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Wilson disease is a genetic disorder characterized by
the accumulation of copper in the body due to a defect
of biliary copper excretion. Although the Wilson dis-
ease gene has been cloned, the cellular localization of
the gene product (ATP7B) has not been fully clarified.
Therefore, the precise physiological action of ATP7B
is still unknown. We examined the distribution of
ATP7B using an anti-ATP7B antibody, green fluores-
cent protein (GFP)-ATP7B (GFP-ATP7B) and ATP7B-
DsRed in various cultured cells. Intracellular or-
ganelles were visualized by fluorescence microscopy.
The distribution of ATP7B was compared with that of
Rab7 and Niemann-Pick C1 (NPC1), proteins that lo-
calize in the late endosomes. U18666A , which induces
the NPC phenotype, was used to modulate the intra-
cellular vesicle traffic. GFP-ATP7B colocalized with
various late endosome markers including Rab7 and
NPC1 but not with Golgi or lysosome markers.
U18666A induced the formation of late endosome-
lysosome hybrid organelles, with GFP-ATP7B local-
ized with NPC1 in these structures. We have con-
firmed that ATP7B is a late endosome-associated
membrane protein. ATP7B appears to translocate cop-
per from the cytosol to the late endosomal lumen,

thus participating in biliary copper excretion via ly-
sosomes. Thus, defective copper ATPase activity of
ATP7B in the late endosomes appears to be the main
defect of Wilson disease. (Am J Pathol 2005,
166:499-510)

Wilson disease is an autosomal recessive disorder char-
acterized by the progressive accumulation of copper in
the body. The failure of the hepatocytes to excrete cop-
per into bile and decreased copper incorporation into
ceruloplasmin cause the metal to accumulate in the
body."? The gene responsible for Wilson disease has
been cloned and shown to encode a cation-transporting
P-type ATPase.® © Wilson disease gene product, desig-
nated ATP7B, functions in copper secretion into plasma
coupled with ceruloplasmin synthesis and biliary copper
excretion.”® The proper function of ATP7B in copper
homeostasis depends on the appropriate intracellular lo-
calization of this copper ATPase. The localization of
ATP7B has important implications in how it functions in
biliary copper excretion and copper incorporation into
ceruloplasmin. However, this is now a matter of some
controversy.®'® While we have described the late en-
dosomal localization of ATP7B,"""'* others have de-
scribed ATP7B as localized in the trans-Golgi network
(TGN).'572° Therefore, the precise physiological action
of ATP7B in copper metabolism within hepatocytes is
still unclear.’® Elucidation of the accurate localization
of ATP7B within hepatocytes is very important for the
understanding of the biological mechanisms of copper
homeostasis in general as well as the pathogenesis of
Wilson disease.

Rab proteins are small GTPases localized at the
cytoplasmic face of specific intracellular membranous com-

Supported in part by grants-in-aid (12670535, 14570528) from the Min-
istry of Education of Japan and a grant from the Foundation for Advance-
ment of International Science (FAIS) (to M.H.).

Accepted for publication October 26, 2004.

Address reprint requests to Masaru Harada, M.D., Ph.D, Second De-
partment of Medicine, Kurume University School of Medicine, 67 Asahi-
Machi, Kurume 830-0011, Japan. E-mail: harada@med.kurume-u.ac.jp.

499



500 Harada et al
AJP February 2005, Vol. 166, No. 2

partments in the endocytic and exocytic pathways, where
they regulate vesicle traffic.?® Rab7 is a representative small
GTPase that is localized in the late endosome and regulates
vesicle transport in the late endocytic compartments.®”

Niemann-Pick C disease (NPC) is an autosomal-reces-
sive neurodegenerative lysosomal storage disorder. The
gene most commonly mutated in this disorder, NPC1, has
been cloned,?® and its gene product NPC1 is a membrane
protein and has been shown to be localized in a late endo-
somal compartment apart from the lysosome, the late en-
dosome.?3° NPC1 protein regulates intracellular choles-
terol trafficking in the late endocytic compartments.

In the present study, we examined the relationship
between ATP7B and these late endosome-associated
proteins in various cultured cells. Furthermore, we exam-
ined the effect of U18666A, a sterol derivative affecting
vesicle movements and causing the NPC phenotype,®®
on the distribution of ATP7B. We now show that ATP7B is
really a late endosome-associated membrane protein.

