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Figure 7. HCC Growth Depends on Auto-
crine IL-6 Production

(A) HCC cells (dih10) were transduced with lenti-
viruses containing scrambled or IL-6-specific
shRNA. IL.-6 mRNA was analyzed by qRT-PCR.
(B) Dih10 cells (1.2 x 105 transduced as above
were i.s. injected into MUP-uPA mice that were
analyzed 6 months later for HCC development (n =
3; £ SEM).

(C) HePCs from WT and /6=~ mice were injected
(1 x 10* cells/mice) into MUP-uPA mice and
analyzed 5 months later for HCC development (n =
5; + SEM).

(D) HcPCs isolated from DEN-treated WT mice
were transduced with shRNA against IL-6 or
scrambled shRNA, cultured for 3 to 4 days, i.s.
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(Duncan et al., 2009). Notably, GO analysis revealed that many of
the genes whose expression is downregulated in HcPC-contain-
ing aggregates are involved in xenobiotic and organic acid meta-
bolism, characteristics of differentiated hepatocytes. The same
types of genes are also downregulated in HCC. However, final
identification of the origin of HcPC will be provided by ongoing
lineage-tracing experiments.

The Significance of Autocrine IL-6 Expression

Elevated IL-6 was detected in at least 40% of human HCCs,
where it is expressed by the cancer cells (Soresi et al., 2006).
More recent studies have confirmed upregulation of IL-6 in hu-
man HCC and suggested that it plays a central role in a gene
expression network that drives tumor development (Ji et al.,
2009). Elevated IL-6 was also found in viral and alcoholic hepa-
titis and liver cirrhosis, but in these conditions, IL-6 is expressed
mainly by myeloid cells/leukocytes rather than parenchymal
cells (Deviere et al., 1989; Kakumu et al., 1993; Soresi et al.,
2006). Our studies indicate that the critical site of IL-6 expression
shifts from myeloid cells to epithelial cells during the course of
DEN-induced liver tumorigenesis. Initially, DEN administration
rapidly induces IL-6 in Kupffer cells through NF-«kB activation

Non-tumor Dysplasia

analyzed in 25 needle biopsies of dysplastic nod-
ules, and representative positive specimens (n = 4)
are shown. The dysplastic nodules and paired
nontumor tissue were obtained from the same
HCV-infected patient (n = 25). Nontumor tissue
of metastatic liver cancer was used as normal
control.

See also Figures S6 and S7.

(Maeda et al., 2005). This initial surge in IL-6 is required for
DEN-induced hepatocarcinogenesis (Naugler et al., 2007).
Although IL-6 decays within 2 weeks of DEN administration, it re-
appears several months later, but at that time, it is expressed
within FAH. IL-6 expression is also elevated in isolated HcPCs
and is maintained in fully transformed HCC cells. Furthermore,
autocrine IL-6 is important for HcPC to HCC progression and
for tumorigenic growth. Autocrine IL-6 in both HcPC and HCC
cells depends on elevated expression of LIN28, an RNA-binding
protein that exerts its protumorigenic activity through down-
regulation of Let-7, an miRNA that inhibits IL-6 expression
(Viswanathan and Daley, 2010). Accordingly, HcPCs exhibit
downregulation of both Let-7f and Let-7g, and elevated LIN28
is found not only in isolated HcPCs but also within FAH and
human HCV-induced dysplastic lesions.

A similar LIN28-Let-7-IL-6 epigenetic switch is important for
in vitro programming and maintenance of cancer stem cells
(lliopoulos et al., 2009). IL-6 also induces malignant features in
human ductal carcinoma stem cells (Sansone et al., 2007). In
fact, autocrine IL-6 signaling was suggested to play a key role
in STAT3-dependent tumor progression (Grivennikov and Karin,
2008). Another miRNA-driven autoregulatory circuit involved in
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hepatocarcinogenesis accounts for elevated IL-6R expression
(Hatziapostolou et al., 2011). Yet, HcPC-containing aggregates
also express several other STAT3-activiting cytokines and re-
ceptors. Accordingly, silencing or ablation of IL-6 results in
incomplete inhibition of HcPC to HCC progression. Nonetheless,
our results demonstrate that autoregulatory circuits/epigenetic
switches play an important role in the very early stages of tumor-
igenesis. Given that such circuits are already activated in prema-
lignant cells, pharmacological agents that disrupt their function
may be useful in cancer prevention. Prevention is of particular
importance in cancers such as HCC, which is often detected
at a stage that is refractory to currently available therapeutics.

EXPERIMENTAL PROCEDURES

Mice, HCC Induction, HcPC Isolation, and Transplantation

MUP-uPA transgenic mice (Weglarz et al., 2000) were maintained on a pure
BL/6 background. Because homozygous females frequently die when preg-
nant, MUP-uPA heterozygotes were generated by backcrossing homozygous
MUP-uPA males with BL/6 females to be used as recipients for hepatic trans-
plantation. Tak72™P (Inokuchi et al., 2010) and /6™ (Quintana et al., 2013)
mice were also in the BL/6 background. /6°"P mice were generated by
crossing 1167 and Alb-Cre mice. C57BL/6 actin-GFP mice were from the
Jackson Laboratories. BL/6 mice were purchased from Charles River
Laboratories.

To induce HCC, 15-day-old mice were injected i.p. with 25 mg/kg DEN
(Sigma). A pool of DEN-injected BL/6 mice was maintained and used in
most experiments. Hepatocytes were isolated using a two-step procedure
(He et al., 2010). Cell aggregates were isolated by filiration through 70 and
40 pm sieves. To disperse the aggregates into single cells, they were subjected
to gentle pipetting in Ca/Mg-free PBS on ice. Single-cell suspensions of aggre-
gated and nonaggregated hepatocytes were transplanted via an i.s. injection
into 21-day-old male MUP-uPA mice (He et al., 2010). Alternatively, single-
cell suspensions of aggregated hepatocytes were enriched for CD44* HcPC
using magnetic beads. As few as 100 viable CD44* cells mixed with 1 x 10°
normal hepatocytes from normal males were transplanted into MUP-uPA
mice. Alternatively, BL/6 mice were pretreated with retrorsine (70 mg/kg i.p.)
(Sigma), a cell-cycle inhibitor, 1 month prior to transplantation. Transplanted
mice were allowed to recover for 1 week and then injected weekly with 3x
0.5 ml/kg CCl, i.p. to induce liver injury and hepatocyte proliferation (Guo
et al., 2002). Mice were sacrificed 5 to 6 months later, and tumors bigger
than 1 mm in diameter on the liver surface were counted. Tumors bigger
than 5 mm across were dissected for biochemical and molecular analyses.
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Hepatocellular carcinoma (HCC) is a threat to public health worldwide. We previously identified the
association of a single nucleotide polymorphism (SNP) at the promoter region of the MHC class I
polypeptide-related sequence A (MICA) gene with the risk of hepatitis-virus-related HCC. Because this SNP
affects MICA expression levels, regulating MICA expression levels may be important in the prevention of
HCC. We herein show that the microRNA (miR) 25-93-106b cluster can modulate MICA levels in HCC
cells. Overexpression of the miR 25-93-106b cluster significantly suppressed MICA expression. Conversely,
silencing of this miR cluster enhanced MICA expression in cells that express substantial amounts of MICA.
The changes in MICA expression levels by the miR25-93-106b cluster were biologically significant in an
NKG2D-binding assay and an in vivo cell-killing model. These data suggest that the modulation of MICA
expression levels by miRNAs may be a useful method to regulate HCCs during hepatitis viral infection.

Although multiple major risk factors have been identified, such as genetic factors, environmental toxins,
alcohol abuse, obesity, and metabolic disorders®, infection with hepatitis virus B (HBV) or C (HCV)
remains the major etiological factor for HCC'.

