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ABSTRACT

Background/Aims: Scirrhous hepatocellular
carcinoma has been defined within general hepa-
tocellular carcinoma. To define scirrhous hepato-
cellular carcinoma, the present study identified
the specific characteristics as compared with gen-
eral hepatocellular carcinoma.

Methodology: The scirrhous hepatocellular car-
cinoma was defined when almost all areas of the
tumor were occupied with scirrhous structures. It
was identified 14 patients with scirrhous hepato-
cellular carcinoma and 300 patients with general
hepatocellular carcinoma (control), all underwent
hepatectomy from 1988 to 1994. It was compared
the clinical background of the patients, prognosis,
and pathological features, which included immuno-
histological staining using Hepatocyte Paraffin 1.

Results: All scirrhous hepatocellular carcinoma
showed whitish, hard forms resembling intrahe-

patic cholangiocarcinoma. The rates of average
ICGR15, positive hepatitis C virus antibody,
and microscopic invasion to the bile duct were
12%, 38%, and 20%, respectively, each signifi-
cantly different than general hepatocellular car-
cinoma. The cumulative 10-year survival rate of
scirrhous hepatocellular carcinoma and general
hepatocellular carcinoma were 70% and 31%,
respectively. With immunohistological stain-
ing, 43% of scirrhous hepatocellular carcinoma
showed negative staining for Hepatocyte Paraf-
fin 1.

Conclusions: The scirrhous hepatocellular car-
cinoma has specific characteristics such as lower
rates of hepatitis C virus infection, better progno-
sis, and different histological findings; therefore,
scirrhous hepatocellular carcinoma should be
strictly classified under a new category.

INTRODUCTION

According to the Histological Typing of Tu-
mors of the Liver (WHO International Histological
Classification of Tumors) (1), scirrhous hepatocel-
lular carcinoma (HCC) is described as “areas with
abundant fibrosis stroma separating cords of tumor
cells”. “Seirrhous” is defined as a histological type of
HCC indicating a specific area of a tumor, not defin-
ing the whole area of HCC (1). The structure of a
scirrhous carcinoma could be detected partially in a
HCC, mixed with other structures. Scirrhous HCC
generally shows a macroscopic finding resembling
mass-forming type of intrahepatic cholangiocarci-
noma (ICC) (2-4). However, accumulated studies
of scirrhous HCC are not sufficient because of its
rare occurrence and vague definition. To strictly
define scirrhous HCC, the present study attempted
to identify specific characteristics of scirrhous HCC
and compared its clinicopathological features with
general HCC (2).

METHODOLOGY
In the present study, scirrhous HCC was defined
as a carcinoma with almost all areas of the tumor
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occupied with scirrhous structures, characterized
by abundant fibrosis stroma separating cords of
tumor cells. The pathological diagnosis was con-
firmed by reviewing the available hematoxylin and
eosin (H&E) stained slides by a pathologist. As for
the general HCC which served as the control, the
nonscirrhous, simple nodular type HCC was mac-
roscopically selected. The simple nodular HCC was
defined as a macroscopic type of HCC in the Gen-
eral Rules for the Clinical and Pathological Study of
Primary Liver Cancer (Liver Cancer Study Group
of Japan) (2). The present study compared the clini-
cal background, the pathological findings, and the
prognosis between the scirrhous HCC and general
HCC. It was performed immunohistological stain-
ing in scirrhous HCC using hepatic differentiation
marker Hepatocyte Paraffin 1 (Hep), biliary dif-
ferentiation marker Cytokeratin 19 (CK 19), MUC
1 glycoprotein (MUC 1), and epithelial membrane
antigen (EMA).