Materials and Methods

Cells

Huh7 (a hepatoma cell ling),®' MDCK, and OUMS29 (a
human hepatocyte cell line)>? cells were cultured in Dul-
becco’s modified Eagle’s medium (Sigma, St. Louis, MO)
supplemented with 10% fetal calf serum (Wako Pure
Chemical Industries, Ltd., Osaka, Japan), penicillin (100
U/ml, crystalline penicillin G Meiji, Meiji Seika Kaisya,
Tokyo, Japan) and streptomycin (0.1 mg/ml, Meiji Seika
Kaisya) at 37°C in 5% CO.% Copper concentration in the
culture medium measured by direct colorimetric assay
was below the detectable level (< 5 ug/dL). cDNAs were
transiently transfected into cultured cells using Effecten
Transfection Reagent (Qiagen GmbH, Hilden, Germany)
according to the manufacturer's recommendations at 24
hours after plating.

Construction of cDNAs

To produce the green fluorescent protein (GFP)-ATP7B
fusion protein, the BamH |-Xbal fragment, including the
entire coding region of human ATP7B cDNA, was ligated
into a pEGFP-C2 vector (CLONTECH Laboratories Japan
Ltd., Tokyo, Japan) digested with Bg/ll and Xbal, the site
located at the 3’ end of EGFP cDNA.""'* ATP7B-DsRed
was produced by ligating the Sall-Smal fragment of
ATP7B cDNA into pDsRed-N1 (CLONTECH) digested
with Sall and Smal. Myc-Rab7 was produced by ligating
the Sall -Kpnl fragment of Rab7 cDNA (a kind gift from Dr.
A. Wandinger-Ness)®*3* into pCMV-Myc (CLONTECH)
digested with Sall and Kpnl. PAsC9/flag-NPC1 was pro-
duced by insertion of a flag epitope into the Clal site of
human NPC cDNA.35

Antibodies and Reagents

The following antibodies were used: mouse anti-y-adap-
tin antibody (Sigma); mouse monoclonal anti-ATP7B an-

tibody;'® rabbit polyclonal anti-human cathepsin D anti-
body (Upstate Biotechnology Incorporated, New York,
NY); mouse monoclonal anti-flag antibody (Sigma);
mouse monoclonal anti-B1, 4-galactosyltransferase
(GalT) antibody;*® mouse monoclonal anti-58-kd Golgi
protein antibody (Sigma); mouse monoclonal anti-lyso-
some-associated membrane protein (Lamp) 1 and 2
antibodies®” (kind gifts from Prof. J.T. August, Johns
Hopkins University, Baltimore, MD); mouse monoclonal
anti-myc antibody (CLONTECH); fluorescein isothiocya-
nate (FITC)-conjugated rabbit anti-mouse immunoglobu-
lin (Dako Japan, Kyoto, Japan); tetramethylrhodamine
isothiocyanate (TRITC)-conjugated rabbit anti-mouse im-
munoglobulin (Dako Japan); TRITC-conjugated swine
anti-rabbit immunoglobulin (Dako Japan); Alexa Flour 488-
conjugated rabbit anti-mouse immunoglobulin (Molecular
Probes, Eugene, OR). Rhodamine-dextran (R-dextran) was
used to stain the endocytic compartments (1 mg/ml,
Sigma). U18666A (2 wg/ml, Biomol, Plymouth Meeting, PA)
was used to manipulate the vesicle traffic in the late endo-
cytic structures.

Immunofluorescence

At 48 hours after the transfection, cells on glass cover-
slips were fixed in freshly prepared 3% paraformalde-
hyde in phosphate-buffered saline (PBS) for 30 minutes
and permeabilized in 0.2% Triton X-100 in PBS for 10
minutes or 0.1% saponin in PBS for 30 minutes. For the
detection of NPC1 in flag-NPC 1-transfected cells, cells
were fixed with cold ethanol (—20°C) for 20 minutes.
Nonspecific binding was blocked by incubation with Pro-
tein Block Serum Free (Dako Japan) for 30 minutes fol-
lowed by incubation with the primary antibodies for 1
hour and the secondary antibodies for 1 hour, respec-
tively. A confocal laser scanning microscope (Fluoview
FV 300, Olympus, Tokyo, Japan) equipped with an Ar-
gon/Krypton laser was used for observation. For double-
labeling analysis, images were acquired sequentially
using separate excitation wavelengths of 488 nm for GFP
and FITC and 568 nm for TRITC and DsRed, and then
merged.