Disease progression in HBV-induced or HCV-induced HCC is a multistep phenomenon. The clinical out-
comes vary among individuals"** because disease progression is influenced by both environmental and genetic
risk factors. In terms of genetic susceptibility factors for HCV-induced HCC, we previously identified a single
nucleotide polymorphism (SNP) site in the 5'-flanking region of the MICA gene on 6p21.33 (rs2596452) that is
strongly associated with progression from chronic hepatitis C to HCC®. Individuals with the risk allele A of
1s2596452 showed lower serum MICA protein levels®. Our subsequent study revealed that the same SNP site was
also significantly associated with the risk of HBV-induced HCC?®. However, interestingly, the risk allele was G in
cases of HBV infection, which differed from HCV infection, and the individuals with the risk allele showed
increased MICA protein expression levels®. Despite the different risk alleles at the same SNP site and inverse
association between serum MICA levels and HCC risks in these two etiologies, MICA protein expression levels
are significantly associated with susceptibility to HCC in chronic hepatitis viral infection.

MICA is highly expressed on viral-infected and cancer cells and acts as a ligand for NKG2D to activate the
antitumor effects of natural killer cells and CD8 T cells”®. This NKG2D-mediated tumor rejection is considered to
be effective in the early stages of tumor growth®!. Thus, the expression levels of MICA on the tumor cell surface
may determine the antitumor efficacy, and the levels of shedding MICA in serum may act as a decoy of NKG2D to
avoid tumor rejection.

Although several stress pathways regulate the transcription of the MICA gene'", cellular microRNAs are
suggested to control MICA protein expression via post-transcriptional mechanisms'*">. Recently, nucleic-acid-
mediated gene therapy has been undergoing clinical trials'. Therefore, to target the clinical application of our
GW AS results toward prevention of chronic-hepatitis-infection-induced HCC by nucleic-acid-mediated therapy,
we determined the regulatory mechanisms of MICA protein expression using miRNA overexpression and
miRNA functional silencing.

E i epatocellular carcinoma (HCC) is the third most common cause of cancer-related mortality worldwide'.
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experiments are shown. Scale bar, 25 pm.

Results

HCC cell lines differentially express MICA protein. To determine
MICA protein levels in HCC cells, four representative HCC cell lines
(Huh7, HLE, PLC/PRF/5, and Hep3B cells) underwent flow cyto-
metry to evaluate MICA protein expression because no appropriate
antibodies against MICA protein are at present available for western
blotting. HeLa cells, which are known to express MICA protein'’,
were used as a positive control. Hep3B and PLC/PRF/5 cells expre-
ssed substantial MICA protein levels, Huh7 and HLE cells expressed
no MICA protein (Figure 1a). This was confirmed by immunocyto-
chemistry using Huh7 and Hep3B cells, which showed staining
mainly of cell surfaces (Figure 1b). These results suggest that the
MICA protein expression status depends on the cell line examined,
even those from the same organ.

The MiR25-93-106b cluster regulates MICA expression. Because
upregulation of MICA expression was observed in Dicer-knockdown
cells’®, we hypothesized that MICA expression levels may be at least
partly regulated by miRNAs. We initially tested miRNAs that might
affect MICA expression using reporter constructs into which MICA
3’-untranslated region (3'UTR) sequences were cloned and by
transiently overexpressing 76 mature synthetic microRNAs, which
were selected on the basis of their hepatic expression level, as in our
previous studies'*’. Among the microRNAs examined, several may
target MICA 3'UTR (Supplementary Figure 1). Among them, we
focused on miR93 and miR106b, which were considered to target
MICA 3’UTR based partly on the results of our initial miRNA testing
described above; in addition, their possible target sequences were
identified in the MICA 3'UTR sequences by a computational
search using TargetScan 6.0 *. Additional reasons that we focused
on these two miRNAs were as follows: 1) these miRNAs share the
same seed sequences, to which two perfect-match complementary
sequences exist in the 3"UTR of MICA (Figure 2a); 2) the target

sequences are highly conserved among mammals and are thus
likely to be biologically important sites; and 3) these miRNAs are
located as a “miR25-93-106b cluster” on human chromosome
7q22.1, and so they may be expressed together under the same
transcriptional control. We introduced mutations in the first
possible miRNA target sequences of MICA 3'UTR in the reporter
constructs (Supplementary Figure 2a); these sequences have a higher
likelihood to be target sites, as determined by TargetScan. Co-
transfection experiments revealed that reporter activity was sup-
pressed by overexpression of a miR25-93-106b cluster-expressing
plasmid (Figure 2b and Supplementary Figure 2b). The over-
expression of an unrelated miR (let-7g)-expressing plasmid did not
have any significant effects on the reporter activity (Supplementary
Figure 2¢) and the suppressive effect was lost using constructs with
three point mutations in the seed sequences (Figure 2c), suggesting
that miR25-93-106b directly targets these sequences and suppresses
gene expression.

To confirm these effects, we generated HeLa and Hep3B cell lines
that stably expressed the miR25-93-106b-cluster by transducing cells
with miR25-93-106b-cluster-expressing lentiviruses (Figure 2d). As
expected, the expression of the miR25-93-106b-cluster significantly
suppressed MICA protein expression (Figure 2e). However, the
expression levels of endogenous miR93 and 106b were not always
proportional to the levels of MICA protein expression in the cell lines
examined (Supplementary Figure 3). These results suggest that
MICA protein expression can be regulated by miR93 and 106b, but
that its expression is simultaneously endogenously regulated by other
factors (possibly by promoter activities, including epigenetic
changes).

Inhibition of miR25-93-106b function increases MICA protein
expression. To develop methods of enhancing MICA protein
expression levels based on the above results, we examined the
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(b), (c), Cells were co-transfected with pGL4-TK (renilla luciferase as an internal control), Luc-MICA-3"UTRwt (b) or Luc-MICA-3'UTRmut (c), and
either an empty control vector (white bar) or miR25-93-106b-cluster expression plasmid (black bar). Data shows the means * s.d. of the raw ratios
(F/R) obtained by dividing firefly luciferase values with renilla luciferase values of three independent experiments. *p < 0.05. (d), miR93 and miR106b
expression levels in control and stably miR25-93-106b cluster-expressing cells were determined by northern blotting. U6 levels were used as a loading
control. Representative images from two independent experiments are shown. Full-length blot images are available in Supplementary Figure 5.

(e), Suppression of MICA expression by overexpression of miRNA93 and 106b. Flow cytometry assessment of MICA protein expression in control (black
lines) and stably miR25-93-106b cluster-expressing HeLa and Hep3B cells (red lines). Gray-shaded histograms represent the background staining using
isotype IgG. Representative results from two independent experiments are shown.

effects of functional downregulation of miR25-93-106b on MICA
expression. We first performed a reporter assay of transient func-
tional silencing of miR25-93-106b using a construct that produces
mature anti-sense RNAs designed to silence miR25-93-106b func-
tion. As expected, the reporter activities with MICA 3'UTR sequ-
ences were enhanced by the functional silencing of miR25-93-106b
in HeLa, Hep3B, and Huh?7 cells (Figure 3a). However, such effects
were not observed using mutant reporter constructs not targeted by
those miRNAs (Figure 3b), suggesting that the enhancing effects of
the reporter activities were miRNA-dependent. '

Next, HeLa, Hep3B, and Huh?7 cells were stably transduced with a
lentivirus that expresses anti-sense RNAs as described above, and
MICA protein expression levels were determined by flow cytometry.
Consistent with the reporter assay results, MICA protein expression
was increased in HeLa and Hep3B cells by the functional silencing of
miR25-93-106b (Figure 3c). However, in Huh7 cells, which express
no MICA protein in the normal state, silencing of miR25-93-106b
had no effect on MICA protein expression (Figure 3c). These results

suggest that MICA protein expression levels can be regulated by
modulating miRNA function, albeit only if at least a small quantity
of MICA protein is present. In contrast, modulation of miRNA func-
tion does not influence MICA protein expression levels when the
MICA protein is not expressed, but this could be because there are
other forms of regulation at extremely low levels.

