a1}

Cc

Lane No. NS
o.| 1 3 N »
NPCILT-HA . Z 00 Ad-NPCILT| - . [ 5 Mol ! 10 MOl I 20101
NPG2-Myc-Hi % .
ye-ris 35 Ad-NPC2-Myc-His| - Mol
3c
NPC1L1 <8 &0 i
2z NPC1L1}
[~
NPC2 -~ waw  Ex 40 -
R Y-S Cellular NPC2 i MW
Npet €@ 0= N T e
AN Secreted NPC2|. .
QS (4] - -
g &
Cathepsin D <
D . Endo H - + - +
5 | 10 | 20 5 | 10 | 20
Ad-NPCILY S Imos{morlmor| ] | | wmotmor | moi| -
Ad-NPC2-Myc-His 5 MOI . 5 MOl .
HMW —{{ il —2;
LMW e . s
Nonglycosylated ...yl “”m - E b 49
Cellular NPC2 Secreted NPC2
PNGase F - + - +
5 [ 10| 20 ' 5 | 10 | 20
Ad-NPC1LY S imot|momot] ] C | 7 | mon | mor | wmor| -
Ad-NPC2-Myc-His 5 MO} - 5MOI -
HMW —»-{] i " Tt
LMW ] s ¥ L2
Nonglycosylated ——n R L @ - k18
Celiular NPC2 Secreted NPC2
E NPC1L1 . +
Pulse time (minutes)| o | s [10]30]60| 0|5 [10] 3]s
Cellular NPC2
Secreted NPC2 [a—HMW
Control celis NPC1L1 cells
100 - o _ 100,
Sg 4
28 =0 Z4 g
z § z 1
H g £E : B HMW NPC2
IE g0 = 604
53 o : [J: LMW NPG2
S 2 404 b 404
i 2
S5 20 £% 20
2o g
R 8L
Q 04
5 10 ' 30 ' 60 5 10 ' 30 60

Pulse time (minutes)

Pulse time (minutes)

Fig. 2. Effect of NPC1L1 on the expression of NPG2. (A) CHO-K1 cells were transfected with the indicated vectors or an empty control vector.
Twenty-four hours after transfection, the cells were harvested and subjected to an immunoblot analysis. (B) The mRNA levels of NPC2 in CHO-K1
cells that were cuitured for 24 hours after transient transfection with the NPC2-Myc-His vector and either the NPC1L1-HA vector or an empty con-
trol vector were determined with quantitative real-time PCR. The relative mRNA level of NPC2 in each cell was normalized to the level of f-actin
mRNA. The columns and vertical bars represent the means and standard deviations of three determinations. (C) CHO-K1 cells were infected with
Ad-NPC1L1 at the indicated MOI together with Ad-NPC2-Myc-His at 5 MO, Twenty-four hours after infection, the total cell lysate and the concen-
trated media were subjected to an immunoblot analysis. Ad-GFP was used to equalize the total amount of the infected adenovirus. (D) The
aforementioned total cell lysate and concentrated media were deglycosylated with either Endo H or PNGase F (see the supporting information).
The deglycosylated and undigested proteins were subjected to immunoblot analyses. (E) CHO-K1 cells were infected with Ad-NPC1L1 or Ad-GFP
(the control) at 10 MOI together with Ad-NPC2-Myc-His at 5 MOI. Twenty-four hours after infection, 35S—Iabeling was performed for the indicated
times. The *°S-labeled NPC2 protein was detected with a phosphor imager. The lower panels show the ratio of the 3°S-labeled HMW NPC2 radio-
activity to the total *°S-labeled NPC2 radioactivity. The data points and bars represent the means and standard deviations of three specimens
on different images. Abbreviation: NS, not significant.
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overexpression, and this was consistent with the
decrease in the intracellular NPC2 protein level.

A glycosidase digestion assay was performed next.
After digestion with endoglycosidase H (Endo H;
upper panels, Fig. 2D) or peptide N-glycosidase F
(PNGase F; lower panels, Fig. 2D), intracellular
NPC2 was detected at 18 kDa, which corresponded to
the nonglycosylated form of the protein. This result
suggests that HMW NPC2 and LMW NPC2 dre gly-
cosylation variants. In addition, the secretion of
maturely glycosylated HMW NPC2, which corre-
sponded to a 23-kDa band after digestion with Endo
H, was concomitantly reduced with the increase in
NPCIL1 expression (upper panels, Fig. 2D). These
results raise the possibility that NPCIL1 inhibits the
maturation of NPC2.

To test this hypothesis, we characterized NPC2 mat-
uration over time with a [° 5S]rnethionine/cyste:ine
pulse-chase experiment. In control cells, the amounts
of both cellular and secreted >>S-labeled HMW NPC2
increased in a time-dependent manner (upper panels,
Fig. 2E). However, in NPCIL1-overexpressing cells,
very littde cellular or secreted °S-labeled HMW
NPC2 was detected, whereas the amount of *°S-la-
beled LMW NPC2 increased in a time-dependent
manner (upper panels, Fig. 2E). Furthermore, the ratio
of the cellular amount of **S-labeled HMW NPC2 to
the amount of toral 2°S-labeled NPC2 (HMW -+
LMW) increased time-dependently in control cells,
whereas this ratio did not change in NPC1L1-overex-
pressing cells (lower panels, Fig. 2E). These results
support the hypothesis that NPCI1L1 inhibits the mat-
uration of NPC2 from LMW forms to HMW forms.

NPCILI Interacts With NPC2 in Prelysosomal
Compartments. To clarify the cellular compartment in
which the interaction between NPCIL1 and NPC2
occurs, we performed immunohistochemical staining
for markers of various organelles. As shown in Fig. 3,
NPC2 was localized in vesicle-like structures that were
partially costained for the lysosomal marker cathepsin
D (Fig. 3A) but not for the endoplasmic reticulum
(ER) marker calnexin (Fig. 3B). However, in agree-
ment with the results of the immunoblot analyses
(Figs. 1 and 2A), when NPCI1L1 was overexpressed,
the expression of NPC2 protein was reduced, and
minimal staining of NPC2 was observed (Fig. 3C).

