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FIIH BRI L IO, JHEDSA DRI LT
BRI EPMESNTREY. §2bb, JHEVFAR

U PP RFEZERRA R — v B/ R RRBEHELE
PR
P RERFEHMRZEELENH

Bkl HAFSA
RHIEERES DS, F, EERICLHICS L, K
AN X AREEEICEWPRD SRS, AFTIE, B
WA, Tibb, HENFA - FIVEESADOEEE
PHEEICERLTBY, BEFEHEIC L 5 ADBER
0 DB LT, RIS BT B 2006 EEDORREM A,
JRA 2 A, SLEEBATAIC X BT H I HE 16,855
AN(EFB 7942 N, & BII3N)THAHY. ARIFTHBITAHIE
BB IVHERAOFREZZ, AD10F AL 10
BMANTH ) EBRIICERTIENY, 448, BFEB X
JRE S AL, LT, ¥ 10FBICIE, §
BARHLDBAZRE, WENOBR TR TS FHIC
BWHRATEICR B EFEENTWAY TS ALl
122, Biliz1:2061:5THAY. %7, JBE
HAEF D 8~9 ENTPHAAFD ST B,
RIRIZ BT B BB ADOBEERETIE, BENHAL
¥ & —AHAT L 7c B AR AN O KB REF ORI X8

- BRFZECTH B[4 B9 2k — MiF%E (Japan Public Health

Center-Based Prospective Study) 112 317 55505 FH
Hisk 29, JPHC Study & 13AIEBE L A - BEEEh -

DEEL EOBRANRE DBBREMRAT L0, &
TEFTIC BT 40~60 FEDF &R 135 A% 199045 L
1993 4E2° & 2004 4 T TOBBRRAE 1TV, Z OIS
BEARANOEFEEERFHICEIL TS 20003 T
# %, JPHC Study OH T, JBEDSAD Y A 7 BER %,

A AE O BEARE & PRI E (BMD) ICE A 4 T TR
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f ] i 1 ! !
7
6
482 %
) 5 4.35 *
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~ 3 238
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& Bl & & B = 2F B ki

1 BEAEOBEL BN A (BEHFALFIEERA) HERT & LTH,
i, o, B, SUEE, BERWEEEE, BEE CHErFICERE

HH (P<005)

(JhhE4ssE JBEEE 2010 31:177-179 L VB  —BHE)

MLTWwa, $hbb, HFERERICHT L2 8E
RE, BEERE, BUECHE AEE, EEh 04N
BEIZOWTOT v r— MVREOKEREEZHVT, R
DEEDFEREIT L B 7V — T 5T 247\, JHE
WA B ) A7 L OBEEERAITHS. #11
FEOBEBRMARIIC 235 A (B 129 A, ZH106 A) 28
JHEA A (BEEHA, FFIMEEDSA) ICBRALZ. 8
LR, REEEASAAT93 A (B30 A, &M 63 A),
JFAMIBE AT A DS 142 N (B9 N, M43 N) THo
To. EMBITIE, PEEEASAIRMEICE C, MRS S
MITBHEIZE D o7, SEOBITERLY, HAOR
HOHBTNV—TTE, BEORWIV—TITHEL
T, HEMSAD ) A7 H3 314, FFIMBEEBSADY A2
W21 ETH-72 (K1), BEDOREEIC X BEAH DY
A7 RBLINCHES &, BEHTIIHENALT T, &
HTIEELLOFEETHBESR SN, FFICH
JREDSAY) AZ BBV EVIFERThH-72 (K1), —
77, REuEEEE, MmO, BUEEE, SEEE
JHESA ) A7 & OBEEIZ R D572, AFRORRIC
L0, BREOBRENSIEENADY) A7 &b &2
FHENRTW5,
REZEASADRER 8 B IZIBHIEERICAT A 2 &
ML &7 ML TIRIEERATA O JE B IR Rk
B BRI b AN D B IR R L2 0L ) 1B HAR
BRVFETHIELY, T, EBRNICHEERRIC

