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0.37-0.76) were independently associated with the
presence of severe fibrosis.

Comparison of Variables Associated with the Pres-
ence of Cirrhosis by Univariate and Multivariate
Analysis. Variables associated with the presence of cir-
rhosis were assessed by univariate and multivariate anal-
ysis (Table 3). Age (P = 0.0016), AST (P = 0.016),
GGT (P = 0.0031), bilirubin (2 < 0.0001), 02-MG (P
= 0.019), HA (P < 0.0001), TIMP1 (P < 0.0001),
and AOL/DSA (P < 0.0001) were significantly higher
in the cirrhosis group than in the no cirrhosis group. Al-
bumin (P < 0.0001), cholinesterase (P < 0.0001), cho-
lesterol (P < 0.0001), platelets (P < 0.0001), pro-
thrombin time (P = 0.0004), and MAL/DSA (P <
0.0001) were significantly lower in the cirrhosis group
than in the no cirthosis group. Multivariate analysis
showed that platelets (OR: 0.76, 95% CI: 0.58-0.99)
and MAL/DSA (OR: 0.67, 95% CI: 0.49-0.90) were
independently associated with the presence of cirrhosis.

Evaluation of the Two Glyco-Parameters AOL/
DSA and MAL/DSA for Estimating the Progression
of Liver Fibrosis. To assess the correlation of the two
obtained glyco-parameters with the progression of fi-
brosis, we analyzed the data of tiple lectins from
HISCL measurements on the 183 CHC patients. The
boxplots of AOL/DSA and MAL/DSA in relation to
the fibrosis staging are shown in Fig. 1A,B, respec-
tively. The AOL/DSA values gradually increased with
the progression of fibrosis and Pearson’s correlation ef-
ficient was R = 0.61. On the other hand, the MAL/
DSA values gradually decreased with the progression
of fibrosis and Pearson’s correlation efficient was R =
—0.69. Both parameters fitted the quantification of the
progression of fibrosis from F2 to F4.

LecT-Hepa, Combined with Two Glyco-Parame-
ters, Was Evaluated in the Diagnosis of Significant
Fibrosis, Severe Fibrosis, and Cirrhosis. LecT-Hepa
was calculated using two glyco-parameters (AOL/DSA
and MAL/DSA). The boxplots of LecT-Hepa in rela-
tion to the fibrosis staging are shown in Fig. 2. The
LecT-Hepa values gradually increased with the progres-
sion of fibrosis. Pearson’s correlation coefficient
between LecT-Hepa and liver fibrosis was very high (R
= 0.72), and was superior to those for AOL/DSA (R
= 0.61) and MAL/DSA (R = —0.69). We next exam-
ined AUC to characterize the diagnostic accuracy of
LecT-Hepa at each stage of fibrosis, i.e., significant fi-
brosis (F2/F3/F4), severe fibrosis (F3/F4), and cirrhosis
(F4). For the prediction of significant fibrosis, AUC
(95% CI), sensitivity, specificity, PPV, NPV, LR (+),
and LR (=) of the test were 0.802 (0.738-0.865),
59.6%, 89.9%, 85.7%, 66.7%, 5.89, and 0.45,
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Fig. 1. Boxplot of (A) AOL/DSA, (B) MAL/DSA, and (C) LecT-Hepa
in relation to the fibrosis score. The box represents the interquartile
range. The whiskers indicate the highest and lowest values, and the
dots represent outliers. The line across the box indicates the median
value. Correlation of AOL/DSA, MAL/DSA, and LecT-Hepa was meas-
ured by HISCL with the progression of liver fibrosis. R: Pearson’s corre-
lation coefficient.
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Fig. 2. ROC curves of LecT-Hepa to distinguish between significant fibrosis and no significant fibrosis in patients with chronic hepatitis C (A);
severe fibrosis and no severe fibrosis (B); cirrhosis and no cirrhosis (C). AUC: area under the receiver operating characteristic curve; PPV: positive
predictive values; NPV: negative predictive values; LR (+): positive likelihood ratio; LR (—): negative likelihood ratio.

respectively (Fig. 3A). For the prediction of severe fi-
brosis, AUC (95% CI), sensitivity, specificity, PPV,
NPV, LR (+), and LR (—) were 0.882, 83.3%,
80.0%, 59.7%, 93.1%, 4.17, and 0.21, respectively
(Fig. 3B). For the prediction of cirrhosis, AUC (95%
CI), sensitivity, specificity, PPV, NPV, LR (+), and LR
(—) were 0.929 (0.896-0.976), 84.6%, 88.5%, 58.8%,
97.2%, 7.38, and 0.17, respectively (Fig. 3C).
Comparison of AUC, Sensitivity, Specificity, PPV,
and NPV for Predicting the Diagnosis of Significant
Fibrosis, Severe Fibrosis, and Cirrhosis. ROC curves
of LecT-Hepa, HA, TIMPI, platelets, APRI, Forns
index, Fib-4 index, and Zeng’s score for predicting sig-
nificant fibrosis, severe fibrosis, and cirrhosis were plot-
ted, as shown in Fig. 3A-C. The AUC of LecT-Hepa
for predicting significant fibrosis (0.802) was superior
to HA (0.756), TIMP1 (0.697), platelets (0.729),
APRI (0.777), Fib-4 index (0.747), Forns index
(0.783), and Zeng’s score (0.791). For predicting
severe fibrosis, AUC of LecT-Hepa (0.882) was supe-
rior to HA (0.839), TIMP1 (0.753), platelet count
(0.821), APRI (0.840), Fib-4 index (0.811), Forns
index (0.861), and Zeng’s score (0.863). For predicting
cirthosis, AUC of LecT-Hepa (0.929) was superior to
HA (0.866), TIMP1 (0.783), platelets (0.851), APRI
(0.787), Fib-4 index (0.856), Forns index (0.887), and
Zeng’s score (0.853). Sensitivity, specificity, PPV, and
NPV by eight noninvasive tests and markers are shown
in Table 4. In general, indicators of LecT-Hepa were
superior to other noninvasive tests and markers. Speci-
ficity and PPV used to distinguish significant fibrosis

in LecT-Hepa were superior to those in other tests and

markers, although sensitivity and NPV by LecT-Hepa
(59.6% and 66.7%, respectively) to distinguish signifi-
cant fibrosis were inferior to those in other tests and
markers. When distinguishing severe fibrosis, the cate-
gories of sensitivity (83.3%), specificity (80.0%), PPV
(59.7%), and NPV (93.1%) for LecT-Hepa were supe-
rior to those in other tests and markers, except for
specificity (82.2%) and PPV (61.0%) in HA. When
distinguishing cirrhosis, the categories of sensitivity
(84.6%), specificity (88.5%), PPV (58.8%), and NPV
(97.2%) in LecT-Hepa were superior to those in other
tests and markers, except for sensitivity by HA
(88.5%), Forns index (84.6%), and Zeng’s score
(92.3%) and NPV by Zeng’s score (98.3%).