MICA protein levels are related to tumor susceptibility to NK
cells. To determine the consequences of the modulation of MICA
protein expression levels by miRNAs, we first determined the bind-
ing ability of NKG2D, a receptor of MICA, using HeLa and Hep3B
cells overexpressing the miR25-93-106b cluster or with silencing of
miR25-93-106b function. As expected, the levels of NKG2D binding
to the cells, theoretically through binding to MICA, were decreased
in HeLa and Hep3B cells overexpressing the miR25-93-106b cluster
(Figure 4a). On the contrary, the levels of NKG2D binding to the cells
were increased in HeLa and Hep3B cells in which miR25-93-106b
function had been silenced (Figure 4b).
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Figure 3 | Silencing of miR25-93-106b cluster enhances MICA expression.

(a), (b), Cells were co-transfected with pGL4-TK (internal control), Luc-

MICA-3'UTRwt (a) or Luc-MICA-3"UTRmut (b), and either an empty control vector (white bar) or plasmid expressing mature anti-sense sequences of
miR25-93-106b cluster (black bar). Data shows the means * s.d. of the raw ratios (F/R) obtained by dividing firefly luciferase values with renilla
luciferase values of three independent experiments. *p < 0.05. (c), Enhancement of MICA expression by expression of anti-sense sequences of the miR25-
93-106b cluster. Flow cytometry assessment of MICA protein expression in control (black lines) and stably mature anti-sense sequences of miR25-93-
106b cluster-expressing cells (green lines). Gray-shaded histograms represent the background staining using isotype IgG. Representative results from

three independent experiments are shown.

Next, to determine whether tumor cells with different miRNA-
induced MICA protein expression levels exhibited differing sus-
ceptibilities to NK-cell-mediated killing in vivo, we performed a
tumor-clearance assay that measures short-term in vivo killing by
NK cells?>. Hep3B control cells, Hep3B cells with miR25-93-106b
cluster overexpression, or Hep3B cells with miR25-93-106b and
HA-tagged MICA overexpression, labeled with fluorescent DiO, were
injected into C57Black6/] mouse tail veins together with an equal
number of HeLa cells labeled with Dil (internal reference control).
After 5 h, surviving Hep3B and HeLa cells in the lungs were enum-
erated by flow cytometry. The number of Hep3B cells that had sur-
vived divided by the number of HeLa cells that had survived
represents the relative killing of Hep3B cells in vivo. As shown by
the in vitro binding assay using NKG2D, the killing rate of Hep3B
cells in which miRNA function had been silenced was higher, and that
of cells overexpressing miRNAs was lower, than that of control cells.
The effects of miRNA overexpression were similar to those obtained
in MICA knocked-down Hep3B cells (supplementary Figure 4).
Additionally, the lower cell-killing rate in Hep3B cells overexpressing
miRNA was antagonized by the co-expression of exogenous MICA
protein (Figure 4c), suggesting that the decreased clearance was
mediated by reduced MICA expression levels secondary to overex-
pression of miRNAs. These results suggest that tumor progression and
invasion can be regulated by expression or silencing of miRNAs in at
least some cells by regulation of MICA expression levels.

Discussion

In this study, we showed that the miR25-93-106b cluster modulates
MICA protein expression by HCC cells. Because our previous GWAS
analyses identified that MICA is the critical gene determining HCC
susceptibility in patients with chronic hepatitis infection®, the

herein-described methods of modulating MICA expression may be
useful for developing novel methods of prevention and therapeutics
against HCCs.

MICA is a membrane protein that acts as a ligand for NKG2D to
activate innate anti-tumor effects through natural killer and CD8*
cells’”. Our previous GWAS study showed that a risk allele at the SNP
in the MICA promoter region was significantly associated with the
susceptibility of HCV-induced HCC as well as with lower serum
MICA levels. Although polymorphisms at the same SNP site were
also associated with HBV-induced HCC, the risk allele determining
the susceptibility of HCC was somehow different from that in HCV-
induced HCC. While the reason why different MICA gene variations
act as risk alleles at the same SNP site between HBV- and HCV-
induced HCC has not been elucidated, it is assumed that changes in
the membrane-bound MICA and soluble MICA levels due to differ-
ences in post-translational processing according to virus type may
affect the risk allele results. In any case, because the importance of the
regulation of MICA expression levels to prevent development of
HCC due to chronic hepatitis viral infection cannot be denied, the
regulation of MICA levels by microRNAs as shown here may be
useful for the development of preventive methods of preventing
HCC development during chronic hepatitis infection.

While several cellular signaling pathways lead to upregulation of
MICA™", we used microRNAs to regulate the expression levels of
MICA in this study. As shown by the results of our GWAS analyses,
which found that the polymorphisms in the promoter region of
MICA are associated with changes in the sMICA levels®, promoter
activities of the MICA gene also have significant effects on MICA
expression levels®. Our results showed that miR93 and 106b express-
ion levels were not always correlated with those of MICA in HCC cell
lines, suggesting that the regulation of MICA expression is not solely
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dependent on miRNAs. In addition, in cells with no endogenous
MICA expression, such as Huh7 cells, modulation of microRNA
expression had no effect on the regulation of MICA expression.
This suggests that at least low-level endogenous expression, which
may be determined by promoter activities, are needed for regulation
by miRNA. Therefore, changes in promoter activities and epigenetic
changes in the MICA gene should also be determined. This will
facilitate application of the regulatory function of miRNAs reported
here.

One class of antisense oligonucleotides, namely locked nucleic
acids, can be used to sequester microRNAs in the liver of various
animals, including humans'®**?. A clinical trial targeting miR-
122 with the anti-miR-122 oligonucleotides miravirsen, the first
miRNA-targeted drug, is underway for the treatment of HCV infec-
tion'®. Thus, nucleic-acid-mediated gene therapy is becoming a
realistic option. Modulation of MICA expression levels by such

nucleic-acid-mediated therapy based on the results presented herein
may also be a promising option for prevention and/or therapy of
HCC.

In summary, we have shown that the miR25-93-106b cluster can
be used to modulate MICA expression levels in HCC cells. Based on
our GWAS results and associated studies, regulation of MICA pro-
tein expression levels is crucial to prevent the development of HCC
during chronic hepatitis viral infection. It is important to identify the
other factors that regulate MICA transcriptional activities as well as
the post-translational processes and their association with suscept-
ibility to HCCs. That said, miRNA regulation of MICA expression as
shown here may facilitate regulation of the host innate immune
system in an HCC-suppressive manner during chronic hepatitis viral
infection.

Methods

Cell culture. The human HCC cell lines Huh7, HLE, PLC/PRF/5, and Hep3B were
obtained from the Japanese Collection of Research Bioresources (JCRB, Osaka,
Japan). The human cervical cancer cell line HeLa was obtained from the American
Type Culture Collection (ATCC, Rockville, MD). All cells were maintained in
Dulbecco’s modified Eagle’s medium supplemented with 10% fetal bovine serum.

Mouse. Experimental protocols were approved by the Ethics Committee for Animal
Experimentation at the Graduate School of Medicine, the University of Tokyo and the
Institute for Adult Disease, Asahi Life Foundation, Japan and conducted in
accordance with the Guidelines for the Care and Use of Laboratory Animals of the
Department of Medicine, the University of Tokyo, and the Institute for Adult Disease,
Asahi Life Foundation.

Flow cytometry. Cells were hybridized with anti-MICA (1:500; R&D Systems,
Minneapolis, MN) and isotype control IgG (1:500; R&D Systems) in 5% BSA/1%
sodium azide/PBS for 1 h at 4°C. After washing, cells were incubated with goat anti-
mouse Alexa 488 (1:1000; Molecular Probes, Eugene, OR) for 30 min. Flow
cytometry was performed and data analyzed using Guava Easy Cyte Plus (GE
Healthcare, Little Chalfont, UK).