Treatment with Copper Sulfate and a Copper
Chelator

At 48 hours after seeding, the cells were treated with
bathocuproine disulfonate (Sigma), a copper chelator, or
copper sulfate (Wako Pure Chemical Industries, Ltd.) at
the concentration of 40 umol/L or 200 wmol/L for 2 hours,
respectively.

Electron Microscopy

Cells were fixed with 1% glutaraldehyde, post-fixed in 1%
osmium tetroxide, dehydrated in a graded ethanol series,
and embedded in Quetol 812 (Nisshin EM, Tokyo, Ja-
pan). Ultra-thin sections were stained with uranyl acetate
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and lead citrate, and examined with a transmission elec-
tron microscope (JEM 2000-EX, JEOL, Tokyo, Japan).

Results

Immunofluorescent signals of ATP7B of Huh7 cells were
shown in Figure 1A, they were observed as a punctate
vesicular pattern around the nucleus. ATP7B was local-
ized in the similar manner in cells treated with bathocu-
proine disulfonate (Figure 1B) or copper sulfate (Figure
1C). GalT has a polarized distribution toward the trans-
Golgi and TGN,3€ and it was visualized with the anti-GalT
antibody (Figure 1D). GalT was distributed as a compact
Golgi ribbon, and the morphologies of the TGN and
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Figure 1. Confocal laser scanning microscopic images of Huh7 cells. Cells
were labeled with anti-ATP7B (A—C), anti-galactosyltransferase (GalT) (D)
and anti-lysosome-associated membrane protein 1 (lampl) (E) antibodies.
Cells were treated with bathocuproine disulfonate (B) or copper sulfate (C).
Bar, 10 um.

ATP7B-containing structures were apparently different.
Lamp1 is a membrane protein localized in the late endo-
some and lysosomes, and it was visualized with the anti-
Lamp1 antibody.®” Lamp1 was distributed as a vesicular
pattern similar to ATP7B, however, ATP7B was more
restricted to the perinuclear region (Figure 1E). Immuno-
fluorescent signals of ATP7B in ATP7B cDNA-transfected
cells showed a juxtanuclear punctate pattern similar to
endogeneous ATP7B (data not shown).'"'2 In GFP-
ATP7B-transfected cells, GFP signals were observed as
a punctate pattern similar to endogeneous ATP7B (Figure
2A).""71% When GFP-ATP7B transfected cells were la-
beled with the anti-ATP7B antibody, the GFP signals were
identical to the signals produced by the anti-ATP7B an-
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Figure 2. Confocal laser scanning microscopic images of ATP7B-DsRed-transfected Huh7 cells (A-L). Some cells were cotransfected with GFP-ATP7B (A—C).
Green: GFP-ATP7B (A), galactosyltransferase (GalT) (D), lysosome-associated membrane protein (lamp) 1 (G), cathepsin D (J). Red: ATP7B-DsRed (B, E, H, and

K). Bar, 10 um.

tibody (data not shown)."' GFP alone was observed
throughout the cells when pEGFP-C2 was transfected
(data not shown)."

Previously, we examined the relation between GFP-
ATP7B and various organelles using antibodies to vari-
ous marker proteins of intracellular organelles and R-
dextran. GFP-ATP7B was colocalized with R-dextran,
and Lamp 1 and 2, but not with calnexin, y-adaptin, GalT,
or cathepsin D in primary cultured rat hepatocytes, Huh7,
Hep3B, HEK293, and OUMS29 cells (Table 1).114

