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APPENDIX |

OVERALL EVALUATION OF treatment effects on liver cancer: a comparison between the World Health Organi-
zation (WHO) criteria, Response Evaluation Criteria in Solid Tumors (RECIST) and Response Evaluation Criteria
in Cancer of the Liver (RECICL)

WHO criteria (after 4 weeks)  RECIST (after 4 weeks) RECICL (after 3 months)

All measurable lesions, target
lesions (five lesions, a
maximum of 10 lesions
when lesions are present
over 2 Or more organs)

Target lesions (a maximum
of five lesions when more
than 5 lesions are present)

Lesion evaluated All evaluable lesions

Uni-dimensional measurement
(changes in the sum of the
major axis)

Bi-dimensional measurement
(changes in the product of
the major axis and the
diameter crossing the
major axis at a right angle).
Sum of the all lesions.

Evaluation
method

Bi-dimensional measurement (changes in
the product of the major axis and the
diameter crossing the major axis at a
right angle, non-stained regions on
dynamic CT and/or lipiodol-deposited
regions are measured as necrosis). Sum
of the all target lesions.

Overall evaluation

CR (complete Disappearance of all lesions ~ Disappearance of all target 100% tumor-necrotizing effect or 100%

response) lesions tumor size reduction rate
PR (partial 50% or greater disappearance 30% or greater reduction A tumor-necrotizing effect or tumor size
response) of all lesions of target lesions reduction rate between 50% and

<100%
Effects other than PR and PD

225% enlargement of the tumor
regardless of the necrotizing effect or
appearance of a new lesion
(categorized into three groups:
intrahepatic solitary lesion, intrahepatic
multiple lesions, and vascular
invasion/extrahepatic spread).

Effects other than PR and PD

220% increase or appearance
of a new lesion

Effects other than PR and PD

>25% enlargement of a
lesion or appearance
of a new lesion

SD (stable disease)

PD (progressive
disease)
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APPENDIX II

Example RECICL Evaluation Sheet

Patient Age Male/female 1D

1. Description of Liver Cancer
(1) Past medical history
(i) Method and date of definite diagnosis of liver cancer
(ii) Past treatment history (only patients treat for recurrence)
(2) Condition of liver cancer
Tumor location, number and size of lesions, vascular invasion, macroscopic classification, macroscopic staging,
histological type or degree of differentiation

2. Description of Treatment Method
(1) Initial treatment or treatment for recurrence
(2) Name of treatment (describe all treatments when multiple treatments were performed)
(3) Details of treatment, including the reason for the discontinuation and the presence or absence of an adverse event
when treatment is discontinued
(4) Dates of initiation and completion of treatment

3. Treatment Effect on Target Nodule (TE1, 2, 3, 4)™

(Describe TE4a or 4b for local ablation) Assessment results: Lesion 1
Lesion 2
Lesion 3
Lesion 4
Lesion 5

4. Overall Evaluation (CR, PR, SD, PD)™
Assessment results:

When a new lesion appears in PD
(new lesion: a, b, c)
Additional notes: tumor markers

Name of tumor marker Before treatment Lowest level within 6 months (only for
3 months radiotherapy)
Time point ()

AFP

AFP-L3 fraction

PIVKA-II (DCP)

*1: Refer to Table 1. *2: Refer to Table 2.
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Abstract

Ultrasonography (US) findings are inevitably based on
pathological features. Knowledge of the pathological
features of hepatic malignancies such as hepatocellu-
lar carcinoma (HCC), liver metastasis and intrahepatic
cholangiocarcinoma is essential for correct US diagnosis
and appropriate management. One type of hepatocar-
cinogenesis is step-wise development from a low-grade
dysplastic nodule (DN), high-grade DN, high-grade DN
with malignant foci, and well-differentiated HCC, to
classical HCC. The intranodular blood supply changes in
accordance with this progression. Moreover, the malig-
nant potential tends to change as the macroscopic con-
figuration progresses. Therefore, typical US findings of
advanced HCC are a mosaic pattern, septum formation,
peripheral sonolucency (halo), lateral shadow produced
by fibrotic pseudocapsule, posterior echo enhancement,
arterial hypervascularity with dilated intratumoral blood
sinusoids, and perinodular daughter nodule forma-
tion. Bull's eye appearance is a common presentation
of metastases from gastrointestinal (GI) adenocarci-
nomas, and represents histological findings that show
an area of central necrosis surrounded by a zonal area
of viable tumor. Thick zonal area reflects the layer of

TR
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viable cells that are fed by minute tumor vessels. US
imaging features of liver metastases from the GI tract
are as follows: Bull's eye appearance, multiple masses,
irregular tumor border, arterial rim-like enhancement,
and hypoenhancement in the late vascular phase. Most
intrahepatic cholangiocarcinomas are ductal adeno-
carcinomas. The bile ducts peripheral to the tumor are
usually dilated because of obstruction by tumors. US
imaging features of mass-forming cholangiocarcinoma
are as follows: peripheral bile duct dilatation, irregular
tumor border, arterial enhancement due to minute in-
tratumoral blood sinusoids, and hypoenhancement in
the late vascular phase.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Recent advances in digital technologies have resulted in
remarkable developments in the field of imaging mo-
dalities'". Ultrasonography (US) is one of the diagnostic
tools that have shown significant improvement within
the last decade®”. For the diagnosis of liver tumors, US
examination has the advantages of real-time observation,
simple technique and non-invasiveness" 7. This modal-
ity is being used worldwide with high frequency as a reli-
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able method for the initial diagnosis of liver tumors™*™.

Color Doppler and power Doppler have increased the
sensitivity for hepatic lesion detection compared to that
of gray-scale US|, Furthermore, the application of
microbubble contrast agents provides details of the he-
modynamics, which are useful for the detection and char-

. » % 26-31
acterization of liver tumors™*>".

Even if advances in imaging technology increase fur-
ther, US findings are inevitably based on the pathologi-
cal features. Therefore, knowledge of disease conditions
and pathological featutes is essential to comprehend the
findings on US images.

This paper reviews the diagnosis of hepatic malig-
nancies contrasted between US images and pathological
features.

HEPATOCELLULAR CARCINOMA

Disease conditions and pathological features
Hepatocellular nodules associated with liver cirrhosis are
divided into six categories according to the classification
proposed by the International Working Party of World
Congress of Gastroenterology in 1994: namely, large
regenerative nodule, low-grade dysplastic nodule (DN),
high-grade DN, high-grade DN with malignant foci, well-
differentiated hepatocellular carcinoma (HCC), and HCC
with Edmondson II or higher, which is called classical
HCC™. Among these nodules, two models of hepa-
tocarcinogenesis are now hypothesized. One is de novo
carcinogenesis, and the other is stepwise development
from low-grade DN, high-grade DN, high-grade DN with
malignant foci, and well-differentiated HCC, to classical
HCC. The intranodular blood supply changes with the
progression of human hepatocarcinogenesis from DN to
overt HCC™™ (Figure 1). The portal tracts, including the
portal vein and hepatic artery, decrease with the increasing
grade of malignancy and are virtually absent in nodules.
In contrast, abnormal arteries due to tumor angjogenesis
develop in atypical adenomatous hyperplasia (high-grade
DN) during the course of hepatocarcinogenesis, and are
markedly increased in number in moderately differentiated
HCCs. The intranodular vasculature changes in a stepwise
manner as the grade of malignancy increases”™ ™. In the
course of hepatocarcinogenesis, arterial and portal sup-
ply decreases (due to a decrease in the portal tracts), and
arterial supply returns to a level equivalent (due to newly
formed abnormal arteries) to the surrounding liver, while
portal supply continues to decrease, and finally portal sup-
ply vanishes and only arterial blood (from newly formed
abnormal arteries) supplies the lesion (classical HCC).
Therefore, high-grade DN is usually hypodense relative to
the surrounding liver. However, early-stage well-differen-
tiated HCC often shows isodensity because the increased
abnormal arterial supply compensates for the decreased
normal hepatic arterial supply"™".

Macroscopic configurations of HCC
In the classification proposed by the Liver Cancer Study

K’
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W Abnormal arterial blood supply
[E Normal arterial blood supply
[ Portal blood supply

o

RN—>Low grade DN—>High grade DN—>Well HCC—>Moderately HCC

Figure 1 Changes in intranodular blood supply with the progression of
hepatocarcinogenesis from dysplastic nodule to hepatocellular carcinoma.
RN: Regenerative nodule; DN: Dysplastic nodule; HCC: Hepatocellular carcinoma.