Because treatment with N-(benzyloxycarbonyl)leuci-
nylleucinylleucinal (MG132), a proteasome inhibitor,
could inhibit the degradation of NPC2 and increase
LMW NPC2 even when NPCIL1 was overexpressed
(Supporting Fig. 2), immunohistochemical staining
was performed in the presence of MG132. Figure 3D

YAMANASHI ET AL. 957

shows that MG132-sensitive NPC2 was colocalized
with NPC1LI in intracellular compartments that were
partially costained for calnexin (Fig. 3E) but not ca-
thepsin D (Fig. 3F). The observation that NPCI1L1
could be coimmunoprecipitated with LMW NPC2
(Fig. 1) and the observation that most of the MG132-
sensitive NPC2 was LMW NPC2 (Supporting Fig. 2)
suggest that NPCIL1 interacts with LMW NPC2 in
prelysosomal compartments, including the ER.
Degradation of NPC2 Is Accelerated in the Pres-
ence of NPCILI. Because NPCIL! reduces the
expression of NPC2 protein, it was hypothesized that
the degradation of NPC2 protein is accelerated by
NPCI1L1. To test this hypothesis, we analyzed the deg-
radation rate of NPC2 protein. As shown in Fig. 4,
the degradation of LMW NPC2 was more rapid in
NPCiLl-overexpressing cells (half-life = 2.1 ®= 0.1
hours) versus control cells (half-life = 7.1 = 2.5
hours). In contrast, the half-life of HMW NPC2 was
hardly affected by the overexpression of NPCI1L1 (3.2
* 0.8 hours in control cells and 2.3 £ 0.1 hours in
NPCiLl-overexpressing cells). These results suggest
that the ability of NPCIL1 to accelerate the degrada-
tion of LMW NPC2 may contribute to the lower
expression of NPC2 protein in NPCI1L1-overexpress-
ing cells and that the reduced expression of HMW
NPC2 in NPCI1Ll-overexpressing cells (Figs. 1 and
2A,C) could be explained by the inhibition of NPC2
maturation rather than the difference in the degrada-
tion speed of HMW NPC2. , :
Endogenons NPCILI Regulates the Protein
Expression and Secretion of NPC2. Although the
overexpression of NPC1L1 caused a reduction in the
protein expression and secretion of NPC2, an overex-
pression model is fraught with potential artifacts. To
eliminate this possibility, we investigated the ability of
endogenous NPCI1L1 to regulate the expression and
secretion of endogenous NPC2. For this purpose,
HepG2 cells in which both NPCI1L1 and NPC2 were
expressed endogenously were transfected with a small
interfering RNA targeted against Niemann-Pick C1-
like 1 (siNPCI1L1), and changes in NPC2 expression
and secretion were analyzed. As shown in Fig. 5, after
the transfection of siNPCILI, the mRNA levels of
endogenous NPCIL1 (Fig. 5A) and its protein levels
(Fig. 5B) were reduced to approximately 40% and
60%, respectively, of the levels in cells transfected with
the control small interfering RNA (siControl). Under
these conditions, although the expression of NPC2
mRNA was unaltered (Fig. 5A), the level of NPC2
protein increased more than 1.9-fold (cellular NPC2,
Fig. 5B). In addition, the amount of NPC2 secreted
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into the media also increased more than 2.5-fold after
the suppression of NPCIL1 expression (secreted
NPC2, Fig. 5B). However, transfection with
siNPC1L1 had no effect on NPC1 protein expression
(Fig. 5B). These results suggest that the expression and
secretion of endogenous NPC2 are negatively regulated
by endogenous NPCILI.
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Fig. 3. Intracellular colocalization
of NPC1L1 with NPC2 in HepG2
cells. The cellular localization of
NPC1L1-HA and NPC2 was exam-
ined with  immunohistochemical
staining. HepG2 cells were trans-
fected with (A,B) the control vector
or (C) the NPCiL1-HA vector.
Twenty-four hours after transfection, .
the cells were stained for an immu-
Z nohistochemical analysis. NPC1L1-
expressing cells are indicated by
circles. (D-F) HepG2 cells were
transfected with the NPC1L1-HA vec-
tor. Twenty-four hours after transfec-
tion, the cells were treated with
MG132 (10 uM) for 6 hours, and
they were then subjected to immu-
nohistochemical staining. Represen-
tative images are shown. In each
panel, colocalization appears yellow

- in the merged image.
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Suppression of Intracellular Cholesterol Traffick-
ing by NPCIL1 Overexpression Can Be Rescued by
the Addition of Purified NPC2 Protein. Because the
loss of intracellular NPC2 suppresses intracellular cho-
lesterol trafficking and causes cholesterol accumulation
within lysosomes,' the cholesterol distribution was an-
alyzed in NPCI1L1-overexpressing cells. In agreement
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~ Fig. 4. Effect of NPCIL1 on the degrada-
tion rate of NPC2 protein. CHO-K1 cells were
infected with Ad-NPC1L1 or Ad-GFP (the con-
trol) at 10 MO together with Ad-NPC2-Myc-His
at 5 MOL. Twenty-four hours after infection, the
cells were incubated with cycloheximide (100
uM). The total cell lysate, which was prepared
at the indicated time points, was examined
with an immunoblot analysis. The lower panels
show quantitative comparisons of the levels of
NPC2 protein normalized to the level of -
tubulin. The data points and bars represent the
means and standard deviations of three speci-
mens on different immunoblots. *Significantly
different from control cells according to
the Student t test (P < 0.05). **Significantly
different from control cells according to the
Student ¢ test (P < 0.01).

with the previous results, the amount of endogenous
NPC2 protein in HepG2 cells was reduced along with
the increase in NPCI1L1 expression, whereas the level
of endogenous NPC1 protein was hardly affected (Fig.
GA). Because extracellular (secreted) NPC2 can be
taken up into lysosomes via receptor-mediated endocy-
tosis,”® NPC1L1-overexpressing cells were cultured in
media containing exogenous NPC2 protein, and the
amount of cellular NPC2 was examined. Exogenous
NPC2 protein was purified from cell culture media
containing secreted HMW NPC2. Figure 6B shows
that the reduction of NPC2 in NPCILI-overexpress-
ing cells could be recovered by culturing with purified
NPC2 protein, and this suggests that NPC1L1 may
only minimally affect the protein stability of endocy-
tosed NPC2. The endocytosed NPC2 protein in
NPC1L1-overexpressing cells was colocalized with the
lysosomal marker cathepsin D by immunohistochemis-
try (data not shown). These results are consistent with
the observation that NPCI1L1 interacts with NPC2 in
prelysosomal compartments (Fig. 3E).

