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NSBA BREH] & NS3 7u 7 7 — CHEH RS

Suzuki Y. Akuta N, et al J Clin Virol 2010; 47 (1)
76—78& 3) Gane EJ, Roberts SK. Stedman CA, et
al Lancet 2010: 376 (9751): 1467 — 1475
4) Moucari R. Forestier N, Larrey D. et al. Gut
2010: 59 (12): 1694—1698

EXEE
Effect of early antiviral agent therapy (NS3 and NSBA
inhibitors) in chronic hepatitis C null responders

Yoshivuki Suzuki'*, Hitomi Sezaki'",
Norio Akuta", Fumitaka Suzulki'.
Hirova Seko". Norihiro Imai”,
Miharu Hirakawa'. Yuusuke Kawamura'.
Tetsuya Hosaka'', Masahiro Kobayashi".
Satoshi Saitoh", Yasuji Arase”,
Kenji lkeda", Mariko Kobayashi™,
Hiromitsu Kumada"

To further improve therapeutic effect on chronic
hepatitis C. we have administered NS3 inhibitor and
NS5A inhibitor together, and examined effects of early
antiviral agent therapy. The subjects were five cases
where interferon is ineffective (null responders). The
NS5A and NS3 inhibitors are oral drugs and were daily
administered for 24 weeks. Figure 1 shows time-
dependent change of the number of viruses after the
therapy started, and rapid decrease of VIruses is recog-
nized. Within 12 hours, HCV-RNA decreased by more
than 2log IU/ml in every patient Two patients became
negative for the virus by the 15th day after the therapy
started. Furthermore. 80% of cases by the 28th day
and all the cases by the 56th day became negative. The
new therapy has manifested excellent early antiviral
effect.

Key words: hepatitis C virus, NS5A inhibitor.
protease inhibitor

o Kanzo 2011: 52: 147—149

1) Department of Hepatology, Toranomon Hospital

9) Liver Research Laboratory, Toranomon Hospital

*Corresponding author: suzun ari@interlink.orjp
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RVEE
The evaluation of the sensitivity between serum and
plasma specimen for COBAS TagMan HBV v2.0

Mariko Kobavashi®*, Fumitaka Suzuki?,
Yoshivuki Suzuki®, Norio Akuta?, Hitomi Sezaki®,
Yusuke Kawamura®, Yuya Seko®, Tetsuva Hosaka?,
Masahiro Kobayashi”, Satoshi Saitoh?, Yasuji Arase?,
Kenji Ikeda”, Hiromitsu Kumada”

The sensitivity in serum and plasma for HBV DNA
was evaluated by using 104 clinical specimens from 52
patients who were treated with entecavir for =1 year
and continued ALT levels <301U/L The measurement
emploved the COBAS TaqMan HBV v2.0. Twenty-five
specimens (24.0%) were detected from both serum and
plasma, and 41 specimens (39.4%) were not detected
from both. On the other hand, there were 32 specimens
(30.8%) with detectable from plasma but undetectable
from serum, and only 6 specimens (5.8%) with detect-
able from serum but undetectable from plasma. This
result suggested the sensitivity of HBV DNA using
plasma specimen is more sensitive than that of serum
specimen with statistical significance (p<<0.001).

Key words: hepatitis B virus, TagMan,
high sensitivity
Kanzo 2011; 52: 756—757
1) Research Institute for Hepatology. Toranomon
Hospital
2) Department of Hepatology, Toranomon Hospital

*Corresponding author: vi7Tm-kbys@asahi-netorjp
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Reduced NKG2D ligand expression in hepatocellular
carcinoma correlates with early recurrence

Hiroteru Kamimura', Satoshi Yamagiwa!*, Atsunori Tsuchiya', Masaaki Takamura’,
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( See Editorial, pages 308~310>

Background & Aims: The activating receptor natural killer group
2, member D (NKG2D) and its ligands play a crucial role in
immune response to tumors. NKG2D ligand expression in tumors
has been shown to be associated with tumor eradication- and
superior patient survival, but the involvement of NKG2D ligands
in the immune response against hepatocellular carcinoma (HCC)
still remains to be elucidated.

Methods: We investigated the expression of NKG2D ligands in
HCC tissues collected from 54 patients and HCC cell lines. We also
examined the proteasome expression and the effect of inhibition
of proteasome activity on NKG2D ligand expression in HCC tis-
sues and cell lines.

Results: In dysplastic nodules (DN), well-differentiated (well-
HCC), and moderately-differentiated HCCs (mod-HCC), UL16-
binding protein (ULBP) 1 was expressed predominantly in tumor
cells, but not in poorly-differentiated HCCs (poor-HCC). Remark-
ably, recurrence-free survival of patients with ULBP1-negative
HCC was significantly shorter than that of patients with ULBP1-
positive HCC (p = 0.006). Cox regression analysis revealed that
loss of ULBP1 expression was an independent predictor of early
recurrence (p = 0.008). We confirmed that ULBP1 was expressed
in the well- and mod-HCC cell lines, but not in the poor-HCC cell
line KYN-2. However, inhibition of proteasome activity resulted
in significant up-regulation of ULBP1 expression in KYN-2. More-
over, we found that 20S proteasome expression was more abun-
dant in KYN-2 than that in the well- and mod-HCC cell lines.

Keywords: ULBP; MICA; NK cell; Immune surveillance; Proteasome inhibitor.
*DOI of original article: 10.1016/j.jhep.2011.07.008.

* Corresponding author. Address: Division of Gastroenterology and Hepatology,
Niigata University Graduate School of Medical and Dental Sciences, 757
Asahimachi-dori 1, Chuo-ku, Niigata 951-8510, Japan. Tel: +81 25 227 2207,
fax: +81 25 227 0776.

E-mail address: syamagi@med.niigata-u.acjp (S. Yamagiwa).

Abbreviations: HCC, hepatocellular carcinoma; well-HCC, well differentiated he-
patocellular carcinoma; mod-HCC, moderately differentiated hepatocellular car-
cinoma; poor-HCC, poorly differentiated hepatocellular carcinoma; MHC, major
histocompatibility complex; NKG2D, natural-killer group 2, member D; MIC, MHC
class I-related chain; ULBP, UL16-binding protein; DN, dysplastic nodule; FITC,
fluorescein isothiocyanate; PE, phycoerythrin; PCR, polymerase chain reaction.

Conclusions: ULBP1 is prevalently expressed in DN to mod-HCC,
but loss of its expression correlates with tumor progression and
early recurrence.