Small nodular type with indistinct margin

Simple nodular type

Simple nodular type with extranodular growth

Conflict multinodular type

Infiltrative type

| Ol0

Figure 2 Macroscopic configurations of hepatocellular carcinoma,

Group of Japan, macroscopic configurations of HCC are
divided into five types, namely the small nodular type with
indistinct margins, simple nodular type, simple nodular
type with extranodular growth, confluent multinodular
type, and infiltrative type'37‘3s] (Figure 2). The malignant
potentials tend to change in accordance with the progres-
sion of macroscopic configurations™!

In the small nodular type with indistinct margins, ap-
proximately 85% of nodules consist of well-differentiated
cancerous tissue with a replacing growth at the bound-
ary, and many portal tracts are retained in the tumor with
immature fibrous capsule formation. When such tumors
reach 1.5-2.0 cm in diameter, moderately or pootly dif-
ferentiated cancer tissues develop within the well-differ-
entiated cancer tissue. When less differentiated cancer-
ous tissues within the well-differentated cancer nodules
proliferate in an expansive fashion, a “nodule-in-nodule”
appearance is frequently seen.

The simple nodular type exhibits a round or nearly
round shape, and demonstrates a clear boundary with
non-cancerous tissue, and it often has an obvious capsule.
Some tumors appear intersected by thin fibrous septa,
but these tumors are round, and have the appearance
of a single expanding nodule. Moderately differentiated
cancerous tissue accounts for approximately 75% of the
simple nodular type of HCC, and approximately 20%
show portal invasion on histology.

In the simple nodular type with extranodular growth,

July 28,2010 | Volume 2 § Issue 7 |

- 623 -



Minami Y et a/. Hepatic malignancies: correlation between US and pathology

Figure 3 Advanced hepatocellular carcinoma. A: The nodule had a halo image and mosaic pattern in segment 8 of the liver on B-mode ultrasonography; B: Power
Doppler imaging showed hypervascularity of the tumor; C: Color Doppler imaging showed intratumoral blood flow. Arterial pulsatile waveforms could be detected by
pulsed Doppler images; D: The image of a simple nodular type with extranodular growth (arrow) was obtained on B-mode ultrasonography (US); E: Contrast harmonic
US showed enhancement of hepatocellular carcinoma in early vascular phase after administration of perfluorocarbon microbubbles; F: Contrast harmonic US depicted

the defect image in the post-vascular phase.

well-differentiated histological characteristics are present
in only 12.5% of cases. The simple nodular type of HCC
with extranodular growth is well developed in contrast to
the delicate fibrous septa that are occasionally present in
the small nodular type with indistinct margins. Most of
the simple nodular type with extranodular growth dem-
onstrates moderately differentiated HCC.

Confluent multinodular type tumor is formed by
several small contiguous tumor nodules. In confluent
multinodular type tumors, the margin of the whole tumor
appears rugged because of the projection of each nodule.
In addition, the internodular fibrous tissue of confluent
multinodular type tumors is well developed. This unique
appearance probably reflects the extension of tumor by
growth replacement from one pseudolobule into its neigh-
bors. Most of the confluent multinodular type is classified
as moderately to poorly differentiated HCC.

The infiltrative type of tumor is classified as the poor-
ly demarcated nodular type. The most important reason
for classifying this tumor separately is that grossly the
entire border is obscure. Histologically, the entire bound-
ary between cancerous and non-cancerous parenchyma is
composed of small nests of cancer cells that infiltrate the
interlobular septa, similar to the infiltrative pattern of ad-
enocarcinoma. Most infiltrative type tumor is diagnosed
in poorly differentiated HCC or mixed HCC/cholangio-

carcinoma.

US imaging of advanced HCC

Typical US findings of advanced HCC are a mosaic pat-
tern, septum formation, peripheral sonolucency (halo), lat-
eral shadow produced by fibrotic pseudocapsule, posterior

K
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echo enhancement, arterial hypervascularity with dilated
intratumoral blood sinusoids, and perinodular daughter
nodule formation (Figure 3).

Internal mosaic architecture and capsule formation
are major macroscopic features of typical moderately dif-
ferential HCCs™"'. The halo sign and lateral shadows
correspond to the thin fibrous capsule of the HCC. Cor-
respondence between sonographic halo sign and histolog-
ical capsule has been reported as 90.1%, and that between
the presence of extracapsular invasion on US and that on
histology as 88.0%. The presence of extracapsular inva-
sion on US is a predisposing factor for the development
of tumor recurrence.

Posterior echo enhancement is due to the softness of
the HCC". However, posterior echo enhancement is not
specific for HCC, as this finding is also observed with simi-
larly frequency in hemangiomas.

The spread of HCC along the portal vein results in
daughter nodule formation. In HCC, the hepatic artery
is the feeding vessel and the portal vein serves mainly as
an efferent vessel. Tumor cells invade efferent vessels by
budding, extension to the vascular cavity, and then ex-
tending beyond the capsule to the portal vein branches.
In more advanced cases of HCC, portal tumor thrombi,
biliary invasion, and hepatic vein invasion are also ob-
served, which strongly indicates a diagnosis of HCC.

A basket pattern on color Doppler images and/or power
Doppler images has been described; this pattern represents
a fine network of arterial vessels that surrounds the tumor
nodules"*!. Typical color Doppler findings in advanced
HCC are afferent pulsatile waveform signals, intratumoral
pulsatile waveform signals associated with intratumoral
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Figure 4 Early hepatocellular carcinoma. A: A nodule that was 1.5 cm in
diameter in segment 5 of the liver was shown as highly echoic because of
fatty changes in the nodule; B: A nodule-in-nodule appearance (arrow) was
demonstrated as a hyperechoic tumor within a hypoechoic nodule.

continuous waveform signals, and efferent continuous
waveform signals. Of the several parameters that can be
obtained with Doppler spectral analysis, maximum flow
velocity and pulsatility index (PI) are very important in the
differential diagnosis of hepatic tumors. The PI in HCC is
much higher than that in hemangioma.

Hepatic carcinogenesis is described as a multi-step
process in which progressive arterialization and gradual
loss of portal vessels are the principal features™*. It is
evident that vascular enhancement is related to the evolu-
tion of the lesion. Thus, duting the arterial phase, DNs or
early HCC usually appear hypo or isovascularized, while
advanced HCC:s are hypervascularized. Contrast-enhanced
US can show selective enhancement in the arterial phase,
whickll (cliifferenﬁates HCCs from regenerative nodules and
DNs™.

US imaging of early HCC

The imaging features of early HCC (highly well-differenti-
ated HCC) are as follows: bright loop appearance, arterial
hypovascularity and internal portal tracts or portal blood
supply. Hypervascular foci in the nodule occasionally dem-
onstrate a nodule-in-nodule appearance (Figure 4).

Bright loop appearance is defined as hypoechoic nod-
ules in a hyperechoic tumor'”. A nodule-in-nodule appear-
ance might also appear as a hyperechoic tumor within a hy-
poechoic nodule™*”. Hyperechoic HCC nodules represent
well-differentiated HCC with fatty changes, whereas an in-

3.-1..:,;:..," WJR | www.wjgnet.com

ner hypoechoic lesion represents moderately differentiated
HCC without fatty changes. On US screening for HCC,
these appearances are often observed in HCC nodules that
measure 11-20 mm in diameter. Histological examination
has demonstrated that bright loop appearance and nodule-
in-nodule appearance of HCC on US are associated with
tumor progtession and dedifferentiation to moderately dif-
ferentiated HCC within well-differentdated HCC with fatty
changes.

Typical findings of early HCC are afferent continuous
waveform signals, which reflect a feeding portal flow, which
is rarely associated with pulsatile wave-form sig11als'48], Thus,
with afferent blood flow on Doppler US imaging, constant
waveform signals that reflect portal inflow are a charactetis-
tic finding in DN's and eatly well-differentiated HCC.