REEXZELSED L, BEED S VEREREORE
FHRERE S, MROMEEITIET LI L X
D, BHENAOEEE I, HEEROBEMRISED
EBRETFTHE I EHVUM I VERSINLTVS. 2o
LI ICHRENSADEBDOIV AL 777 & — & LTHHEE
OB PR ORI R DRSS B
ZEBRFWENTH S, KEREDOD & TiE, tumor
necrosis factor-alpha (TNF-a), inducible nitric oxide
synthetase (iNOS), cyclooxygenase-2 (COX-2), epi-
dermal growth factor (EGF) 7&K, erbB2 S5E,

myeloid cell leukemia protein 1 (Mcl-1) D5 FE D
AEBERR (K 2) AERICR B0, $habh, KENE
A bH A Y THB TNF-o 12 iINOS & BBFEL, 18
FUCEASNINO WX DERIEA P LRAIC K B8 |
BOBEENTEET S, DNA damage O¥EM=° DNA re-
pair D¥IFNC & ) BIRFEEMMEESNBERL 2510,
F 72, FE SN2 INOS RIBHHOBRILAT -V ThH
5% oxysterols i COX-2 #5FE L, ZOHKE, 79F F
CEBRBEOERLC X BT O RS 75 VY Y E2(PGE2)
DFEAOEMASHE L, FEHR OISR ST 52— T,
ZFOEFMBEIERET S, S5, PGE2 RIEHEIZ
EGF % %1k ® transactivation # 5] & # Z L, COX-2
DFER Mcll BL7 R b — ¥ 2A&H) O5 @& HIET
LHIETTRI-VARYFT 5. COX-2 DREBEY
X, BBEE2E T AHEORY LR LRI, BIEES
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M2 JHRELE,PSOREAN AL

MEEEDRPHERYE BF 7 2~ ans 5 —&)
WHBOOLNHZ L LY, BURKEOIREICBITBH
B0 5 OREDPAREIIE, BRIIEES T, COX-2
R OTEMAL R EBETVHFEETHLEZONS.

Randi & ZBEEAA OEMEFIZBI$ % meta-analysis
DRERZHE L T 5 JBRED SFET 2 JHENA
{ZB9" % randomized control trial (RCT) 2 FFE¥F,
cohort study®™®'® % case-control study” " ®HEET 5
DA THBH. Meta-analysis DR LY, FELERE
Fici, JBA, BMEEEROBARE (EICEHE),
BHEBEEBOREKRE, BN, ZER BEEOBHE
YIE(F 7 AW, 78T F 7 RAH, N aANT 5 —JgE)
EINTVS, BEIIEEEOERISEARED ) X2
ERODTEFMONT VL5 JHESADY A2
TRV EREL TWAEY, Meta-analysis DiE R 2
Fvb&, HEFPAOFREICELBRIZLFEFICH
B, FlHREGIBATE L 708k R U2 B2
THHEL TS, ELHICEAEPARKBZIBEEL D IX
TEICBNWTIERT 2L EZONS.

FERICE, BER SHESAOREICE LT, Rand
5lE 323 cohort study® B & 7D case-control
study™ ® X ) meta-analysis % ERTw5 (FE 1).
JEAREZ O ERELX, s study TXRTEE
WA TIE 4.9 cohort study DA TIE 2.2, case-control
study DATIX 71 TH 5B L #HE L TWABY, Cohort

study @9 B, Maringhini SZEAEADFICIERE S
2583 BIDO I 20 EEDOFHBIAE % retrospective 1238
BEL, BREBEESNC B LIRS A ORI
—BEANOD 28 FETHSH L|MELTWVEY, 35T, &

MBI BRFARIBEOYAETH L ERELT

W5, Chow SRR A IR L72 17,715 41, fHZE
T %17 o 72 42461 FlOKET 60,176 1% 4~16 4ERE
B L, B3R ORI BIT BN EREN 36 5T
HolzL#ELTWAY, Case-control study Tliv3
NICBWTDH, JHEDAJER & FRAHERHS ASER] D B
XY, ENFRICBIHEAREROBHRLY, 1
AEPEFAOREAICHEE L HE L TnETD,
Randi & DBATHEREZERT S &, JEAORE LA
BADOFAEIGEEEYH S Z LIEEBTIETH
B, —ADNCH LT 4 ORTF GER, M%) %
matching X-E 7 CTldd 5 2%, JEESADOFLEEE
MENZ E, T, BT S A ERE D 10 BT
DIMEIFRETHHI XY, HEOHEA LHEDSA
DOFAEIIEE D 5705, BROERBBEIFEET S
EORRICEDL L IEHREVTHS ).