Reporter plasmid construction, transient transfections, and luciferase assays. The
reporter plasmid for the analysis of the effects of miRNAs on MICA 3"UTR were
constructed by subcloning the MICA 3'UTR sequences from pLightSwitch-MICA
3UTR (SwitchGear Genomics, Menlo Park, CA) into the pGL4.50 vector (Promega,
Madison, WI) at the Fsel site by the In-Fusion method (Clontech, Mountain View,
CA) to insert the MICA 3"UTR sequences into the 3'-UTR of the firefly luciferase
gene, which was under the control of the CMV promoter. The sequences of the
primers were 5'-CTA GAG TCG GGG CGG CG GCC ATT TCA GCC TCT GAT
GTC AGC-3' and 5'-GTC TGC TCG AAG CGG CCG GCC TGG CCT GAG ACT
CTG TCT TAA-3'. The resultant plasmid (Luc-MICA 3"UTRwt) was used as a
template for the construction of mutant reporter plasmid (Luc-MICA 3'UTRmut),
which carries three point mutations in the seed sequences of miR93 and 106b in the
MICA 3'UTR, itself generated by a Quik Change II XL Site-directed Mutagenesis Kit
(Stratagene, Heidelberg, Germany) according to the manufacturer’s instructions.
Transient transfection and reporter assays were performed as described previously®.

Lentiviral constructs, viral production, and transduction. To generate a neomycin-
resistant miR25-93-106b cluster-expressing lentiviral construct, copGFP in the
pmiRNA25-93-106b cluster-expressing plasmid (System Biosciences, Mountain
View, CA) was replaced with a neomycin resistant gene, which was subcloned from
the pCDH-Neo vector (System Biosciences), at the Fsel site. The primers used were
5'-GCT ACC GCT ACG AGG CCG GCC CAT GAT TGA ACA AGA TGG ATT
GCA-3' and 5'-TCG CCG ATC ACG CGG CCG GCC TCA GAA GAA CTC GTC
AAG AAG GC-3'. To remove the copGFP region from pmiRZIP25-93-106b (System
Biosciences), a construct expressing mature anti-sense sequences of the miR25-93-
106b cluster, sequences coding the GFP gene were removed by excision with Xbal and
Pst] sites followed by connecting the cut ends with annealed oligonucleotides (5'-
CTAGACGCCACCATGCTG CA-3’ and 5'-GCA TGG TGG CGT-3') to maintain
the coding frame and the expression of the downstream puromycin-resistance gene.
To generate HA-tagged MICA protein overexpressing the lentiviral construct, MICA
cDNA was amplified by PCR using a Halo-tag-MICA-expressing plasmid (Promega,
Madison, WI) as a template and cloned into a pCDH-puro vector (System
Biosciences) at the Notl site. The primer sequences used were 5'-ATC GGA TCC
GCG GCC GCA CCA TGT ACC CAT ACG ATG TTC CAG ATT ACG CTA TGG
GGC TGG GCC CGG TC-3" and 5'-AGA TCC TTC GCG GCC GCT TAG GCG
CCC TCA GTG GAG C-3'. Let-7g precursor expressing plasmid was generated by
inserting about 1,000 bp long PCR product around the let-7g genomic region into
pCDH-puro vector using Xbal and Not1 sites. The production and concentration of
lentiviral particles were described previously”. shRNA against MICA-producing
lentiviral particles with puromycin resistant gene were purchased from SantaCruz
Biotechnology (sc-4924-V, Dallas, TX). Cells were transduced with lentiviruses using
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polybrene (EMD Millipore, Billerica, MA). The selections were performed with
400 pg/mL G418 and 2 pg/mL (HelLa) or 6 pg/mL (Hep3B) puromycin.

Immunocytochemistry. Cells on two-well chamber slides were fixed with 4%
paraformaldehyde. Fixed cells were probed with the primary MICA antibody (R&D
Systems) for 1 h after blocking with 5% normal goat serum for 30 min. Cells probed
with the MICA antibody were incubated with the secondary Alexa Fluor 488 goat
anti-mouse antibody (Molecular Probes) for 30 min. Slides were mounted using
VectaShield with DAPI (Vector Labs, Burlingame, CA).

Northern blotting of miRNAs. Northern blotting of miRNAs was performed as
described previously”. Briefly, total RNA was extracted using TRIzol Reagent
(Invitrogen, Carlsbad, CA) according to the manufacturer’s instructions. Ten
micrograms of RNA were resolved in denaturing 15% polyacrylamide gels containing
7 M urea in 1 X TBE and then transferred to a Hybond N+ membrane (GE
Healthcare) in 0.25 X TBE. Membranes were UV-crosslinked and prehybridized in
hybridization buffer. Hybridization was performed overnight at 42°C in ULTRAhyb-
Oligo Buffer (Ambion) containing a biotinylated probe specific for miR93 (cta cct gca
cga aca gca ctt tg) and 106b (atc tgc act gtc age act tta), which had previously been
heated to 95°C for 2 min. Membranes were washed at 42°C in 2 X SSC containing
0.1% SDS, and the bound probe was visualized using a BrightStar BioDetect Kit
(Ambion). Blots were stripped by boiling in a solution containing 0.1% SDS and

5 mM EDTA for 10 min prior to rehybridization with a U6 probe (cac gaa ttt gcg tgt
cat cct t).

miRNA library screening. To screen for miRNAs that target MICA 3'-UTR,
synthetic miRNA mimics and reporter constructs were used as described
previously'**, Seventy-six types of synthetic mature miRNAs that are highly
expressed in the liver® were custom-made (B-Bridge, Tokyo, Japan) and transfected
by RNAi Max (Life Technologies, Carlsbad, CA) into Huh?7 cells in 96-well plates that
had been transfected 24 h before with Luc-MICA 3"UTRwt. The cells were then
incubated for another 24 h. As negative controls, oligonucleotides of artificial
sequences were applied”. The luciferase activities were measured using a GloMax 96
Microplate Luminometer (Promega). The experiments were performed in duplicate.

NKG2D binding assay. Cells were incubated with 4 pg of recombinant human
NKG2D fused to human IgG1 Fc chimera protein. After washing, cells were
incubated with an Alexa488-conjugated affinity purified F(ab’)2 fragment of goat
anti-human IgG (Jackson ImmunoResearch Laboratories, West Grove, PA). As a
negative control, cells were incubated with only Alexa488 anti-human IgG. The
intensity of the fluorescence was determined by flow cytometry.

In vivo cell-killing assay. Hep3B cells and Hela cells were labeled with the
fluorescent dye VybrantDiO and Dil (Molecular Probes), respectively. Cells were
mixed at a density of 2 X 107 in 1-ml PBS, and 200 pl was injected into the tail vein.
Five hours later, lungs were collected, and single-cell suspensions were collected using
a cell strainer. Fluorescence was assayed by flow cytometry, and the ratio of the
experimental Hep3B cells to HeLa cells (internal control) was calculated.

Statistical analysis. Statistically significant differences between groups were
determined using Student’s ¢-test when variances were equal. When variances were
unequal, Welch’s t-test was used instead. P-values of < 0.05 were considered to
indicate statistical significance.
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Fibrosis score consisting of four serum markers
successfully predicts pathological fibrotic stages of chronic

hepatitis B
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Junichi Fukushima,® Fukuo Kondo,’> Toshio Fukusato,® Kazuhiko Koike,* Norio Hayashi® and
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Aim: In order to evaluate and judge a fibrotic stage of
patients with chronic hepatitis B, multivariate regression
analysis was performed using multiple fibrosis markers.

Method: Atotal of 227 patients from seven hepatology units
and institutes were diagnosed by needle biopsy as having
chronic liver disease caused by hepatitis B virus. Twenty-three
variables and their natural logarithmic transformation were
employed in the multivariate analysis. Multiple regression
function was generated from data of 158 patients in one hos-
pital, and validation was performed using the other data of 69
patients from six other hospitals.