Samples sections were fixed in formalin. Paraf-
fin embedded cell block tissues were deparaffinized
and hydrated in a series of xylene, graded alcohols,
and water. To improve the staining methods for an-
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tigen retrieval, we microwave heated the samples
in 10mM citrate buffer at pH 6.0. The endogenous
peroxidase was blocked by immersing the samples
in 3% hydrogen peroxide. The sections were then
washed in a phosphate-buffered saline (PBS) solu-
tion. The primary antibody was applied before an
overnight incubation at 4°C. The mouse monoclonal
antibody was applied before an overnight incuba-
tion at 4°C. The mouse monoclonal antibody Hep
(clone OCH1E5.2.10; DAKO, Carpenteria, CA) was
used at a dilution of 1:50. The mouse monoclonal
antibody CK 19 (clone RCK108; DAKOQO) was used
at a dilution of 1:200. The monoclonal antibody
Muc 1 (clone Ma695; DAKO) was used at a dilution
of 1:1000. The mouse monoclonal antibody EMA
(clone E29; DAKO) was used at a dilution of 1:300.
After another wash with PBS, biotinylated goat an-
timouse secondary antibody (DAKO) was applied
at room temperature for 40 minutes. The sections
were washed again and treated for 40 minutes with
streptavian conjugated to horseradish peroxidase
(DAKO). The colorizing agent diaminobenzidine
was used subsequently. The sections were counter-
stained with hematoxylin. PBS, instead of the pri-
mary antibody, was used as a negative control.

Normal hepatocytes around tumor cells were
strongly stained for Hep with cytoplasmie, diffuse,
and granular patterns. When more than 50% of the
total tumor showed positive staining for Hep, the
staining was graded as 2+. When 5 to 50% of the tu-
mor showed positive staining for Hep, the staining
was graded as 1+. When almost all (>95%) of the
tumor showed negative staining for Hep, the stain-
ing was graded as -. CK 19, MUC 1, EMA stain-
ing patterns were graded similarly. Because Hep is
a very useful marker for diagnosing HCC in that
HCC shows more than 90% positive staining for
Hep (5-9), the immunostaining for Hep in the 300
general HCC cases was not perform.

The present study was a retrospective study by
which we examined the data of the patients from
the database. Informed consents were not obtained
from the patients at the time of study; however, all
of our patients gave written consents at the time of
treatment, stating that anonymous clinical data of
the patients could be used for research purposes at
a later date.

Statistical Analysis

Chi-square test and Student’s t test were ap-
plied to compare for differences between groups.
The survival curves were analyzed by Kaplan-
Meier method and then were compared by log-rank
test. For all tests, a p-value of less than 0.05 was
considered significant.

RESULTS

Clinical background

From 1988 to 1994, 589 HCC were curatively re-
sected in our hospital. Out of these HCC, 300 were
general HCC, 14 (2.4%) were scirrhous HCC. Among
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FIGURE 1
Typical
macroscopic
finding of
scirrhous HCC

FIGURE 2
Immunohisto-
logical finding of
scirrhous HCC
with Hep positive
staining (a, H&E
staining; b, Hep
staining) and Hep
negative staining
(c, H&E staining;
d, Hep staining)

FIGURE 3
Immunohisto—
logical finding of
scirrhous HCC
with both Hep and
CK 19 positive
staining (a, H&E
staining; b, Hep
staining 2+; ¢, CK
19 staining 1+)

FIGURE 4

The survival curve
of scirrhous HCC
(xx; n=14) and
general HCC (++;
n=300). 10-year
survival of general
HCC=31%;
10-year survival
of scirrhous
HCC=70%
(p=0.0085)
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TABLE 1 Clinicopathological Characteristics of General HCC (n=300) and

Scirrhous HCC (h=14}

General Scirrhous
HCC HCC p-value
Male (n) 230 (77%)  11(79%) NS
Age (yr; mean+SD) 61.3+£7.8 60.2+9.0 NS
1CG 315 (%; mean+SD) 18.8410.2 12.3%6.5 <0.001
HBsAg (+) (n) 80 (20%) 2 (14%) NS
HCV (+) (n) 216 (72%) 5 (33%) <0.01
LC (n) 171 (57%) 5 (33%) NS
Size (cm; mean+SD) 3.4+2.4 3.2+1.9 NS
Vp (n) 46 (15%) 3 (20%) NS
Vv (n) 7(2.3%) 0 (0%) NS
B (n) 7 (2.3%) 3 (20%) <0.01
IM (n) 40 (13%) 4 (27%) NS
N (n) 4 (1.3%) 0 (0%) NS
Logl10(AFP) (mean+SD) 1.69+0.96 1.83+0.91 NS