BROBREE?
JEZED A HIREBDBENEE TS 5 2%, Fid~

LD IR ERES AT EE SRR S T E

TELD, BEERICE CRERIERE GRB 8IS

-1312-



64 : 208 ii=| B 26% 2% (2012)
F1 HEEALBEFABEOHERCHETLIIEFT VA
WmEE (F) | BEEFEAC SERTUTE BRI | seas A ohik 9
= L7 v %aﬁfﬂﬁ E}ﬁﬁf%ﬁ FEﬁ %%7 A@*Eﬁfigﬁ}g (95/) CI)
Maringhini (1987) |cohort stusy JBEEEA 2,583 fl 20 4EM 128 (0.9-6.6)
B 8.3 (1.0-30.0), ik 2.0(04-5.7)
Chow (1999) cohort study HHEERE FIRAT 17,715 B 4 ~ 16 £ 36 (264.9)
JEIEE 42461 B A 60,176 %1
Yagyu (2004)  |cohort study JEEEREA 113,394 1 114/ B 120347), 2o 11(04-29)
Lowenfels (1985) |case-contorol study |JEZEASA 131 51 & FEREEEASA 2,399 116 ~ 20 48 |Non-Indians 4.4 (26-7.3)
Indians 209 (8.1-54.0)
Nervi (1988) case-control study |14,768 I D& #H - 94ER  |70(5983)
WHO (1989) case-control study |FHFEATA 58 Bl & JEHREEASA 35561 | 7HEM |23 (1.244)
Kato (1989) case-control study |FEZEASA 109 I, FHE AT A 84 61, 4 4ER (344 (45-266.0)
FFHE 386 Bl
Zatonski (1997) |case-control study |JBEEDSA 196 Bi& FEAEFEASA 151561 S4EM |44 (2675)
Okamoto (1999) |case-control study |%FHE 194,767 B, MHZEREH 7,985 #) 74EM 108 (4.1-284) ,
Khan (1999) case-control study |fBZEASA 69 &), *JHR 138 4 14 £ 1266 (7.0-1014), 2o 289 (4.7-173.0)

(BHEILEE IR - B - IRABREOIY TV X 2007 177-178 L W BIH  —&es)

®2 WEFEHEAROERICETIZET VR

HEE (FE) sg | mevag | PEIE | g R AUHE ()
> . TE i z\:p' Lok :
- (F) | sEEnEE | REA | Bk | BERA
Comfort (1948) | MJERARE | 112 15 0 0 0 0 0
Lund (1960) WREREE | %5 13 ? 1 0 0 0
Gracie (1982) AR | 123 11 2 0 0 1 0
McSherry (1987) | #ERERFRE | 135 5 3 0 0 0 0
Friedman (1989) | EfERIRE 123 7 4 2 2 0 0
Thistle (1984) EIEWRIEE | 305 2 3 0 0 0 0
ARG

(EHE#— f- 8-

TRWHED 2, FEHIRI B I D% b6 THELET
5. FIT, BEIITONZIEF VALV OEN
FRERATSE (R 2) 2B LoD, EEEEIRA O BRE
(#9812 THRE L7,

{EFEEEIE OERIFICETAZEF VY 2DV TR
WL &R 29RY. Thistle 531, AR
MR % & 305 BOMERE (EEEAE) BBt
BRICC2EMBIR L2 25, BHRERNO 145
VARE I 2 R L BRI B T, 2ERIC 69%
DBEECBCTEROBFRE RO, —F, WA/
BRI NTE & REEBR L Do T IR E TIE, 31% 2
DARFERVHBE L 72 L85 L w5, $/2, Friedman
5%, 123 HOEEFEEEAOEE T 5 EMITHAD
FEBIEL WD, ZORE, SWHEBEAL COEE
EHEOREHEE I 4% ThonEMEL TS, &