© 2011 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

Hepatocellular carcinoma (HCC) is a highly prevalent and lethal
malignancy, being one of the leading causes of cancer death
worldwide [1,2]. Despite recent advances in therapeutic modali-
ties, a significant number of HCCs still show frequent recurrence
and progression to an advanced stage [3]. It is well known that
there are two distinct types of HCC recurrence: tumor growth
from dissemination of the primary tumor (early recurrence)
and de novo tumors arising from the “field cancerization” in dis-
eased liver (late recurrence) [1,3]. Malignant phenotypes of the
tumor, such as a larger size and the presence of vascular invasion
and additional tumor sites besides the primary lesion (satellite
lesions), are known to be predictive of early recurrence, which
is usually observed within 2 years following surgery [4,5]. Several
studies have shown that the specific gene expression patterns in
cancerous tissues of HCC can accurately predict early intrahepatic
recurrence [3,6]. However, it is possible that HCC metastatic pro-
pensity may be determined and/or influenced by the local tissue
microenvironment of the host. In fact, Budhu et al. demonstrated
that a Th2-dominant cytokine gene expression profile in non-
cancerous liver tissues was associated with a greater risk of intra-
hepatic metastasis of HCC [7]. Besides the malignant potential of
HCC itself, their study clearly indicated that immune responses
against cancer cells are also crucial for the prevention of HCC
recurrence.

One important mechanism that prevents cancer metastasis is
immune surveillance against cancer cells, in which natural killer
(NK) cells play a crucial role [8]. NK cell function is strictly regu-
lated by a balance between positive and negative signals provided
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by a diverse array of cell surface receptors. The activating receptor
natural-killer group 2, member D (NKG2D) and its ligands play an
important role in not only NK cell- but also y8* and CD8" T cell-
mediated immune response to tumors [9,10]. A distinctive feature-
of the NKG2D system is that it has a variety of ligands, all of which
are distantly related homologues of major histocompatibility com-
plex (MHC)class1 proteins. Human ligands consist of the MHC class
I-related chains A and B (MICA/B) and the unique long 16 (UL16)-
binding protein (ULBP) family {10,11]. In healthy humans, MICA/
B are detected only on gastrointestinal epithelial cells, possibly
due to the close contact of these cells with intestinal microbes
[12]. However, NKG2D ligand expression has been shown to be a
consequence of genetic stress and the resulting DNA damage
response that has been reported to occur in precancerous lesions
and many tumors in humans [8,10,13]. The up-regulation of
NKG2D ligands on transformed cells suggests that cells have sens-
ing mechanisms that recognize changes associated with transfor-
mation, thereby activating pathways that up-regulate the cell
surface expression of NKG2D ligands [8,10,14].

It is now widely accepted that tumors have developed ways to
evade anticancer immunity through a process termed immuno-
editing. A number of mechanisms by which cancers could evade
NKG2D-mediated immune responses have been proposed. One of
these mechanisms is release of the MICA molecule from tumor
cells in a soluble form [15,16]. Soluble MICA (sMICA) has been
implicated in the systemic down-regulation of NKG2D on NK
cells in cancer patients [15]. Moreover, NKG2D ligand shedding
by tumor cells leads to a reduction in the density of cell surface
NKG2D ligands, and reduced susceptibility to NKG2D-mediated
cytotoxicity [15-17]. In HCC, Jinushi et al. have reported that sMI-
CA is present in sera of patients with advanced HCC [18,19].
Moreover, Kohga et al. have recently demonstrated that a disinte-
grin and metalloproteinase 9 (ADAM9) was overexpressed in
human HCC tissues, and that ADAM9 knockdown resulted in
increased expression of membrane-bound MICA, decreased pro-
duction of sMICA, and up-regulation of NK sensitivity of human

Table 1. Patient characteristics.

HCC cells [20]. However, the involvement of NKG2D ligands,
especially the ULBP family, in the immune response against
HCC has not yet been fully elucidated.

In the present study, we investigated the expression of NKG2D
ligands in HCC using human HCC tissue samples and cell lines,
and the association between NKG2D ligand expression and HCC
recurrence after hepatic resection. Moreover, we focused on the
regulation of NKG2D ligand expression by proteasomes, and
examined the proteasome expression and the effect of inhibition
of proteasome activity on NKG2D ligand expression in human
HCC tissues and cell lines.

Patients and methods
Patient samples

After obtaining appropriate informed consent in writing under Institutional
Review Board-approved protocols (approved No, 983), blood and surgically
removed liver tissues, or liver biopsy specimens were collected from 54 patients
(10 female, 44 male) with dysplastic nodule (DN) and HCC, and 8 normal donors
for living donor liver transplantation. Information regarding patient profiles and
tumor stage of HCC patients is shown in Table 1.

Cell culture

The HCCcell lines used in the present study were Hep3B, PLC/PRF/5 (from the Amer-
ican Type Culture Collection, Rockville, MD), and KYN-2 (kindly provided by Prof. H.
Yano at Kurume University, Kurume, Japan), The cervical carcinoma cell line Hela
was also purchased from ATCC, These cells were cultured in Dulbecco’s medified
Eagle’s medium (DMEM) supplemented with 10% fetal bovine serum (GIBCO/Life
Technologies, Grand Island, NY) in a humidified incubator at 5% C0O, and 37 °C.

Reagents

Monoclonal antibodies (mAb) used for immunofluorescence assay were anti-
MICA/B (159207), anti-ULBP1 (170818), anti-ULBP2 (165903), anti-ULBP3
(166514) (R&D Systems Inc., Minneapolis, MN), anti-HLA-A, B, C (G46-2.6), and

Factors Total Hepatocellular carcinoma
Well Moderately Poorly
Number of patients 54 13 24 10
Age (Mean + SD, years) 65.4 +10.8 69.0+9.2 63.9+£10.2 659 +8.8
Gender (maleffemale) 44/10 8/5 231 91
Etiology (HBV/HCV/NBNC/Alcohol) 15/23/6/10 4/6/0/3 7/10/3/4 2/5/1/2
Background (non-cirrhosis/cirrhosis) 17/36 4/9 11/13 218
Child-Pugh classification (A/B/C) 421111 9/4/0 217211 6/4/0
Histological grade
Dysplastic nodule/well/moderately/poorly 7/13/24/10 - - -
Tumor factors
Tumor size (<30/>30, mm) 37/17 8/5 16/8 4/6
Number of tumors (single/double/multiple) 34/12/8 9/3/1 15/4/5 9/1/0
CLIP score (mean * SD) 08+0.9 06+08 0809 09+1.1
AFP (<400/2400, ng/ml) 47/7 13/0 20/4 713
Operation (partial/segmentectomy/lobectomy) 17/20/17 8/1/4 2/14/8 2/3/5

HBV, hepatitis B virus; HCV, hepatitis C virus; NBNC, non-HBV non-HCV; Well, well-differentiated; Moderately, moderately-differentiated; Poorly, poorly-differentiated;

CLIP, Cancer of the Liver Italian Program.
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anti-CD107a (H4A3) (BD Biosciences, San Diego, CA). Monoclonal antibodies used
for immunohistochemical staining were anti-MICA/B (H-300), anti-ULBP1 (3F1),
anti-ULBP2 (6F6), anti-ULBP3 (2F9), and anti-20S proteasome o7 (GH6) (Santa
Cruz Biotechnology Inc., Santa Cruz, CA). Control murine IgG1 and IgG2a were
also purchased from Santa Cruz. Proteasome inhibitor, MG132 (474790), was pur-
chased from CARBIOCHEM (Darmstadt, Germany).