ICG 15: indocyanine green retention at 15 minutes; LC: liver cirrhosis;
Vp: portal vein invasion; Vv: hepatic vein invasion;

B: bile duct invasion; IM: intrahepatic metastasis; N: lymph node
metastasis; AFP: alpha-fetoprotein

the scirrhous HCC, the mean rate of ICGR15 was
12%, 2 (14%) were hepatitis B surface antigen (HB-
sAg) positive, 5 (33%) were hepatitis C virus anti-
body (anti-HCV) positive, and 5 (33%) showed liver
cirrhosis. Of the total scirrhous HCC, 7 (60%) had
single HCC, and the other 7 (60%) had synchronous
multiple HCC, of which one was scirrhous HCC and
the rest were nonscirrhous HCC. 2 samples (14%)
showed previous transcatheter arterial embolization
(TAE), but the other 12 samples (86%) were primary
HCC showing no previous treatment. No patients
showed hypercalcemia in the blood examination.

Macroscopic finding (Figure 1)

All scirrhous HCC showed a whitish, hard form
with slightly lobulated margin, which were obvi-
ously different than the general HCC. They rather
resembled the mass-forming type of ICC (2). 6 cases
(48%) also showed a macroscopic central scar, which
resembled the finding of focal nodular hyperplasia
(FNH) or fibrolamellar HCC.

Microscopic finding

For scirrhous HCC, the rate of bile duct inva-
sion was 21% (3/14). The formation of a capsule was
detected in 6 cases (43%), and all 6 cases showed
infiltration to the capsule. The differentiation was
determined as moderate in 13 cases (93%) and poor
in 1 case (7%); none of the samples showed well dif-
ferentiated cells.

Comparison between scirrhous HCC and
general HCC (Table 1)

In the present study was compared the clinical
and pathological findings of scirrhous HCC and gen-
eral HCC. We found the rate of mean ICGR15 and
the rate of anti-HCV positive significantly lower in
the scirrhous HCC, whereas the rate of microscopic
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invasion to the bile duct was significantly higher in
the scirrhous HCC (p < 0.01).

Immunohistological finding (Figure 2, 3)

In the immunohistological staining for Hep,
scirrhous HCC showed predominantly positive (2+)
in 57% (8/14), predominantly negative (1+) in 29%
(4/14), and completely negative (-) in 14% (2/14) of
the cases. 21% (3/14) of the cases also showed par-
tial positive staining for the biliary marker CK 19
(2 cases of Hep 2+/CK 19 1+, 1 case of Hep -/CK 19
2+4), and 14% (2/14) cases showed partial positive
staining 1+ for MUC1 and EMA.

Postoperative prognosis (Figure 4)

For scirrhous HCC, the 5-year survival rate and
no recurrent survival rate were 71% (10/14) and 43%
(6/14), and the 10-year survival rate and no recur-
rent survival rate were 50% (7/14) and 21% (3/14),
respectively. The recurrent patterns were all intra-
hepatic recurrence with no distant metastasis. The
intrahepatic recurrent rate within 5 years of scir-
rhous HCC was 50% (7/14). For the general HCC,
the 5-year survival rate and no recurrent survival
rate were 20% (59/300) and 2% (6/300), and the 10-
year survival rate and no recurrent survival rate
were 0.7% (2/300) and 0% (0/300), respectively. The
intrahepatic recurrent rate within 5 years was 77%
(232 /300). The postoperative 5-year and 10-year
survival rates and the intrahepatic recurrent rate of
scirrhous HCC were all better than that of general
HCC. With the Kaplan-Mayer method, we found the
cumulative 5-year survival rate of scirrhous HCC
and general HCC 77% and 63%, respectively, and
the cumulative 10-year survival rate were 70% and
31%, respectively (Log Rank test, p <0.01).