Results: After stepwise variable selection, multivariate
regression analysis finally obtained the following function:
z=1.40 x In (type IV collagen 75) (ng/mL) — 0.017 X (platelet
count) (x1000%mm?3) + 1.24 xIn (tissue inhibitor of matrix
metalloproteinase-2) (ng/mL) + 1.19 X In (0-2-macroglobulin)

(mg/dL) — 9.15. Median values of fibrosis scores of F1
(n=73), F2 (n =42), F3 (n=31) and F4 stages (n = 12) were
calculated as 0.95, 2.07, 2.98 and 3.63, respectively. Multiple
regression coefficient and coefficient of determination were
0.646 and 0.418, respectively. Validation with patient data
from other institutions demonstrated good reproducibility of
fibrosis score for hepatitis B (FSB), showing 1.33 in Fi
(n=27), 220 in F2 (n =20), 3.11 in F3 (n = 20) and 5.30 in F4
(n = 2), respectively.

Conclusion: A concise multiple regression function using
four laboratory parameters successfully predicted pathologi-
cal fibrosis stage of patients with hepatitis B virus infection.

Key words: chronic hepatitis, hepatitis B virus, liver
cirrhosis, liver fibrosis, multiple regression analysis, stage

INTRODUCTION

HEN HEPATITIS B virus (HBV)-related chronic
liver disease is found by biochemical and viro-
logical examination, liver biopsy can establish the
definitive diagnosis of chronic hepatitis and its fibrotic
staging. Although these pathological procedures are reli-
able and informative both in diagnosis and treatment,
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they sometimes require medical invasion and financial
costs, including the risk of bleeding from needle punc-
ture, some pain experienced during the procedure and
hospital stays of a few days. The pathological examina-
tion is, therefore, rarely performed repeatedly in a short
period of time, unless disease activity is severe or pro-
gression of liver disease is highly suspected. Recently,
many authors described the usefulness of ultrasono-
graphic elastography and multiple resonance imaging
technology in the estimation of staging of chronic hepa-
titis and cirrhosis.”® These ways of estimation using
the imaging apparatuses seem truly useful for current
patients, but they cannot evaluate and compare with
past fibrotic states of patients retrospectively. Moreover,

© 2012 The Japan Society of Hepatology
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the same apparatus for elastometry will not be available
for repeated measurement for a follow-up examination,
for example, several years later.

In spite of the accuracy of biopsy and convenience of
elastography in chronic liver disease, clinical diagnosis
based on biochemistry and hematology is still indis-
pensable for the daily practice of many patients with
HBV-related liver disease. Recently, several studies were
published about estimation of hepatitis stages, using
one or more serum biomarkers. Discriminant functions
or multivariate analyses demonstrated that approxi-
mately 60-90% of patients with chronic hepatitis B
were correctly classified as having mild hepatitis and
severe hepatitis with advanced fibrosis.*®"* Up to the
present time, however, the usefulness of the discrimi-
nant functions are less valuable for a few reasons. First,
these functions were made for the purpose of discrimi-
nation of severe hepatic fibrosis from mild fibrosis, and
four histological classifications (F1-F4) were neglected
in almost of the studies. Second, some studies analyzed
both hepatitis B and hepatitis C virus infection,
although the significance and actual values of each liver
function test in the evaluation of the severity of liver
disease were not similar among each viral hepatitis and
alcoholic liver disease. Third, biochemical markers for
liver fibrosis (e.g. hyaluronic acid, type IV collagen, pro-
collagen III peptide)'*'¢ were not always included in
those previous studies.

We tried to generate a function estimating fibrotic
stages of HBV-related chronic hepatitis, which were
objectively diagnosed by liver biopsy. The purpose of
this study is, therefore, to make a reliable multiple
regression function and to obtain practical coefficients
for significant variables also using fibrosis markers.

METHODS

Patients

TOTAL OF 273 Japanese patients with chronic
hepatitis B were recruited for the study from seven
hospitals in Japan: Toranomon Hospital, Hiroshima
University Hospital (K. Chayama, M.D.), Ehime Univer-
sity Hospital (M. Onji, M.D.), Musashino Red Cross
Hospital (N. Izumi, MD), Shishu University Hospital (E.
Tanaka, M.D.), Showa University Hospital (M. Imawari,
M.D.) and Osaka University Hospital (T. Takehara,
M.D.). Inclusion criteria for this study were: (i) positive
hepatitis B surface antigen for more than 6 months;
(ii) persistent or intermittent elevation in aspartate
aminotransferase (AST)/alanine aminotransferase (ALT)
levels; and (iii) liver biopsy showing chronic hepatitis

Fibrosis score of hepatitis B 597

(F1-F4). We excluded those patients with overt alco-
holic liver disease or fatty liver, association of other
types of liver disease (e.g. hepatitis C, primary biliary
cirthosis, autoimmune hepatitis), or those associated
with hepatocellular carcinoma or other malignancy.
Among the patients, 244 patients fulfilled the condi-
tions for the study: complete demographic data, basic
laboratory data of hematology and biochemistry,
required liver biopsy specimens, and sufficient amount
of frozen sera. Also, we excluded additional 17 patients
with eventual histological diagnosis as FO stage.

Finally, a total of 227 patients who were diagnosed
as having chronic hepatitis or cirrhosis (F1-F4) were
analyzed for the following hematological, biochemical
and histopathological examination. There were 172
males and 55 females aged 16-70years (median,
39 years).

All the patients presented written informed consent in
individual hospitals and medical centers, and the study
was approved in each ethical committee.

Hematological and biochemical examination

Hematological and standard biochemical evaluation
had been performed in each medical institution: white
blood cells, red blood cells, hemoglobin, platelets, total
bilirubin, AST, ALT, AST/ALT ratio (AAR), y-glutamyl
transpeptidase (y-GIP), total protein, albumin and
v-globulin.

Special biochemical examinations including “fibrosis
markers” were carried out using stored frozen sera at
-20°C or lower: a-2-macroglobulin, haptoglobin
concentration, haptoglobin typing, apolipoprotein A1,
hyaluronic acid, tissue inhibitor of matrix metallopro-
teinase (TIMP)-1, TIMP-2, procollagen III peptide and
type IV collagen 78.

Histological diagnosis of chronic hepatitis
and cirrhosis

All the 227 cases fulfilled required standards of histo-
logical evaluation: sufficient length of specimen,
hematoxylin-eosin staining, and at least one specimen
with fiber staining. Four independent pathologists
(Y. T.. J. F., F. K. and T. F.}, who were not informed of
patients’ background and laboratory features except for
age and sex, evaluated the 227 specimens regarding the
stages of fibrosis and activity. Pathological classification
of chronic hepatitis staging was based on Desmet
et al.’’

Before judgment of histological staging of individual
specimens, the pathologists discussed the objective and
reproducible judgment of pathological diagnosis of

© 2012 The Japan Society of Hepatology
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hepatitis. They made a panel about obvious criteria
using typical microscopic pictures for each stage, and it
was always referred to during the procedure of patho-
logical judgment. When inconsistent results were found
in the diagnosis of hepatitis stage among the patholo-
gists, the final judgment accepted majority rule among
them.

Statistical analysis

Non-parametric procedures were employed for the
analysis of background characteristics and laboratory
data among patients in each stage, including Mann-
Whitney U-test, Kruskal-Wallis test and y*-test.

The normality of the distribution of the data was
evaluated by a Kolmogorov-Smirnov one-sample test.
Because certain variables partly did not conform to a
normal distribution, natural logarithmic transformation
of bilirubin, AST, ALT, y-GIP, o-2-macroglobulin,
hyaluronic acid, type IV collagen 7S and TIMP-2 were
also analyzed in the following calculation. The natural
logarithmic transformation of the results yielded a
normal distribution or symmetrical distribution for all
the analyzed factors. After the procedures, the following
multiple regression analysis became rationally robust
against deviations from normal distribution. In order to
avoid introducing into the model any variables that
were mutually correlated, we checked the interaction
between all pairs of the variables by calculating variance
inflation factors. Of the highly correlated variables, less
significant factors were removed from the viewpoint of
multicollinearity.