Immunohistochemistry

Tissue sections were first deparaffinized with xylene and then rehydrated
through graded alcohol. To retrieve antigenicity, sections were immersed in
pH 6.0 citrate buffer. After autoclaving, sections were then immersed in
phosphate-buffered saline (PBS) containing 0.3% hydrogen peroxide for
20 min to block endogenous peroxidase activity. Sections were then incu-
bated with a series of antibodies at a 1:50 or 1:100 dilution in PBS supple-
mented with 3% BSA at 4°C overnight. Sections were followed sequentially
by the biotinylated secondary antibody and the avidin-biotin-peroxidase
complex method using the Vectastain Elite ABC kit (Vector Laboratories
Inc., Burlingame, CA). Sections were finally developed with diaminobenzidine
(DAB) substrate (Muto Pure Chemicals, Tokyo, Japan). Specimens were coun-
terstained with Methyl Green solution and mounted. Instead of DAB, the
fluorescein isothiocyanate (FITC) and tetramethyl rhodamine isothiocyanate-
conjugated mouse and rabbit IgG antibody (Santa Cruz Biotechnology) were
also used.

Immunofluorescence assay

Cells (10°) were labeled with appropriate FITC- or phycoerythrin (PE)-conju-
gated mAbs at 4 °C for 30 min in darkness for the surface antigens, and then
washed three times and acquired by FACScan (Becton Dickinson, San Jose,
CA) and analyzed with FlowJo software (Ver. 7, Tree Star Inc., Ashland,
OR). For the intracellular antigen assay, after the surface antigens became
stained, cells were fixed and permeabilized using 100 pl each of cytofix
and cytoperm solution (BD Biosciences), and then were stained with PE-
anti-ULBP1 mAb.

CD107a degranulation assay

Degranulation assays were based on a previously described method [21].
Briefly, PBMCs (10° cells/ml) derived from healthy donors were stimulated
with HCC cell lines and MHC-devoted targets, K562 cell line (ATCC), at an
E:T ratio of 5:1. PE-anti-CD107a Ab (H4A3) was added directly to the culture
plates at 20 pl/ml, Following 1 h of incubation at 37 °C in 5% CO,, breferdin A
and monensin (BD Biosciences) were added at a final dilution of 1:1000 and at
a final concentration of 6 pg/ml, respectively, and incubated for an additional
5h at 37 °C in 5% CO,. Anti-ULBP1 Ab (170818) and isotype matched control
Ab were added at 10 pg/ml during the culture. Samples were then surface-
stained for 30 min for flow cytometric analysis.

Western blot analysis

Cell lysates were prepared by incubation in lysis buffer containing 50 mM
Tris-HCl, 150 mM NaCl, 0.1% SDS, 1% Nonider P-40 and the protease inhib-
itors cocktail 1 tablet, for 20 min at 4 °C. Lysates, supernatants, and exosome
preparations were run on 12% SDS-PAGE gels and transferred to Immobilon-
P membrane (Millipore, Bedford, MA). Detection of ULBP and 20S protea-
some was performed by incubation with biotinylated anti-ULBP1 antibody
and anti-20S proteasome antibody, followed by horseradish peroxidase-con-
jugated streptavidin. Blots were developed using an enhanced chemilumines-
cence detection kit (GE Healthcare, Piscataway, NJ). For protein loading
analyses, a monoclonal beta-actin antibody (1:5000; clone AC-15, Sigma)
was used.

Real-time polymerase chain reaction

Total cellular RNA was extracted from the surgically removed tissues, biopsy liver
tissues, and HCC cell lines using RNeasy Mini Kit (Qiagen, Tokyo, Japan), Reverse
transcription of the RNA samples to cDNA was performed with Transcriptor First
Strand cDNA Synthesis Kit (Roche, Penzberg, Germany) with anchored-oli-

JOURNAL OF HEPATOLOGY

MICA ULBP1

uLBP2

Well

Moderately/Poorly

Fig. 1. Immunohistochemical staining of NKG2D ligands in human HCC
tissues. (A) Representative staining for MICA, ULBP1, and ULBP2 in well-
differentiated HCC., MICA immunoreactivity was seen mainly in the vascular
endothelial cells, whereas ULBP1 was expressed in tumor cells, ULBP2 was
negative. (B) Representative staining for ULBP1 in well- to poorly-differentiated
HCC. ULBP1 was expressed in well- to moderately-differentiated HCCs, but not
in poorly-differentiated HCCs. The loss of ULBP1 expression in poorly-
differentiated HCC was clearly shown on the nodule-in-nodule growth of
poorly-differentiated HCC (arrow in middle panels) in moderately-differentiated
HCC. MICA, major histocomnpatibility complex class I-related chain A; ULBP,
UL16-binding protein.

go(dT)18 primer, Real-time PCR was performed on a lightcycler (Roche) using
the primers as described previously [22]. Expression levels of mRNA were nor-
malized to NADPH mRNA levels.

Statistical analysis

The significance of differences was analyzed statistically by the compared t test
with Welch's correction, or Mann-Whitney U test, using SPSS software (Ver. 18,
SPSS Inc., Chicago, IL). Kaplan-Meier curves were used to assess factors that influ-
enced survival, The significance of differences in survival between groups with
differing forms of expression was estimated using the log-rank test. The Cox pro-
portional-hazards model was used for multivariate analysis to determine the rel-
ative risk and independent significance of individual factors, In all cases, the level
of significance was set at p <0.05.
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Results
Expression of NKG2D ligands in HCC

We first investigated the expression of individual NKG2D ligands
in human HCC tissues. MICA immunoreactivity was seen mainly
in vascular endothelial cells of well- (well-HCC) or moderately-
differentiated (mod-HCC) HCCs (Fig. 1A). ULBP1 was expressed
in tumor cells of well- or mod-HCCs (Fig. 1A), and not in
surrounding non-tumor tissues (data not shown). On the other
hand, no positive expression of ULBPZ, ULBP3, or ULBP4 was evi-
dent in HCCs (data for ULBP3 and ULBP4 not shown) (Fig. 1A).