To examine whether a tag with GFP at the N-terminus
of ATP7B affects the intracellular distribution of ATP7B,
we compared the distribution of GFP-ATP7B and ATP7B-
DsRed, in which DsRed was ligated to the C-terminus of
ATP7B. When GFP-ATP7B and ATP7B-DsRed were co-
transfected to Huh7 cells, these two chimeric proteins

were colocalized (Figure 2, A to C). Furthermore, ATP7B-
DsRed was colocalized with Lamp 1 (Figure 2, Gto |), but
not with GalT (Figure 2, D to F) or cathepsin D (Figure 2,
J to L). And the distribution of GFP-ATP7B was very
similar to that of endogeneous ATP7B. These results
indicate that both GFP-ATP7B and ATP7B-DsRed are
localized in the late endosomes, and a tag with GFP at
the N-terminus of ATP7B does not affect the distribution
of ATP7B, indicating the validity of the use of GFP-ATP7B
for dissecting the intracellular localization of ATP7B.
Next, we examined the relationship between GFP-
ATP7B and Rab7, which was localized in the late endo-
cytic compartments.?”33:3438 We ysed MDCK cells in
this analysis, because the Rab7 cDNA used in the
present study was a canine cDNA.333* To examine the
relationship between ATP7B and the endocytic compart-
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Table 1. Relation between ATP7B and Markers for Intracellular Organelles
Cell Marker Treatment Localization of the marker Colocalization  Reference
Isolated rat hepatocytes
rhodamine dextran — endocytic structures + 11
galactosyltransferase — TGN - 11
lysosomal glycoprotein 8 — lysosome - 11
Z0-1 — tight junction - 11
Huh7
rhodamine dextran — endocytic structures + 11
galactosyltransferase — TGN - 11,12, 13, 14
galactosyltransferase nocodazole ERGIC - 11
galactosyltransferase brefeldin A endoplasmic reticulum - 11
galactosyltransferase U18666A TGN - present study
y-adaptin — TGN - 11
58-kd Golgi protein — TGN - present study
58-kd Golgi protein U18666A TGN - present study
calnexin — endoplasmic reticulum - 13
MPR — TGN and late endosome partial 11
MPR bafilomycin A1 late endosome + 11
Lamp 1 — late endosome/lysosome + 11,12, 13, 14
Lamp 1 U18666A hybrid organelle + present study
Lamp 2 — late endosome/lysosome + 11
Lamp 2 U18666A hybrid organelle + present study
NPC 1 — late endosome/lysosome + present study
NPC 1 U18666A hybrid organelle + present study
cathepsin D — lysosome - 11,12, 13, 14
cathepsin D U18666A hybrid organelle + present study
OUMS29
rhodamine dextran — endocytic structures + present study
rhodamine dextran U18666A endocytic structures + present study
galactosyltransferase — TGN - 14
Lamp 1 — late endosome/lysosome + 14
Lamp 1 U18666A hybrid organelle + present study
Lamp 2 — late endosome/lysosome + present study
Lamp 2 U18666A hybrid organelle + present study
cathepsin D — lysosome - 14
NPC 1 — late endosome/lysosome + present study
NPC 2 U18666A hybrid organelle + present study
Hep3B
galactosyltransferase — TGN - 14
Lamp 1 — late endosome/lysosome + 14
cathepsin D — lysosome - 14
HEK293
galactosyltransferase — TGN - 14
Lamp 1 — late endosome/lysosome + 14
cathepsin D — lysosome - 14
MDCK
rhodamine dextran — endocytic structures + present study
y-adaptin — TGN - present study
rab7 — late endosome + present study

Abbreviations: ERGIC, endoplasmic reticulum-Golgi intermediate compartment; hybrid organelle, late endosome-lysosome hybrid organelle; Lamp,
lysosome-associated membrane protein; MPR, mannose-6-phosphate receptor; NPC, Niemann-Pick C; TGN, trans-Golgi network.

ments in MDCK cells, GFP-ATP7B-transfected cells were
incubated with R-dextran, a fluid-phase marker, for 24
hours, and GFP-ATP7B was colocalized with R-dextran
(Figure 3, A to C). MDCK cells were cotransfected with
GFP-ATP7B and myc-Rab7, and Rab7 was detected with
the anti-myc antibody. Wild-type Rab7 staining was ob-
served in the cytoplasm and perinuclear vesicular struc-
tures, and GFP-ATP7B was colocalized with Rab7 in the
perinuclear vesicular structures (Figure 3, D to F). The
relationship between GFP-ATP7B and the TGN was also
examined in MDCK cells. GFP-ATP7B was closely ap-
posed but was not colocalized with y-adaptin, a TGN
marker (Figure 3, G to ).