Discussion

Our results showed that the LecT-Hepa test, calcu-
lated by combining two glyco-parameters (AOL/DSA
and MAL/DSA), had higher sensitivity and specificity
for diagnosing severe fibrosis and cirrhosis compared
to other noninvasive tests and markers for these condi-
tions. The new glyco-marker we have developed is
based on the glyco-alteration on the AGP which is
mainly synthesized in the liver. AGP has been consid-
ered one of the best candidates for glyco-markers in
liver fibrosis or HCC. This is because it is a well-char-
acterized glycoprotein with five highly branched, com-
plex-type N-glycans, whose alteration (e.g., desialyla-
tion, increased branching, and increased fucosylation)
occurs during the progression of liver fibrosis and car-
cinogenesis.”* It has already been reported that an
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Fig. 3. Comparison of ROC curves in the performance of LecT-Hepa, HA, TIMP1, PIt, APRI, Fib-4 Index, Forns index, Zeng's score for the diag-
nosis of significant fibrosis (A), severe fibrosis (B), and cirrhosis (C). ROC: receiver operating characteristic curve; TIMP1: tissue inhibitors of met-

alloproteinases 1; Plt: platelet count; HA: hyaluronic acid.

increased degree of fucosylation was detected in cirrho-
sis patients using a fucose-binding lectin (AAL)-anti-
body sandwich ELISA and an automated analyzer.**
The detection of asialo-AGP using lactosamine-recog-
nition lectin RCA120 has also been reported as an al-
ternative method for finding cirrhosis.”> Meanwhile,

we detected many other aspects of glyco-alteration of
AGP using a multiplex sandwich immunoassay with a
43-lectin microanfay,26 resulting in the selection of
three lectins—MAL, AOL, and DSA—to serve, collec-
tively, as a fibrosis indicator and a signal normalizer.'*

Since two glyco-parameters (AOL/DSA and MAL/
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Table 4. Diagnostic Performance of Biochemical Markers and Scores by Stage of Fibrosis

(F4)

is (FO-3) vs. Cirrh

No Cirrh

No Severe Fibrosis (F0-2) vs. Severe Fibrosis (F3-4)

No Significant Fibrosis (FO-1) vs. Significant Fibrosis (F2-4)

NPV (%)

PPV (%)

Sp (%)

AUC (95% CI) Se (%)

NPV (%)

Sp (%) PPV (%)

AUC (95% CI) Se (%)

NPV (%)

PPV (%)

Sp (%)

Se (%)

AUC (95% Cl)

88.5 58.8 97.2

84.6

0.929 (0.896-0.976)
0.866 (0.790-0.942)
0.783 (0.710-0.887)

80 59.7 93.1
61

83.3

59.6 89.9 85.7 66.7 0.882 (0.830-0.949)
0.839 (0.771-0.908)

6!
6

0.802 (0.738-0.865)
0.756 (0.684-0.827)
0.697 (0.619-0.774)

LecT-Hepa

HA

75.8. 373 96.8

88.5

90.3

82.2

77.1
75

77.8 69.6

78.7

8.1
5.9

74.5 27.8 94.6

80.8

53 88.9

76.3

0.753 (0.665-0.841)

70.4 60.7

71.9

TIMP1

70.7 32.3 95.8

84.6

0.851

(0.785-0.918)
0.787 (0.703-0.871)

70.4 49.4 91.3
0.856 (0.788-0.924)
0.887 (0.831-0.943)

81.3

0.821
(0.751-0.891) .
0.840 (0.780-0.900)
0.811 (0.733-0.889)
0.861 (0.802-0.920)
0.863 (0.799-0.925)

61.9 68.5 735

0.729 78.7
(0.656-0.803)

0.777 (0.709-0.844)
0.747 (0.671-0.818)

Platelets

68.2 27.9 93.9

76.9
7

8
9

91.5

50.6
50
50

72.6

81.3

68.8
68

1.3 71.9 72.2

7
65.9

APRI

37.5 94.1

80.9

3.1
4.6
2.3

89.2

733

77.1

74.7

76.4

Fib-4

36.1 96.7

75.2

91.4

71.1

81.3

775 73.4
75

77.5

73.4

0.783 (0.716-0.852)

Forns
Zeng

36.9 98.3

73.9

0.853 (0.783-0.933)

79.8 59.5 92.8

81.3

79.7

70.7

82.9

0.791 (0.723-0.858)

AUC, area under the ROC curve; Cl, confidence interval; Se, sensitivity; Sp, specificity; PPV, positive predictive values; NPV, negative predictive values.
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DSA) on AGP are normalized by an internal standard
lectin (DSA), LecT-Hepa is not influenced by the
amount of AGP. We confirmed that the use of this lec-
tin set was statistically superior to the previously
selected lectins (AAL and RCA120).

This triplex-sandwich ~immunoassay employing
DSA/MAL/AOL lectins and an anti-AGP antibody
from the lectin microarray has already been converted
to a fully automated immunoassay analyzer (HISCL-
2000i) for clinical use.'” Pretreatment requires 3
hours, and quantifying the two glyco-parameters for
the LecT-Hepa to use this automated analyzer takes 17
minutes. Currently, we can obtain data from LecT-
Hepa to predict liver fibrosis on the same day of blood
sample collection. This simple and reliable glyco-
marker may be suitable for clinical use, and may sub-
stitute for liver biopsy in some cases.

We are confident that our study samples are repre-
sentative of most patients. The AUC scores for distin-
guishing significant fibrosis, severe fibrosis, and cirrho-
sis by APRI, HA, Fib-4 index, Forns index, and
Zeng’s score were not significantly different from those
in previous studies.""*”*® Every serum sample in this
study was obtained from a patient immediately before
or no more than 2 months after liver biopsy. As many
serum samples as possible were collected from each
liver center to eliminate a selection bias in any center.
Since we could not perform liver biopsy on the
patients who had a tendency to develop hemorrhages,
fewer samples of severe fibrosis and cirrhosis were col-
lected than those of milder fibrosis. In fact, the popu-
lation of fibrosis staging in this study was similar to
that of a previous, large prospective study evaluating
noninvasive fibrosis markers.”” In addition, we did not
include patients with obvious decompensated cirrhosis.
This is because inclusion of patients with severe liver
disease would have artificially improved the predictive
values of the logistic function. On the other hand, we
included many patients with mild histological features
(48.6% with FO-1). Sampling variation poses potential
difficulties, especially in the early stages of disease,
when fibrosis might be unevenly distributed.

There are several advantages in using reliable nonin-
vasive markers for assessing liver fibrosis. First, they
can be used to accurately determine the appropriate
time for initiating IFN treatment in CHC patients.
These markers can also help monitor and assess the
therapeutic efficacy of IFN treatment in improving
liver function in cases of liver fibrosis and cirrhosis.
Finally, these markers will be essential in the develop-
ment of new, antifibrotic treatments. Recently, many
directed or targeted therapies against liver fibrosis,
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such as anti-transforming growth factor beta and anti-
tumor necrosis factor alpha compounds have been
developed.SO’31 To evaluate these new drugs, reliable
and simple noninvasive fibrosis markers are needed.
LecT-Hepa appears to be one of the most prominent
candidates to serve as a marker for developing antifi-
brotic drugs.

In conclusion, both glyco-parameters (AOL/DSA
and MAL/DSA) using lectins in a bedside, clinical
chemical analyzer succeeded in the quantification of
the progression of liver fibrosis. Using LecT-Hepa, the
combination score of both AOL/DSA and MAL/DSA
is a reliable method for determining fibrosis staging
and can be a good substitute for liver biopsy.
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Human Blood Dendritic Cell Antigen 3 (BDCA3)™
Dendritic Cells Are a Potent Producer of Interferon-4
in Response to Hepatitis C Virus
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H

epatitis C virus (HCV) infection is one of the
most serious health problems in the world.
More than 170 million people are chronically
infected with HCV and are at high risk of developing