Half of the well-differentiated HCCs wash out slowly
during the late phase on contrast-enhanced US and the av-
erage washout time was significandy different from that of
moderately to poorly differentiated HCCs""***), Micro-
bubbles continuously infusing the tumor through the por-
tal vein could be the pathological basis of slow washout.
Furthermore, well-differentiated HCCs consist of a tra-
becular pattern of cell cords and abundant sinusoids that
may cause stagnation and slow clearance of microbubbles.
Conversely, less differentiated HCCs contain fewer sinu-
soids and are mainly fed by the hepatic artery, which could
cause the difference in washout time compared with that
of well-differentiated HCCs.

LIVER METASTASIS

Disease conditions and pathological features
The liver is the organ second most commonly affected by
metastatic disease. The most common primary sites are
the gastrointestinal (GI) tract, lung, breast and head and
eck ", Therefore, liver metastases vary in size, shape,
vascularity, and growth pattern. However, most liver me-
tastases are multiple and show the so-called “cluster sign”.
In 77% of patients with liver metastases, both lobes are
involved, whereas metastasis is solitary in only 10% of
cases”™. Most metastatic tumors of the liver are expansive
or infiltrative. Although most metastases are generally
hypovascular, metastases often show the same degree of
vascularity as the primary tumor™, Calcification can be
seen in metastases from colon, stomach, breast, and other
organs. Fundamentally, liver metastases occur in patients
without liver cirrhosis®™",

In metastases from the GI tract, intratumoral fibrous
septum and capsule formation are macroscopically rare.
Hypervascular metastases are uncommon, however, arte-
rial vascularity of metastases develops finely near the bor-
der. Large metastases often outgrow their blood supply
and subsegment hypoxia causes a necrotic region at the
center of the tumor’”

In addition, metastatic carcinoma from the breast or
pancreas induces an intense fibrous or sclerosing reaction
around the tumor, which leads to fibrous scar forma-
tion™. In 7%-15% of patients, tumor thrombi occlude
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Figure 5 Liver metastasis. A: Multiple masses were seen in the liver by B-mode ultrasonography (US); B: Multiple defects were seen by Sonazoid-enhanced US in the
post-vascular phase; C: Portal phase dynamic scan detected a hypoenhanced nodule in segment 6 of the liver; D: Peripheral enhancement of the nodule (arrows) was

obtained by Sonazoid-enhanced ultrasonography in the early vascular phase.

the portal vein, the hepatic vein, or both. In the presence
of mucin secretion, necrosis, and phosphate activity, me-
tastases can develop calcification that is detectable radio-
graphically.

US imaging

US imaging features of liver metastases from the GI tract
are as follows: Bull’s eye appearance, multiple masses,
absence of liver cirrhosis, irregular tumor border, arterial
tim-like enhancement, and hypoenhancement in the late
vascular phase (Figure 5).

Bull’s eye or target lesion is a common presentation of
metastases from the GI tract™”., Sonography also shows
multiple round and/or hypoechoic masses with irregular
borders””. A Bull’s eye appearance represents histological
findings of an area that shows central coagulative necrosis
surrounded by a zonal area of viable tumor. The surround-
ing zonal area appears thick, and reflects a layer of viable
cells. Calcified metastases might demonstrate shadows
when they are densely echogenic. Then, colon cancer is the
most likely cause in a patient with unknown primary tumor
when calcified liver metastases are demonstrated by US.

Color or power Doppler US can show intratumoral
vascularity in the petipheral hypoechoic zone, in which vi-
able tumor cells are proliferating™. Actually, these signals
appear to be poor because the density of tumor vascula-
ture is lower than that of moderately differentiated HCC.
However, in patients with metastasis from renal cell carci-
noma or sarcoma, intratumoral flow can be demonstrated
because of its hypervascularity.

(59
L
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Contrast-enhanced US of the liver with SonoVue pro-
vides a significantly higher sensitivity in the detection of
liver metastases compated to that of unenhanced sonog-
raphy, and identifies up to 40% more metastases” . Tt
has been reported that the presence of rim-like enhance-
ment with peripheral tumor vessels (sensitivity, 88.1%;
specificity, 100%) is the typical pattern®. Contrast-en-
hanced US in the late phase provides a marked improve-
ment in the detection of hepatic metastases as areas of
hypoenhancement, and can be advantageous in detecting
small metastases compared with computed tomography
and magnetic resonance imaging** .

INTRAHEPATIC CHOLANGIOCARCINOMA

Disease conditions and pathological features
Intrahepatic cholangiocarcinoma is a slow-growing ductal
adenocarcinoma in the liver; it is relatively rare and com-
prises 3%-7% of malignant liver tumors“*”. The bile
ducts are dilated because of obstruction by tumors™".
Intrahepatic cholangiocarcinoma, unlike HCC, is not usu-
ally related to liver cirrhosis. However, hepatitis C virus
infection has also been reported to be a risk factor for
cholangiocarcinomar'z]. The Liver Cancer Study Group of
Japan has proposed a classification of intrahepatic chol-
angiocarcinoma based on macroscopic features: mass-
forming, periductal infiltrating, and intraductal, or mixed
mass-forming, and periductal infiltrating™". More than
half of intrahepatic cholangiocarcinomas are classified as
the mass-forming type.
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Figure 6 Intrahepatic cholangiocarcinoma (mass-forming type). B-mode
ultrasonography showed mixed echogenicity with irregular borders (arrows)
in the left lateral lobe. The intrahepatic bile duct peripheral to the tumor was
dilated (arrowheads).

A mass-forming intrahepatic cholangiocarcinoma is
usually large. On gross specimens, the tumor is firm and
whitish gray because of its large amount of fibrous stro-
ma'”. The margin is well circumscribed and wavy ot lobu-
lated. Central necrosis might be present. Multicentricity,
especially around the main tumor, is common, probably
because of the propensity of the tumor to invade the ad-
jacent peripheral branches of the portal vein " It casily
spreads to the lymph nodes. Most of the mass-forming
intrahepatic cholangiocarcinomas are pootly or moderately
differentiated”.

US imaging

US imaging features of mass-forming cholangiocarcinoma
are as follows: peripheral bile duct dilatation, absence of
liver cirrhosis, irregular tumor border, arterial enhance-
ment due to minute intratumoral blood sinusoids, and
hypoenhancement in the late vascular phase (Figure 6).

The bile ducts peripheral to the tumor ate usually di-
lated because of obstruction by the tumor, however, the US
findings of intrahepatic cholangiocarcinoma are fundamen-
tally very similar to those described in liver metastases'”.
Mass-forming cholangiocarcinomas can be hypoechoic,
hyperechoic, or have mixed echogenicity, with irregular bor-
ders. Peripheral cholangiocarcinoma can appear as a solitary
mass or as diffusely abnormal liver echotexture. Because of
their nonspecific symptomatology, mass-forming lesions
are generally far advanced when detected by US. In addi-
tion, mass-forming lesions might mimic HCC or metastases
on B-mode US™".

Color Doppler US typically shows a poor color signal
in cholangiocarcinoma compared with HCC, which is
hypervascular. Hence, color Doppler US is helpful in dif-
ferentiating vessels from dilated ducts and can provide
information regarding the status of vessels. It is considered
highly accurate in detecting neoplastic involvement of the
portal vein. In the study by Neumaier ¢ /™", the sensitivity
of color Doppler US for portal vein occlusion was 100%
and that for portal vein infiltraton was 83%, with 100%
specificity. However, there was poor sensitivity in detecting
infiltration of the hepatic artery (43%) and metastases to
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regional lymph nodes (37%), liver (66%), and peritoneum
(33%)™.

Although the imaging findings of peripheral cholangio-
carcinoma showed certain characteristics on low-mechan-
ical index (MI) contrast-enhanced sonography, contrast-
enhanced US findings are fundamentally similar to those
described for liver metastases. It has been reported” that
all peripheral cholangiocarcinomas show inhomogeneous
enhancement during the arterial phase, such as irregular,
peripheral, rim-like hyperenhancement (44.4%), inhomo-
geneous hyperenhancement (11.1%), or inhomogeneous
hypoenhancement (44.4%). However, all cholangiocarcino-
mas show hypoenhancement in the late vascular phase.

CONCLUSION

Worldwide, US imaging plays an important role not only
in screening, evaluating, staging and monitoring disease,
but also in surveillance following tumor ablation. Ad-
vances in imaging techniques have increased our ability
to detect and characterize focal liver lesions. The gross
appearances of hepatic malignancies correlate with the
pathological and US imaging findings, therefore, the mac-
roscopic types can be a significant independent prognostic
factor. Knowledge of the pathological features of liver tu-
mors is essential for correct US diagnosis and appropriate
management. Some pathological images can enhance our
understanding of liver tumors.
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Abstract

AIM: To compare the imaging results with histology
and to evaluate the diagnostic sensitivity of imaging mo-
dalities for hepatocellular carcinoma (HCC) smaller than
2cm.

