into 3 types: diffuse intimal thickening, fatty streak lesions,
and atheromatous plaques.?s Atheromatous plaques were rich
in: cells positive: for CD68, a pan-macrophage/dendritic cell
marker, as-well as NCEH 1-positive cells compared with fatty
streak lesions or diffuse intimal thickening. NCEH1-positive
cells were - absent in diffuse -intimal thickening. Figure 5
shows: representative  sections from atheromatous plagues.
This region contains-acellular necrotic core (Figure 5A). The
subintimal area-between the intima and the necrotic' core
contained many CD68-positive cells (Figure 5B). A majority
of the CD68-positve cells were also positive for' NCEHI
(Figure 5C and the Table). The colocalizing characteristics of
€D68 and NCEH1 were more obvious at a higher magnifi-
cation (Figure 5G and 5H): In contrast, CES1 was weakly
positive for some: CD68-positive cells (Figure 5D). LIPE
protein was barely detectable in HMMs in the same condition
(Figure S5E).' ACTAZ2 was strongly ‘positive in most of the
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cells in the media and weakly positive for some of the cells in
the intima (Figure 5F). Furthermore, we show representative
sections from fatty streak lesions (Online Figure VI, A
through C). Although the expression of CD68 and NCEH]1 in
fatty streak lesions decréase compared with atherosclerotic
plaque, many of the CD68-positve cells were also positive for
NCEH1 (Online Figure VI, B and C). CESI1 was weakly
expressed and LIPE was not expressed (data ot shown).
Thus, NCEHI is the major enzyme that is specifically
expressed in macrophages of human atherosclerotic lesions.

Dlscussmn
Prevmusly, we have reported. that both Lipe and Nceh! are
involved in the hydrolys:s of CE to a comparable degree in
mice.?s Circumstantial evidence, however, suggests that there
are great differences in the hydrolysis of CE between human
and mouse macrophages.!5262? To understand the pathogen-
esis of atherosclerosis in humans, therefore; it is ntial to
determine the major enzyme that médiates the hydroly
CE hydrolysis. in foam cell macrophages of human athero-
sclerotic lesions. In the present study, we show for the first
time that NCEH] is pnfnanly mvolved in the hiy
CE in human macrophages; thereby constitutmg the initial
step- toward reverse cholesterol transport-in atheroselerotic
lesions. We also show that contribution of CES1 and LIPE is
trivial. Involvement of NCEH]1 in atheroscierosis is further
supported by its expression in situ in CD68-positive macro-
phages, which are abundant in human atheromatous plaques
with cholesterol crystal in its necrotic core.
Recemly, we, have identified Ncehl as a microsomal
enzyme that modmtes the’ hydmlys;s of CE in mouse macro-
phages.1s32 I :.hax repon we showed that ;

.dszemnuanon from human MONocytes,
phages. The present results confirm that the expn-kss:on of
NCEHI protem was also markcd lire:

ABCA1 (Figure 2D; Online Figure V), ofi the other hand,
mhrbmon of human NCEHI by AS1 15 a‘KIAAISGB inhib-

Is NCEH! the only enzyme with neutral CEh drolase
activity in human macrophages? This is a pressmg question,
because at least 2 other enzymes have been ‘proposed to
regulate neutral CE hydrolase activity in macrophages: LIPE
and CES1. LIPE was the first enzyme proven 16 contribute to
neutral CE hydrolase activity in macrophages. LIPE is indeed
expmssed in several macrophage cell lines: mcludmg MPMs
and preferenual]y catalyzes the hydrolysis: of -CE.%3% Al-
though some. groups reported the expre ion of 'LIPE in
human THP - 1macrophages,?’8 other groups doubted its role
as a neutral CE hydrolase because of an extremely low leve]
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of expression as compared with that in adipose tissues.?' The
negligible expression of LIPE in HMMs was supported by the
finding that efflux of cholesterol was not stimulated by

cAMP.3! which is known to stimulate lipolysis by .activating
LIPE in adipocytes.*® Consistent with the claim of the latter
groups, we failed to detect significant expression of LIPE in
HMMs (Figure 1C). The negligible role of LIPE as a neutral
CE hydrolase in human macrophages is also supported by the
finding that 76-0079, a reponcd}y speaﬁc inhibitor of LIPE,
did not signifi cantly inhibit nentral CE hydtolase activity in
HMM:s (Fi gure 3C) and. cholesterol efﬂnx from HMMs which
had been loaded wnh CE (anure 3G) Thxs can be extrapo-
lated to other 1mmortal cell lines of hu macrophages
THP-1 and U937 macrophages, In on thi other hand,
Lipe contributes to neutral CE hydr acuvity in MPMs.2s
Thus, there seems 1o be a species 0 temas of the
relative role of LIPE in the !