Loss of ULBP1 expression in poorly-differentiated HCC

After the initial experiments, we focused on ULBP1, which was
expressed in well- to mod-HCCs. Representative results are
shown in Fig. 1B. When we examined the expression of ULBP1
in well- to poorly-differentiated (poor-HCC) HCCs, we found that
ULBP1 was expressed predominantly in well- to mod-HCCs, but
not in poor-HCCs. Notably, loss of ULBP1 expression in poor-
HCC was clearly shown in nodule-in-nodule growth of poor-
HCC (Fig. 1B) in mod-HCC. Table 2 summarizes the expression
of ULBP1 in the normal liver, dysplastic nodules (DN), and HCCs.
Although the normal liver did not express ULBP1, ULBP1 was up-
regulated and predominantly expressed in DN, and in well- and
mod-HCCs. These observations indicate that ULBP1 is induced
in the early stage of hepatocyte transformation, and expressed
widely in HCC. However, the expression of ULBP1 was signifi-
cantly decreased in poor-HCCs relative to DN, and well- and

Table 2. Expression of ULBP1 by immunchistachemical staining.

Normal Dysplastic nodule Hepatocellular carcinoma
Well Moderately ~ Poorly
0/8 77 10/13*  15/24* 0/10%

(0%)  (100%) (76.9%) (62.5%) (0%)

Well, well differentiated; Moderately, moderately differentiated; Poorly, poorly
differentiated. *p <0.01 (compared to control), **p <0.001 (compared to dysplastic
nodule), *p=0.003 (compared to Well), *p = 0.007 (compared to Moderately).
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Fig. 2. Expression of ULBP1 mRNA in human HCC tissues. Total cellular RNA
was extracted from the surgically removed tissues or biopsy samples of patients
with dysplastic nodule (DN) and well- to poorly-differentiated HCC. Following
reverse transcription of the RNA samples to ¢DNA, expression levels of ULBP1
mRNA were quantified by real-time PCR. Steady state levels of mRNA were
normalized relative to NADPH mRNA levels. Then the relative expression levels
were calculated with the levels in DN as baseline. The values are presented as
means + SD. No significant changes were seen in ULBPI mRNA levels among DN to
poorly-differentiated HCCs.
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Fig. 3. Kaplan-Meier plots showing disease-specific overall survival and
recurrence-free survival, (A) Disease-specific overall survival did not differ
significantly between patients with positive, and those with negative expression
of ULBP1. (B) Recurrence-free survival was significantly shorter in patients with
negative expression of ULBP1 than in those with positive expression.

Table 3. Multivariate analysis using Cox regression model predicts indepen-
dent risk factor of early recurrence within 1 year.

Factors 95% ClI Cox regression
for Exp (B) p value
Age 0.994 1111 0.080
Gender 0.293 4.618 0.830
Tumor factors
Size 0.969 1.021 0.680
im (+) 0.036 0.455 0.001
Vp (+) 0.041 0.828 0.027
ULBP1 expression
Negative 1.537 16.261 0.008

im, intrahepatic metastasis; Vp, tumor invasion in portal veins.

mod-HCCs (all p values <0.01) (Table 2). These data suggest that
the loss of predominant expression of ULBP1 in HCC may be asso-
ciated with progression to invasive tumor or increasingly higher
grades. Despite the loss of ULBP1 expression in poor-HCCs, we
did not find any significant differences in the expression of ULBP1
mRNA among the HCCs (Fig. 2). These data suggest that loss of
ULBP1 expression may result from post-transcriptional events
rather than from a decrease of mRNA expression.

Loss of ULBP1 expression is associated with early recurrence of HCC

When we analyzed the factors associated with the overall sur-
vival of the enrolled patients with HCC after hepatic resection,
we did not find any significant association with the loss of ULBP1
expression (p = 0.120) (Fig. 3A). This may have been partly attrib-
utable to the rather short observation period (mean *SD;
2.2 + 1.3 years). However, the loss of ULBP1 expression was sig-
nificantly associated with shorter recurrence-free survival
(p = 0.006) (Fig. 3B). Patients with ULBP1-negative HCC showed
a significantly higher recurrence rate within 1 year than patients
with ULBP1-positive HCC. Multivariable analysis showed that
independent predictors of such early recurrence were the pres-
ence of intrahepatic metastasis (im) (p = 0.001), tumor invasion
into the portal veins (Vp) (p = 0.027), and lack of expression of
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Fig. 4. Expression of ULBP1 in HCC cell lines. (A) Immunofluorescence representing ULBP1 expression is evident in the well-HCC cell line Hep3B and the mod-HCC cell line
PLC/PRF/5, but not in the poor-HCC cell line KYN-2. (B) Representative results of flow cytometric analysis of ULBP1 expression in HCC cell lines, Expression of ULBP1 was
detected on both the cell surface (solid line) and within the cell (dotted line) in the mod-HCC cell line PLC/PRF/5. Black profile represents staining with control mouse IgG,
(C) Cell surface expression levels of ULBP1 differed among the HCC cell lines. ULBP1 was more highly expressed in the well-HCC cell line Hep3B (dotted line) than in the
mod-HCC cell line PLC/PRF/5 (black line) and in the poor-HCC cell line KYN-2 (gray profile). (D) Representative results of CD107a degranulation assay of CD3~CD56" NK cells
derived from a healthy individual following co-culture with K562, Hep3B, and KYN-2 in the presence of anti-ULBP1 antibody or isotype-matched antibody. Five

independent experiments were conducted.

ULBP1 (p=0.008), as shown in Table 3. No other factors were
found to have independent prognostic value (data not shown).

ULBP1 expression in HCC cell lines

We then investigated the expression of ULBP1 in HCC cell lines.
As shown by immunofluorescence, ULBP1 was expressed abun-
dantly in the well-HCC cell line Hep3B [23] and the mod-HCC cell
line PLC/PRF/5 [24], but absent from the poor-HCC cell line KYN-2
[25] (Fig. 4A). Representative results of flow cytometric analysis
of ULBP1 are also shown in Fig. 4B and C. ULBP1 showed a higher
intensity of intracellular staining than of cell surface staining
(Fig. 4B). When we compared the cell surface expression of
ULBP1 among these HCC cell lines, KYN-2 showed relatively
lower expression than Hep3B and PLC/PRF/5 (Fig. 4C). NK cell
degranulation assays revealed that the HCC cell lines Hep3B
and KYN-2 were less susceptible to NK lysis than the MHC-
devoted cell line K562. Moreover, the poor-HCC cell line KYN-2
was less susceptible than the well-HCC cell line Hep3B, although
blocking of ULBP1 only partially decreased the susceptibility of
Hep3B to NK lysis (Fig. 4D). Such reduced susceptibility of KYN-
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2 to NK lysis may result from the loss of ULBP1 expression. The
significantly lower cell surface and intracellular expression of
ULBP1 in KYN-2 compared to Hep3B and PLC/PRF/5 (p = 0.004
and 0.0096, respectively) is shown in Fig. 5.