Filipin staining was next performed in order to ana-
lyze the cellular distribution of cholesterol. As shown
in Fig. 6C, in comparison with control cells,
NPC1L1-overexpressing cells exhibited increased stain-
ing for intracellular cholesterol, whereas staining for
cholesterol in the plasma membrane was reduced.
A similar pattern was observed in cells treated
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one hydrochloride (U18666A), an inhibitor of intra-
cellular cholesterol trafficking. When NPCI1L1-overex-
pressing cells were incubated with purified wild-type
(WT) NPC2, intracellular NPC2 levels were restored
to the same levels found in control cells (Fig. 6B);
intracellular cholesterol accumulation was significantly
decreased, and in turn, the distribution of cholesterol
in the plasma membrane was restored (Fig. 6C). This
rescue effect was not observed when cells were cultured
with NPC2 D72A, a loss-of-function mutant.*” These
results suggest that the altered distribution of choles-
terol in NPC1L1-overexpressing cells is mostly caused
by the reduced expression of lysosomal NPC2 and not
by NPCILI itself. In addition, NPC1L1 only slightly
affects the function of lysosomal NPC2.

NPC2 Expression Is Negatively Correlated With
NPCIL1 in Human Liver Specimens. Finally, the
correlation between the levels of NPC2 and NPCIL1
in human liver specimens was determined with immu-
noblot analyses and quantitative real-time PCR. In
agreement with the 7z vitro results, the protein levels
of NPC2 were negatively correlated with NPCI1L1 lev-
els in human liver specimens (Fig. 7A), although there
was no significant correlation between the mRNA lev-
els (Fig. 7B). Furthermore, the translational efficiency
of NPC2, which is expressed as the ratio of the NPC2
protein level to the NPC2 mRNA level, was also
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negatively correlated with the protein level of NPCI1L1
(Fig. 7C). These results support the hypothesis that
the protein expression of NPC2 is posttranscriptionally
regulated by NPCI1L1 in the human liver.

Discussion

According to this study, in addition to its well-
known role as a cholesterol importer, NPCIL1 has a
novel function as a negative regulator of the expression
and secretion of NPC2, which is based on the ability
of NPCILI to inhibit the maturation of NPC2 pro-
tein and stimulate the degradation of LMW NPC2
protein. Because treatment with ezetimibe, an inhibitor
of NPCILI-mediated cholesterol import, does not
affect the binding of NPCIL1 and NPC2 and cannot
reverse the reduction in the NPC2 protein level in
NPCI1L1-coexpressing cells (Supporting Fig. 3), this
novel function of NPCILI as a negative regulator of
NPC2 protein is independent of its well-known role as
a cholesterol importer.

HEPATOLOGY, March 2012

Fig. 5. Effect of siNPC1L1 on the endoge-
nous expression of NPC2. HepG2 cells were
transfected with siNPC1L1 or siControl (see
the supporting information) and cultured for 2
days. The extracted RNA and the total cell
lysate were then analyzed with (A) quantita-
tive real-time PCR and (B) an immunoblot
analysis, respectively. (A) The relative mRNA
levels of NPC1L1 and NPC2 were normalized
to the f-actin mRNA levels. (B) The relative
levels of the NPC1L1 and NPC2 proteins were
calculated as the band densities of the pro-
teins and were normalized to the o-tubulin
protein level in each specimen. The columns
and vertical bars represent the means and
standard deviations of the three specimens in

Secreted NPC2

~ ™
,§>° ,§' the immunoblot.  **Significantly different
-S’° ,él according to the Student t test (P < 0.01).
? & Abbreviation: NS, not significant.

Previously, it has been reported that NPC2 is
degraded by the proteasome system.”* Therefore, we
investigated whether treatment with MG132, a protea-
some inhibitor, could inhibit the NPC1L1-mediated
down-regulation of NPC2. In agreement with the pre-
vious report,”” in the absence of NPCILI, the levels
of both HMW NPC2 and LMW NPC2 were
increased by MG132 treatment (Supporting Fig. 2).
However, when NPCIL1 was coexpressed, MG132
treatment hardly increased the expression of HMW
NPC2, although the expression of LMW NPC2
clearly increased (Supporting Fig. 2). This observation
is in agreement with the finding that NPCI1LI inhibits
the maturation of NPC2 from LMW forms to HMW
forms (Fig. 2C,E). Furthermore, the stability of LMW
NPC2 was altered by NPCIL1 coexpression (Fig. 4),
and LMW NPC2 coimmunoprecipitated — with
NPC1L1 (Fig. 1). These data imply that NPCIL1
interacts with LMW NPC2, inhibits its maturation,
and simultaneously promotes its degradation. As a
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Fig. 6. Effect of NPC1L1 on intra-
cellular cholesterol trafficking. (A)
HepG2 cells were infected with Ad-
NPC1L1 or Ad-GFP at the indicated
MOL. Twenty-four hours after infection,
the cells were collected and sub-

NPC1

a-tubulin

Ad-GFP(MO) | 1 | 3

Purified NPC2
NPC1L1

NPC2|

a-tubulin

jected to an immunoblot analysis. (B) C Ad-NPCAL1 . *

HepG2 cells were infected with Ad-

NPC1L1 or Ad-GFP (the control) at 3 U18666A - + -

MOI and were cultured together with Purified NPC2 - - - WT f D724
purified NPC2 protein (10 nM).

Twenty-four hours after infection, the
cells were collected and subjected to
an immunoblot analysis. (C) HepG2
cells were infected with Ad-NPC1L1
or Ad-GFP (the control) at 3 MOI and
were cultured together with the indi-

cated type of purified NPC2 protein

(10 nM) for 24 hours or with 600
U18666A (1.25 uM) for 8 hours.
Twenty-four hours after infection, the 500

cells were stained with filipin. The
upper panels show the results of fili-
pin staining. Representative images
are shown. The lower panel shows a
quantitative comparison of filipin
staining in intracellular compartments.
The columns and vertical bars repre-
sent means and standard deviations
of three different images. **Signifi-
cantly different according to an analy-
sis of variance followed by Dunnett's
test (P < 0.01). Abbreviation: NS,
not significant.
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result, intracellular NPC2 is reduced, and this in turn
leads to a decrease in NPC2 secretion (Fig. 8).