The polymorphisms in the interleukin (/1)-28B (interferon-lambda [IFN]-43) gene are
strongly associated with the efficacy of hepatitis C virus (HCV) clearance. Dendritic cells
(DCs) sense HCV and produce IFNs, thereby playing some cooperative roles with HCV-
infected hepatocytes in the induction of interferon-stimulated genes (ISGs). Blood dendritic
cell antigen 3 (BDCA3)" DCs were discovered as a producer of IFN-A upon Toll-like recep-
tor 3 (TLR3) stimulation. We thus aimed to clarify the roles of BDCA3™ DCs in anti-HCV
innate immunity. Seventy healthy subjects and 20 patients with liver tumors were enrolled.
BDCA3" DCs, in comparison with plasmacytoid DCs and myeloid DCs, were stimulated
with TLR agonists, cell-cultured HCV (HCVcc), or Huh7.5.1 cells transfected with HCV/
JFH-1. BDCA3™" DCs were treated with anti-CD81 antibody, inhibitors of endosome acidi-
fication, TIR-domain-containing adapter-inducing interferon-f (TRIF)-specific inhibitor, or
ultraviolet-irradiated HCVecc. The amounts of IL-29/IFN-11, IL-28A/IFN-42, and IL-28B
were quantified by subtype-specific enzyme-linked immunosorbent assay (ELISA). The fre-
quency of BDCA3™ DCs in peripheral blood mononuclear cell (PBMC) was extremely low
but higher in the liver. BDCA3™ DCs recovered from PBMC or the liver released large
amounts of IFN-4s, when stimulated with HCVcc or HCV-transfected Huh7.5.1. BDCA3™
DCs were able to induce ISGs in the coexisting JFH-1-positive Huh7.5.1 cells. The treat-
ments of BDCA3" DCs with anti-CD81 antibody, cloroquine, or bafilomycin Al reduced
HCVcc-induced IL-28B release, whereas BDCA3™ DCs comparably produced IL-28B upon
replication-defective HCVcc. The TRIF-specific inhibitor reduced IL-28B release from
HCVcc-stimulated BDCA3™ DCs. In response to HCVcc or JFH-1-Huh7.5.1, BDCA3™
DCs in healthy subjects with IL-28B major (£s8099917, TT) released more IL-28B than
those with IL-28B minor genotype (TG). Conclusion: Human BDCA3 ™" DCs, having a tend-
ency to accumulate in the liver, recognize HCV in a CD81-, endosome-, and TRIF-depend-
ent manner and produce substantial amounts of IL-28B/IFN-43, the ability of which is
superior in subjects with IL-28B major genotype. (HepaToLoGY 2012;00:000-000)

Abbreviations: Ab, antibody; HCV, hepatitis C virus; HCVec, cell-cultured hepatitis C virus; HSV, herpes simplex virus; IHL, intrabepatic lymphocyte; INF-1,
interferon-lambda; IRE interferon regulatory factor; ISGs, interferon-stimulated genes; JEV, Japanese encephalitis virus; Lin, lineage; mDC, myeloid DC; MO,
mudtiplicity of infection; PBMC, peripheral blood mononuclear cell; pDC, plasmacytoid DC; Poly IC, polyinosine-polycytidylic acid; RIG-1, retinvic acid-inducible

gene-I; SNPs, single nucleotide polymorphisms; TLR, Toll-like receptor; TRIE TIR-domain-containing adapter-inducing interferon-.
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liver cirrhosis and hepatocellular carcinoma. Genome-
wide association studies have successfully identified the
genetic polymorphisms (single nucleotide polymor-
phisms, SNPs) upstream of the promoter region of the
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interleukin (IL)-28B / interferon-lambda 3 (IFN-13)
gene, which are strongly associated with the efficacy of
pegylated interferon-o (PEG-IFN-¢) and ribavirin ther-
apy or spontancous HCV clearance.’™

IFN-4s, or type III IFNs, comprise a family of
highly homologous molecules consisting of IFN-A1
(IL-29), IFN-12 (IL-28A), and IEN-43 (IL-28B). In
clear contrast to type I IFNs, they are released from
relatively restricted types of cells, such as hepatocytes,
intestinal epithelial cells, or dendritic cells (DCs). Also,
the cells that express heterodimeric IFN-4 receptors
(IFN-AR1 and IL-10R2) are restricted to cells of epi-
thelial origin, hepatocytes, or DCs.> Such limited pro-
files of cells expressing IFN-As and their receptors
define the biological uniqueness of IFN-/s. It has been
shown that IFN-As convey and-HCV actvity by
inducing various interferon-stimulated genes (ISGS),5
the profiles of which were overlapped but others were
distinct from those induced by IFN-a/f. Some investi-
gators showed that the expression of IL-28 in PBMC
was higher in subjects with IL-28B major than those
with minor; however, the levels of IL-28 transcripts in
liver tissue were comparable regardless of IL-28B
genotype.”®

At the primary exposure to hosts, HCV maintains
high replicative levels in the infected liver, resulting in
the induction of IFNs and ISGs. In a case of successful
HCV eradication, it is postulated that IFN-o/f and
IFN-A cooperatively induce antiviral ISGs in HCV-
infected hepatocytes. It is of particular interest that, in
primary human hepatocytes or chimpanzee liver, IFN-
As, but not type I IFNs, are primarily induced after
HCV inoculation, the degree of which is closely corre-
lated with the levels of ISGs.” These results suggest that
hepatic IFN-A could be a principal driver of ISG induc-
tion in response to HCV infection. Nevertheless, the
possibility remains that DCs, as a prominent IFN
producer in the liver, play significant roles in inducing
hepatic ISGs and thereby suppressing HCV replication.

DCs, as immune sentinels, sense specific genomic
and/or structural components of pathogens with vari-
ous pattern recognition receptors and eventually release
IFNs and inflammatory cytokines.® In general, DCs
migrate to the organ where inflammation or cellular
apoptosis occurs and alter their function in order to
alleviate or exacerbate the disease conditions. There-
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fore, the phenotypes and/or capacity of liver DCs are
deemed to be influenced in the inflamed liver. In
humans, the existence of phenotypically and function-
ally distinct DC subsets has been reported: myeloid
DC (mDC) and plasmacytoid DC (pDC).” Myeloid
DCs predominantly produce IL-12 or tumor necrosis
factor alpha (TNF-«) following proinflammatory stim-
uli, while pDCs release considerable amounts of type 1
IFNs upon virus infection.” The other type of mDCs,
mDC2 or BDCA3"(CD141) DCs, have been drawing
much attention recently, since human BDCA3™ DCs
are reported to be a counterpart of murine CD8a™
DCs.'® Of particular interest is the report that
BDCA3" DCs have a potent capacity of releasing
IFN-/ in response to Toll-like receptor 3 (TLR3) ago-
nist.'! However, it is still largely unknown whether
human BDCA3" DCs are able to respond to HCV.

Taking these reports into consideration, we hypothe-
sized that human BDCA3" DCs, as a producer of
IFN-2s, have crucial roles in anti-HCV innate immu-
nity. We thus tried to clarify the potential of BDCA3™
DCs in producing type III IFNs by using cell-cultured
HCV (HCVcc) or hepatoma cells harboring HCV as
stimuli. Our findings show that BDCA3" DCs are
quite a unique DC subset, characterized by a potent
and specialized ability to secrete IFN-As in response to
HCV. The ability of BDCA3™ DCs to release 1L-28B
upon HCV is superior in subjects with IL-28B major
(£s8099917, TT) to those with minor (TG or GG) ge-
notype, suggesting that BDCA3™ DCs are one of the
key players in IFN-A-mediated innate immunity.

Patients and Methods

Subjects. This study enrolled 70 healthy volunteers
(male/female: 61/9) (age: mean = standard deviation
[SD], 37.3 = 7.8 years) and 20 patients who under-
went surgical resection of liver tumors at Osaka Uni-
versity Hospital (Supporting Table 1). The study was
approved by the Ethical Committee of Osaka Univer-
sity Graduate School of Medicine. Written informed
consent was obtained from all of them. All healthy
volunteers were negative for HCV, hepatitis B virus
(HBV), and human immunodeficiency virus (HIV)
and had no apparent history of liver, autoimmune, or
malignant diseases.
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Reagents. The specifications of all antibodies used
for FACS or cell sorting TLR-specific synthetic
agonists, pharmacological reagents, and inhibitory
peptides are listed in the Supporting Materials.

Separation of DCs from PBMC or Intrahepatic
Lymphocytes. We collected 400 mL of blood from
each healthy volunteer and processed them for
PBMCs. Noncancerous liver tissues were obtained
from patients who underwent resection of liver tumors
(Supporting Table 1). For the collection of intrahepatic
lymphocytes (IHLs), liver tissues were washed thor-
oughly with phosphate-buffered saline to remove the
peripheral blood adhering to the tissue and ground
gently. After Lin-negative (CD37, CD14~, CD197,
and CD567) cells were obtained by the MACS sys-
tem, each DC subset with the defined phenotype was
sorted separately under FACS Aria (BD). The purity
was more than 98%, as assessed by FACS Canto II
(BD). Sorted DCs were cultured at 2.5 x 10%/well on
96-well culture plates.