Increase of ULBP1 expression induced by proteasome inhibitor

As shown in experiments using human HCC tissues, we found
no decrease in the expression of ULBP1 mRNA, although the
expression of ULBP1 itself was significantly decreased in poor-
HCCs. Therefore, we focused on proteasome regulation of ULBP1,
which has been demonstrated previously in head and neck
squamous cell carcinoma cells [26]. Initially, we used a revers-
ible proteasome inhibitor, MG132, which affects primarily the
chymotrypsin-like activity of the proteasome, but also inhibits
other cellular proteases such as cathepsins and calpains [26].
After treatment with MG132 at 2.5 umol/L, an increase in the
surface expression of ULBP1 was observed after 12 h, and max-
imum induction was observed after 24 h (data not shown). At
this concentration of MG132, the majority of the cells were via-
ble, and analysis of the viable cells showed that the cell lines
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Fig. 5. The effect of a proteasome inhibitor on the expression of ULBP1.
Expression levels of ULBP1 were analyzed by flow cytometry before and after
treatment with the proteasome inhibitor MG132 for 24 h, Before the treatment
with MG132, both cell surface (A) and intracellular (B) expression of ULBP1 were
significantly lower in KYN-2 than in Hep3B or PLC/PRF/5. Treatment with MG132
led to significant up-regulation of the surface expression of ULBP1 in the HCC cell
lines. Pre, before treatment with the proteasome inhibitor MG132; Post, after
treatment with MG132. The values are presented as means+SD of five
independent experiments. *p <0.01, **p <0.05.
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Fig. 6. Proteasome expression in human HCC tissues and HCC cell lines.
Expression of 20S proteasome was examined by Western blotting and immuno-
fluorescence. (A) The 20S proteasome was more abundantly expressed in the
poor-HCC cell line KYN-2 than in Hep3B and PLC/PRF/5. (B and C) Expression of
the 20S proteasome was more abundant in clinical samples of poor-HCC than in
well- and mod-HCCs, Representative results are shown.

Hep3B, PLC/PRF/5, and KYN-2 had significantly increased cell
surface expression of UPBP1 (p=0.0013, 0.0039, and 0.036,
respectively) (Fig. 5A). Moreover, intracellular expression of
ULBP1 was also significantly increased in all of the cell lines
treated with MG132 (Fig. 5B). These data suggest that loss of
the predominant expression of ULBP1 in HCC cell lines may
be associated with progression to higher grades, and that pro-
teasome inhibition in HCC cell lines may reverse the loss of
ULBP1expression.

20S proteasome in HCC cell lines and human HCC tissues

We then examined the proteasome expression of HCC cell lines
by Western blotting. Using a 20S proteasome-specific antibody,
we found that the poor-HCC cell line KYN-2 expressed more
20S proteasome than the well- to mod-HCC cell lines Hep3B
and PLC/PRF/5 (Fig. 6A). Moreover, after extraction of proteins

from well- to poor-HCC tissues, we found that the expression of
20S proteasome was increased to a greater extent in poor-HCC
tissues than in well- and mod-HCC tissues (Fig. 6B). The results
of immunohistochemistry also demonstrated increased expres-
sion of 20S proteasome in poor-HCC tissue (Fig. 6C). Thus, our
results indicated that proteasome expression was increased to a
greater degree in both the poor-HCC cell line and tissues than
in well- and mod-HCCs.

Discussion

In the present study, we found that one of the ligands for NKG2D,
ULBP1, was abundantly expressed in HCC, but that progression to
a higher grade resulted in loss of ULBP1 expression. Although no
association of ULBP1 expression with overall survival was dem-
onstrated, the loss of ULBP1 expression was significantly associ-
ated with early recurrence of HCC after hepatic resection.
Moreover, expression of 20S proteasome was more abundant in
both the poor-HCC tissues and cell line, and proteasome inhibi-
tion reversed the loss of ULBP1 expression in the poor-HCC cell
line. These results suggest that proteasome up-regulation is
involved in loss of ULBP1 expression, which may result in defec-
tive NKG2D-mediated tumor surveillance.

NKG2D ligands can be expressed independently of each other
in human cell lines and primary tumors [10]. It is also known that
different ligands can be expressed in response to different cancer-
specific pathways, and that it is rare for any cancer to express all
NKG2D ligands [10,26]. Therefore, it is important to examine the
NKG2D ligand expression pattern in different types of human
tumors. Among various cancer cell lines, MICA expression is usu-
ally positive, ULBP2-4 expressions are variable, but ULBP1
expression is rare [26,27]. In contrast, T-cell leukernias express
MICA less often, and express ULBP1 more often [28]. Our present
results demonstrated a common expression pattern of NKG2D
ligands in human HCC tissues and cell lines; MICA and ULBP1
proteins were expressed in the absence of ULBP2-4. Although
MICA/B expression in human HCC has already been reported in
several studies [18,29,30}, to our knowledge the present study
is the first to demonstrate that ULBP1 is also expressed abun-
dantly in human HCC.

In both experimental animals and human cancer patients,
tumor NKG2D ligand expression is associated with tumor eradi-
cation and superior patient survival [10,31-33]. NKG2D recog-
nizes ligands that are often expressed at higher levels on tumor
cells than in surrounding tissues and that can be induced further
by cancer treatments {10]. In colorectal cancer, a high level of
NKG2D expression in tumors is associated with good prognosis,
and MICA is a strong independent predictor of long survival
[31]. In prostate cancer, MICA/B is induced at the early stage of
prostate luminal epithelial cell transformation and expressed
widely in prostate carcinoma. Moreover, loss of predominant sur-
face localization of MICA/B is associated with progression to inva-
sive tumor or to progressively higher grades [32]. On the other
hand, a high level of NKG2D ligand expression is inversely corre-
lated with survival in patients with ovarian cancer [33]. These
reports suggest a fundamental difference in the involvement of
NKG2D-mediated immunity among various types of cancer. In
the present study, we found that ULBP1 was expressed predom-
inantly at early stage of hepatocyte transformation (DN) to mod-
HCC, and that loss of ULBP1 expression was significantly associ-
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ated with early recurrence after hepatic resection. Although no
association of ULBP1 expression with overall survival was dem-
onstrated, this may have been attributable to the rather short
observation period (mean+SD; 2.2 1.3 years). Notably, we
demonstrated that loss of ULBP1 expression was an independent
predictor of early recurrence after hepatic resection. Our results
seem to be similar to those obtained in previous studies of pros-
tate cancer.

Besides the NKG2D system, other NK receptors and ligands
also play important roles in the recognition of tumor cells. NK
cells express a repertoire of inhibitory receptors that regulate
their activation. These receptors include the inhibitory killer cell
immunoglobulin-like receptors (KIRs) that bind to HLA-A, -B, and
-C, and the inhibitory CD94-natural killer group 2A (NKG2A)
heterodimeric C-type lectin-like receptors that bind to HLA-E
[10,14]. The NK activating receptor family, including NKp44,
NKp46, and NKp30, also plays an important role in activating
NK cells. NKp30 and NKp46 are expressed on resting and acti-
vated NK cells, whereas NKp44 is expressed only on activated
NK cells [14]. Recently, several novel NK cell receptors have been
reported to mediate NK cell adhesion and activation through
interaction with ligands for the nectin and nectin-like (Necl) fam-
ily of adhesion molecules [34]. In particular, DNAX accessory
molecule-1 (DNAM-1) is reportedly involved in human HCC lysis
by Vy9Vs2 T cells [35]. In the present study, although we demon-
strated that HCC cell lines were less susceptibility to NK lysis
than MHC-devoted cell line K562, we found that blocking of
ULBP1 only partially decreased the susceptibility of Hep3B cell
line. Therefore, it should be noted that involvement of NK cell
receptors other than ULBP1 remains to be further investigated.