BRBHEEOIY SV X 2007 5 174-176 L W BIH  —58Z)

5IT, APHEDRACEL T, BHEX D ki,
REEEIDDEML-BEICEL, BABENH
FRICDA I EAEORAEHBEIETLTL S
EHEL TS, E20WFROBHIZOVTDH, &
FEREMEIRE ORBBEOHEIC BT 2 EEL2GHED
BRI S—t v b EIEEICRL, $, BEENAD
BELRADIEMIFEEL R oI EARENT W
5.

BRI B 2 EEEERR D D OJREN A ORIEIX
238 (005%) THolzHMEINTWEEDH,
L) ERA» b oHEFAbE S L, BIEREEA
REEZEIZBIBEEPADEEIHRTHALLBRTE
5.
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Gallbladder Cancer and Gallstone

Junichi Shoda”, Toru Kawamoto?

Gallbladder cancer is a relatively rare neoplasm that differs from other cancers of the digestive tract. There-
fore, the epidemiology has not well progressed and the risk factors have not been fully elucidated. With respect
to the association between gallbladder cancer and gallstones, this review article introduced the data on the
meta-analysis of the published findings that were conducted abroad, and those on the results of the Japan Pub-
lic Health Center-Based Prospective Study, an epidemiological study based on the prospective follow-up of a
large number of the Japanese population that has recently been reported from the Ministry of Health, Welfare,
and Labor. This review also refers to the natural history of gallstone disease. There has been a consensus that
a prophylactic cholecystectomy for subjects with asymptomatic gallstones does not improve their survival out-
come throughout a decreased number of mortality, because of gallbladder cancer. It may not be true that all
subjects with asymptomatic gallstones carry a high risk of gallbladder cancer. In the future, in order to focus
attention on the high risk subjects, exploration and develobment of useful biomarkers is desired for the detec-
tion of gallstone-associated chronic inflammation and persistent biliary epithelial injury, which in turn are

closely related to gallbladder carcinogenesis.
JJBA 2012; 26: 205—211

Y Field of Basic Sports Medicine, Sports Medicine, Faculty of Medicine, University of Tsukuba (Ibaraki)
? Department of Surgery, Institute of Gastroenterology, Tokyo Women's Medical University (Tokyo)
Key Words: gallstone disease, gallbladder cancer, epidemiology, natural history, guidelines
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Novel Function of Niemann-Pick C1-Like 1 as a
Negative Regulator of Niemann-Pick C2 Protein

Yoshihide Yamanashi,"** Tappei Takada,"* Jun-Ichi Shoda,® and Hiroshi Suzuki'

The hepatic expression of Niemann-Pick Cl-like 1 (NPC1L1), which is a key molecule in
intestinal cholesterol absorption, is high in humans. In addition to NPC1L1, Niemann-
Pick C2 (NPC2), a secretory cholesterol-binding protein involved in intracellular choles-
terol trafficking and the stimulation of biliary cholesterol secretion, is also expressed in the
liver. In this study, we examined the molecular interaction and functional association
between NPCI1L1 and NPC2. Iz vitro studies with adenovirus-based or plasmid-mediated
gene transfer systems revealed that NPC1L1 negatively regulated the protein expression
and secretion of NPC2 without affecting the level of NPC2 messenger RNA. Experiments
with small interfering RNA against NPCIL1 confirmed the endogenous association of
these proteins. In addition, endocytosed NPC2 could compensate for the reduction of
NPC2 in NPC1L1-overexpressing cells, and this demonstrated that the posttranscriptional
regulation of NPC2 was dependent on a novel ability of NPCILI to inhibit the matura-
tion of NPC2 and accelerate the degradation of NPC2 during its maturation. Further-
more, to confirm the physiological relevance of NPClLl-mediated regulation, we
analyzed human liver specimens and found a negative correlation between the protein
levels of hepatic NPC1L1 and hepatic NPC2. Conclusion: NPC1L1 down-regulates the
expression and secretion of NPC2 by inhibiting its maturation and accelerating its degra-
dation. NPC2 functions as a regulator of intracellular cholesterol trafficking and biliary
cholesterol secretion; therefore, in addition to its role in cholesterol re-uptake from the
bile by hepatocytes, hepatic NPC1L1 may control cholesterol homeostasis via the down-
regulation of NPC2. (HepsrorLocy 2012555:953-964)