Immunofluorescence Staining of Human Liver
Tissue. Tissue specimens were obtained from surgical
resections of noncancerous liver from the patients as
described above. Briefly, the 5-mm sections were incu-
bated with the following antibodies: mouse biotinyl-
ated antihuman BDCA3 antibody (Miltenyi-Biotec),
and mouse antihuman CLEC9A antibody (Biolegend)
and subsequently with secondary goat antirabbit Alexa
Fluor488 or goat antimouse Alexa Fluor594 (Invitro-
gen, Molecular Probes) antibodies. Cell nuclei were
counterstained with Dapi-Fluoromount-GTM (South-
ern Biotech, Birmingham, AL). The stained tissues
were analyzed by fluorescence microscopy (Model BZ-
9000; Keyence, Osaka, Japan).

Cells and Viruses. The in vitro transcribed RNA of
the JFH-1 strain of HCV was introduced into FT3-7
cells’® or Huh7.5.1 cells. The stocks of HCVcc were
generated by concentration of the medium from JFH-
1-infected FT3-7 cells. The virus titers were determined
by focus forming assay.'> The control medium was gen-
erated by concentration of the medium from HCV-
uninfected FT3-7 cells. Infectious JEVs were generated
from the expression plasmid (pMWJEATGI) as
reported.14 HSV (KOS) was a generous gift from Dr.
K. Ueda (Osaka University). Huh7.5.1 cells transduced
with HCV JFH-1 strain was used for the coculture
with DCs. The transcripts of ISGs in Huh7.5.1 were
examined by reverse-transcription polymerase chain
reaction (RT-PCR) methods using gene-specific primers
and probes (Applied Biosystems, Foster City, CA).

Secretion Assays. 1L-28B/IFN-13 was quantified by
a newly developed chemiluminescence enzyme immu-
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noassay (CLEIA) system.'> IL-29/IFN-A1, IL-28A/
IFN-42, and IFN-f were assayed by commercially
available enzyme-linked immunosorbent assay (ELISA)
kits (eBioscience, R&D, and PBL, respectively). IFN-o
was measured by cytometric beads array kits (BD)
according to the manufacturer’s instructions.

Statistical Analysis. The differences between two
groups were assessed by the Mann-Whitney nonparamet-
ric U test. Multiple comparisons between more than two
groups were analyzed by the Kruskal-Wallis nonparamet-
ric test. Paired # tests were used to compare differences in
paired samples. All the analyses were performed using
GraphPad Prism software (San Diego, CA).

Results

Human BDCA3" DCs Are Phenotypically
Distinct  from pDCs and mDCs. We defined
BDCA3" DCs as Lin HLA-DRVBDCA3"&™" cells
(Fig. 1A, left, middle), and pDCs and mDCs by the
patterns of CD11lc and CD123 expressions (Fig. 1A,
right). The level of CD86 on pDCs or mDCs is com-
paratively higher than those on BDCA3™ DCs (Fig.
1B). The expression of CD81 is higher on BDCA3™
DCs than on pDCs and mDCs (Fig. 1B, Supporting
Fig. S1). CLEC9A, a member of C-type lectin, is
expressed sépeciﬁcally on BDCA3" DCs as reported
elsewhere,'® but not on pDCs and mDCs (Fig. 1B).

Liver BDCA3" DCs Are More Mature than the
Counterparts in the Periphery. BDCA3" DCs in
infiltrated hepatic lymphocytes (IHLs) are all positive
for CLEC9A, but liver pDCs or mDCs are not (data
not shown). The levels of CD40, CD80, CD83, and
CDS86 on liver BDCA3™ DCs are higher than those
on the peripheral counterparts, suggesting that
BDCA3" DCs are more mature in the liver compared
to those in the periphery (Fig. 1C).

In order to confirm that BDCA3' DCs are local-
ized in the liver, we stained the cells with immunofluo-
rescence antibodies (Abs) in noncancerous liver tissues.
Liver BDCA3" DCs were defined as BDCA3"
CLEC9A™ cells (Fig. 1D). Most of the cells were
found near the vascular compartment or in sinusoid or
the space of Disse of the liver tissue.

BDCA3" DCs Ave Scarce in PBMCs but More
Abundant in the Liver. The percentages of BDCA3™"
DCs in PBMCs were much lower than those of the
other DC subsets (BDCA3" DCs, pDCs and mDCs,
mean *= SD [%], 0.054 * 0.044, 0.27 = 0.21 and
1.30 *= 0.65) (Fig. 2A). The percentages of BDCA3™"
DCs in IHLs were lower than those of the others
(BDCA3™" DCs, pDCs, and mDCs, mean = SD [%],
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Fig. 1. Identification and phenotypic analyses of peripheral blood and intrahepatic BDCA3™ DCs. (A) We defined BDCA3™ DCs as Linea-
ge "HLA-DRTBDCA3™®"™* cells (middle), pDCs as Lineage "HLA-DR*CD11¢~CD123"€" celis, and mDCs as Lineage "HLA-DR*CD11¢*CD123"%+
cells (right). (B) The expressions of CD40, CD80, CD83, CD86, CD81, and CLECIA on each DC subset in peripheral blood are shown. Represen-
tative results of five donors are shown in the histograms. Filled gray histograms depict data with isotype Abs, and open black ones are those
with specific Abs. (C) The expressions of costimulatory molecules on BDCA3™ DCs were compared between in PBMCs and in the liver. The
results are shown as the percentage of positive cells. Results are the mean * SEM from four independent experiments. *P < 0.05 by paired t
test. (D) The staining for BDCA3 (green), CLECOA (red) identifies BDCA3™ DCs (merge, BDCA3CLECIA™) in human liver tissues. Representative
results of the noncancerous liver samples are shown. BDCA, blood dendritic cell antigen; pDC, plasmacytoid DC; mDC, myeloid DC; CLEC9A,
C-type lectin 9A.
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Fig. 2. Analysis of frequency of DC subsets in the peripheral blood and in the liver. Frequencies of BDCA3™ DCs, pDCs, and mDCs in PBMCs
(21 healthy subjects) (A) or in the intrahepatic lymphocytes (IHLs) (11 patients who had undergone surgical resection of tumors) (B) are shown.

Horizontal bars depict the mean = SD. **P < 0.005; ***P < 0.0005
DC subsets between in PBMCs and in [HLs. the results of eight patients

by Kruskal-Wallis test. (C) The paired comparisons of the frequencies of
whose PBMCs and IHLs were obtained simultaneously are shown. *P <

0.05; ***P < 0.0005 by paired t test. IHLs, intrahepatic lymphocytes; pDC and mDC, see Fig. 1.

0.29 = 0.25, 0.65 = 0.69 and 1.2 * 0.94) (Fig. 2B).
The percentages of BDCA3™ DCs in the IHLs were
significantly higher than those in PBMCs from rele-
vant donors (Fig. 2C). Such relative abundance of
BDCA3™" DCs in the liver over that in the periphery
was observed regardless of the etiology of the liver
disease (Supporting Table 1).

BDCA3" DCs Produce a Large Amount of IFN-As
upon Poly IC Stimulation. We compared DC subsets
for their abilities to produce IL-29/IFN-A1, IL-28A/
IFN-12, IL-28B/IFN-A3, IFN-B, and IFN-o in
response to TLR agonists. Approximately 4.0 x 10* of
BDCA3" DCs were recoverable from 400 mL of
donated blood from healthy volunteers. We fixed the
number of DCs at 2.5 x 10* cells/100 mL for com-
parison in the following experiments.