Although up-regulation of NKG2D ligands on transformed
cells has been shown to be an important mechanism for sensing
changes associated with transformation, a number of mecha-
nisms by which cancers could evade NKG2D-mediated immune
responses have been proposed. Although MICA/B are expressed
on a subset of human HCCs and have been shown to play an
important role in NK lysis against HCC cell lines [18,32,33], sMICA
has been shown to be present in sera of patients with advanced
HCC and might serve as a factor enabling tumors to evade
immune surveillance [19]. Moreover, Kohga et al. have reported
that therapeutic intervention for HCC can reduce the levels of
SMICA and thereby up-regulate the expression of NKG2D [36].
Recently, Kohga et al. have also demonstrated that ADAMY is
involved in MICA shedding in HCC cells, and that a unique mult-
itargeting kinase molecule, sorafenib, can modulate ADAM9
expression [20]. Thus, cancer therapy may have a beneficial effect
on the NKG2D-mediated anti-tumor immune response. Although
MICA shedding is thought to be one of the principal mechanisms
by which tumor cells can escape NKG2D-mediated immunosur-
veillance, it has recently been shown that ULBP1 is shed at only
relatively low levels [37]. Taken together, the data suggest that
loss of ULBP1 expression not caused by shedding is also an
important mechanism of immune-evasion by tumors.

There has been a growing interest in the role of proteasomes
in malignant diseases, and proteasome inhibitors now represent
a promising new class of anticancer agent for different types of
tumors, including HCC [38,39]. The ubiquitin-proteasome system
(UPS) plays a key role in many processes important for cellular
homeostasis, such as regulation of the cell cycle, apoptosis, recep-
tor signaling, and endocytosis [38]. Among the multiple roles for
the UPS in the pathogenesis of HCC, proteasome regulation of
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NKG2D ligand expression has already been suggested. Armeane
et al. have reported that the proteasome inhibitors MG132 and
Bortezomib increased MICA/B expression in HCC cell lines, but
that ULBP1-3 remained undetectable [29,30]. Contrary to their
report, we found that MG132 was also able to upregulate the
expression of ULBP1 in HCC cell lines, even in a poor-HCC cell line
whose ULBP1 expression was significantly decreased. The reason
for this inconsistency still remains unclear, as Armeane et al. did
not present any data for the expression of ULBP1-3 protein
[29,30]. However, those results suggest that, as well as inhibiting
tumor cell proliferation, proteasome inhibitors may also enhance
NKG2D-mediated antitumor immunity against HCC. Interest-
ingly, Neo et al. have demonstrated that the 20S proteasome
genes showed the most remarkable increase of expression in
the UPS pathway in HCC tumors, and it can be speculated that
overexpression of the proteasome subunit could be a crucial step
in the malignant transformation of hepatocytes [39]. Consistent
with these results, we demonstrated overexpression of the 20S
proteasome in HCCs, and showed that this was markedly more
pronounced in poor-HCC than in well- and mod-HCCs. Taken
together with the results obtained using the proteasome inhibi-
tor, we conclude that loss of ULBP1 expression in poor-HCCs is
induced by overexpression of proteasomes, although the mecha-
nism involved remains to be further investigated.

In conclusion, we have demonstrated for the first time that
ULBP1 is predominantly expressed at the early stage of hepato-
cyte transformation (DN} to mod-HCCs, and that loss of ULBP1
expression is significantly associated with early recurrence after
hepatic resection. These results suggest that loss of ULBP1
expression may result in a deficiency of NKG2D immune surveil-
lance, thus contributing to the early recurrence of HCC. Our
results obtained using a proteasome inhibitor to enhance NKG2D
ligand expression in vitro have provided an alternative mecha-
nism of proteasome inhibitor for HCC.
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Japanese case of Budd-Chiari syndrome due to hepatic vein
thrombosis successfully treated with liver transplantation

Tomohiro Iwasaki,' Hirokazu Kawai,* Koushi Oseki," Tadayuki Togashi," Kazuhiko Shioji,"
Satoshi Yamamoto,? Yoshinobu Sato,? Kenji Suzuki,' Ken Toba,® Minoru Nomoto,’

Katsuyoshi Hatakeyama? and Yutaka Aoyagi'
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A 22-year-old Japanese woman was found to have severe
esophageal varices and then suffered from hepatic encepha-
lopathy. She was diagnosed with Budd-Chiari syndrome (BCS)
due to hepatic vein (HV) thrombosis accompanied by portal
vein thrombosis without inferior vena cava (IVC) obstruction.
Latent myeloproliferative neoplasm {(MPN) lacking the JAK2-
V617F mutation was considered to be the underlying disease.
Liver transplantation was strikingly effective for treating
the clinical symptoms attributable to portal hypertension.
Although thrombosis of the internal jugular vein occurred due
to thrombocythemia, which manifested after transplantation
despite anticoagulation therapy with warfarin, the thrombus
immediately disappeared with the addition of aspirin. Neither
thrombosis nor BCS has recurred in more than 4 years since
the amelioration of the last thrombotic event, and post-
transplant immunosuppression with tacrolimus has not

accelerated the progression of MPN. In Japan, IVC obstruc-
tion, which was a predominant type of BCS, is suggested to
have decreased in incidence with recent improvements in
hygiene. The precise diagnosis of BCS and causative underly-
ing diseases should be made with attention to the current
trend of the disease spectrum, which fluctuates with environ-
mental sanitation levels. Because the stepwise strategy,
including liver transplantation, has been proven effective for
patients with pure HV obstruction in Western countries, this
strategy should also be validated for utilization in Japan and
in developing countries where HV obstruction potentially
predominates.

Key words: Budd-Chiari syndrome, hepatic vein
thrombosis, liver transplantation, myeloproliferative
neoplasm, tacrolimus

INTRODUCTION

UDD-CHIARI SYNDROME (BCS) is a heteroge-

neous disorder consisting of various underlying dis-
eases with a common feature of hepatic venous outflow
obstruction. This obstruction involves hepatic veins
(HVs), inferior vena cava (IVC) and/or the right atrium
in the outflow tract. The vulnerable site in the outflow
tract is closely related to the etiology, with geographical
variations."* IVC obstruction, particularly so-called
membranous obstruction of IVC (MOVC), with unde-
fined causes has been found to be the most frequent
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type and etiology of BCS in Japan and developing coun-
tries, such as Nepal, South Africa, India and China.-®
Although MOVC was previously thought to be a con-
genital vascular malformation, it has been proven to be
a sequela of IVC thrombosis.® In contrast, HV thrombo-
sis caused by prothrombotic states due to certain dis-
eases (mostly hematological disorders) is common in
Western countries.?