Finally, we examined the relationship between ATP7B
and NPC1, the NPC7 product, in Huh7 and OUMS29

cells. NPC1 is localized in the late endosomes in ordinary
conditions.?® GFP-ATP7B was colocalized with NPC1 in
Huh7 cells cotransfected with GFP-ATP7B and flag-
NPC1 (Figure 4, A to C). We examined the effect of
U18666A on the distribution of ATP7B. U18666A is a
sterol derivative that induces the NPC phenotype by in-
hibiting the function of NPC1 or NPC1-related proteins.
This agent induces the formation of late endosome-lyso-
some hybrid organelles.?® In an electron microscopic
examination, many electron-dense structures containing
lipid-like particles were observed near the nucleus in
U18666A-treated Huh7 cells (Figure 5). GFP-ATP7B-
transfected OUMS29 cells were incubated with R-dextran
for 24 hours, and GFP-ATP7B was colocalized with R-
dextran (Figure 6A to C). When these cells were treated
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Figure 3. Confocal laser scanning microscopic in s of GFP-ATP7B-transfected MDCK cells. Some cells were incubated with rhodamine-dextran for 24 hours
(A—C). Cells in D-F were transfected with myc-R Green: GFP-ATP7B. Red: rhodamine-dextran (B), Myc-Rab7 (E), y-adaptin (H). Bar, 10 pum.

with U18666A, R-dextran was found in large vesicles and brane as rings (Figure 6, D to F). GFP-ATP7B was colo-
GFP-ATP7B was also localized in the same structures. calized with NPC1 in U18666A-treated Huh7 cells co-
While R-dextran was observed in expanded vesicles, transfected with GFP-ATP7B and flag-NPC1 (Figure 4, D
GFP-ATP7B was mainly observed at the delimiting mem- to F). We examined the relation between GFP-ATP7B and

GFP-ATP7B Flag-NPC1
GFP-ATP7B : Flag-NPC1

e ing microscopic images of GFP-ATP7B- and flag-NPC1-transfected Huh7 cells. Cells in D-F were treated with U18666A for 24 hours.
Green: GFP-A’ PC1. Bar, 10 um.




Figure 5. Transmission electron micrographs of Huh7 cells treated with
U18666A for 24 hours. Bar, 2 wm. Many electron-dense structures containing
lipid-like particles were observed near the nucleus (N).

Lamp 1 (OUMS29 cells) and 2 (Huh7 cells). GFP-ATP7B
was colocalized with a part but not all of Lamp 1 (Figure
7, Ato C) and 2 (Figure 7, D to F)-containing vesicles in
untreated cells. In U18666A-treated cells, GFP-ATP7B
was almost completely colocalized with Lamp 1 (Figure
7, G to ) and 2 (Figure 7, J to L). Furthermore, we
examined the relation between GFP-ATP7B and lyso-
somes. Although GFP-ATP7B was not colocalized with
cathepsin D in untreated Huh7 cells (Figure 8, A to C),
some GFP-ATP7B-bearing vesicles contained cathepsin
D, a lysosomal enzyme, in U18666A-treated Huh7 cells
(Figure 8, D to F). The relationship between GFP-ATP7B
and the TGN was examined in U18666A-treated Huh7
cells. GFP-ATP7B was not colocalized with GalT (Figure
9, Ato F) or 58-kd Golgi protein (Figure 9, G to L) before
or after the treatment with U18666A. The data from the
previous and present studies are summarized in Table 1.

Discussion

The gene responsible for Wilson disease encodes a cop-
per-transporting ATPase, ATP7B.%© The proper function
of ATP7B in copper homeostasis depends on the appro-