BDCA3" DCs have been reported to express
mRNA for TLR1, 2, 3, 6, 8, and 10.' First, we quan-
tified IL-28B/IFN-A3 as a representative for IFN-As af-
ter stimulation of BDCA3" DCs with relevant TLR
agonists. We confirmed that BDCA3™ DCs released
IL-28B robustly in response to TLR3 agonist/poly IC
but not to other TLR agonists (Fig. S2). In contrast,
pDCs produced IL-28B in response to TLR9 agonist/
CpG but much lesser to other agonists (Fig. S2).
Next, we compared the capabilities of DCs inducing
IFN-/s and IFN-f genes in response to relevant TLR
agonists. BDCA3™ DCs expressed extremely high lev-
els of IL-29, IL-28A, and IL-28B transcripts compared
to other DCs, whereas pDCs induced a higher level of
IFN-f than other DCs (Fig. S3A).

Similar results were obtained with the protein levels
of IFN-4s, IFN-f, and IFN-a released from DC sub-
sets stimulated with TLR agonists. BDCA3™ DCs pro-
duce significanty higher levels of IL-29, IL-28B, and

IL-28A than the other DC subsets. In clear contrast,
pDCs release a significantly larger amount of IFN-f
and IFN-a than BDCA3" DCs or mDCs (Fig. 3A,
Fig. S3B). As for the relationship among the quantity
of IFN-/ subtypes from poly IC-stimulated BDCA3™"
DCs, the levels of IL-29/IFN-A1 and IL-28B/IFN-43
were positively correlated (R* = 0.76, P < 0.05), and
those of IL-28A/IFN-A2 and IL-28B/IFN-A3 were
positively correlated as well (R* = 0.84, P < 0.0005),
respectively (Fig. S3C). These results show that the
transcription and translation machineries of IFN-As
may be overlapped among IFN-A subtypes in
BDCA3™ DCs upon poly IC stimulation.

Liver BDCA3" DCs sorted from IHLs possess the
ability to produce IL-28B in response to poly IC (Fig.
3B), showing that they are comparably functional. In
response to poly IC, BDCA3" DCs were capable of
producing inflammatory cytokines as well, such as
TNF-o, IL-6, and IL-12p70 (Fig. S4A). By using
Huh7 cells harboring HCV subgenomic replicons
(HCV-N, genotype 1b), we confirmed that the super-
natants from poly IC-stimulated BDCA3™" DCs sup-
pressed HCV replication in an IL-28B concentration-
dependent manner (Fig. S4B). Therefore, poly IC-
stimulated BDCA3* DCs are capable of producing
biologically active substances suppressing HCV replica-
tion, some part of which may be mediated by IFN-4s.

BDCA3" DCs Produce IL-28B upon HCVcc or
HCV]JFH-1-Transfected Hub7.5.1 Cells. We stimu-
lated freshly isolated BDCA3" DCs, pDCs and
mDCs with infectious viruses, such as HCVcc, Japa-
nese encephalitis virus (JEV), and herpes simplex virus
(HSV). In preliminary experiments, we confirmed that
HCVcc stimulated BDCA3™ DCs to release IL-28B in
a dose-dependent manner (Fig. S5). BDCA3" DCs
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produced a large amount of IL-28B upon exposure to
HCVcc and released a lower amount of IFN-a upon
HCVcc or HSV (Fig. 4A). In contrast, pDCs pro-
duced a large amount of IFN-a in response to HCVec
and HSV and a much lower level of IL-28B upon
HCVcc (Fig. S6). In mDCs, IL-28B and IFN-o were
not detectable with any of these viruses (data not
shown).

BDCA3" DCs produced significantly higher levels
of 1L-28B than the other DCs upon HCVcc stimula-
tion (Fig. 4B). By contrast, HCVec-stimulated pDCs
released significantly larger amounts of IFN-f and
IFN-o¢ than the other subsets (Fig. 4B). Liver
BDCA3" DCs were capable of producing IL-28B in
response to HCVcc (Fig. 4C). These results show that,
upon HCVcc stimulation, BDCA3" DCs produce
more IFN-As and pDCs release more IFN-$ and IFN-
o than the other DC subsets, respectively. Taking a
clinical impact of IL-28B genotypes on HCV eradica-
tion into consideration, we focused on IL-28B/IFN-13
as a representative for IFN-As in the following
experiments.

In a coculture with JFH-1-infected Huh7.5.1 cells,
BDCA3" DCs profoundly released IL-29, IL-28A,
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Table 1).
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and IL-28B (Fig. 4D, the results of IL-29 and IL-28A,
not shown), whereas BDCA3™ DCs failed to respond
to Huh7.5.1 cells lacking HCV/JFH-1, showing that
IL-28B production from BDCA3™ DCs is dependent
on HCV genome (Fig. 4D). In the absence of
BDCA3" DCs, IL-28B is undetectable in the superna-
tant from JFH-1-infected Huh7.5.1 cells, demonstrat-
ing that BDCA3" DCs, not HCV-replicating
Huh7.5.1 cells, produce detectable amount of IL-28B
(Fig. 4D). In the coculture, BDCA3" DCs compara-
bly released IL-28B either in the presence or the ab-
sence of transwells, suggesting that cell-to-cell contact
between DCs and Huh7.5.1 cells is dispensable for IL-
28B response (Fig. 4E). In parallel with the quantity
of IL-28B in the coculture, ISG15 was significantly
induced only in JFH-1-infected Huh7.5.1 cells cocul-
tured with BDCA3™ DCs (Fig. 4F). A strong induc-
tion was observed with other ISGs in JFH-1-infected
Huh7.5.1 in the presence of BDCA3™" DCs, such as
IFIT1, MxA, RSD2, IP-10, and USP18 (Fig. S7). The
results clearly show that BDCA3™ DCs are capable of
producing large amounts of IFN-4s in response to cel-
lular or cell-free HCV, thereby inducing various ISGs
in bystander liver cells.
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Fig. 4. BDCA3™ DCs produce IL-29, IL-28A, and IL-28B upon cell-cultured HCV or HCV/JFH-1-transfected Huh7.5.1 cells, thereby inducing
ISG. (A) BDCA3™ DCs were cultured at 2.5 x 10% cells for 24 hours with HCVcc, JEV, or HSV at a multiplicity of infection (MOI) of 10.
Results are shown as mean + SEM from six experiments. n.d.; not detected. (B) BDCA3™ DCs, pDCs, and mDCs were cultured at 2.5 x 10*
cells for 24 hours with HCVcc at an MOI of 10. The results are shown as mean * SEM from 11 experiments. *P < 0.05; **P < 0.0005;
**+%p < 0,0005 by Kruskal-Wallis test. (C) BDCA3™ DCs recovered from intrahepatic lymphocytes were cultured at 2.5 x 10* cells for 24
hours with HCVcc at an MOI of 10. Both of the samples (cases 4 and 5) were obtained from patients with non-B, non-C liver disease. (D,E)
BDCA3™ DCs were cocultured at 2.5 x 10 cells with JFH-1-transfected (MOl = 2) or -untransfected Huh7.5.1 cells for 24 hours. The super-
natants of JFH-1-transfected Huh7.5.1.cells without BDCA3™ DCs were also examined. In some experiments of the coculture with JFH-1-trans-
fected Huh7.5.1 cells and BDCA3™ DCs, transwells were inserted into the wells (E). Results are shown as mean = SEM from five
experiments. *P < 0.05 by paired t test. (F) BDCA3™ DCs were cocultured at 2.5 x 10% cells with JFH-1-transfected Huh7.5.1 cells (MOl =
2) or -untransfected Huh7.5.1 cells for 24 hours. The Huh7.5.1.cells were harvested and subjected to real-time RT-PCR analyses for ISG15
expression. The results are shown as mean + SEM from five experiments. *P < 0.05 by paired t test. HCVcc, cell-cultured HCV; JEV, Japa-
nese encephalitis virus; HSV, herpes simplex virus.
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Fig. 5. The CD81 and endosome acidification is involved in the production of IL-28B from HCV-stimulated BDCA3™ DCs, but HCV replication
is not necessary. (A,B) BDCA3™ DCs were cultured at 2.5 x 10* cells with HCVce at an MOI of 10 (A) or poly IC (25 ug/mb) (B). In some
experiments, UV-irradiated HCVcc was used at the same MOI, and BDCA3™' DCs were treated with anti-CD81Ab (5 mg/mL), chioroquine (10
mM), or bafilomycin A1 (25 nM). The results are expressed as ratios of IL-28B quantity with or without the treatments. They are shown as mean
+ SEM from five experiments. *P < 0.05 by paired t test. C, control; CLQ, treatment with chloroquine; Baf, treatment with bafilomycin A1; UV,

ultraviolet-irradiated HCVce; n.d., not detected.