METHODS: Nodules smaller than 2 cm (7 = 34) re-
vealed by ultrasonography (US) in 29 patients with liver
cirrhosis were analyzed. Histological diagnosis of HCC
was performed by ultrasonographic guidance: moder-
ately-differentiated HCC (n = 24); well-differentiated
HCC (7 = 10). The patterns disclosed by the four imag-
ing modalities defined the conclusive diagnosis of HCC:
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(1) contrast-enhanced computed tomography (CECT),
hypervascularity in the arterial phase and washout in
the equilibrium phase; (2) Sonazoid contrast-enhanced
US (CEUS), hypervascularity in the early vascular phase
and defect in the Kupffer phase; (3) gadolinium-ethoxy-
benzyl-diethylenetriamine pentaacetic acid (Gd-EOB-
DTPA)-enhanced magnetic resonance imaging (MRI),
hypervascularity in the arterial phase and/or defect in
the hepatobiliary phase; and (4) CT arterioportal angiog-
raphy: hypervascularity by CT during arteriography and/
or perfusion defect by CT during arterial portography.

RESULTS: Overall, the sensitivity of diagnosing HCC
smaller than 2 cm was 52.9% (18/34) (95% CI: 35.1-
70.2) by CECT; 67.6% (23/34) (95% CI: 49.5-82.6) by
Sonazoid CEUS; 76.5% (26/34) (95% CI: 58.8-89.3)
by Gd-EOB-DTPA MRI; and 88.2% (30/34) (95% CI:
72.5-96.7) by CT arterioportal angiography. The diagnos-
tic sensitivity of detecting moderately-differentiated HCC
by CECT, Sonazoid CEUS, Gd-EOB-DTPA MRI and CT
arterioportal angiography was 62.5% (15/24) (95% CI:
40.6-81.2), 79.2% (19/24) (95% CI: 57.8-92.9), 75.0%
(18/24) (95% CI: 53.3-90.2) and 95.8% (23/24) (95%
CI: 78.9-99.9), respectively. A significant difference (P <
0.05) was observed between CECT and CT arteriopor-
tal angiography in all nodules. There was no difference
between Sonazoid CEUS, Gd-EOB-DTPA MRI, and CT ar-
terioportal angiography. The combined sensitivity of Son-
azoid CEUS and Gd-EOB-DTPA MRI was 94.1% (32/34).

CONCLUSION: Changing the main diagnostic modality
for HCC smaller than 2 cm from CT arterioportal angiog-
raphy to Sonazoid CEUS and Gd-EOB-DTPA MRI is rec-
ommended.

© 2010 Baishideng. All rights reserved.
Key words: Computed tomography arterioportal angi-
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INTRODUCTION

The definitive diagnosis of nodular lesions, detected by im-
aging techniques in the liver with cirrhosis, remains a criti-
cal challenge for clinicians. The issue is particularly compli-
cated for small (1-2 cm) nodules, many of which may be
prencoplastic with uncertain malignant potential”!, such as
macroregenerative nodules, low-grade dysplastic nodules
(LGDN) or high-grade dysplastic nodules (HGDN), or
more rarely, hemangiomas that are found in up to 42% of
explanted livers™™",

Recently, clinicians have been able to conduct comput-
ed tomography (CT) scanning during angiography, thereby
acquiring data on lesions and intranodular blood flow
simultaneously™. To resolve the areas of uncertainty, we
have previously reported on the superiority of CT arte-
rioportal angiography [including CT during arteriography
(CTA) and CT during arterial portography (CTAP)], con-
cluding that it is superior to contrast-enhanced CT (CECT)
and magnetic resonance imaging (MRI) in the diagnosis
of hepatocellular carcinoma (HCC) nodules smaller than
2 cm',

Moreover, development of the newly introduced di-
agnostic imaging techniques, Sonazoid contrast-enhanced
ultrasonography (CEUS) and gadolinium-cthoxybenzyl-
diethylenetriamine pentaacetic acid (Gd-EOB-DTPA)-en-
hanced MRI have provided higher degrees of detectability
for small HCC. In this study, we compared the diagnostic
sensitivity of CECT, Sonazoid CEUS, Gd-EOB-DTPA
MRI, and CT arterioportal angiography in diagnosing
HCC in nodules smaller than 2 cm.

MATERIALS AND METHODS

Patients

From April 2008 to December 2009, we analyzed 34 nodules
smaller than 2 cm [8-20 mm; mean & SD 12.7 + 3.71 mmy;
the interquartile range (IQR) 10-15 mm) detected by US
in 29 patients (13 men and 16 women; aged 55-84 years;
mean + SD 70.5 £ 7.96 years; IQR 67-76 yeats) with liver
cirrhosis related to hepatitis B virus in 1, hepatitis C virus
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Age (yr), range (mean + SD)

55-84 (70.5 + 7.96) IOR 67-76

Sex (M/F) 13/16
Cause
HBV 1
HCV 24
Alcohol 4
AFP (ng/mL)
<20 21
>21 8

Nodule characteristics (mm),

range (mean * SD)

Histological diagnosis of the 34 nodules
Moderately-differentiated HCC 24
Well-differentiated HCC 10

8-20 (12.7 £ 3.71) IQR 10-15

IQR: Interquartile range; HBV: Hepatitis B virus; HCV: Hepatitis C virus;
AFP: a-fetoprotein; HCC: Hepatocellular carcinoma.

(HCV) in 24, and alcohol in 4. g-fetoprotein (AFP) mea-
sured less than 20 ng/mL in 21 patients and was above
21 ng/mL in 8 (Table 1). In this study, one nodule that
was not histologically diagnosed as HCC irrespective of
compatibility by imaging studies was excluded, and two
nodules were excluded because of inconsistency between
readers in the imaging results. The study was approved by
the Ethics Committee in Kobe Asahi Hospital.

CECT

CECT was conducted with the use of helical CT (Siemens,
Germany) with precontrast and postcontrast triple-phase
(arterial, portal, venous, and equilibrium phases) scans, af-
ter the injection of 120 mL of nonionic contrast medium
at 3 mL/s; the scans were carried out in a craniocaudal
direction with a 5 mm collimation in the other phases.
Acquisition of the arterial and equilibrium phases was
automatically started at 30 and 180 s, respectively, after the
intravenous injection.

CEUS

Ultrasonography was performed using a SSA-660A (Toshi-
ba Medical Systems, Tochigi, Japan). The vascular findings
on phase-inversion harmonic US were shown as tumor
vessel flow in the early vascular phase about 15-40 s after
injection of Sonazoid (GE HealthCare, Piscataway, NJ,
USA). The real-time replenishing images were obtained
during the vascular phase (< 2 min after the injection) by
release burst imaging. Images of the liver parenchyma were
obtained in the postvascular Kupffer phase, at least 10 min
after the intravenous injection of Sonazoid. Hepatic malig-
nances were visualized as defects in the postvascular phase.
An additional contrast agent was injected to confirm tu-
mor vessel flow in the defect, a technique known as defect

reperfusion imaging".

Gd-EOB-DTPA MRI

Images by MRI scans (Phillips, Nethetlands) were obtained
by the 1.0-T superconducting system (Gyroscan 10T-NT,
Phillips, Nethetlands). Enhanced MRI was used to obtain
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Modality

Imaging pattern

Contrast-enhanced CT
Sonazoid contrast-enhanced ultrasonography

Hypervascularity in the arterial phase and washout in the equilibrium phase
Hypervascularity in the early vascular phase and defect in the Kupffer phase

Gd-EOB-DTPA magnetic resonance imaging
CT arterioportal angiography

Hypervascularity in the arterial phase and/or defect in the hepatobiliary phase
Hypervascularity by CTA and/or perfusion defect by CTAP

CT: Computed tomography; CTA: CT during arteriography; CTAP: CT during arterial portography; Gd-EOB-DTPA: Gadolinium-ethoxybenzyl-

diethylenetriamine pentaacetic acid.

coronal images by the gradient-echo technique (FFG) at
150/3.5 ms TR/TE, 80° flip angle, and 168 X 256 matrix.
In each sequence, the respiration suspension time was
20-30 s. Gd-EOB-DTPA (Primovist; Bayer HealthCare,
Osaka, Japan) at a dose of 0.025 mmol/kg body weight
was injected intravenously as a rapid bolus at 2 mL/s. Dy-
namic contrast-enhanced MRI was initiated at 30 s, 70 s,
2-3 min and 20 min after the start of the bolus injection to
obtain multiphasic (arterial, portal, late, and hepatobiliary)
images.