Herein, we report a Japanese case of BCS due to HV
thrombosis with possible latent myeloproliferative neo-
plasm (MPN), which has been regarded as a rare pattern
in Japan, which was successfully treated with liver trans-
plantation.

CASE REPORT

HE PATIENT WAS a 22-year-old Japanese woman
with no personal or family history of liver diseases
or hematological abnormalities. In March 2006, the
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Figure 1 Contrast-enhanced abdominal computed tomography before liver transplantation. (a-f) A liver deformity with enlarge-
ment of the caudate lobe accompanied by huge splenomegaly and esophageal varices is shown. Extensive collateral veins (arrow
heads) within the liver flowed into inferior vena cava, primarily through the right inferior hepatic vein. (f) The distal left hepatic
vein (open arrow) was confluent with the collaterals, and the original middle and right hepatic veins were not revealed. (e, f)
Thrombosed portal vein (closed arrows) is shown.

patient visited a gynecology clinic with a complaint of
amenorthea continuing for 6 months without preg-
nancy, and she received oral medications containing
estrogen and progesterone for 10 days. However, the
symptom did not improve, and she was referred to
another hospital in April 2006. Contrast-enhanced
abdominal computed tomography (CT) depicted a liver
deformity with enlargement of the caudate lobe accom-
panied by huge splenomegaly (Fig. 1a~f). The distal left
hepatic vein was confluent with collateral veins within
the liver, and the original middle and right hepatic
veins were not revealed (Fig. la-f). Portal vein (PV)
was occluded with thrombus (Fig. lef). An upper
gastrointestinal endoscopy showed severe esophageal
varices (Fig. 2a). One month later, she was referred
and admitted to our hospital for further workup and
treatment.

At admission to our hospital, hepatic encephalopathy
was absent. Hepatomegaly and marked splenomegaly
with mild tenderness were observed. Ascites, edema of
the lower extremities, palmar erythema and vascular
spiders were absent. A summary of the laboratory tests is

© 2011 The Japan Society of Hepatology

shown in Table 1. The peripheral blood cell counts were
within the normal range. Liver function tests showed a
slight elevation of liver enzymes, although all of the
serological markers for viral hepatitis type B and C,
autoimmune liver diseases and metabolic liver diseases
were negative. The prothrombin time-international nor-
malized ratio was high, and the protein S antigen level
was decreased; however, indicators for the activation of
coagulation and fibrinolysis, such as fibrin degradation
products, were not increased. An abdominal ultrasonog-
raphy revealed HVs appearing with a hyperechogenic
cord-like structure, which implied obstruction with
thrombus (Fig. 2b). An abdominal angiography demon-
strated extensively developed collateral veins that
flowed into IVC through the right inferior hepatic vein
or extrahepatic veins instead of innate HVs (Fig. 2¢,d).

- Meanwhile, IVC was only compressed by the caudate

lobe, without membranous obstruction or thrombus
(Fig. 2e). PV occlusion with a cavernous transformation
and the dilated left gastric vein was apparent (Fig. 2f).
The series of imaging studies indicated BCS due to HV
thrombosis without IVC obstruction, which was super-
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Figure 2 Imaging studies before liver transplantation. (a) Upper gastrointestinal endoscopy showed severe esophageal varices. (b)
Abdominal ultrasonography revealed hepatic veins appearing with a hyperechogenic cord-like structure (arrows). Abdominal
angiography demonstrated (c) extrahepatic collateral veins, such as the inferior phrenic vein and the ascending lumber vein, instead
of innate hepatic veins (d) extensively developed collateral veins flowing through the right inferior hepatic vein in the liver (e)
inferior vena cava compressed by the caudate lobe without membranous obstruction or thrombus and (f) occluded portal vein with
cavernous transformation and the dilated left gastric vein.

imposed by PV thrombosis. We then suspected MPN as
the underlying etiology because cytopenia was absent
in the peripheral blood, despite huge splenomegaly.
Although the JAK2-V617F mutation was not detected, a
bone marrow biopsy showed compatible findings with
an early stage of MPN, which comprised moderate cel-
[ularity and an increased number of megakaryocytes
without fibrosis. A definite diagnosis of MPN, however,
could not be made because the results did not fulfill the
WHO diagnostic criteria.’®

After admission, hepatic encephalopathy developed
with an increase in blood ammonia to more than
200 pg/dL, and oral intake of kanamycin and lactulose
was started. Because both the severe esophageal varices
and hepatic encephalopathy were caused by prominent
portal hypertension due to HV obstruction complicated
by PV occlusion, the symptoms were likely to be refrac-
tory to medications or endoscopic therapies. A radical
treatment for the basal pathophysiology was needed to
improve the symptoms; therefore, a living donor liver
transplantation and splenectomy were performed in

October 2006. The pathological examination of the
explanted liver revealed HV thrombosis with well-
developed collateral veins and sinusoidal dilatation
(Fig. 3a,b), which suggested BCS. The extramedullary
hematopoiesis (Fig. 3c), which was compatible with
MPN, was shown within the liver. In addition, a dys-
plastic nodule was detected (Fig. 3d), although it had
not been recognized on the CT prior to the operation.
After transplantation, the esophageal varices and
hepatic encephalopathy disappeared, and the ammonia
level was normalized. The patient received immuno-
suppression with tacrolimus throughout the post-
transplantation course. The immunosuppression has
not developed rejection nor accelerated the progression
of MPN. Furthermore, warfarin therapy was initiated to
prevent thrombosis due to thrombocythemia of more
than 100 x 10*/pL, which occurred and persisted after
the operation. Although thrombosis of the left internal
jugular vein occurred 3 months after the operation
despite anticoagulation, the thrombus immediately dis-
appeared with the additional use of aspirin. Neither
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Table 1 Laboratory data on admission

Hepatology Research 2012; 42: 213-218

White blood cell 7280
Neutrophil 62.0
Basophil 2.0
Eosinophil 6.0
Lymphocyte 25.5
Monocyte 4.5

Red blood cell 558 x 10*

Hemoglobin 14.5

Hematodarit 44.8

Platelet 31.4x10*

PT-INR 1.46

APTT 40.1

FDP 1.0

D-dimer 0.5

Protein C antigen 78

Protein $ antigen 63

HBs-antigen &)

Anti-HBc =)

Anti-HCV =)

/uL
%

%
%

%
%
/uL
g/dL
%
/uL

sec
Hg/mL
ug/mL
%

%

Total protein 7.5 g/dL
Albumin 5.2 g/dL
BUN 10 mg/dL
Creatinine 0.6 mg/dL
Total-Bilirubin 2.3 mg/dL
Direct-Bilirubin 0.4 mg/dL
AST 41 /L
ALT 38 IU/L
LDH 348 mg/dL
ALP 460 Ig/L
y-GTP 77 /L
Ammonia 49 pg/dL
Fe 63 ug/dL
Ferritin 9 ng/mL
Antinudear antibody =)

Lupus anticoagulant )

Anti-DNA antibody =)

JAK2-V617F -

v-GTP, y-glutamyltranspeptidase; ALP, alkaline phosphatase; ALT, alanine aminotransferase; APTT, activated partial thromboplastin
time; AST, aspartate aminotransferase; BUN, blood urea nitrogen; FDP, fibrin and fibrinogen degradation product; HBc, hepatitis B core;
HBs, hepatitis B surface; HCV, hepatitis C virus; LDH, lactate dehydrogenase; PT-INR, prothrombin time-international normalized ratio.