In contrast to LMW NPC2, a molecular association
between HMW NPC2 and NPC1L1 was not detected
by coimmunoprecipitation (Fig. 1). Because HMW
NPC2 and LMW NPC2 are glycosylation variants
(Fig. 2D), it is possible that the complex glycosylation
of HMW NPC2 may inhibit its binding to NPC1LI1,
whereas core-glycosylated NPC2 can interact with
NPCIL1. This idea is consistent with the observation
that in addition to the expression of WT NPC2, the
expression of NPC2 mutants (in which one or both of
the glycosylation sites of NPC2 are mutated®®) was
reduced by the coexpression of NPCIL1 (Supporting
Fig. 4). Because NPCI1L1 colocalizes with NPC2 in
prelysosomal compartments (Fig. 3) and the reduced
expression of NPC2 can be rescued by exogenous
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secreted NPC2 (Fig. 6B), it scems that NPCI1L1 inter-
acts with NPC2 during the process of complex
glycosylation.

The RNA interference studies using HepG2 cells
(Fig. 5) and the correlation analysis of the expression
levels of NPC1L1 and NPC2 in human liver speci-
mens (Fig. 7) have revealed that endogenous NPC1L1
negatively regulates the expression of NPC2 posttran-
scriptionally. It has recently been reported that in addi-
tion to the NPCI1L1-mediated regulation of NPC2,
Nogo-B receptor (NgBR) interacts with NPC2 ar the
ER and enhances NPC2 protein stability by inhibiting
its proteasomal degradation.”” Because NgBR is
known to be expressed in the liver,”® NgBR may func-
tion as a positive regulator of NPC2 protein expres-
sion, whereas NPCI1L1 acts as a negative regulator.
The balance of the expression levels of NPCIL1 and
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NgBR may, therefore, determine the hepatic expression
of NPC2 protein. '

In addition to posttranscriptional modification, several
groups have studied the transcriptional regulation of the
. NPC2 gene. For instance, Rigamonti et al.*’ reported
that in human macrophages, NPC2 mRNA is induced
by activators of liver X receptor (LXR). Because LXR is
activated by cellular cholesterol-related compounds, the
expression of NPC2 mRNA may be positively regulated
by cellular cholesterol levels. On the other hand, choles-
terol has been shown to down-regulate the expression of
NPCI1L1 by transcriptional regulation via sterol regula-
tory element binding protein 2 and hepatocyte nuclear
factor 40.°%%' Taken together, these data suggest that
when the cellular cholesterol level increases, the expres-
sion of NPC2 protein is effectively elevated by a combi-
nation of positive transcriptional regulation via the LXR
pathway and reduced posttranscriptional regulation via
the interaction with NPCILI1. Because NPC2 is a cru-
cial protein for intracellular cholesterol trafficking, which
affects the regulation of cholesterol synthesis and uptake
by delivering cholesterol to the sterol-sensing machinery
in the ER,** the expression level of NPC2 protein must
be tightly regulated by various steps.

method. Abbreviation: Rs, Spearman’s rank
correlation coefficient.

{A) NPC1L1 inhibits maturation and
secretion of NPC2

“7 (B) NPC1L1 accelerates degradation

of NPC2

(D) NPC1L1 Imports cholasterol

{C}) Chofesterol efflux is reduced
from bile to hepatocytes

by the decrease in biliary NPC2 |

€ : NpC2 O cholesterol %: mixed micelles

Fig. 8. Suggested function of hepatic NPC1L1 in the regulation of
biliary cholesterol secretion. (A) NPC1L1 inhibits the maturation and
secretion of NPC2. (B) NPC1L1 accelerates the degradation of NPC2.
(C) By reducing NPC2 secretion, NPC1L1 indirectly suppresses
ABCG5/ABCG8-mediated cholesterol efflux. (D) In addition to its well-
known function as a cholesterol importer, NPC1L1 contributes to the
regulation of biliary cholesterol secretion by negatively regulating NPC2
secretion.
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NPCI1L1 affects the secretion of NPC2 protein by
inhibiting the maturation and expression of intracellu-
lar NPC2 (Figs. 2C and 5). This regulatory mecha-
nism of NPC2 secretion would be relevant in specific
tissues such as the liver and intestine because NPCIL1
is predominantly expressed in these tissues in humans.
In fact, because of the negative correlation between the
protein levels of NPC1L1 and NPC2 in human liver
specimens (Fig. 7), it is possible that hepatic NPC1L1
negatively regulates the biliary secretion of NPC2. Our
recent study revealed the physiological function of bili-
ary NPC2 as a positive regulator of biliary cholesterol
secretion mediated by ABCG5/ABCGS8 on the bile
canalicular membrane of hepatocytes.'” Together with
the results from this study, the data suggest that he-
patic NPCIL1 may also indirectly affect ABCGS5/
ABCGS8-mediated transport by decreasing biliary
NPC2. In addition to its direct role in cholesterol re-
uptake from the bile by hepatocytes,” NPCIL1 may
down-regulate the biliary secretion of NPC2 and, con-
sequently, reduce NPC2-mediated cholesterol efflux by
ABCGS5/ABCGS from hepatocytes into the bile' (Fig.
8). When we consider that ABCGS5 and ABCGS are
predominantly expressed in the liver and intestine and
that ABCG5/ABCG8-mediated cholesterol excretion is
an important process in cholesterol homeostasis, it
makes sense that the regulatory mechanism for the
secretion of NPC2 is working in these tissues to main-
tain adequate cholesterol levels in response to the
dynamic cholesterol fluctuations in the body.

Collectively, the results of the present study suggest

that NPC1L1 down-regulates the expression and secre-
tion of NPC2 by interacting with NPC2 during its
“maturation process. Through this regulatory function,
hepatic NPCI1L1 is suggested to suppress the hepatic
expression and biliary secretion of NPC2. In addition
to its direct role in cholesterol re-uptake, hepatic
NPCI1L1 may effectively control biliary cholesterol
secretion by negatively regulating NPC2 secretion
because biliary NPC2 stimulates ABCG5/ABCGS-
mediated cholesterol efflux.'” This is the first report
suggesting a function for NPCIL1 besides its activity
as a (re-)uptake transporter.
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Purpose: N-acetylglucosaminyltransferase V (GnT-V), an enzyme that catalyzes the B1-6 branching of N-

acetylglucosamine on asparagine-linked oligosaccharides of cellular proteins, enhances the malignant behaviors

of carcinoma cells in experimental models. We previously reported that GnT-V expression in pathological tumor

stage II gallbladder carcinoma (GBC) correlates with postsurgical survival and postsurgical recurrence of distant

organ metastasis. This study aimed to examine GnT-V expression in intrahepatic cholangiocarcinoma (ICC) and

determine its association with clinicopathological findings. Method: GnT-V expression was evaluated by immuno-

histochemistry in each curatively resected ICC specimen from 72 patients (72 cases). Thereafter, the association
of GnT-V expression with clinicopathological findings was examined. Results: Of the 72 ICC cases, 42 showed

positive staining for GnT-V and the remaining 30 demonstrated negative staining. Patients with ICCs having low

GnT-V expression had shorter survival time than patients with ICCs having high GnT-V expression, although

the difference was not statistically significant (p = 0.31). In all of the 72 cases, the frequency of postsurgical recur-

rence was not significantly different in terms of GnT-V expression. Conclusion: Although GnT-V was found to be

expressed in more than half of the ICC cases in this study, it may not be a useful marker for scaling the aggres-

siveness of ICC because the mechanisms underlying ICC metastasis possibly involve different molecular path-

ways that are not affected by GnT-V expression.