iemann-Pick Cl-like 1 (NPC1L1) is a key

protein involved in intestinal cholesterol

absorption.l’2 In most animal species,
NPCI1L1 is highly expressed in the proximal intestine
(where dietary cholesterol s absorbed).*® In
humans, it has been reported that NPCIL1 is highly
expressed in the liver in addition to the intestine.'
In vivo studies of mice expressing human NPCILI
from a liver-specific promoter have revealed that
hepatic NPC1L1 may be involved in cholesterol reab-
sorption from the bile by hepatocytes.® On the basis
of these findings, NPCIL1 is believed to play critical

roles in cholesterol uptake in the intestine and in
re-uptake in the liver.

NPCIL1 was originally identified as a homolog of
Niemann-Pick C1 (NPC1)’; mutations of the latter
result in the acquisidon of NPC disease, which is a
neurovisceral disorder characterized by an accumulation
of free cholesterol within endosomes and lysosomes.®”
In addition to mutations in the NPC1 gene, mutations
in the NPC2 gene also cause an accumulation of cho-
lesterol in late endosomes and lysosomes and can result
in the development of NPC disease in some patients.'’
NPC2 is a small secretory protein that is widely

Abbreviations: ABC, adenosine triphosphate-binding cassetre; Ad-GFR green fluorescent protein—expressing adenovirus; Ad-NPCILI, Niemann-Pick Cl-like
I-expressing adenovirus; Ad-NPCILI-HA, Niemann-Pick Cl-like 1/HA tag—expressing adenovirus; Ad-NPC2-Myc-His, Niemann-Pick C2/c-Myc tagl6 x
bistidine tag—expressing adenovirus; CHO-K1, Chinese hamster ovary K1; Endo H, endoglycosidase H; ER, endoplasmic reticulum; GM2AR GM2 ganglioside
activator protein; HMW, higher molecular weight; IB, immunoblot; IR immunoprecipitate; LMW, lower molecular weight; LXR, liver X recepror; MG132, N-
(benzyloxycarbonyDleucinyllencinyllencinal; MOL, multiplicity of infection; mRNA, messenger RNA; NgBR, Nogo-B recepror; NPC, Niemann-Pick C; NPCILI,
Niemann-Pick Cl-like 1; NS, not significant; PCR, polymerase chain reaction; PNGuse F peptide N-glycosidase F; R, Spearman§ rank corvelation coefficient;
siControl, control small interfering RNA; siNPCILI, small interfering RNA targeted against Niemann-Pick Cl-like 1; W1, wild type.
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expressed in the body and specifically binds unesteri-
fied sterols with nanomolar affinity.'’ Recent studies
have revealed that NPC2 can transfer its bound choles-
terol to NPC1 in late endosomes and lysosomes to
facilitate intracellular cholesterol trafficking.'*'?

In addition to its role as a regulator of intracellular
cholesterol trafficking, NPC2 may contribute to whole-
body cholesterol homeostasis. Klein et al.'* found that
NPC2 is expressed in the liver and secreted into the
bile in both mice and humans. Moreover, in a recent
study,”’> we found that biliary NPC2 positively regu-
lates biliary cholesterol secretion by stimulating choles-
terol efflux, which is mediated by a heterodimer of
adenosine triphosphate-binding cassette G5 (ABCGS5)
and ABCGS, a cholesterol exporter expressed in the
liver.”® Physiologically, the amount of cholesterol
secreted into the bile each day is similar to the amounts
synthesized in the liver and absorbed from the intes-
tine,'” and this suggests the importance of biliary cho-
lesterol in cholesterol homeostasis. The biliary secretion
of NPC2 is, therefore, thought to be important in the
~ maintenance of the whole-body cholesterol level.