© 2011 The Japan Society of Hepatology

Figure 3 A pathological examination
of the explanted liver (hematoxylin and
eosin staining). (a) Hepatic veins were
occluded by thrombosis (arrows) with
developed collateral veins (original
magnification x20). (b) Sinusoids were
dilated with thrombosis of hepatic
veins (original magnification X200). (c)
Precursor cells, including megakaryo-
cytes (arrow), erythroblasts and myelo-
blasts, were present, which indicated
extramedullary hematopoiesis (original
magnification x400). (d) A dysplastic
nodule was observed (original magnifi-
cation x200).
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thrombosis nor BCS has recurred in more than 4 years
since the amelioration of the last thrombotic event, even
with thrombocythemia remaining at a consistently high
level.

DISCUSSION

N JAPAN AND developing countries, IVC obstruction

was previously the major type of BCS."*** The fre-
quencies of IVC obstruction and HV obstruction
without IVC obstruction were 93.0% and 5.7%, respec-
tively, in 1989, according to a nation-wide survey in
Japan.! However, a decrease in IVC obstruction in India
was recently reported by Amarapurkar et al.; the fre-
quencies of IVC obstruction, MOVC and HV obstruction
were 16%, 4% and 59%, respectively.'! This change in
the BCS spectrum in India might be related to recent
improvements in hygiene, because unsanitary environ-
ments are considered to be responsible for IVC obstruc-
tion.’? A similar trend has possibly appeared in Japan, as
has been suggested in a few reports,®® and the affected
site that was confined to HV in the present case might
reflect this current trend. It is crucial to understand the
latest characteristics of BCS for an accurate diagnosis
because an antiquated disease profile might lead to
neglecting BCS with intact IVC in differential diagnoses
for Japanese patients.

A precise diagnosis of MPN as an underlying disease
of BCS is important for preventing additional throm-
botic events. Unfortunately, the diagnosis of MPN coex-
isting with BCS is difficult because peripheral blood cell
counts do not increase due to hypersplenism, hemodi-
lution or iron deficiency in most patients.’*** As shown
in recent reports, the JAK2-V617F mutation, which is
thought to play a causative role in the pathogenesis of
MPN, is useful for diagnosing classical Philadelphia-
negative MPN, even in BCS patients.*'* However,
JAK2-V617F is not an absolute determinant for MPN
diagnosis because the mutation is absent in approxi-
mately half of the patients with either essential throm-
bocythemia or primary myelofibrosis.!*?” Indeed,
despite lacking JAK2-V617F, MPN was strongly sug-
gested through other hematological examinations and
clinical manifestations in the present case. Thus, the
diagnosis of MPN in BCS patients should be made not
only by a JAK2-V617F mutation test but also by an
overall hematological assessment, including clinical
symptoms and a bone marrow biopsy.

European expert panels have elaborated a stepwise
strategy for BCS, outlined as follows: (i) anticoagula-
tion, treatment of the underlying condition and

Japanese BCS with hepatic vein thrombosis 217

symptomatic treatment for complications of portal
hypertension; (ii) angioplasty/stenting; (iii) transjugular
intrahepatic portosystemic shunt; and (iv) liver trans-
plantation.’®® This graded approach enabled us to
rationally select the appropriate treatment method.
Before the transplantation, we skipped the early steps of
the BCS treatment strategy because of the potential risk
of variceal hemorrhage with anticoagulation therapy
and no accessible veins deserving recanalization or
shunting with interventional radiology. We eventually
performed a successful liver transplantation without any
critical complications. Because the stepwise strategy has
been proven effective in patients with pure HV obstruc-
tion in Western countries,” the strategy should be also
validated for use in Japan and developing countries
where HV obstruction potentially predominates.
Excellent outcomes of liver transplantation for BCS
were demonstrated in a national registry analysis in the
US (the 3-year survival of 84.9% in the model for the
end-stage liver disease era)*! and in a European registry
survey (the 5-year survival of 71.4%).” The European
survey did not clarify the impact of underlying diseases
on the outcome, whereas the results indicated the poor
outcome of patients with recurrence of venous throm-
bosis at various sites (mortality of 40.7%).2 Thus, pre-
venting recurrent thrombosis is critical for a positive
outcome, regardless of the underlying diseases. A favor-
able effect of hydroxyurea with anticoagulation for
thrombosis after liver transplantation has been sug-
gested in patients with MPN.? In the present case, the
addition of aspirin on anticoagulation with warfarin
improved post-transplantation thrombosis. If throm-
botic events recur or thrombocythemia deteriorates, we
must consider further treatment with hydroxyurea,
regardless of whether overt MPN develops or not.
Potential liver transplant candidates with pre-existing
malignancies pose a risk for recurrence or tumor pro-
gression with the long-term immunosuppression that
accompanies transplantation. Saigal et al. assessed the
outcome of six MPN cases presenting as BCS who under-
went liver transplantation and received subsequent
immunosuppression with calcineurin inhibitors during
a median follow-up of 71 months.?* Of these cases, one
patient with polycythemia vera developed acute leuke-
mia 72 months after transplantation that resulted in
death. The authors regarded this leukemic transforma-
tion as the natural history of the disease rather than an
effect of immunosuppression because of a 14-year
history after the primary diagnosis of MPN. Further-
more, Bahr et al. found no progression to acute leuke-
mia in 21 transplanted patients with MPN during a

© 2011 The Japan Society of Hepatology
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mean follow-up of 8.5 years.?” Post-transplant immuno-
suppression with tacrolimus did not accelerate MPN
progression also in our case. These data suggest no sub-
stantial impact of immunosuppression on the course of
MPN in patients transplanted for BCS. However, only
limited data are available, and a larger scale investiga-
tion is needed to be conclusive.

In conclusion, we report on a Japanese case of BCS
due to HV thrombosis with possible latent MPN that
was successfully treated with liver transplantation. It is
necessary to recognize the current disease spectrum of
BCS and to establish treatment strategies corresponding
to the types or severity of the venous obstruction for
optimal management of BCS.
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