CT arterioportal angiography (CTA and CTAP)

CTA: At angiography, 45 mL of diluted contrast medium
was injected through a catheter at 2 mL/s into the com-
mon hepatic artery. The whole liver was then scanned at
intervals of 5 to 10 mm.

CTAP: At angiography, 115 mL of diluted contrast me-
dium was injected through a catheter at 2 mL/s into the
supetior mesenteric artery, according to the scanning time
of the entire liver using a power injector during sequential
scanning of the liver with incremental changes in the po-
sition of the table. Infusion of contrast material was initi-
ated 20 s before CTAP. The whole liver was then scanned
at intervals of 5 to 10 mm.

US-guided biopsy

US-guided biopsy was carried out with the use of a 21
gauge Majima needle (Top, Japan). The diagnosis of HCC
was made by two operators [a physician (K.S,) and a pa-
thologist (Y.H.)] using the same specimen.

Histological diagnosis

Specimens were routinely processed and stained with
hematoxylin and eosin and by the Masson trichromatic
method. The diagnosis of HCC was made according to

the ctiteria of the International Working Party".

Imaging patterns for the conclusive diagnosis of HCC
by the four modalities

The following patterns disclosed by the four imaging
modalities were defined as the conclusive diagnosis of
HCC. (1) CECT: hypervascularity in the arterial phase and
washout in the equilibrium phase; (2) Sonazoid CEUS: hy-
pervascularity in the early vascular phase and defect in the
Kupffer phase; (3) Gd-EOB-DTPA MRI: hypervascular-
ity in the arterial phase and/or defect in the hepatobiliary
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phase; and (4) CT arterioportal angiography: hypervascu-
larity by CTA and/or perfusion defect by CTAP (Table 2).

Imaging studies

To minimize differences in the results between the opera-
tors, imaging studies were carried out and reviewed by
two operators [a physician (M.K.) and a radiologist (T.M.)]

using the same examination protocol.

Statistical analysis

The sensitivity for detecting tumors was indicated by the
95% CI. The 95% CI was estimated by F distribution.
The level of significance was set at P < 0.05.

RESULTS

The 34 nodules were histologically diagnosed as moder-
ately-differentiated (24 nodules) and well-differentiated (10
nodules) HCC (Table 1). For HCC smaller than 2 cm, the
overall diagnostic sensitivity was 52.9% (18/34) (95% CI:
35.1-70.2) by CECT; 67.6% (23/34) (95% CI: 49.5-82.6)
by Sonazoid CEUS; 76.5% (26/34) (95% CI: 58.8-89.3)
by Gd-EOB-DTPA MRI; and 88.2% (30/34) (95% CI:
72.5-96.7) by CT arterioportal angiography, with a signifi-
cant difference (P < 0.05) between CECT and CT arterio-
portal angiography. The combined sensitivity of Sonazoid
CEUS and Gd-EOB-DTPA MRI was 94.1% (32/34). In
diagnosing moderately-differentiated HCC, the diagnostic
sensitivity of CECT, Sonazoid CEUS, Gd-EOB-DTPA
MRI and CT artetioportal angiography was 62.5% (15/24)
(95% CI: 40.6-81.2), 79.2% (19/24) (95% CI: 57.8-92.9),
75.0% (18/24) (95% Cl: 53.3-90.2) and 95.8% (23/24)
(95% CI: 78.9-99.9), respectively. There was no difference
between CECT, Sonazoid CEUS, Gd-EOB-DTPA MRI,
and CT arterioportal angiography in moderately differen-
tiated HCC. The sensitivity of well-differentiated HCC
was not analyzed because of the paucity of cases (Table 3).

Representative cases

Case No. 1: Detection by Gd-EOB-DTPA MRI and
arterioportal angiography: In a 67-year-old woman with
HCV-related liver cirrhosis (AFP 9.0 ng/ mL; PIVKAI
21 mAU/mL), US revealed 2 12 mm hyperechoic nodule
in segment eight (Figure 1A). Sonazoid CEUS revealed no
hypervascularity in the eatly vascular phase and no defect
in the Kupffer phase. CECT revealed no hypervascularity
in the arterial phase and washout in the equilibrium phase.
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Modality Diagnostic sensitivity
All nodules (7 = 34) Moderately-differentiated HCC (7 = 24)
n (%) 95% Cl n (%) 95% ClI
Contrast-enhanced computed tomography 18 (52.9) 35.1-70.2 15 (62.5) 40.6-81.2
Sonazoid contrast-enhanced ultrasonography 23 (67.6) 49.5-82.6 19(79.2) 57.8-92.9
Gd-EOB-DTPA magnetic resonance imaging 26 (76.5) 58.8-89.3 18 (75.04) 53.3-90.2
Computed tomography arterioportal angiography 30 (88.2) 72.5-96.7 23 (95.8) 78.9-99.9

Gd-EOB-DTPA: Gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid; HCC: Hepatocellular carcinoma.

Figure 1 Case No. 1: detection by gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid magnetic resonance imaging and computed tomography
arterioportal angiography. Imaging and histological findings of the nodule in segment eight. A: Ultrasonography (US) reveals a 12 mm hyperechoic nodule (arrow);
B: Gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid magnetic resonance imaging reveals a defect (arrow) in the hepatobiliary phase; C, D: Computed
tomography during arteriography reveals isodensity (C) and computed tomography during arterial portography (D) reveals a perfusion defect (arrow); E: The nodule is

diagnosed as moderately-differentiated hepatocellular carcinoma by US-guided biopsy.

Gd-EOB-DTPA MRI revealed no hypervascularity in
the arterial phase, but a defect in the hepatobiliary phase
(Figure 1B). CTA revealed isodensity (Figure 1C), and
CTAP a perfusion defect (Figure 1D). US-guided biopsy
revealed moderately-differentiated HCC (Figure 1E).

Case No. 2: Detection by Gd-EOB-DTPA MRI: In
a 74-year-old woman with HCV-related liver cirrhosis
(AFP 7.1 ng/mL, PIVKA T 42 mAU/mL), US revealed
an 8 mm hyperechoic nodule in segment six (Figure 2A).
Sonazoid CEUS revealed no hypervasculatity in the early
vascular phase and no defect in the Kupffer phase. CECT
revealed isodensity in both the arterial phase and the equi-
librium phase. MRI revealed isointensity. Gd-EOB-DTPA
MRI revealed no hypervascularity in the eatly phase, but
disclosed a defect in the hepatobiliary phase (Figure 2B).
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CTA revealed no hypervascularity and CTAP no perfusion
defect. US-guided biopsy revealed well-differentiated HCC

(Figure 2C).

DISCUSSION

Confirmation of arterial hypervasculatity by three imag-
ing modalities (triphasic CT, triphasic MRI, and CEUS),
even in the absence of a significant (> 400 ng/mL) rise in
AFP, is recommended by the European Association for
the Study of the Liver (EASL) as diagnostic criteria for
HCC nodules larger than 2 cm in patients with cirrhosis”.
These recommendations for the management of HCC
provide a rational approach to the problem but leave
some areas of uncertainty, particularly those regarding the

interpretation of discordant vascularity, the use of imag-
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Figure 2 Case No. 2: detection by gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid magnetic resonance imaging. Imaging and histological find-
ings of the nodule in segment six. A: Ultrasonography (US) reveals an 8 mm hyperechoic nodule (arrow); B: Gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic
acid magnetic resonance imaging reveals a defect (arrow) in the hepatobiliary phase; C: The nodule is diagnosed as well-differentiated hepatocellular carcinoma by
US-guided biopsy, showing cellularity more than two-fold that of the non-tumorous area.

ing techniques in nodules smaller than 2 cm, the meaning
of truly hypovascular nodules, and the management of
those diagnosed with LGDN or HGDN at guided biopsy.