Although it has been shown that NPC2 cooperates
with NPC1'*"? and ABCGS5/ABCGS," the functional
interaction between NPCIL1 and NPC2 has not yet
been clarified. Although it has been demonstrated that
secreted NPC2 has litdle effect on NPCIL1-mediated
cholesterol  uptake,'>'®  considering the fact that
NPCIL1 is expressed in intracellular compartments
besides the plasma membrane,® we have hypothesized
that there may be an intracellular interaction between
NPCI1L1 and NPC2. »

In this article, we show that NPC1L1 interacts with
NPC2 during the maturation of NPC2. In addition,
the results of 7 vitro assays with NPC1L1-overexpress-
ing cells or cells in which NPC1L1 was knocked down
with small interfering RNA as well as analyses with
human liver specimens indicate that NPCIL1 down-
regulates the protein expression and secretion of
NPC2 by inhibiting its maturation and by accelerating
its degradation during the maturation process. These
findings demonstrate a novel function of NPC1L1 as a
negative regulator of NPC2 in addition to its role as a
cholesterol (re-)uptake transporter.

HEPATOLOGY, March 2012

Materials and Methods

Construction’ of Expression Vectors and Recombi-
nant Adenoviruses. The expression vector for c-termi-
nally HA-tagged human NPCIL1 complementary
DNA (NPC1L1-HA) was constructed as reported pre-
viously.(2,19,20) The expression vectors for c-terminally
c-myc- and 6 x histidine-tagged human NPC2 comple-
mentary DNA (NPC2-Myc-His) and human GM2
ganglioside activator protein complementary DNA
(GM2AP-Myc-His) were constructed as described in
the supporting information.

Recombinant adenoviruses expressing each comple-
mentary DNA [Niemann-Pick Cl-like 1-expressing ade-
novirus (Ad-NPCIL1), Niemann-Pick Cl-like 1/HA
tag-expressing adenovirus (Ad-NPCIL1-HA) and Nie-
mann-Pick C2/c-myc tag/6 x histidine tag—expressing ad-
enovirus (Ad-NPC2-Myc-His)] were prepared with the
Adeno-X Tet-Off 1 expressing system (Takara Bio, Inc.,
Shiga, Japan) according to the manufacturer’s instruc-
tions and were purified by cesium chloride gradient
centrifugation. A tetracycline-responsive transcriptional
activator—expressing adenovirus and a green fluorescent
protein—expressing adenovirus (Ad-GFP)*' were purified
with the same method. The titer of each purified virus
(plaque-forming units per milliliter) was determined with
the Adeno-X rapid tter kit (Takara Bio), and the
multiplicity of infection (MOI) was determined by the
normalization of the virus titer to the cell count in each
experiment.

Immunoblot Analyses. Immunoblot analyses were
performed as described in the supporting information.

Metabolic Labeling of NPC2. Chinese hamster
ovary K1 (CHO-K1) cells infected with the indicated
adenoviruses were first incubated in methionine/cyste-
ine-free minimal essential medium (Invitrogen Life
Technologies, Carlsbad, CA) for 30 minutes. The cells
were then incubated in a labeling medium containing
a 100 mCi/mL [*>S]methionine/cysteine cell labeling
mix (PerkinElmer, Waltham, MA) and were collected
at the indicated times. The cells were lysed with a ra-
dio immunoprecipitation assay buffer (0.1% sodium
dodecyl sulfate, 0.5% deoxycholate, and 1% Nonidet
P-40) and immunoprecipitated with 1 ug of a mouse
anti-Myc  antibody  (Roche  Applied  Science,
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Indianapolis, IN), as described in the supporting infor-
mation, The immunoprecipitates were separated by so-
dium dodecyl sulfate—polyacrylamide gel electrophore-
sis and exposed to a super-resolution phosphor imager
(PerkinElmer). The radioactivity was detected with a
Cyclone phosphor imager (Packard, Haverhill, MA).