Multivariate regression analysis was performed using
158 patient data from Toranomon Hospital (training
dataset) to generate a training data of predicting func-
tion. We used a stepwise method for selection of infor-
mative subsets of explanatory variables in the model.
Multiple regression coefficient and coefficient of deter-
mination were also taken into account in the selection
of variables. Next, we validated the obtained predictive
function using the remaining 69 patient data from the
other six liver institutions (validation dataset).

A P-value of less than 0.05 with two-tailed test was
considered to be significant. Data analysis was per-
formed using the computer program SPSS ver. 19.18

For evaluation of the efficiency and usefulness of
obtained function for fibrosis estimation, we compared
various fibrosis scores for hepatitis B and C, including
AAR,” AST-to-platelet ratio index (APRI),*® FIB-4,*
FibroTest? and discrimination function of cirrhosis
from hepatitis in Japanese patients.”®

© 2012 The Japan Society of Hepatology
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RESULTS

Pathological diagnosis

OUR PATHOLOGISTS INDEPENDENTLY judged
the fibrotic stages and inflammatory activity for 227
specimens of chronic hepatitis/cirrhosis caused by HBV.
One hundred patients (44.1%) had a fibrosis stage of
F1, 62 (27.3%) F2, 51 (22.5%) F3 and 14 (6.2%) F4. In
the subgroup of the 158 patients in the training group,
judgment as F1 was made in 73 cases, F2 in 42, F3 in 31
and F4 in 12. Of the 69 patients in the validation group,
judgment as F1 was made in 27, F2 in 20, F3 in 20 and
F4 in two.
According to hepatitis activity classification, AO was
found in five (2.2%), Al in 100 (44.1%), A2 in 107
(47.1%) and A3 in 15 (6.6%).

Laboratory data of each hepatitis stage in
the training group

There were 124 men and 34 women with a median age
of 39 years ranged 16-70 years. Laboratory data of 158
patients in the training group are shown in Table 1.
Although several individual items were well correlated
with the severity of hepatic fibrosis, significant overlap
values were noted among F1-F4 stages: platelet count,
v-globulin, o-2-macroglobulin, haptoglobin, hyaluronic
acid, TIMP-2 and type IV collagen 78S.

Significant variables serving staging
of hepatitis

Univariate analyses using trend analysis with the
Cochran-Armitage method showed that the fibrotic
stage of chronic hepatitis B (FSB) was significantly
correlated with platelet count (Spearman: r=-0.45,
P<0.001), y-GIP (r=0.19, P=0.017), vy-globulin
(r=0.29, P<0.001), o-2-macroglobulin (r=0.32,
P<0.001), hyaluronic acid (r=0.36, P<0.001),
TIMP-2 (r=0.16, P=0.043), procollagen III peptide
(r=0.30, P<0.001) and type IV collagen 7S (r=0.55,
P <0.001).

Regression function generated from training
patient group

After stepwise variable selection, multivariate regression
analysis finally obtained the following function:
z=1.40x1In (type IV collagen 7S) (ng/mL)-0.017 x
(platelet count) (x1000%/mm?)+1.24 xIn (TIMP-2)
(ng/mL) + 1.19xIn (o-2-macroglobulin) (mg/dL) -
9.15. Median values of the fibrosis score of F1 (n=73),
F2 (n=42), F3 (n=31) and F4 stages (n=12) were
calculated as 0.95, 2.07, 2.98 and 3.63, respectively
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Table 1 Demography and laboratory data of 158 patients in training group

Fibrosis score of hepatitis B 599

F1 (n=73) F2 (n=42) F3 (n=31) F4 (n=12)
Demographics
Men : women 58:15 33:9 23:8 10:2
Age (median, range) 36 (16-70) 39.5 (18-66) 39 (25-64) 43 (32-59)
Laboratory data (median, range)
WBC (x1000/mm?) 5.4 (2.5-10.6) 5.1 (2.4-8.7) 4.9 (3.0-8.7) 4.1 (3.7-6.6)

Hemoglobin (g/dL)
Platelet (x1000/mm?)

15.3 (10.3-18.8)
204 (124-341)

Albumin (g/dL) 4.1(3.2-4.9)
Bilirubin (mg/dL) 0.8 (0.2-1.7)
AST (IU/L) 48 (16-450)
ALT (IU/L) 102 (10-839)
Y-GTP (IU/L) 37 (7-247)
v-Globulin (g/dL) 1.29 (0.78-2.11)

y-Globulin (%)

o-2-Macroglobulin (mg/dL)

17.3 (10.8-26.1)
226 (116-446)

Haptoglobin (mg/dL) 77 (<5-318)
Apolipoprotein A-I {mg/dL) 134 (89-212)
Hyaluronic acid (ug/L) 16 (<5-130)
TIMP-1 (ng/mL) 168 (93-271)
TIMP-2 (ng/mL) 80 (41-135)
Procollagen III peptide (U/mL) 0.75 (0.53-1.90)
Type IV collagen 7S (ng/ml) 4.0 (2.7-7.7)

15.4 (12.5-17.9)
173 (82-308)
4.0 (3.2-5.1)
0.8 (0.3-2.3)

55 (17-588)

90 (12-886)

55 (8-687)
1.495 (0.62-3.20)

19.3 (8.5-35.6)
276 (148-495)

59 (<5-238)

143 (78-250)

32.5 (<5-204)
172 (116-314)

80.5 (35-121)

0.835 (0.45-1.20)
4.6 (2.6-9.6)

15.2 (11.5-17.2)
155 (96-220)
4.0 (3.3-4.9)
0.9 (0.4-5.4)

54 (17-1446)
85 (19-2148)
44 (14-564)

1.43 (0.90-2.30)

19.9 (12.9-28.6)
261 (202-565)
61 (<5-151)
133 (87-189)
38 (<5-418)
157 (119-365)
92 (38-251)

0.89 (0.58-2.50)
5.6 (2.3-15.0)

14.45 (12.1-18.2)
130 (86-230)
3.95 (3.4-4.6)
0.85 (0.6-2.3)
76.5 (27-396)
89 (18-809)
69 (33-262)
1.735 (0.92-2.47)
22.55 (13.9-30.2)
286.5 (166-425)
48.5 (<5-145)
125 (73-169)
49 (24-335)
192 (145-365)
85.5 (70-123)
1.05 (0.71-2.20)
7.2 (4.2-14.0)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; y-GTP, y-glutamyl transpeptidase; TIMP, tissue inhibitor of matrix

metalloproteinase; WBC, white blood cells.

(Fig. 1). The multiple regression coefficient and coeffi-
cient of determination were 0.646 (P<0.001) and
0.418 (P < 0.001), respectively.

Because the generated regression function was
obtained by multivariate analysis with stepwise variable
selection, several variables were removed from the func-
tion due to multicollinearity among them. Mutual cor-
relation among the fibrosis predictors are shown in
Table 2.

A 28-year-old man of F1 fibrotic stage (Fig. 2a) had a
serum type IV collagen concentration of 4.4 ng/mlL,
platelet 221 x 10° count/mm?, TIMP-2 75 ng/mL and
o-2-macroglobulin 226 mg/dL. The regression function
provided a fibrosis score of 0.99. Another man aged
46 years had F3 fibrosis on histological examination
(Fig. 2b). His type IV collagen was 5.3 ng/mlL, platelet
137 x10° count/mm?®, TIMP-2 92 ng/mL and o-2-
macroglobulin 255, and the regression function calcu-
lated his fibrosis score as 3.10.

Validation of discriminant function

Validation data of 69 patients (Table 3) were collected
from the other six institutions in Japan. When applying

241

Fibrosis score of
hepatitis B

5

Fi F2 F3

Histological
N=73 42 31

diagnosis
Figure 1 Box and whisker plots of fibrotic score of each histo-
logical fibrosis group in the training dataset. The fibrosis score
of hepatitis B was generated by the function, z = 1.40 x In (type
IV collagen 7S) (ng/mL) - 0.017 X (platelet count) (x1000%/
mm?®) +1.24xIn (tissue inhibitor of matrix metallo-
proteinase-2) (ng/mL) + 1.19 x In (o-2-macroglobulin) (mg/
dL) - 9.15.