CD81 and Endosome Acidification Are Involved
in IL-28B  Production from HCV-Stimulated
BDCA3" DCs, but HCV Replication Is Not Involved.
It is not known whether HCV entry and subsequent rep-
lication in DCs is involved or not in IFN response.'®"?
To test this, BDCA3" DCs were inoculated with UV-
irradiated, replication-defective HCVec. We confirmed
that UV exposure under the current conditions is suffi-
cient to negate HCVcc replication in Huh7.5.1 cells, as
demonstrated by the lack of expression of NS5A after
inoculation (data not shown). BDCA3™ DCs produced
comparable levels of IL-28B with UV-treated HCVcc,
indicating that active HCV replication is not necessary
for IL-28B production (Fig. 5A).

We next examined whether or not the association of
HCVcc with BDCA3* DCs by CD81 is required for
IL-28B production. It has been reported that the E2
region of HCV structural protein is associated with
CDS81 on cells when HCV enters susceptible cells.'®?°
We confirmed that all DC subsets express CD81, the
degree of which was most significant on BDCA3™ DCs
(Fig. 1B, Fig. S1). Masking of CD81 with Ab signifi-
cantly impaired IL-28B production from HCVee-stimu-
lated BDCA3™ DCs in a dose-dependent manner (Fig.
5A, Fig. S8), suggesting that HCV-E2 and CD81 inter-
action is involved in the induction. The treatment of
poly IC-stimulated BDCA3™ DCs with anti-CD81 Ab
failed to suppress IL-28B production (Fig. 5B).

HCV enters the target cells, which is followed by
fusion steps within acidic endosome compartments.
Chloroquine and bafilomycin Al are well-known and
broadly used inhibitors of endosome TLRs, which are
reported to be capable of blocking TLR3 response in
human monocyte-derived DC.*"*** In our study, the
treatment of BDCA3™ DCs with chloroquine, bafilo-

mycin Al, or NH4CI significantly suppressed their IL-
28B production either in response to HCVec or poly
IC (Fig. 5A,B, NH4CI, data not shown). These results
suggest that the endosome acidification is involved in
HCVcc- or poly IC-stimulated BDCA3" DCs to pro-
duce IL-28B. The similar results were obtained with
HCVec-stimulated pDCs for the production of IL-28B
(Fig. §9). We validated that such concentration of
chloroquine (10 mM) and bafilomycin Al (25 nM) did
not reduce the viability of BDCA3" DCs (Fig. S10).
BDCA3" DCs Produce IL-28B in Response to
HCVee by a TIR-Domain-Containing Adapter-
Inducing Interferon-p (TRIF)-Dependent Mecha-
nism. TRIF/TICAM-1, a TIR domain-containing
adaptor, is known to be essential for the TLR3-medi-
ated pathway.”® In order to elucidate whether TLR3-de-
pendent pathway is involved or not in IL-28B response
of BDCA3™ DCs, we added the cell-permeable TRIF-
specific inhibitory peptide (Invivogen) or the control
peptide to poly IC- or HCVcc-stimulated BDCA3™
DCs. Of particular interest, the TRIF-specific inhibitor
peptide, but not the control one, significantdy sup-
pressed IL-28B production from poly IC- or HCVcc-
stimulated BDCA3™ DCs (Fig. 6A,B). In clear contrast,
the TRIF-specific inhibitor failed to suppress IL-28B
from HCVcc-stimulated pDCs (Fig. 6C), suggesting
that pDCs recognize HCVcc in an endosome-depend-
ent but TRIF-independent pathway. These results show
that BDCA3™ DCs may recognize HCVcc by way of
the TRIF-dependent pathway to produce IL-28B.
BDCA3"™ DCs in Subjects with IL-28B Major
Genotype Produce More IL-28B in Response to
HCV than Those with IL-28B Minor Type. In order
to compare the ability of BDCA3™ DCs to release IL-28B
in healthy subjects between IL28B major (£s8099917, TT)
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Fig. 6. BDCA3™ DCs produce IL-28B upon HCVcc stimulation in a TRIF-dependent mechanism. BDCA3™ DCs or pDCs had been treated with
5 or 50 mM TRIF inhibitory peptide or control peptide for 2 hours. Subsequently, BDCA3™* DCs were stimulated with Poly IC (25 ug/mlL) or
HCVce (MOl = 10), and pDCs were stimulated with HCVcc (MOl = 10), respectively. IL-28B was quantified by ELISA. They are shown as mean
=+ SEM from five experiments. *P < 0.05 by paired t test. C, TRIF control peptide; I, TRIF inhibitory peptide.

and minor hetero (TG) genotypes, we stimulated
BDCA3" DCs of the identical subjects with poly IC (25
mg/mlL, 2.5 mg/mL, 0.25 mg/mL), HCVcc or JFH-1-
infected Huh 7.5.1, and subjected them to ELISA. The
levels of IL-28B production by poly IC-stimulated
BDCA3* DCs were comparable between subjects with
IL-28B major and minor type (Fig. 7A). Similar results
were obtained with the lesser concentrations of poly IC
(Fig. S11). Of particular interest, in response to HCVcc or
JFH-1 Huh7.5.1 cells, the levels of IL-28B from BDCA3 ™"
DCs were significantly higher in subjects with IL-28B
major than those with minor type (Fig. 7B,C, S12).

Discussion

In this study we demonstrated that human BDCA3™
DCs (1) are present at an extremely low frequency in
PBMC but are accumulated in the liver; (2) are capable
of producing IL-29/IFN-A1, IL-28A/IFN-42, and IL-
28B/IFN-43 robusdy in response to HCV; (3) recog-
nize HCV by a CD8I1-, endosome acidification and
TRIF-dependent mechanism; and (4) produce larger
amounts of IFN-As upon HCV stimulation in subjects
with IL-28B major genotype (rs8099917, TT). These

characteristics of BDCA3™ DCs are quite unique in
comparison with other DC repertoires in the settings of
HCV infection.

At the steady state, the frequency of DCs in the pe-
riphery is relatively lower than that of the other
immune cells. However, under disease conditions or
physiological stress, activated DCs dynamically migrate
to the site where they are required to be functional.
However, it remains obscure whether functional
BDCA3" DCs exist or not in the liver. We identified
BDCA3"CLEC9A™ cells in the liver tissue (Fig. 1D).
In a paired frequency analysis of BDCA3" DCs
between in PBMCs and in IHLs, the cells are more
abundant in the liver. The phenotypes of liver
BDCA3" DCs were more mature than the PBMC
counterparts. In support of our observations, a recent
publication showed that CD141" (BDCA3™) DCs are
accumulated and more mature in the liver, the trend
of which is more in HCV-infected liver.** We con-
firmed that liver BDCA3™ DCs are functional, capable
of releasing IFN-/s in response to poly IC or HCVcc.