Quantitative Real-Time Polymerase Chain Reac-
tion (PCR). To determine the messenger RNA
(mRNA) levels of NPC2 and NPCILI, quantitative
real-time PCR was performed as described in the sup-
porting information.

Immunohistochemical Staining. Immunohisto-
chemical staining with HepG2 cells was performed as
described in the supporting information.

Cholesterol Staining. For the detection of free intra-
cellular cholesterol, cells were fixed with 4% paraformal-
dehyde and stained with filipin according to the manu-
facturer’s instructions (Cayman Chemicals). The relative
intensity of filipin staining in intracellular compartments
was quantified by the division of the intensity above the
low threshold by the number of total pixels.”>*?

Collection of Human Liver Specimens. All experi-
ments involving human specimens were conducted
according to a study protocol approved by the institu-
tional review board of the University of Tokyo and Tsu-
kuba University after informed consent was obtained
from all subjects. Tumor dssue and surrounding tissue
appearing to be grossly normal were obtained from
nine liver cancer patients upon surgical resection. The
tumor-adjacent normal tissue specimens were used for
immunoblot analyses to determine the protein levels of
NPCIL1 and NPC2 and for quantitative real-dme
PCR to determine the mRNA levels of these genes.

Results

NPC2 Coimmunoprecipitates With NPCILI. To
examine the interaction between NPCI1L1 and NPC2,
we petformed a coimmunoprecipitation assay. As
shown in Fig. 1, NPC2 in the total cell lysate was
detected at approximately 20 to 26 kDa, as reported
previously.* The lower molecular weight (LMW)
form of NPC2 (20 kDa) coimmunoprecipitated with
NPCIL1 (HA, Fig. 1). Conversely, NPCIL1 coimmu-
noprecipitated with NPC2 (Myc, Fig. 1). These results
suggest that NPCIL1 can interact with LMW NPC2.

NPCIL1 Down-Regulates the Protein Expression
of NPC2. The expression of NPC2 and particularly its
higher molecular weight (HMW) forms, which are
detected at approximately 26 kDa,** was markedly
reduced by the coexpression of NPCILI in adenovirus-
based experiments (input, Fig. 1). This reduction in the
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Fig. 1. Molecular association between NPC1L1 and NPC2. CHO-K1
cells were infected with Ad-NPC2-Myc-His, Ad-NPC1L1-HA, and Ad-
GFP (the control) at 5 MOI. Twenty-four hours after infection, the cells
were harvested, and a coimmunoprecipitation assay was performed as
described in the supporting information. Anti-HA IPs, anti-Myc [Ps, and
the total lysate (the input) were subjected to IB analysis with an
anti-HA antibody (to detect NPC1L1-HA) and an anti-His antibody
(to detect NPC2-Myc-His). Abbreviations: 1B, immunoblot; IP
immunoprecipitate.

NPC2 protein level was also observed in plasmid-based
experiments (lanes 2 and 3, Fig. 2A), although the
expression level of NPC2 mRINA was not altered by the
coexpression of NPC1L1 (Fig. 2B). Because the expres-
sion of endogenous NPC1, endogenous cathepsin D
(Fig. 2A), and exogenous GM2AP (Supporting Fig. 1),
which are also lysosomal proteins, was hardly affected
by the coexpression of NPCILI, the reduction in the
NPC2 protein level did not likely result from a nonspe-
cific effect of NPC1L1 on lysosomal protein expression.

Maturation and Secretion of NPC2 Protein Are
Inbibited by the Coexpression of NPCILI. A detailed
analysis of the molecular association between NPCIL1
and NPC2 was performed. As shown in Fig. 2C, the
expression of intracellular HMW NPC2 was dramarti-
cally reduced as the expression of NPCILI increased.
In addition, the ratio of cellular LMW NPC2 to cellu-
lar HMW NPC2 was elevated by the increase in the
expression of NPCIL1. Furthermore, because it had
been reported that NPC2 is secreted extracellu-
larly,24’25 we also analyzed the effect of NPCILI on
NPC2 secretion. As shown in Fig. 2C, the amount of
NPC2 secreted into media was decreased by NPCIL1
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