and colleagues subsequemly repoxted thét ovérexpressnon of
CES] mhlbuts the accumnlaqon of CE in macrophages 2122

i ‘K'29, cells (Onfine F:gure
i Jgure B Overoxprossion of

parab]e 10 that in the liver of WAT (Figu 1 C), its’ snlencmg
did ‘not reduce the neutral CE hydrotase activity of HMMs
(Figure 4B). Crow et al recenrly mported similar results: a
'necombmam ‘CESt pmtem did not '»ssess neumﬂ CE hydro-

“loaded THP:1 macrophages with ether paraoxon
(a nonspec;ﬁc CES inhibitor) or benzil {a' specific- CES
inhibitor) caused enhanced:retantion of intracellular CE. This
puzzling ﬁndmg led them to speculate that the retention of
CE is due.in part to inhibition of enzymes other than CESI1.
Indeed, KIAA 1363, ‘an értholog of NCEH], is potem]y inhibited
by many of organophosphates (OP) mcludmg paraoxon. 164!
There is a great difference in the ability to" mobilize
cholesterol between different types of macrophages. For
example, THP-1 cells are known to be relauvely ineffective at
mobilizing cholesterol pnmanly owing to slow hydrolysis.of
CE*# In addition to the weak expression of LIPE, the
absence of NCEH1 may explain the characteristics of THP-1

'macrophages (Figure 1C): There are many other examples of

differences in neutral CE hydrolase activity.943-45 It i is tempt-
ing to speculate that these differences. are atznbutable to the
difference in tl;e expression level of NCEH]. Furthermore,
we examined the difference  of. the expression of NCEHI,
CES1 and LIPE by M-CSF or GM-CSF treatment. NCEH!1
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protein and neutral CE hydrolase activity proportionally
increased (Onling Figufé ). In' those M:CSF- or GM-CSF-
treated HMMs, it is thought thiat NCEH1 greatly contributes
to neutral CE hydrolase. 1t is further study to investigate
difference of the contribution of NCEH]1, 'CES1, and LIPE in
macrophages ‘stimulated by other cytokines or in different
macrophages subclasses.

Fmally. the expression of NCEH1 in CDés-posmve mac-
rophages in human amemsclerouc lesions in situ substanti-
ates the role of NCEHI in the d Pmen; ‘of atherosclerosis
pmposed above (Figure 5) NC
posnlwe macrophages but not

abundantly expressed in CD68-
zone around ‘white pulp (Onlin

- rotic 'lesions and spleen :
Wealdy ex;:ressed NCEH

atheromawus plaques of human aortas. NCEHI Js a pi'dmxs
ing target for the treatment of atherosclerosxs L
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Novelty and Significance

What Is Known?

* Intracellular hydrolysis of cholesterol ester (CE) is the initial and
rate-limiting step for removal of cholesterol from macrophage
foam cells that predominate in fatty streak atherosclerctic
lesions. ‘

* Hormone-sensitive lipase (LIPE) and neutral cholesterol ester hydro-
lase (NCEH1} have comparable roles in CE hydrolysis in mouse
macrophages, but the relative confribution of the hydrolytic
enzymes in human macrophages is unknown.

What New Information Does This Article Contribute?

* NCEH1 s the principal enzyme that performs CE hydrolysis in human
monocyte-derived macrophages (HMMs).

= Ths contributions of both cholesterol ester hydrolase (CES1) and LIPE
to CE hydrolysis are trivial compared to NCEH1.

® NCEH1 is abundantly expressed in CD68-positive macrophages in
cholesterol crystai-rich regions of human atherosclerstic
lesions.

There is circumstantial evidence of differing contributions of NCEH1,

UPE, and CES? to CE hydrolysis in macrophages of differing
species. As we have reponed previously, in mice, both LIPE and
NCEH? are involved in CE hydrolysis in macrophages. Although at
least 3 enzymes are able to hydrolyze CE in nonlysosomal
compartments in human macrophages, the relative contribution of
these enzymes is:controversial. The present study established the
predominant role of NCEH1 compared with CES1 and UPE in CE
hydrolysis in human macrophages. Furthermore, we also demon-
strated the expression of NCEH1 in macrophages in human
atherosclerotic lesions. These findings facilitate the focus on
NCEH1, a promising therapeutic target for promoting reverse
cholesterol transport, and provide a nove! paradigm for understand-

ing the pampgfnesxs of human atherosclerosis.
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