Key Words: intrahepatic cholangiocarcinoma, N-acetylglucosaminyltransferase V, malignant behavior

Introduction

Intrahepatic cholangiocarcinoma (ICC) is a fatal
cancer, and the only curative treatment for patients
with ICC is surgery”. However, the recurrence rate
is high even after curative resection. According to
the American Joint Committee on Cancer (AJCC) 7°
Edition of TNM Staging, the 5-year survival rate of
stage I to IV was 62%, 27%, 14%, and 0%, respec-
tively”. Previous studies have shown that the most
common site of recurrence is the liver®™. Thus, if
postoperative recurrence of ICC can be prevented,
patient survival could be greatly improved.

Among several kinds of glycosyltransferases, N-

acetylglucosaminyltransferase V (GnT-V) is one of
the most important enzymes which are associated
with carcinogenesis and tumor aggressiveness (i.e.,
invasion and metastasis)®™. GnT-V is involved in
the synthesis of B1-6 GlcNAc branchiﬁg formation
on N-glycans. GnT-V is also essential for tumor
growth and metastasis, as previously shown in
GnT-V-deficient mice”. The mechanisms underlying
the modulation of tumor metastasis by GnT-V may
involve the upregulation of signaling of many
growth factor receptors on the cell surface by the
suppression of receptor endocytosis'”, the enhance-
ment of certain kinds of protease activity'”, and the
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Table 1 Patient description and number of cases for each intrahepatic cholangiocarcinoma (ICC) stage (2000-2008)

Patient description M/F

Surgical procedures

n or mean *SD Age Hep? Hep with EBR® Hep R}lgz PV,
Intrahepaticcholangiocarcinoma (n ="72) 52/20 64.8=11.1 41 20 11
ICC stage*
Stage 1 (n=20) 13/7 64.7+12 13 7 0
Stage I m=17) 11/6 65.7+125 14 1 2
Stage Il (n=32) 26/6 64.8+105 14 10 8
Stage IV (n=3) 2/1 62+4.3 0 2 1

*Based on the American Joint Committee on Cancer classification.

2 hepatectomy alone.
b: hepatectomy with extrahepatic bile duct resection.

¢ hepatectomy with partial resection of the portal vein or inferior vena cava.

stimulation of angiogenesis as a cofactor”.
Immunohistochemical studies of GnT-V have
shown that GnT-V expression is positively corre-
lated with the poor prognosis of certain kinds of
cancer™. GnT-V is one of the Golgi enzymes that
modulate branching of oligosaccharides in cells. In
fact, an immunofluorescent study of GnT-V in B16
mouse melanoma cells showed its localization in

13)

Golgi apparatus™. Our study also showed Golgi lo-
calization of GnT-V in cancer tissues.

Furthermore, we previously reported the strong
positive correlations of GnT-V expression with post-
surgical survival and the recurrence of distant or-
gan metastasis in 90 cases of pathological tumor
stage II (pT2) gallbladder carcinoma (GBC)™. How-
ever, GnT-V expression has not yet been investi-
gated in human cholangiocarcinoma.

In this retrospective analysis, we investigated the
immunohistochemical expression of GnT-V in each
ICC specimen resected from 72 patients (72 cases)
and determined the association of GnT-V expres-
sion with clinicopathological findings.

This study aimed to evaluate whether GnT-V is
an important prognostic factor and a useful marker
for scaling the aggressiveness of ICC.

Materials and Methods

Patients

Patient description and number of cases for each
ICC stage are shown in Table 1. ICC specimens
from 72 patients (52 men and 20 women) were ana-
lyzed. The study was approved by the Research
and Ethics Committee of Tokyo Women's Medical

University. They were selected consecutively by
reviewing the pathologic findings, and patients who
had died from other diseases were excluded. The
ICC specimens of all the patients were curatively
resected with a free surgical margin. The mean age
of the patients was 64.8 = 11.1 years (range, 26-83
years). These patients underwent surgery for ICC
between 2000 and 2008 at the Department of Sur-
gery, Institute of Gastroenterology, Tokyo Women's
Medical University Hospital. ICC was definitively
diagnosed on the basis of histological findings and
classified according to the tumor-node-metastasis
classification of the AJCC 6" Edition™. Of the 72
cases, 20 were in stage I, 17 stage II, 32 stage III,
and 3 stage I'V. The surgical procedures were as fol-
lows: hepatectomy alone in 41 patients, hepatec-
tomy with extrahepatic bile duct resection in 20 pa-
tients, and hepatectomy with partial resection of
the portal vein or inferior vena cava in 11 patients
(Table 1). Fourteen patients had hepatitis C virus, 3
patients had hepatitis B virus, and 1 had both B and
C virus. Eleven patients had liver cirrhosis, and 5
patients had chronic hepatitis. No patients had cer-
tain other diseases such as hepatolithiasis or pri-
mary sclerosing cholangitis. Before surgery, no pa-
tient had undergone chemotherapy or radiother-
apy.

The follow-up periods until April 2008 ranged
from 1 to 79 months (mean, 14 months). Of the 72
patients who had undergone curative resection
with a free surgical margin, 42 were alive as of
April 2008 and 30 died from intrahepatic metastasis,
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Fig. 1 Immunostaining of GnT-V
Typical positive case which shows Golgi localization of
GnT-V in cancer tissues.

Table 2 GnT-V expression rates in the negative and
positive staining cases according to tumor stage

Negative Positive p*
ICC (n=72) 30 42 0.861
Stage I (n=20) 8 12
Stage I (n=17) 6 11
Stage I (n=32) 15 17
Stage IV (n=3) 1 2

The GnT-V expression rates between the negative and
positive staining cases were not significantly different for
all tumor stages.