The American Association for the Study of Liver Dis-
cases” recommends that the diagnosis of HCC should
be made without biopsy when characteristic arterial vas-
cularization and venous washout are observed on three
imaging modalities: triphasic CT scan, triphasic MRI and
contrast-enhanced harmonic US.

Nevertheless, these recommendations have not been
tested and validated except by Bolondi e 2/ and Forner
et al'. According to Bolondi e al" the noninvasive EASL
criteria with CEUS and CECT for the diagnosis of HCC
are satisfied in only 44% of nodules smaller than 2 cm in
cirrhosis. Forner ¢ a/'” reported that the diagnostic sensi-
tivity of MRI and CEUS in the diagnosis of HCC (smaller
than 2 cm) is 67%.

The main characteristics of Sonazoid, a newly intro-
duced second-generation US contrast agent exclusively
approved in Japan in 2007, are that it facilitates real-
time blood flow images at low acoustic power and stable
Kupffer phase imaging from 10 to 120 min after its injec-
tion. In vascular imaging, Sonazoid is considered more
effective than Levovist and easy to use; it allows visualiza-
tion, even with the use of non-high-end equipment and,
therefore, reduces dependence on the operator’s skills/
equipment, all of which may promote the widespread use
of CEUS. As stated earlier, Sonazoid CEUS provides very
stable postvascular phase images for up to 60-120 min'"?,
which has resulted in the invention of the breakthrough
method, defect reperfusion imaging that is an innovative
technology that will greatly change the daily practices of
HCC management. In our study, the diagnostic sensitivity
of Sonazoid CEUS was 67.6% in all HCC, and 79.2% in
moderately-differentiated HCC.

Kudo e a*"*'"¥ have recently developed defect reperfu-
sion imaging (using the properties of very stable Kupffer
phase images and real-time fine blood flow images obtained
with Sonazoid) for typical HCC, which is depicted by CT
but not by B mode scanning, The method is a breakthrough
for accurate localization and treatment guidance[s]: dramatic
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resolution of many limitations in the diagnosis and treat-
ment of HCC, such as detection of small HCCs", evalu-
ation of treatment response’”, and needle insertion guid-
ance; additionally, detection is even more sensitive than with
MDCT".

A newly introduced contrast agent, Gd-EOB-DTPA,
approved in Japan in 2008, is a hepatocyte-specific MRI
contrast medium with a different mechanism that utilizes
neither dynamic nor Kupffer cell imaging. It is useful
in cases which would be difficult to diagnose by tech-
niques such as dynamic MRI or SPIO-MRI. Typical HCC
shows high intensity with Gd-EOB-DTPA in the arterial-
dominant phase and low intensity in the portal-dominant
phase and thereafter. The imaging diagnosis of HCC can
be made approximately 10-20 min after the injection of
Gd-EOB-DTPA. In our study, the diagnostic sensitivity
of Gd-EOB-DTPA MRI was 76.5% in all nodules and
75.0% in moderately-differentiated HCC.

Previously, we had concluded that CT arterioportal
angiography was superior to CECT and Gadolinium-en-
hanced MRI for diagnosing HCC in nodules smaller than
2 cm", In this study, the diagnostic sensitivity of CT artetio-
portal angiography was 88.2% in all nodules and 95.8% in
moderately-differentiated HCC. We observed a significant
difference between CECT and CT arterioportal angiogta-
phy (P < 0.05) in all nodules. However, there was no differ-
ence between Sonazoid CEUS, Gd-EOB-DTPA MRI, and
CT arterioportal angiography. The combined sensitivity of
Sonazoid CEUS and Gd-EOB-DTPA MRI in all nodules
was 94.1%, due to improvement in the diagnostic capabili-
ties of Sonazoid CEUS and Gd-EOB-DTPA MRI. This
improvement in these two imaging modalities with the use
of the newly introduced contrast agents provided higher
sensitivity for the diagnosis of nodules smaller than 2 cm
with Sonazoid CEUS and Gd-EOB-DTPA MRI than with
Sonovue CEUS and CECT reported by Bolondi ez a/'",
or with Sonovue CEUS and Gadolinium-enhanced MRI
reported by Forner ef al'".

These results, considered together with the invasive-
ness of CT arterioportal angiography, suggest that the
principal diagnostic modality for HCC smaller than 2 cm

September 7, 2010 | Volume 16 | Issue 33 |

- 634 -



Mita K et a/. Sensitivity of imaging modalities for HCC

should be changed from CT arterioportal angiography to
Sonazoid CEUS and Gd-EOB-DTPA MRL

COMMENTS

Background

In spite of the recent advances in imaging techniques, the definitive diagnosis
of nodular lesions detected by imaging modalities in the liver with cirrhosis
remains a critical challenge for clinicians. The issue is particularly complicated
for small (1-2 cm) nodules, many of which may be preneoplastic with uncertain
malignant potential. We undertook this study to evaluate the effectiveness
of imaging techniques in the diagnosis of hepatocellular carcinoma (HCC)
smaller than 2 cm on the basis of histologic findings. Four imaging modalities
were compared: contrast-enhanced computed tomography (CECT), Sonazoid
contrast-enhanced ultrasonography (CEUS), gadolinium-ethoxybenzyl-dieth-
ylenetriamine pentaacetic acid (Gd-EOB-DTPA) magnetic resonance imaging
(MRI), and CT arterioportal angiography.

Research frontiers

The authors compared the imaging results with histology and evaluated the
diagnostic sensitivity of the 4 imaging modalities.

Innovations and breakthroughs

Previously, the authors had concluded that CT arterioportal angiography was
superior to CECT and gadolinium-enhanced MRI for diagnosing HCC in nodules
smaller than 2 cm. In this study, the sensitivity of diagnosing 34 HCCs smaller
than 2 cm was 52.9% by CECT; 67.6% by Sonazoid CEUS; 76.5% by Gd-EOB-
DTPA MRI; and 88.2% by CT arterioportal angiography. A significant difference
was observed between CECT and CT arterioportal angiography (P < 0.05).
There was no difference between Sonazoid CEUS, Gd-EOB-DTPA MR, and CT
arterioportal angiography, and the combined sensitivity of Sonazoid CEUS and
Gd-EOB-DTPA MRI was 94.1%, due to improvement in the diagnostic sensitiv-
ity of Sonazoid CEUS and Gd-EOB-DTPA MRI. This improvement in these two
imaging modalities with the use of the newly introduced contrast agents provided
higher sensitivity for the diagnosis of nodules smaller than 2 cm with Sonazoid
CEUS and Gd-EOB-DTPA MR than with Sonovue CEUS and CECT reported by
Bolondi et al, or with Sonovue CEUS and Gadolinium-enhanced MRI reported
by Forner et al.

Applications

These results, considered together with the invasiveness of CT arterioportal an-
giography, suggest that the principal diagnostic modality for HCC smaller than
2 cm should be changed from CT arterioportal angiography to Sonazoid CEUS
and Gd-EOB-DTPAMRI.

Peer review

The major strength of the study is that there are many patients with small tu-
mors. The patients have also been applied to new equipment and new contrast
substances. It's a very interesting paper.
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Hepatitis C Virus Core Protein Induces
Homotolerance and Cross-Tolerance to Toll-Like
Receptor Ligands by Activation of Toll-Like Receptor 2

Hobyung Chung,' Tomohiro Watanabe,”? Masatoshi Kudo,' and Tsutomu Chiba?

'Department of Gastroenterology and Hepatology, Kinki University School of Medicine, Osaka-Sayama, Osaka, and “Department
of Gastroenterology and Hepatology, Kyoto University Graduate School of Medicine, Kyoto, Japan

Background. Hepatitis C virus (HCV) activates host innate immune responses mediated by retinoic acid
inducing gene-I (RIG-I) and Toll-like receptors (TLRs). Although the nonstructural protein 3/4A (NS3/4A) of
HCV disrupts interferon responses by inhibiting RIG-I signaling, the effects of TLR activation by HCV-associated
proteins on host innate immune responses are poorly understood.

Methods. Proinflammatory cytokine responses to various TLR ligands in human antigen-presenting cells
(APCs) were examined either with or without prestimulation by HCV core protein.