© 2012 The Japan Society of Hepatology
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TIMP, tissue inhibitor of matrix metalloproteinase.
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the regression function for the validation set, the fibrosis
score demonstrated good reproducibility, showing 1.33
in patients with chronic hepatitis of F1 (n=27), 2.20 of
F2 (n=20), 3.11 of F3 (n=20) and 5.30 of F4 (n=2),
respectively (Fig. 3). Although F4 fibrosis stage consisted
of only two patients and the score 5.30 was regarded as
of rather higher value, the scores of other stages of fibro-
sis were concordant with histological fibrosis.

Comparisons of efficacy with various
fibrosis scores (Fig. 4)

In order to evaluate the efficacy and usefulness of the
obtained FSB, we compared it with previously reported
fibrosis scores using training data. AAR, APRI and
FibroTest showed only slight correlation with actual his-
tological stage. FIB-4 demonstrated an increasing trend
of the score associated with histological fibrosis, but
significant overlapping scores were found in F1-F4.
Spearman’s correlation coefficients of AAR, APRI, FIB-4
and FibroTest were 0.199 (P = 0.012), 0.265 (P = 0.001),
0.412 (P<0.001) and 0.330 (P <0.001), respectively.
Our FSB showed a Spearman’s correlation coefficient of
0.625 (P < 0.001), and was a much higher value than the
others. The dichotomous discrimination function for
cirthosis and hepatitis C in Japanese patients® showed
good differentiation also in patients with hepatitis B
virus.

DISCUSSION

ECOGNITION OF SEVERITY of chronic hepatitis is

essential in managing patients with chronic HBV
infection: estimation of length of infection, existence of
any previous hepatitis activity, presumption of current
fibrotic stage, and prediction of future fibrosis progres-
sion and hepatocarcinogenesis. Differential diagnosis of
cirrhosis from chronic hepatitis is especially important
in the evaluation of chronic HBV infection. Identifica-
tion of liver cirrhosis often leads to an important change
in management of the patient: need for fiberscopic
examination for esophageal varices, ultrasonographic
exploration for the association of liver cancer, and pre-
diction of hepatic decompensation. Guidelines pub-
lished by the American Association of Study of Liver
Disease? recommend liver biopsy for HBV carriers with
aminotransferase elevation or for any candidates of anti-
viral therapy, because hepatic fibrosis sometimes shows
unexpectedly far advancement to cirrhosis, and because
it is very difficult to evaluate and translate the liver
function tests or ultrasonographic findings compared to
chronic hepatitis type C.
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Table 3 Demography and laboratory data of 69 patients in training group

Fibrosis score of hepatitis B 601

F1 (n=27) F2 (n=20) F3 (n=20) F4 (n=2)
Demographics
Men : women 18:9 15:5 13:7 2:0
Age (median, range) 36 (13-64) 45 (14-64) 36.5 (24-59) 32 (25-39)
Laboratory data (median, range)
WBC (x1000/mm?) 5.0 (2.8-8.7) 5.8 (2.8-11.6) 5.3 (3.2-8.1) 3.85 (2.7-5.0)

Hemoglobin (g/dL)

Platelet (x1000/mm?)
Albumin (g/dL)

Bilirubin (mg/dL)

AST (1U/L)

ALT (IU/L)

+GIP (IU/L)

¥-Globulin (g/dL)
¥-Globulin (%)
o-2-Macroglobulin (mg/dL)
Haptoglobin (mg/dL)
Apolipoprotein A-I {(mg/dL)
Hyaluronic acid (ng/L)
TIMP-1 (ng/mL)

TIMP-2 (ng/mL)
Procollagen III peptide (U/mL)
Type IV collagen 7S (ng/ml)

14.8 (12.4-17.4)
204 (86-322)
4.4 (2.8-5.2)
0.9 (0.4-6.4)
52 (17-575)
84 (16-1101)
42 (14-332)
1.30 (1.04-1.59)
17.9 (14.3-22.1)
287 (160-687)
58 (<5-229)
146 (95-216)
27 (<5-113)

168.5 (83-302)

76 (25-143)

0.71 (0.27-2.20)

3.6 (2.7-17.0)

15.0 (12.4-16.9)
180 (90-275)
4.2 (3.5-5.1)
0.8 (0.2-1.6)

50.5 (21-272)

101.5 (19-554)
54 (16-205)

1.35 (1.18-2.53)

19.6 (15.5-30.8)
270 (89-452)

74 (<5-154)

137 (87-162)

36 (10-1050)

176 (127-408)

86.5 (28-154)

0.88 (0.63-2.80)

5.25 (3.3-13.0)

14.4 (11.1-16.4)
147 (90-276)
4.3 (3.4-4.9)

0.75 (0.4-1.7)

65 (22-284)

86.5 (16-1113)

52.5 (13-191)

1.62 (1.16-1.97)

22.0 (16.5-24.6)

272.5 (211-463)

56.5 (<5-198)

120 (88-170)
59 (14-439)
182 (104-303)
77.5 (32-141)
0.995 (0.60-2.10)
5.7 (3.0-16.0)

14.4 (12.5-16.3)
130 (67-183)
4.45 (4.0-4.9)
1.15 (1.1-1.2)
248.5 (51-446)
453.5 (74-833)
193 (57-329)
1.545 (1.51-1.58)
20.15 (19.3-21.0)
389 (313-465)
<5 (<5-<5)
100.5 (74-127)
331 (225-437)
390.5 (283-498)
100.5 (91-110)
1.75 (1.50-2.00)
15.5 (15.0-16.0)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; y-GTP, y-glutamy! transpeptidase; TIMP, tissue inhibitor of matrix

metalloproteinase; WBC, white blood cells.

Recently, non-invasive estimation of severity of liver
fibrosis has been reported in patients with HBV-related
chronic hepatitis.>¢-'* However, these studies were prin-
cipally aimed at differentiation of advanced fibrotic
stages of F3 or F4 from mild fibrotic stages of F1 or F2.
Those discrimination functions were insufficient to rec-
ognize the stepwise progression of viral hepatitis from
F1-F4. This dichotomy (mild or severe) of chronic
hepatitis B seemed less valuable in the study of disease
progression, disease control abilities of antiviral drugs
and estimation of histological improvement after anti-
inflammatory drugs. A histology-oriented, practical and
reliable formula is therefore required for the diagnosis
and investigation of chronic hepatitis B.

This study aimed to establish non-invasive evaluation
and calculation of liver fibrosis for patients with chronic
hepatitis B virus infection. Although it was retrospec-
tively performed as a multicenter study of eight
institutions, judgment of histological diagnosis was
independently performed by four pathologists in
another hospital, who were informed only of the
patient’s age, sex and positive HBV infection. Objective
judgment of the histological staging and grading in suf-
ficient biopsy specimens could be obtained.

Figure 2 Case presentations of the training set. (a) A 28-year-
old man with F1 fibrosis. Final regression function provided
his fibrosis score as 0.99. (b) A 45-year-old man with F3 fibro-
sis. His regression coefficient was calculated as 3.10. Silver

stain, x40.
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Fibrosis score of
hepatitis B 5.30

F1 F2 F3
N=27 20 20 2

Histological
diagnosis
Figure 3 Box and whisker plots of fibrotic score of each group
of histological fibrosis in the validation dataset. The fibrosis
score of hepatitis B was generated by the function, z = 1.40 x
In (type IV collagen 7S) (ng/mL) - 0.017 x (platelet count)
(x1000%/mm?) + 1.24 X In (tissue inhibitor of matrix metallo-
proteinase-2) (ng/mL)+1.19 x In (o-2-macroglobulin) (mg/

dL) - 9.15.