GFP-ATP7B R-dextran

D uisessa | E

B

GFP-ATP7B R-dextran
Figure 6. Confocal laser scanning microscopic images of GFP-ATP7B-trans-
fected OUMS29 (A-F) cells incubated with rhodamine-dextran for 24 hours.
Cells in D-F were treated with U186660A for 24 hours. Green: GFP-ATP7B.
Red: rhodamine-dextran. Bar, 10 um.
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priate intracellular localization of this protein. We have
reported that ATP7B was localized in the late endo-
somes.'""'* However, controversy still exists over the
intracellular localization of ATP7B as we recently de-
scribed.® ' Initially, it was reported that copper ATPase
activity was detected in the plasma membrane fraction of
rat livers.®® Then, it was reported that ATP7B was local-
ized at the TGN in HepG2 cells,'®2® ATP7B-transfected
HTB9 (human bladder carcinoma) cells,'® ATP7B-trans-
fected fibroblasts from patients with Menkes disease,'”
ATP7B-transfected murine mottled fibroblasts,'® ATP7B-
transfected Long-Evans Cinnamon rat hepatocytes,'° rat
hepatocytes,?® ATP7B-transfected CHO cells,?>2* and
human hepatocytes.?' 2 The reason for the different re-
sults among the previous studies has not been clear. The
difference is not likely to attribute to the difference in cells
used for analysis, because we obtained the same results
regarding the localization of ATP7B in various cell types,
including isolated rat hepatocytes, Huh7, HEK293,
Hep3B, OUMS29, and MDCK cells."'"'* Endogeneous
ATP7B was detected with the anti-ATP7B antibody, and it
was distributed as a punctate vesicular pattern around
the nucleus. GalT, a TGN marker, was detected with the
anti-GalT antibody and distributed as compact Golgi rib-
bons. The morphologies of the TGN and ATP7B-contain-
ing structures were apparently different. Lamp1 is a
membrane protein localized in the late endosomes and
lysosomes. Although Lamp1 detected with the anti-
Lamp1 antibody was distributed similar to ATP7B, ATP7B
seemed to be more restricted to the perinuclear region.
Because these antibodies were mouse monoclonal anti-
bodies, we could not perform the simultaneous examina-
tion for ATP7B and the marker proteins. Therefore, we
examined the localization of ATP7B using GFP-ATP7B.
The effect of a tag with GFP at the N-terminus of ATP7B
did not influence the distribution of ATP7B, because en-
dogeneous ATP7B and GFP-ATP7B was distributed in a
similar perinuclear pattern and GFP-ATP7B and ATP7B-
DsRed were colocalized in the late endosomes. There-
fore, we further analyzed the intracellular localization of
ATP7B by using different procedures from the previous
studies.

Rab proteins, which belong to a superfamily of low
molecular weight GTPases, are known to play a critical
role in vesicular transport. Rabs recruit the donor vesicle
membrane, where they direct targeting, docking, and
fusion of the vesicles to the recipient organelles. Rab7 is
localized in the late endosomes and regulates vesicle
traffic in the late endocytic compartments.?6:33:34:38 |n the
present study, GFP-ATP7B was colocalized with Rab7 in
the perinuclear vesicles in MDCK cells. And GFP-ATP7B
was colocalized with R-dextran but not with the TGN
marker y-adaptin in the cell line. These results further
confirm the late endosomal localization of ATP7B.

NPC is an autosomal recessive neurovisceral lipid stor-
age disorder. The prominent cellular features of this met-
abolic disorder are extensive sequestration and accumu-
lation of low-density lipoprotein-derived cholesterol in
lysosomes resulting from a defect in the translocation of
cholesterol to other cellular membranes. The gene most
commonly mutated in this disorder, NPC17, was cloned
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Figure 7. Confocal laser scanning microscopic images of GFP-ATP7B-transfected OUMS29 (A—C and G-I) and Huh7 (D—F and J-L) cells. Some cells were
treated with U18666A for 24 hours (G-L). Green: GFP-ATP7B. Red: (B, C, H, and D), lysosome-associated membrane protein (lamp) 1; (E, F, K, and L),

lysosome-associated membrane protein (lamp) 2. Bar, 10 um.

and encoded a 4.9-kb mRNA that was translated into a
protein of 1278 amino acids with an estimated molecular
mass of 124 kd.?8394° The steady-state localization of
NPC1 is the late endosomes, and GFP-ATP7B was com-
pletely colocalized with NPCH.

U18666A is a hydrophobic amine, which blocks lyso-
somal cholesterol transport and induces the NPC pheno-
type. Treatment with U18666A produces a hybrid or-
ganelle having characteristics of both late endosomes
and lysosomes.?*° This organelle is called a late endo-
some-lysosome hybrid organelle, which contains mark-
ers of both lysosomes and late endosomes.*" It is sug-
gested that U18666A allows fusion of NPC1 vesicles with
lysosomes but blocks their subsequent fission.?® In the
present study, unique electron-dense structures contain-