Results. TLR2 activation by the HCV core protein leads to a decrease in interleukin 6 (IL-6) production by
human APCs after subsequent stimulation with TLR2 (homotolerance) ligands and TLR4 (cross-tolerance) ligands.
This hyporesponsiveness induced by preexposure to the HCV core protein was partially mediated by the negative
regulation of nuclear factor-«B activation by the induction of IRAK-M. TLR ligand-induced IL-6 production was
significantly reduced in peripheral blood monocytes isolated from HCV-infected patients, compared with those
of healthy control subjects. Alloantigen presentation by monocytes isolated from HCV-infected patients results in

impaired production of interleukin 17 by naive CD4" T cells in the presence of TLR ligands.

Conclusions.
TLR-mediated innate immunity.

Chronic stimulation of APCs with HCV core protein is associated with hyporesponsiveness in

Hepatitis C virus (HCV) is a successful pathogen that
establishes persistent infection and causes chronic liver
disease in the host [1, 2]. The mechanisms by which
HCV avoids elimination by the host immune system
are poorly understood. One proposed mechanism ac-
counting for the high rate of persistent infection is that
HCV infection inhibits the production of type I inter-
ferons that constitute the antiviral host defense [3].
HCV RNA is recognized by innate virus-sensing mol-
ecules, such as retinoic acid inducing gene-I and Toll-
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like receptor 3 (TLR3), which then induce rapid inter-
feron responses [4—6]. The HCV nonstructural protein
3/4A protease is reported to blunt the innate antiviral
interferon responses mediated by these virus-sensing
molecules [5, 7]. However, defective interferon re-
sponses are not sufficient to explain the development
of the abnormal immunological environments permis-
sive to persistent HCV infection. This notion is sup-
ported by the clinical outcome showing that only ~50%
of patients with HCV infection are successfully treated
with pegylated type I interferon and ribavirin [8].
Several bacterial infections such as sepsis and cel-
lulitis are more common in HCV-infected patients than
in those without HCV infection [9-11]. Because TLR-
mediated proinflammatory cytokine responses are nec-
essary for host defenses against bacteria [12], it is likely
that chronic HCV infection generates an immune en-
vironment in which TLR-mediated proinflammatory
cytokine production is impaired after exposure to bac-
terial antigens. With respect to TLR activation by HCV-
associated antigens, the core protein activates TLR2 on
antigen-presenting cells (APCs) to induce cytokine re-

Cross-Tolerance by HCV Core Protein
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sponses through nuclear translocation of nuclear factor-xB
(NF-kB) subunits [13, 14]. However, the type of immune re-
sponse that is finally generated by TLR activation in HCV-
infected patients remains largely unknown. If the HCV core
protein stimulates TLR2, then this TLR pathway will be con-
stantly activated in peripheral blood APCs in HCV-infected
patients. Preactivation of a single TLR pathway results in re-
duced cytokine responses after restimulation with TLR ligands
[15]. Therefore, this study investigated whether the activation
of TLR2 by the HCV core protein induces tolerogenic cytokine
responses after subsequent stimulation with TLR ligands. We
found that core protein—mediated activation of TLR2 in human
APCs reduces interleukin 6 (IL-6) production by these cells
after restimulation with TLR4 ligands (cross-tolerance), or
TLR2 ligands (homotolerance). More importantly, IL-6 pro-
duction mediated by these TLR ligands is significantly reduced
in the peripheral blood monocytes of chronic HCV patients
compared with healthy control subjects, resulting in impaired
allogeneic interleukin 17 (IL-17) production.

METHODS

Stimulation of cell lines with core protein. Human embry-
onic kidney 293 (HEK293) cells (ATCC) and isolated clones of
HEK293 cells stably expressing the human TLR2 gene (HEK293-
TLR2; InvivoGen) or TLR4 and MD2 genes (HEK293-TLR4-
MD2; InvivoGen) were stimulated with core protein (2 or 20
pg/mL; Biodesign International), peptidoglycan (10 pg/mL;
Fluka), Pam,CSK4 (10 pg/mL; InvivoGen) or lipopolysaccharide
(1 pg/mL; Sigma-Aldrich). The purity of the core protein was
>95%. The human monocytic cell line MonoMac 6 (MM6;
1 X 10° cells/mL) [16] was stimulated with core protein (5 pg/
mL), peptidoglycan (10 pg/mL), Pam,CSK4 (10 pg/mL), or li-
popolysaccharide (1 pg/mL) in the presence of a neutralizing
anti-TLR2 monoclonal antibody (T2.5; 2 or 20 pg/mL; e-
Bioscience) or mouse IgG1 control antibody (eBioscience). Cells
were cultured for 24 h, and supernatants were analyzed for pro-
duction of IL-6 and interleukin 8 (IL-8).
Prestimulation of cells with core protein.
cyte-derived dendritic cells (DCs) from healthy control subjects
were generated as described elsewhere [17]. DCs or MM6 cells

Human mono-

(1 X 10° cells/mL) were incubated with core protein (10 pg/
mL) or medium alone for 24 h. The cells were then washed 3
times and restimulated with microbial antigens as described
above. Culture supernatants were collected 24 h after restimula-
tion and analyzed for cytokine production.

Flow cytometry. MMBG6 cells (1 X 10° cells/mL) were incu-
bated with core protein (10 ug/mL) or culture medium alone
for 24 h. Cell surface expression of TLR2 and TLR4 was an-
alyzed using a PE-conjugated anti-human TLR2 monoclonal
antibody (TL2.1; eBioscience), an anti-TLR4 monoclonal an-
tibody (HTA125; eBioscience) or a PE-conjugated mouse 1gG2a

control antibody (eBioscience). Apoptotic cell death was as-
sessed using an Annexin V assay as described elsewhere [18].
Cell-surface expression of CD80 and CD86 was analyzed by
using a PE-conjugated anti-human CD80 or CD86 monoclonal
antibody (eBioscience) as described elsewhere [19].

Enzyme-linked immunosorbent assay. The concentrations
of cytokines and chemokines were determined by enzyme-
linked immunosorbent assay kits for human IL-6, IL-8, inter-
leukin 10 (IL-10), interleukin 12p40 (IL-12p40), interferon -y
(IFN-v) (BD Bioscience), and IL-17 (eBioscience) as described
elsewhere [20].

NF-kB activation assay. Nuclear extracts were prepared
from MM6 cells (1 X 10¢ cells/mL) preincubated with either
core protein (10 pg/mL) or medium for 24 h and then stim-
ulated with core protein (5 pg/mL) or lipopolysaccharide (1
pg/mL) for 1 h. The binding of the nuclear extract (30 ug/well)
to NF-«B consensus oligonucleotides was measured using a
Mercury Transfactor kit (BD Bioscience) as described else-
where [21].

Immunoblot analysis. Immunoblot analysis was per-
formed as described elsewhere [21]. The blotted membranes
were incubated with anti-MyD88 (Active Motif), anti—inter-
feron regulatory factor 3 (IRF3; Santa Cruz Biotechnology),
anti-interferon regulatory factor 5 (IRF5; Abcam), anti-IRAK-
M (Cell Signalling), or anti-actin (Santa Cruz Biotechnology)
antibodies.

Assays with small interfering RNA specific to IRAK-M.
MMG6 cells (5% 10° cells/mL) were transfected with either
IRAK-M small interfering RNA (siRNA) (Santa Cruz Biotech-
nology) or control siRNA (25 nmol/L) using the TransIT-TKO
transfection reagent (Mirus), followed by stimulation with core
protein (10 pg/mL) for 24 h and restimulation with core pro-
tein (5 pg/mL) and lipopolysaccharide (1 pg/mL).

Studies using peripheral blood cells from patients. Ethical
permission for this study was granted by the review board of
Kinki University. Healthy control subjects (n = 10) and treat-
ment-naive patients with chronic HCV infection (n = 10) were
enrolled in this study after informed consent was obtained.
Peripheral blood monocytes (1 X 10° cells/mL) isolated from
each patient were stimulated with HCV-associated proteins and
TLR ligands as described. Monocytes were purified from pe-
ripheral blood mononuclear cells (PBMCs) using a monocyte
isolation kit (Miltenyi Biotec). Culture supernatants were col-
lected after 24 h and analyzed for cytokine production. In some
experiments, monocytes (1 X 10° cells/mL) isolated from HCV
patients or healthy control subjects were cocultured for 7 days
with naive CD4" T cells (1 X 10° cellsyfmL) isolated from
PBMCs of healthy control subjects. Culture supernatants were
then analyzed for cytokine production. Naive CD4" T cells
were purified using a naive CD4" T cell isolation kit (Miltenyi
Biotec).
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Figure 1. Hepatitis C virus (HCV) core protein is a specific activator of
Toll-like receptor 2 (TLR2).