*X2 for independence test.

distant organ metastasis, lymph node metastasis, or
peritoneal dissemination. No patient had died from
other disease or had been lost to follow-up.

GnT-V immunostaining

ICC tissues that had been preserved in 10% for-
malin and then embedded in paraffin were serially
sectioned at 2 um thickness, mounted on silane-
coated slides, and deparaffinized. The slides were
immersed in 0.3% hydrogen peroxide in methanol
for 20 min to deplete endogenous peroxidase. After
washing with phosphate buffered saline (PBS), the
slides were incubated with a protein blocking agent
for 5 min at room temperature in a humidity cham-
ber. The slides were then stained by the indirect
immunoperoxidase method using an anti-GnT-V an-
tibody, 22G12 (Fuji-revio, Tokyo, Japan) at a 1 : 3,000

Table 3 Association between histopathological find-
ings and immunohistochemical localization of GnT-V

GnT-V Negative Positive p*
Number 30 (100%) 42 (100%)
Histological grade

Gl 1) 3(7) 0.862
G2-4 29 (97) 39 (93)
Intrahepatic metastasis
Negative 25 (83) 32 (76) 0462
Positive 5(17) 10 (24)
Vascular invasion
Negative 10 (33) 13 31 0.831
Positive 20 (67) 29 (69)
Lymph node metastasis
Negative 19 (63) 25 (60) 0.744
Positive 11 @37) 17 (40)

There were no significant differences in the parameters of
pathological malignancies between the 2 staining groups.
*X2 for independence test.

dilution rate. A negative control was prepared us-
ing 2% bovine serum albumin (BSA) instead of the

mADb. Details of the procedure were described pre-
13)

viously

Evaluation of the tissue sections was performed
by a single pathologist who was blinded to the clini-
cal characteristics and histopathological findings.
Immunohistochemical analysis of the total number
of cancerous epithelia in each section of surgical
specimens was evaluated. The immunohistochemi-
cal expression of GnT-V was classified into positive
or negative (Fig. 1).

Statistical analysis

Statistical evaluations of data were analyzed us-
ing the X* for independence test. Survival curves of
the postsurgical outcome of the 72 patients who un-
derwent curative resection of ICC were analyzed
using the Kaplan-Meier method. Differences in the
survival of the 72 patients were analyzed by the
log-rank test. Several clinicopathological factors
were subjected to multivariate regression analysis
using the Cox proportional hazards regression
model. A p value of less than 0.05 was considered to
indicate a statistically significant difference.

Results

Immunohistochemical staining and GnT-V ex-
pression in ICC

Of the 72 ICC cases, there were 42 cases (58%) in
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Table 4 Postsurgical recurrence patterns of ICC

GnT-V Negative Positive p*

Number 30 (100%) 42 (100%)

Total number of recurrence 21 ( 70) 20 ( 48) 0.06
Liver metastasis 10 ( 33) 8(19 0.168
Distant organ metastasis 4(13) 9(21) 0.379
Lymph node metastasis 7(23) 3(°7) 0.06
Peritoneal dissemination 3(10) 1( 2 0.164

There were no significant differences in the frequencies and patterns of
recurrence between the 2 staining groups.

*X? for independence test.

kad
wn

Positive type (n = 42)
29%

5
Negative type (n = 30)

b
>

p=0.11

]
23%

Cumulative recurrence-free rate

30 40 50 60 80 50

Months after surgery

10 20 70

Fig. 2 Association between postsurgical recurrence-
free rate and GnT-V expression
There was no significant difference in the cumula-
tive recurrence-free rates between the positive type
and the negative type.

which GnT-V was expressed in cancer tissues, and
they were defined as positive. The remaining 30
cases (42%) that did not express GnT-V in cancer
tissues were defined as negative.

The GnT-V expression rates between the nega-
tive and positive staining cases were not signifi-
cantly different for all tumor stages (Table 2).

Association between parameters of pathologi-
cal malignancies and GnT-V expression in pa-
tients with ICC

A comparison of the positive staining and nega-
tive staining of GnT-V was made with particular
reference to the parameters of pathological malig-
nancies, namely, histological grade, intrahepatic me-
tastasis, vascular invasion, and lymph node metasta-
sis (Table 3). There were no significant differences
in the parameters of pathological malignancies be-
tween GnT-V expression types.

Positive type (n = 42)

0.5 1

Cumulative survival rate

:I p=031

a0

28%

Negative type (n = 30}

30 40 50 60 70 80
Months after surgery

10 20

Fig. 3 Association between postsurgical survival
rate and GnT-V expression
There was no significant difference in the cumula-
tive survival rates between the positive type and
the negative type.

Association between pattern of recurrence in
patients with ICC and GnT-V expression in the
specimens

The postsurgical pattern of recurrence of the 72
ICC cases was compared in terms of GnT-V expres-
sion (Table 4). Of the 42 cases showing positive
staining, 8 had liver metastasis, 9 had distant organ
metastasis, 3 had lymph node metastasis, and 1 had
peritoneal dissemination. Of the 30 cases showing
negative staining, 10 had liver metastasis, 4 had dis-
tant organ metastasis, 7 had lymph node metastasis,
and 3 had peritoneal dissemination. There were no
significant differences in the frequencies and pat-
terns of recurrence between the 2 staining groups.

Association between postsurgical recurrence-
free rate of patients with ICC and GnT-V expres-
sion in the specimens

The overall postsurgical recurrence-free rate of
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Table 5 Multivariate regression analysis of prognostic factors

Variable Hazard ratio CL. p
Histology * - - 0.983
Intrahepatic metastasis 3670 1.644-8.195 0.002
Vascular invasion 2471 0.691-8.834 0.164
Lymph node metastasis 2351 1.237-6.573 0.014
GnT-V expression 0458 0.206-1.017 0.055

*Histology: poorly differentiated adenocarcinoma or others.

Table 6 Stepwise multivariate regression analysis of prognostic factors

Variable Hazard ratio CL. p
Intrahepatic metastasis 4932 1.241-31.975 0.026
Vascular invasion 3.355 0.898-23.613 0.077
Lymph node metastasis 11.241 2.532-34.578 0.001
GnT-V expression 4.165 0.061-0.945 0.041

Variable Hazard ratio CL. D
Intrahepatic metastasis 6.236 1.561-40.299 0.013
Lymph node metastasis 2851 3.282-41.966 0.001
GnT-V expression 0458 0.077-1.000 0.060

the 72 patients with ICC was compared in terms of
GnT-V expression (Fig. 2). The cumulative
recurrence-free rate of patients in the negative
staining group tended to be lower than that of pa-
tients in the positive staining group. However, the
difference was not statistically significant (23% vs
29%; p=0.11).