ing small lipid-like particles, probably late endosome-
lysosome hybrid organelles, were observed in U18666A-
treated cells by transmission electron microscopy. GFP-
ATP7B was localized in perinuclear large vesicles and
was colocalized with R-dextran, Lamp 1, Lamp 2, and
NPC1 after treatment with U18666A. These results indi-
cated that ATP7B was localized in the late endocytic
structures. Interestingly, GFP-ATP7B was almost com-
pletely colocalized with Lamp 1 and 2 in U18666A-
treated cells, although it was localized in a part of Lamp
1- or Lamp 2-containing vesicles in untreated cells.
These findings indicate that GFP-ATP7B is located only in
the late endosomes in ordinary conditions, although
Lamp 1 and 2 are located in both late endosomes and
lysosomes.®” In U18666A-treated cells, GFP-ATP7B,
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Figure 8. Confocal laser scanning microscopic images of GFP-ATP7B-transfected Huh7 cells. Cells in D-F were treated with U18666A for 24 hours. Green:

GFP-ATP7B. Red: cathepsin D. Bar, 10 um.

NPC1, Lamp 1, and Lamp 2 were localized in the late
endosome-lysosome hybrid organelles. Interestingly,
GFP-ATP7B was not colocalized with cathepsin D in un-
treated cells, however, some GFP-ATP7B-bearing vesi-
cles contained cathepsin D in U18666A-treated cells.
These results further confirm that ATP7B is localized in
the late endosomes. Although the precise role of NPC1 in
vesicle traffic has not been clear, NPC1 shuttles between
the delimiting membrane and inner vesicles of multive-
sicular late endosomes and regulates trafficking of vari-

ous substances. U18666A inhibits this movement. 4%
Therefore, NPC1 may regulate the movement of ATP7B in
the late endosomes, because NPC1 regulates many sub-
stances including glycolipids and endocytosed sucrose
and sterol.?® The detailed mechanism of this phenome-
non will be further elucidated. After treatment with
U18666A, the distributions of GalT and 58-kd Golgi pro-
tein were not altered, and GFP-ATP7B was not colocal-
ized with GalT and 58-kd Golgi protein before or after
treatment with U18666A. Furthermore, in our previous
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Figure 9. Confocal laser scanning microscopic images of GFP-ATP7B-transfected Huh7 cells. Cells in D—F and J-L were treated with U18666A for 24 hours. Green:
GFP-ATP7B. Red: galactosyltransferase (GalT) (A-F), 58-kd Golgi protein (G-L). Bar, 10 pwm.

study, GFP-ATP7B was not colocalized with Golgi pro-
teins. Treatment with brefeldin A or nocodazole affected
the distribution of Golgi proteins but did not affect the
perinuclear distribution of GFP-ATP7B."" Furthermore,
GFP-ATP7B was not colocalized with y-adaptin in MDCK
cells. These results indicate that ATP7B is not a Golgi
resident protein, although some investigators described
that ATP7B was localized at the TGN.'>2°

One may be anxious about the effect of overexpres-
sion of GFP-ATP7B on its distribution. However, both
GFP-ATP7B and endogeneous ATP7B were similarly dis-
tributed as perinuclear punctate patterns. Furthermore,
GFP-ATP7B was localized only in the late endosomes in
both low expressing- and high expressing-cells. If over-
expression of the protein affects its distribution, it may be

localized in the proteasomes (or aggresomes) or the
autophagic vacuoles (or lysosomes).*?=4° Therefore, it is
unlikely that the overexpression affects the distribution of
ATP7B.

In conclusion, ATP7B was certainly localized in the late
endosomes. The following role of ATP7B in copper me-
tabolism in hepatocytes is considered: ATP7B transports
copper from the cytosol to the late endosomal lumen, and
then copper in the late endosomes are transported to
lysosomes and excreted to the bile by a process known
as biliary lysosomal excretion.”®4” Some copper in the
late endosomes may be transported to the TGN by man-
nose-6-phosphate receptor recycling vesicles, which de-
liver newly synthesized lysosomal enzymes from the TGN
to late endosomes and recycle back to the TGN for



reutilization.*® Then copper may be incorporated into
apoceruloplasmin. Copper-incorporated holoceruloplas-
min may be secreted to the sinusoidal space through the
secretory pathway. Thus, the defective copper ATPase
activity in hepatocyte late endosomes due to various
types of mutations of ATP7B must be the main defect in
Wilson disease.
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