Statistical analysis. A Student f test was used to evaluate
statistical significance. Statistical analysis was performed using
the StatView software, version 4.5 (Abacus Concepts). A value

of P<.05 was regarded as statistically significant.

RESULTS

Activation of TLR2 by core protein.  Our initial studies de-
termined whether core protein functions as a specific activa-
tor of TLR2. Core protein induced IL-8 production only in
HEK293-TLR2 cells, which suggests that this protein activates
TLR2 (Figure 1A). We next used a different approach to con-
firm this finding in the human monocytic cell line, MMé6. Pro-
duction of IL-6 and IL-8 induced by core protein was reduced
by the addition of an anti-TLR2 monoclonal antibody as in
the case of stimulation with a conventional TLR2 ligand, pep-
tidoglycan (Figure 1B). To further confirm the activation of
TLR2 by core protein, we used splenocytes lacking MyD88, a
downstream effector molecule of the TLR2 pathway [12].
MyD88-deficient splenocytes failed to produce IL-6 after stim-
ulation with core protein (Figure 1C). These data suggest that
the core protein is a specific activator of the TLR2-MyD88
signaling pathway.

Induction of cross-tolerance by core protein.  Although the
ligation of TLRs on APCs induces proinflammatory responses,
preexposure to TLR2 or TLR4 ligands has been shown to de-
sensitize APCs to subsequent stimulation by TLRs [22-25]. In
the case of the TLR4 signaling pathway, preexposure of APCs
to lipopolysaccharide reduces responsiveness not only to li-
popolysaccharide (homotolerance) but also to TLR2 ligands
(cross-tolerance) [22-25]. It remains controversial whether
preactivation of TLR2 leads to cross-tolerance in the TLR4
signaling pathway [22-25]. Identification of core protein as a
specific TLR2 activator prompted us to address whether preex-
posure of APCs to core protein leads to tolerogenic responses
not only to TLR2 ligands, but also to TLR4 ligands. For this
purpose, MMG6 cells were incubated with core protein, followed
by stimulation with core protein, peptidoglycan, Pam,CSK4, or
lipopolysaccharide, to measure production of proinflammatory
cytokines. Production of IL-6 and IL-8 induced by core protein
was markedly reduced in cells prestimulated with core protein
compared with cells that were not prestimulated (Figure 2A).
Interestingly, the production of IL-6 and IL-8 induced by a
TLR4 ligand (lipopolysaccharide), as well as TLR2 ligands (pep-
tidoglycan or Pam,CSK4), was markedly reduced in MM6 cells

preincubated with core protein. Preexposure of cells to core
protein did not alter the production of IL-12p40 after restimu-
lation with TLR ligands (data not shown). Thus, exposure of
MMG6 cells to core protein induces homotolerance and cross-
tolerance after subsequent stimulation with TLR ligands. We
next examined whether this was the case with primary human
APCs. Human monocyte-derived DCs from healthy control
subjects were activated with core protein and then restimulated
with TLR ligands. The production of IL-6 and IL-8 was mark-
edly reduced in DCs after restimulation with TLR2 and TLR4
ligands (Figure 2B). Moreover, induction of cross-tolerance by
exposure to core protein was impaired by blockade of the TLR2
pathway, because IL-6 production was significantly increased
in MMB6 cells treated with an anti-TLR2 monoclonal antibody
(Figure 2C). Taken together, these data strongly suggest that
preactivation of TLR2 on human APCs by core protein induces
both homotolerance and cross-tolerance after subsequent stim-
ulation with TLR ligands.

Expression of TLRs and activation markers in core protein—
tolerant cells. We investigated whether preactivation by core
protein alters the expression of costimulatory molecules and
TLRs. No significant alteration in the expression of CD80,
CD86, TLR2, or TLR4 was seen in MM6 cells by preactivation
with core protein (Figure 3A and 3C). In addition, the ex-
pression of CD80 and CD86 was not changed by treatment
with core protein after restimulation with core protein or li-
popolysaccharide (Figure 3A). It is unlikely that the inhibition
of TLR responses by core protein prestimulation is due to the
induction of apoptotic cell death because stimulation of MM6
cells with core protein did not alter the percentage of Annexin
V* apoptotic cells (Figure 3B).

Molecular mechanisms of cross-tolerance by core protein.
NF-«B is a crucial transcription factor for the regulation of IL-
6 and IL-8 gene expression. Tolerogenic responses seen after
preexposure to Pam,CSK4 or lipopolysaccharide have been
shown to be mediated by a reduction in NF-«B activation [22,
23]. Figure 4A shows that after restimulation with either core
protein or lipopolysaccharide, the binding of the NF-«B sub-
units, p65 and p50, from nuclear extracts isolated from MM6
cells preincubated with core protein to consensus sequences is
markedly reduced compared with that of cells that had not
been preincubated with core protein. In contrast, there was no
significant difference in the binding of c-Rel in the nuclear
extracts either with, or without, core protein prestimulation.
Furthermore, no difference was seen in the binding activity of
any of the NF-«B subunits when cells were restimulated with
phorbol myristate acetate, which activates NF-«B independent
of TLR signaling. Neither the core protein-induced nor lipo-
polysaccharide-induced binding activity of c-Fos and c¢-Jun in
the nuclear extracts was affected by preincubation with core
protein (data not shown). Moreover, p65 nuclear translocation
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Figure 2.

Induction of cross-tolerance to Toll-like receptor (TLR) ligands by hepatitis C virus (HCV) core protein. MMB cells (1 X 10° cells/mL) (panels

Aand C) or human monocyte-derived dendritic cells (DCs) (1 X 10° cells/mL) (panel B) were incubated with HCV core protein (10 ug/mL) or culture medium
alone for 24 h, washed 3 times, and then stimulated with HCV core protein (5 ug/mL), peptidoglycan (PGN) (10 wg/mL), Pam,CSK4 (PAM) (10 ug/mL), or
lipopolysaccharide (LPS) (1 pg/mL). In some experiments, MMB cells were treated with anti-TLR2 monoclonal antibody (mAb) (50 ug/mL) or control antibody
(Ab) (50 pg/mL) for 12 h before stimulation with core protein. Culture supematants were collected 24 h later, and production of interleukin 6 (IL-6) and
interleukin 8 (IL-8) was measured. A, C, Results represent 1 of 3 independent experiments and are shown as mean + standard deviation. B, Results are

shown as pooled DCs isolated from 4 healthy control subjects and are expressed as mean +

standard error. *P< .05, **P< .01 compared with cells

preincubated with medium alone (panels A and B). **P< .01, compared with cells treated with control Ab (panel C).

was restored in MM6 cells stimulated with core protein fol-
lowed by lipopolysaccharide in the presence of an anti-TLR2
monoclonal antibody (Figure 4B). These data suggest that core
protein prestimulation reduces subsequent activation of NF-xkB
by TLR ligands.

We performed immunoblot analyses to determine the ex-
pression levels of the signaling molecules, or negative regulators,
involved in TLR signaling pathways [15] in cells incubated
either with, or without, core protein. As shown in Figure 54,
there was no difference in the expression of TLR signaling mol-
ecules, such as MyD88, IRF3, or IRF5, in cells with or without
core protein stimulation. In contrast, core protein clearly en-
hanced the expression of the negative regulator IRAK-M. A sig-
nificant reduction in IRAK-M expression was seen in cells treated
with an anti-TLR2 monoclonal antibody. We could not detect
the expression of other negative regulators such as IRF4 or SOCS-

1 by immunoblotting (data not shown). Because IRAK-M is
responsible for the induction of endotoxin tolerance [26], we
looked at whether IRAK-M expression induced by core protein
is involved in the induction of homotolerance and cross-toler-
ance. We investigated whether gene silencing of IRAK-M ex-
pression by siRNA [17] abrogates core protein-mediated inhib-
itory effects. Figure 5B shows that transfection of MM6 cells with
IRAK-M siRNA substantially reduced the expression of IRAK-

This figure is available in its entirety in the online
version of the Journal of Infectious Diseases.

Figure 3. Cell-surface expression of costimulatory molecules and Toll-
like receptors (TLRs) in cells stimulated with hepatitis C virus (HCV) core
protein.
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