Association between postsurgical survival rate
of patients with ICC and GnT-V expression in the
specimens

The overall postsurgical survival rate of the 72
patients with ICC was compared in terms of GnT-V
expression (Fig. 3). The cumulative survival rate of
patients in the negative staining group tended to be
lower than that of patients in the positive staining
group respectively. However, the difference was
not statistically significant (28% vs 37%; p = 0.31).

A summary of the results of the multivariate re-
gression analysis of prognostic factors for ICC is
shown in Table 5. In the analysis, intrahepatic me-
tastasis (p =0.002) and lymph node metastasis (p =
0.014) were found to be statistically significant inde-
pendent risk factors. GnT-V was not a statistically
significant independent risk factor (Table 5). Fur-
thermore, intrahepatic metastasis (p = 0.013) and

lymph node metastasis (p = 0.001) were found to be
important risk factors by stepwise multivariate re-
gression analysis (Table 6).
Discussion

GnT-V expression is closely associated with the
survival outcomes of patients with several kinds of
cancers™”, We have recently reported that in pT.
GBC, the survival rate of patients in the positive
staining group was significantly lower than that of
patients in the negative staining group'. In this
study, we investigated relations between clinicopa-
thological features, surgical outcomes, and the ex-
pression of GnT-V in ICC. The results of the present
study showed a tendency for GnT-V expression to
inversely correlate with postsurgical recurrence
and survival outcomes of patients with ICC (Ta-
bles 4, 5). In particular, the results of multivariate
regression analysis showed a higher correlation of
GnT-V expression with post surgical prognosis than
with histology or vascular invasion (Table 5).

Malignant transformation of glandular epithelia is
accompanied by alterations in the biochemical and
biological characteristics of glycoproteins. Elevated
levels of B1-6 branching of N-acetylglucosamine,
transferred by GnT-V, are shown to be positively
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correlated with metastatic potential and tumor in-
vasiveness in several reports. Moreover, GnT-V
functions as an angiogenesis inducer that has a
completely different function from the original func-
tion of glycosyltransferase'. A secreted type of
GnT-V protein has specifically been shown to pro-
mote angiogenesis in vitro and in vivo™™. In agree-
ment with the above-mentioned biological roles of
GnT-V, our recent in vitro and in vivo experiments
using GBC cells have also shown that the cellular
expression levels of GnT-V are positively correlated
with malignant behaviors, such as rapid cell growth,
potent anglogenic capability, and high metastatic
potential (unpublished results).

The reasons why GnT-V expression showed a
tendency to inversely correlate with ICC aggres-
siveness in this study remain unknown. Several re-
ports showed that GnT-V expression was inversely
correlated with poor prognosis of certain kinds of
cancer™®. This discrepancy might be dependent on
whether or not cancer cells have target proteins of
GnT-V or a protease involved in GnT-V cleavage.

It was reported that the expression and immuno-
histochemical localization of a cancer-associated gly-
coprotein, mucin core polypeptide 1 (MUC1), corre-
lated with the aggressiveness of ICC* and with
that of GBC®. Carcinoma cells expressing MUC1
are cytolysis by human
lymphokine-activated killer lymphocytes

less sensitive to

23)~26) an d
MUC1 overexpression inhibits integrin-mediated
extracellular matrix interaction”. Moreover, MUC1
on the cell membrane destabilizes cell-to-cell adhe-
sion and allows carcinoma cells to migrate and me-
tastasize®™. These reports may therefore be helpful
to speculate that the mechanisms underlying ICC
metastasis possibly involve molecular pathways
that are not affected by GnT-V expression.

On the other hand, more advanced cases were in-
cluded in this retrospective analysis than in other

9% g0 it may be difficult to evaluate the bio-

studies
logical role of GnT-V in ICC correctly.

In conclusion, GnT-V was found to be expressed
in more than half of the ICC cases and GnT-V ex-
pression showed a tendency to inVersely correlate
with ICC aggressiveness, so it may be a useful

21

marker for scaling the low malignant potential of
ICC. However, because of the large number of ad-
vanced cases in this study, caution is needed to
draw any conclusion regarding the correlation be-
tween GnT-V expression and ICC biological malig-
nancy. Thus far, lymph node metastasis is consid-
ered to be the most important prognostic factor for
ICC®™ 1In this study, intrahepatic metastasis and
lymph node metastasis were evaluated as impor-
tant prognostic factors. However, as the accurate
assessment of ICC intrahepatic metastasis and
lymph node metastasis is very difficult in daily clini-
cal practice, there is a crucial need to accumulate
more cases to further investigate the biological
markers that correlate with ICC lymph node or dis-
tant organ metastasis.
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FFABEEREICS T 2BHEBERN-7EF LTI I VEBERV (GnT-V) ERETOBKRREZNESE

B KRR LR
BB AR BTGB A K — v R

d X FruL4Fay " VarvAF PNV TYUAKXI vavdF ¥<E b ENEES

NEECE - ER M R R AR B R

(HB) AR R ORESRE 13 £ OEHBEIR 5§ 5. WEBBEGITVIR, /vy 2777 Y AD
JEITHER LY, WOWHE - BB ICUHEOGTTH A I LR ENTE Y, M4 GEEICB W CAEYENEEE
L OREESHE SN T 5B, MR 41, pT2 JBFENE (GBC) @ GnT-V UM BT, MitkEimlsasint iH
FDE L, BRI EHBRLABICTFRARTH L L EWMELL. Lo L, oHEEICHL To GnT-V H E
MARMEEIERICHET 2 ME BRI 2. 22T, FAEEE (ICC) iIcB17 5% GnT-V FIH & Pk L O
BFSE L OB D W TRE 217 o 7z, (FFEEJICC IR 72 iz 3t & L, GnT-V #H 2 SRk T
AT L, ZOREE BRRESNRET B L BT 5 & BHET L. (R GoT-V OREMMEEN BIIE BT
42 B, FEYE 30 BITH o7z, GnT-V SHOH I & HHEMBRF IR T & ORICHE B RAMBEBRIIFRD bk h o7z,
GnT-V MBI MR & Il LAl #k 5 FAEFRIHWEAICH o LA RBELZ RO P o072, (p=031) T/,
GnT-V #HOE I L WHEFHRER, BRARNE OMICEEEIRD 2P o7z (BREICCIZB VT, GnT-V &M
O R ORI - ERREOFEITRR I N
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WARERA NHBEREER 1 FRICER Sh 7 ERIEE RO 1 6

FEEERY WEREKE BE K fkekRmE KRG
HTHRE B0 M2 EH MY RE-ZAY

By JEMNL 70 A, B EREELEEE. BREEO OO CT CTRIFER R % 5
bz MF 2 BAr s/ €1 EARKEER CT, MRCP, ERCP T LEBEICAEIEDOK
MRS 2D, T ZRBALEYMMSREERAUA 2T, BEBAERO 2o 7.