BDCA3" DCs were able to produce large amounts
of IFN-4s but much less IFN-f or IFN-o upon TLR3

stimulation. In contrast, in response to TLRY agonist,

A PolylC B HCVec C JFH-1 infected Huh 7.5.1

Fig. 7. In response to HCVce, BDCA3™ DCs of N
healthy donors with IL-28B major genotype 10000 2000~ ;—-i——} 1500 r““*?“““x
(rs8099917, TT) produced more IL-28B than those ;
with minor type (TG). BDCA3™ DCs of healthy donors 8000 g & 1500+ =
with 1L-28B TT (rs8099917) or TG genotype were % B E 1000
cultured at 2.5 x 10* cells with 25 mg/mL poly Ic & 600011 e =
(A), with HCVce at an MO of 10 (B), or with JFH-1- & | g 1000+ e 8 o
infected Huh 7.5.1 cells (C) for 24 hours. The super- . 4000+ - - = o0l
natants were subjected to IL-28B ELISA. The same 5000 .
healthy donors were examined for distinct stimuli. 2000+ -
The results are the mean = SEM from 15 donors - o

[ [ -

with TT and 8 with TG, respectively. *P < 0.05 by
Mann-Whitney U test.

TG
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pDCs released large amounts of IEN-$ and IFN-a but
much less IFN-As. Such distinctive patterns of IFN
response between BDCA3" DCs and pDCs are of
particular interest. It has been reported that interferon
regulatory factor (IRF)-3, IRF-7, or nuclear factor
kappa B (NF-«B) are involved in IFN-f and IFN-A1,
while IRF-7 and NF-xB are involved in IFN-o and
IFN-42/)3.3 Presumably, the stimuli with TLR3/reti-
noic acid-inducible gene-I (RIG-I) (poly IC) or TLRY
agonist (CpG-DNA) in DCs are destined to activate
these transcription factors, resulting in the induction
of both types of IEN at comparable levels. However,
the results of the present study did not agree with
such overlapping transcription factors for IFN-Zs,
IFN-B, and IFN-a. Two possible explanations exist for
different levels of IFN-As and IFN-o production by
BDCA3" DCs and pDCs. First, the transcription fac-
tors required for full activation of IFN genes may dif-
fer according to the difference of DC subsets. The sec-
ond possibility is that since type III IFN genes have
multiple exons, they are potentially regulated by post-
transcriptional mechanisms. Thus, it is possible that
such genetic and/or posttranscriptional regulation is
distinctively executed between BDCA3" DCs and
pDCs. Comprehensive analysis of gene profiles down-
stream of TLRs or RIG-I in BDCA3" DCs should
offer some information on this important issue.
BDCA3" DCs were found to be more sensitive to
HCVcc than JEV or HSV in IL-28B/IFN-/43 produc-
tion. Such different strengths of 1L-28B in BDCA3™
DCs depending on the virus suggest that different
receptors are involved in virus recognition. Again, the
question arises of why BDCA3™ DCs produce large
amounts of IFN-As compared to the amounts pro-
duced by pDCs in response to HCVcc. Considering
that IRF-7 and NF-xB are involved in the transcrip-
tion of the IL-28B gene, it is possible that BDCA3™
DCs successfully activate both transcription factors
upon HCVcc for maximizing IL-28B, whereas pDCs
fail to do so. In support for this possibility, in pDCs it
is reported that NF-xB is not properly activated upon
HCVcc or hepatoma cell-derived HCV stimulations.*
In the present study we demonstrated that HCV
entry into BDCA3™ DCs through CD81 and subse-
quent endosome acidification are critically involved in
IL-28B responses. Involvement of TRIF-dependent
pathways in IL-28B production was shown by the sig-
nificant inhibition of IL-28B with TRIF inhibitor.
Nevertheless, active HCV replication in the cells is not
required. Based on our data, we considered that
BDCA3™ DCs recognize HCV genome mainly by an
endosome and TRIF-dependent mechanism. Although
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the results with UV-irradiated HCVee, ant-CD81
blocking Ab, and chloroquine were quite similar, the
TRIF-specific inhibitor failed to suppress IL-28B from
pDCs (Fig. 6, Fig. S9).

In the coculture with JFH-transfected Huh7.5.1
cells, BDCA3" DCs presumably receive some signals
for IL-28B production by way of cell-to-cell dependent
and independent mechanisms. In the present study,
most of the stimuli to BDCA3™ DCs for IL-28B pro-
duction may be the released HCVecc from Huh7.5.1
cells, judging from the inability of suppression with
transwells. However, a contribution of contact-depend-
ent mechanisms cannot be excluded in the coculture
experiments. HCV  genome is transmissible from
infected hepatocytes to uninfected ones through tight
junction molecules, such as claudin-1 and occuludin.
Further investigation is needed to clarify whether such
cell-to-cell transmission of viral genome is operated or
not in BDCA3" DCs.

The relationship between 1L-28B expression and the
induction of ISGs has been drawing much research
attention. In primary human hepatocytes, it is reported
that HCV primarily induces IFN-4, instead of type-I
IFNs, subsequently enhancing ISG expression.7 Of
particular interest is that the level of hepatic IFN-/s is
closely correlated with the strength of ISG response.?®
These reports strongly suggest that hepatic IFN-/s are
a crucial driver of ISG induction and subsequent
HCV eradication. Besides, it is likely that BDCA3™
DCs, as a bystander IFN-A producer in the liver, have
a significant impact on hepatic ISG induction. In sup-
port of this possibility, we demonstrated in this study
that BDCA3™ DCs are capable of producing large
amounts of IFN-As in response to HCV, thereby
inducing ISGs in the coexisting liver cells.

Controversial results have been reported regarding
the relationship between IL28B genotypes and the lev-
els of IL-28 expression. Nevertheless, in chronic hepa-
titis C patients with IL-28B major genotype, the IL-28
transcripts in PBMCs are reported to be higher than
those with minor genotype.” In this study, by focusing
on a prominent IFN-A producer (BDCA3™ DCs) and
using the assay specific for IL-28B, we showed that the
subjects with IL-28B major genotype could respond to
HCV by releasing more IL-28B. Of interest, such a
superior capacity of BDCA3™ DCs was observed only
in response to HCV but not to poly IC. Since the
pathways downstream of TLR3-TRIF leading to IL-
28B in BDCA3" DCs should be the same, either
HCV or poly IC stimulation, two plausible explana-
tions exist for such a distinct IL-28B response. First, it
is possible that distinct epigenetic regulation may be
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involved in IL-28B gene according to the IL-28B ge-
notypes. Recently, in influenza virus infection, it is
reported that micro-RNA29 and DNA methyltransfer-
ase are involved in the cyclooxygenase-2-mediated
enhancement of IL-29/IFN-A1 production.””  This
report supports the possibility that similar epigenetic
machineries could be operated as well in HCV-
induced IFN-As production. Second, it is plausible
that the efficiency of the stimulation of TLR3-TRIF
may be different between the IL-28B genotypes. Since
HCV reaches endosome in BDCA3" DCs by way of
the CD81-mediated entry and subsequent endocytosis
pathways, the efficiencies of HCV handling and
enzyme reactions in endosome may be influential in
the subsequent TLR3-TRIF-dependent responses. Cer-
tain unknown factors regulating such process may be
linked to the IL-28B genotypes. For a comprehensive
understanding of the biological importance of 1L-28B
in HCV infection, such confounding factors, if they
exist, need to be explored.