As many as 227 patients with chronic hepatitis B were
analyzed in this study, who had been diagnosed as
having chronic hepatitis or cirrhosis by liver biopsy per-
formed in experienced liver units in Japan. To obtain
the most suitable equation approximating histological
fibrotic stage, multivariate analysis was performed using
two demographic parameters (age and sex) and 21 hema-
tological and biochemical markers with or without loga-
rithmic transformation. They included many kinds
of fibrosis markers: a-2-macroglobulin, haptoglobin
concentration, haptoglobin typing, apolipoprotein Al,
hyaluronicacid, TIMP-1, TIMP-2, procollagen IIl peptide
and type IV collagen 7S Multiple regression analysis
finally generated a first-degree polynomial function con-
sisting of four variables: type IV collagen 7S, platelet
count, TIMP-2 and o2-macroglobulin. A constant
numeral (-9.15) was finally adjusted in the regression
equation in order to obtain fitted figures for a fibrotic
stage of F1-F4. From the magnitude of the standardized
partial regression coefficient of individual variable in the
function, platelet count demonstrated the most potent
contribution toward the prediction of liver fibrosis. Type
IV collagen 7S and In (TIMP-2) proved to be the second
and third distinctive power in the model, respectively.

The FSB was sufficiently fitted to actual fibrotic stages
with certain overlapping as is usually found in histologi-
cal ambiguity judged by pathologists. Because judgment
of fibrosis in chronic hepatitis often shows a transitional

© 2012 The Japan Society of Hepatology
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histological staging, pathological examination cannot
always make a clear-cut diagnosis discriminating F1-F4.
Considering the limitation of the pathological difficulty
in differentiating the four continuous disease entities,
the obtained regression function showed satisfactory
high accuracy rates in the prediction of liver disease
severity. The FSB can provide one or two decimal places
(e.g. 3.2 or 3.24) and the utility of the score is possibly
higher than the mere histological stage of F1-F4. The
reproducibility was confirmed by the remaining 67
patients’ data obtained from the other six hospitals.
Although the validation data were collected from a dif-
ferent geographic area and different chronological situ-
ation, the FSB showed similar results in prediction of
histological staging.

The FSB seemed a very useful quantitative marker
in evaluating fibrotic severity of hepatitis B patients
without invasive procedures and without any special-
ized ultrasonography or magnetic resonance imaging.
The FSB also has an advantage of measurement, in
which old blood samples are available for retrospective
assessment of varied clinical settings: for example, old
sera from 20 years prior to the time of initial liver
biopsy, or paired sera before and after long-term antivi-
ral therapy. These kinds of retrospective assessments of
fibrotic staging will be valuable in estimating a long-
term progression of liver disease, in evaluating efficacy
of long-term medication or other medical intervention,
or in making a political judgment from the viewpoints
of socioeconomic efficacy.

The score can be calculated for any patients with
chronic HBV infection. Although this multiple regres-
sion model dealt with appropriate logarithmic transfor-
mation for non-normal distribution parameters, the
regression analysis was based on a linear regression
model. Very slight fibrosis can be calculated as less than
1.00, which is commonly found to a slight degree in
chronic hepatitis with tiny fibrotic change as F0. Very
severe fibrosis might be calculated as more than 4.00,
which is an imaginary and nonsense number in the
scoring system of fibrosis. The FSB is, however, very
useful and valuable in a real clinical setting: estimation
of severity of liver fibrosis in an outpatient clinic, evalu-
ation of the natural progression of a patient’s fibrosis
over 10 years and assessment of a long-term administra-
tion of interferon in patients with chronic hepatitis B
from the viewpoint of fibrotic change. Recent develop-
ment of new nucleoside/nucleotide analogs requires
evaluation for long-term histological advantage, for
aggravation of hepatitis stage during viral and biochemi-
cal breakthrough caused by HBV mutation, and even for
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Discrimination function of
cirrhosis from chronic hepatitis

Figure 4 Previously published fibrosis
scores. (a) Aspartate aminotransferase/
alanine aminotransferase ratio (AAR),"
(b) aspartate aminotransferase-to-
platelet ratio index (APRI),” (c) FIB-4,*
(d) FibroTest” and (e) discrimination

function of cirrthosis from hepatitis in
Japanese patients.?®

the best management of patients with chronic hepatitis
B. The FSB seems one of the ideal methods of approxi-
mating the fibrotic stage of chronic hepatitis B. Repeated
measurement is quite suitable for patients with an
unestablished treatment or trial, every 1 or 2 years, for
example. Because the current regression function was
generated from the data of HBV-related chronic liver
disease, this equation would not be suitable for the
recognition of hepatitis C virus-related chronic liver
disease, alcoholic liver disease, and other congenital or

F1+2+3
N:

146

251

Fa
12

autoimmune liver diseases. To recognize the latter
diseases, other studies of individual diseases must be
performed.

We compared the usefulness of the FSB with that of
other fibrosis scores.’>? The more simple and less
expensive AAR or APRI could not estimate fibrotic stages
with poor correlation coefficients of 0.199 and 0.265,
which are much lower than the coefficient of the FSB of
0.625. FibroTest, which contained three costly fibrosis
markers (a-2-macroglobulin, haptoglobin and apolipo-

© 2012 The Japan Society of Hepatology
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protein A1), also showed a low correlation coefficient of
0.330, suggesting that its usefulness was limited in HBV
positive oriental patients. Although FIB-4 demonstrated
the best coefficient of 0.412 among the fibrosis scores,
significant overlaps were found between neighboring
stages and obtained scores were not coordinated for real
histological classification.

In conclusion, the FSB was a useful and reliable biom-
arker for prediction of liver fibrosis in patients with
chronic HBV infection. The FSB is expected to be intro-
duced and utilized in varied kinds of studies and trials.
Its accuracy and reproducibility require further valida-
tion using higher numbers of patients in several coun-
tries other than Japan.
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The leucine-rich repeat containing G protein-coupled receptor 5 (LGR5), also known as GPR49, is
a seven-transmembrane receptor that is expressed in stem cells of the intestinal crypts and hair
follicles of mice. LGR5 is overexpressed in some types of human cancer, and is one of the target
genes of the Wnt signaling pathway. To explore the function of LGR5 in cancer cells, stable
hepatocellular carcinoma (HCC) cell lines expressing FLAG-tagged LGR5 were established.
Overexpression of LGR5 resulted in changes in cell shape from an extended flat (mesenchymal)
Keywords: phenotype to a round aggregated (stem cell-like) phenotype. Cells transfected with LGR5
LGR5 showed higher colony forming activity, and were more resistant to a cytotoxic drug than cells

GPR49 transfected with empty vector. Overexpression of LGR5 inhibited cell motility. LGR5-transfected
Hepatocellulér carcinoma cells formed nodule type tumors in the livers of immunodeficient mice, whereas empty vector-
Morphology transfected cells formed more invasive tumors. Down-regulation of LGR5 changed the
Motility morphology of HCC cells from the aggregated phenotype to an extended spindle phenotype,
and cell motility was increased. This is the first study reporting the functional role of LGR5 in
the biology of HCC cells, and the results suggest that aberrant expression of LGR5 regulates

epithelial cell phenotype and survival.
© 2012 Elsevier Inc. All rights reserved.
Introduction ankyloglossia {1]. LGR5 deficiency also induces premature differ-

entiation of Paneth cells {2]. Recent studies from the Netherlands
showed that in a mouse model, the homolog of this gene was a
marker of intestinal and hair follicle stem cells. Introduction

The leucine-rich repeat-containing G protein-coupled receptor
5 (LGR5), aliases G protein-coupled receptor 49 (GPR49), FEX,

GPR67, GRP49, HG38, MGC117008, is structurally related to
members of the glycoprotein hormone receptor family. In mice,
deficiency of this gene causes neonatal lethality as a result of

of an adenomatous polyposis coli (APC) mutation into LGR5-
expressing cells increased the incidence of adenomas in mouse
intestinal epithelial cells [3-5].
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