BE 1 EBICH EIESREER L SR AR, B CT TIREMEIE DT 0 s R 1) 5
% 872, ERCP Tid LRI I FLEUIRIE S % SR IR A TR Lt 2 1572, MRS STk
i % W17 LR B2 T i fm, fStage IA Th - 72 JAERICIEER A2 &I 22051,

AERORER A ONRBHEERIRCER L GEIBR 21T ) LEXFDHH EEZ HNL.

95 : 749

%5|HEE: ERCP  HEYE

LU oI

JERAICHEERELZ AT I EEEVWERVAT
FOBBEITRHTHHY?, —JF, BERIRESLT
APET AL L MEINTVARFORELFRHTH
21 Al IR A TARIRE R CS B IR TR R
VEERIC EEIEERE RSN 1 B2 B8 L2 7-0%H
£ 5. ' :

E

OB 70 AR, B

¥ B ALESR

BEERE - B PEPAZEMENR A, PROdE, ATAZBE, 18
% B BT 4

RIEWE  FFRl3 &z &% L

WEATIE @ SRIEAE © B BRIE, WBE © 22 L.

& 1 [E A BERFEGE © IE 116/72mmHg, BR¥A 49 [/
G- B KR 34.8C. A LIERICBREOBR RN - BEE

VBN S - AL
SR - HLBSLR

" LR AR B AR BRI - LB
VSRS K b AR BRI - B
A AR BRI GER - 2 oA —
%
YRR A R RIS - LR
CEAPH PR 2441 16 H

PRI P24 46 H 18 H

RAE T E

b A%, JEEEEE - SRTHUEREIERD R, )
BRI <, IREERICREL RO 2V,

BUREE © 2006 4F 7 H#bE L TR CRER LIE
RO - O CT M. CT RETHRBEEA %
ROz H LR 1 RN ARE 2o /2.

81 E AR R - yGTP OB L2307,
HE - EFT RGO Bh o7z (K1),

JEEB CT #Ar « B b - dEBIC AT O % 2R 7.
BEES CT, JEHBERRECTHEBE A 2RO Lo 7.
A ORISR % 0 7208 (K 1a, KBH), HREREE
BIVHENICEEDREERTHREEAONE o7
(B 1a, b, ¢, Z&HID).

ERCP #4F : ERCP MafThel@igs s -+ 353
BREICEETRDO -7 (H1d). BEEZERETI
CT - MRCP & [HIRIZ 1 - FREBIRE IS B2 A3 54
BEROBREXRE (M1d, KH) 2307 HESILE
wans: (M1dEHE). T/, BEEECE - 1SS
HREEZED B L7 (H1e).

81 BA BB« RS FLEELIBM (EST)
MRS RIBER A AR (EML) BROIBEER TIX
EIBEO T bk (M1 KEH) 2305
Mie7s, REIITE CHERSEZ RO FIHERIC X
LEATH S LB Nz (K1), JBERITYGE LE
Bel 7z

2007 4 9 AN - EHAIRO 720 MFHE 2 1A
B & 7z o7z

85 2 18l A BeiEEE © JE 112/70mmHg, WRHH 88 fHl/

-1337-



96 : 750 iz] B 26%5% (2012)

181 EABRRRAETR

WBC 3400 /ul TRl 0.6 mg/d! APTT 30.0 sec

RBC 401 < 104 /wl D.BIl 0.3 mg/di PT 11.7 sec

Hb 134 g/di ALP 98 TU/1 PT-INR 1.15

Ht 395 % YGTP 102 1U/I '

Plt 13.0x 104 /ul AST 22 1U/1 CEA 1.3 mg/mi
ALT 24 10/1 CA199 5.2 mg/ml

Na 142 mEq/! CK 107 1U/1

K 4.2 mEq/I LDH 164 1U/1

Cl 105 mEq/I TP 6.8 g/dl

Ca 94 mg/dl ALB 4.2 g/dl

UN 15.7 mg/dl AMY 83 1U/1

Cr 0.94 mg/d! CRP 0.08 mg/di

1 RRBRERA (G R E RT
a 1 EABRREECT. IFAEEORERRE RO (KRE).
a, b, ¢ FMEEFBEZ O NIIBEABEIERRERIRERA SN o7z (RED.
d % 1 BARER: ERCP. + 4BIGALBERERIZIEE.
e # 1 BEIAFER: ERCP. LrhfHEICRBBOBERIE (R @807z, BEEIHMH S (KH).
f 51 EARRBIEERGUANE ERCP. LHEEIBEKZEOATHRERSRIED Shiv (KED).
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®2 52 W ABRRET L

WBC 5320 /! TBIil 2.0 mg/dl APTT 28.8 sec

RBC 395 % 10% /ul DIl 1.2 mg/di PT 11.7 sec

Hb 12.9 g/dl ALP 685 TU/I PT-INR 115

Ht 39.1 % YGTP 1204 1U/1

Plt 148104 /ul AST 149 1U/1 CEA 1.9 mg/ml
ALT 150 1U/1 CA199 144 mg/ml

Na 141 mEq/! CK 59 1U/1

K 41 mEq/! LDH 183 1U/1

Cl 103 mEq/I TP 74 g/dl

Ca 9.0 mg/dl ALB 4 g/dl

UN 14.9 mg/d! AMY 62 1U/1

Cr 0.88 mg/d! CRP 092 mg/dl

|7

C

B2 JHEHESE LR 5T S
4 2 EAKEREIEER CT. FPREE oBERIRE RO (KH).
% 2 WABRIEEE CT. IR DTl RE @7z (RED).
552 [ ABERFIEEE CT. BIEOEEHRERTIREESEZ RO (KA.
% 2 [ ABzkE ENBD 352 C EEBIRE \ALEURERIERA 2 07 (KAL),
# 2 6 ABeky IDUS CHREREAMAE = 2 — BRI Tz (RAED.

[CREN =PI ST o 2
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