In conclusion, human BDCA3" DCs, having a
tendency to accumulate in the liver, recognize HCV
and produce large amounts of IFN-As. An enhanced
IL-28B/IFN-A3 response of BDCA3" DCs to HCV
in subjects with IL-28B major genotype suggests that
BDCA3" DCs are one of the key players in anti-
HCYV innate immunity. An exploration of the molecu-
lar mechanisms of potent and specialized capacity of
BDCA3" DCs as IFN-1 producer could provide
useful information on the development of a natural
adjuvant against HCV infection.
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1. HBV BREEDEBEENE (adaptive immu-
nity)

HERSRE LIS, 1 CD4 T Ml (N V73— T #ilfia),
CD8'T #la (¥ 7 — THilE) #B5 L Tw5b. RE
HHNE T 2R LM (HBV Tl 12
7 ANV ADEGET B & MBEA endoplasmic reticulum
(ER) DA EHBEEE A TH 5 proteasome 12T
BO7 I B (RTF F) WAL sh 399 Bk
SNIHEATF FISHEMeEOBRIZHFTES 5 TAP
(transporter associated with antigen processing) &
a7 5—%ALTMHCclassI LiZigmsh s

EVUREATF ¥ - MHC class I A MG B E)
3 57%®  CD8"T ML T cell receptor % Fi\v» THIR
~NFF N - MHC class T A E BH# LigH LI N5 &,
F UHUEA 7S K28 MHC class I LICIREN TV AR
B Z AL, TRV ACEE, RAHRD A
b A VARPEERT A (Fig.1). —F, =207 7—
Vi EERENT A VAEHIE MHC class 1T kiZ
NRTFF L UTHERR S, MHC class 11 4-F & HBV
HHENRTF FOBEEES CD4T fMifgIciBik s ha®,
CD4"T Mgt s 4 M A VEEEIC K DEHE Y £ VA
WMEATH & & HIC, FURRFRN CD8' T Mila0FE %1
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HBV 52 CTL 4 YR ED HHEIX D 2w
LT, RHELHEESHFEINLIBFER
L7z 2 CHELERLFON, BREOAT v T3
Mz HBsAg(large S) DER D & 5 5 %4 (HBsAg
TgRT7A)DRICBEING LEZONTWS. HIK
BN W= Tx Y ) v 277 b A (CTL
OB EICLERZ =T 5 ) VIERMLTWBE LD
® IFN-y & TNF-o BERBIZRAN TV E)ICTHEL
7: HBsAg %8 CTL % HBV @#ET % & A IFEA
To HBV HEE Z 5 HBV MEFEA <Y X (HBV
Tg) WBALLES, FEELRITICH HBY R
ERT A, [~ 2 [FNy Fifk & TNF-o Hifk % FE
WG LI AR~ A5 50 HBsAg 8RR CTL
EBAT D EFEEILRT D OOH HBV ZhRANHE L
IR0 ERS, TOERIIBITAHHBY
13 HBsAg 81 CTL 12 & AEMRO8E (7
RE—= 202k B3I 03, CTL 255 E N7 IFN-

v, TNF-o 12 & » TSN 2 IR EEOME L £
ZHhTWV5Y,

HBV R BEICB T A EBEREICHAL TR E<D
WS I e ST 5. B BT 4 BN IA TR
Bl 5 VIR REFRRIIENC B\ T, MHC class
P98 XU class T Hy M T MIlAREASR S -
Twb, —J, HBV BRI HBV R T
RO BUSHEAMET L v 2309429 7> g8
DIEHALIC X Y EA SN 72 IFN-o/p b HBV #l#I1E S
LTWBEEZLNTWAY 50T &, HBV
BHZ BT, MHC class T #3M: CDS™ T #ifg, 7
13 MHC class I #5M: CD4* T M7z S L HRBERED
BUSHEDET ABHEALICES LCnwbd 2 L ERLTY
5.

2. 24 HBV BEICH T2 BREERZE (innate
immunity)

F N YV—ICHBV # B¥: 8¢5 &, HBVDNA
RGeS 4~7 B TIEB X O R s h 5.
§l & v T HBV OB EDSEHEIHIIREZ b, i HBV
DNA 3B B TE— 27128 L, 0B EHITK
T35, HBV RN CTL o MBI Z BT % & &
BB I1I0EEL VBB, ZLTI6~18BTE—7I10E
L, Zhil—H L THFERBEEO LA #ED 5 (Fig
2). Thbb, B 10 8% L D MEEEE T MEsH
BN, CTL ARSI % 7R F— 2 ACHELE
L0, FREBESEALZEEZONE. &
Z A% CTL o MERH & ) 2IATic HBV DNA #4MK
TLTWBDT, Y4 VAERBASEEL-0I1X HBY
FRE CTL Tid % G MOERPSH 2 LI s,
ZOBEIE, HBVDNA BT 5 b OO R RIHEE
FOLEBDLIT I THEI LS HBEEEDLWY
A4 )V AHER” (non-cytopathic viral clearance) & S
o0 F Ry U—IZHBV 25 L7z 2 8B F Tl
B & 5 % S BIR T OFEN Wiz, HHiE HBV
FEHARREZEREL TWEL0EELSRTHEY, L
L, D% BRISWIFRBE Y Y SROBITICLD,
BRbFIAEEAMCBVWTHBVEEN TH I UB
HROEEALAFER SN2 LR B90 HRGIED R
7 AN HBV 2 A LB ERENSEZFEL DB I L
PHIBA L7z, 8512, B MZHBVR, vy FFy v o
Wy FFxy 7R YA VAR L2BE, Bk
BN NKT MRANEEL S Twvn b Z EATR SO,
HARGEREO 1 o LTNKTHMlEANEE S hE L9
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Fig. 2 Non-cytopathic killing
F YRV =T HBV R BE S5 L MRS T OB YA VR
BETLTWwS., 20O ALT LRI, b3 THsH, (LH47 X Y51

W)

2% o7z,

NK Mg o b o, NKMBAEE T 5 IFN-
vy % TNF-0 7%, HBV B4R HBV $HHH1C B -
THB YW JEMEIL S iz NK flgig, CD4*T M,
CD8*T #ilfig, #HRMIM, NKT fillade &fhon ) ¥ o35k %
EHALS R EMEINTVE?, BERIZBVWTH B
BAMNT 2O BMEHIC B VT NK MR o8 255
HEINTHBY, NKHE D BgR o HBV 2> o —
VIZKELFEGLTWAHELDEEIONS.

TLRIZBASNRGETH 5 HBV 2 @HT 5 &, 1
AUIFN %58 L, #HBV R % R39. HBV Tg
12 TLR3, TLR4, TLR5, TLR7, TLRY #ik#%5¥ 5
& 24 W LAPC TFN-o/B RAFVEC HBV OB
ENBEHEINTEY, BEUEHITFAOIHRIGEE .
LTHEHSN TV A,

3. NKT #ifz
NKT #ifgid@% o T Mg & 3% % 5 T Milaszak
(T cell receptor ; TCR) & NK #ifa D~ — 4 — % ##
%, MHC class I #6® CD1d 5 F FICHmR S - IR B it
A& Rk 5%, NKT Ml SRR NICE
L < ZTEFA T filao 30-50% % ks,
(3%, FMIML(4%) Tlxd 7. ZRICHBL T,

B b NKT AR, FFP9 T MR 05%, A5 T Mie
D 0.02% LABIICA 72N,

NKT #ifa~DHEiRRGFTHA CDId I, & M &
TYAFEETS. LrL, fioCDL 77 I Y =B
¥ 5 CDla, CD1b, CDlc i3, ¥ MZRBEET 2=
ATRRBLTWEY, BIREWT LT, CD1d 4-FiF
Ty ALY FTY% LLEOMEEERDTEHY, v
b NKT Mifgid~ 7 2 CD1d % 555 5 2 L AT E 59,
ZDLHICCDId G FHHABICBTHEEL B TH
FINTwbZ &, AEPEFL T EIZBNT
FEHICEERFEZEoTWAZ LAETRELTWAS.
CD1d @ heavy chain &, MHC class I - & [@ A28
ERESHZal, o2 FAL Y THEEISNL TS (Fig
3). #aE FI3ELL L T A AT, MHC class I #5R7F F
OREE B LBk EOBEE 2 Ho 0 L, CD1d
ST BREOEEE LR, BEEO T VX VD
BELRTWEEIC 5 TV AT 72 CD1d HF
I, BRI, B AR, TR L O~os o7 7 —
T OMIEEEEIZFRD 50,

NKT MBI L U, BREEICE D S NK
MR R SRIEIC D B T, BRIAOIEHL 25 54
T LT E o TP Bk IREARICR T B AR
TR LCOBEELREH R/ L TnDHP™®. NKT
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