DISCUSSION

According to the Liver Cancer Study Group of
Japan, the frequency of scirrhous HCC is compara-
tively rare, namely 1.3% in all surgical resected
cases and 1.1% in autopsies (10). Other reports on
scirrhous HCC have shown a lower rate of liver
cirrhosis and comparatively good prognosis (3,11).
However, there has been no definite agreement in
other clinical characteristics of scirrhous HCC, such
as the rate of HBs antigen positive, AFP, and hyper-
calcemia (3,11). In the clinical data, scirrhous type
HCC showed significantly lower rate of HCV infec-
tion, liver cirrhosis, and lower data of ICGR15 com-
pared with general HCC (p<0.01). The relatively
good prognosis of scirrhous HCC is probably caused
by the less liver damage from lower HCV infection
rate and the lower intrahepatic multicentric occur-
rence rate after a hepatectomy. Therefore, there
was a gradual widening gap in the 5 to 10 years sur-
vival curves between the two groups. Tha et al. (4)
reported a significant lower rate of recurrence in 12
resected cases of scirrhous HCC compared with 307
cases of non-scirrhous HCC. In the Histological Typ-
ing of Tumors of the Liver (WHO International His-
tological Classification of Tumors), scirrhous HCC
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is described as the most common tumor found after
radiation therapy, chemotherapy, or infarction (1),
but our result showed that schirrhous HCC could
occur predominantly without previous treatments
of TAE or radiation. Almost all (86%) patients in the
present study had no previous treatment.

The pathological results showed interesting
features of scirrhous HCC, which should be distin-
guished from general HCC. These features include
1) the macroscopic characteristics resembling ICC,
2) higher rate of microscopic invasion to the bile
duct, 3) higher rate in the loss of positive staining
for Hep, and 4) partial positive staining for CK 19,
MUC1, EMA. These features suggest some similari-
ties between scirrhous HCC and ICC. The similarity
in their macroscopic form was probably because of
the common abundant fibrous components. Also, in
terms of microscopic invasion to the bile duct, there
was a great difference between scirrhous HCC and
resected ICC (21% vs 52%) (10). The high frequency
of lymph node metastasis and the poor prognosis
of ICC also clearly segregate itself from scirrhous
HCC (10). Yamamoto et al. (12) reported HCC with
a central scar and a scalloped tumor margin re-
sembling focal nodular hyperplasia in macroscopic
appearance. These scalloped HCC showed a good
surgical outcome. A definite difference between the
scalloped HCC and our scirrhous HCC was that the
scalloped HCC was defined on a macroscopic find-
ing, and our scirrhous HCC was defined on a micro-
scopic finding. However, because both HCC showed
similar macroscopic finding, there might be some
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(fps)
HA4F 39D
! ~ % 65 + -~
LY (dB) 40~50 655 5 40~45
b 70 [ OHiI#R 0T % 60~70
MFI : 60~63 Capture:-5 ~-10  Capture :-5 ~ -10

K11z, Levovist T L TWARERET
DOBERZWICER TS - 7R 2R
3. EFIZT3HEOLH T, CRFHEED Y —
R4 77 ZDFRIC, EEEEERE THFSS
C3mmO R/ I - fFEHERD - EEE
FIERE D BARERAE (17 sec) TiZ, R &
HE L TRPEEE TH - 7228, FIIRERIH
(60 sec) TITZHHEE & % - 7-. Kupfferil %
KEETHRTHLI00BTLERETH
n, BHOZWLRHETH 7. LLrLEaHE
FE#ETIE, —#icdefect ZES3 Kz —T
botz. THOLBEGEHENAELZI-Th-
72l IEEETIRERED/ Sy 27579V F i
PHOREIHEXR, H-»EEREHEE
ESLRE LTS LI It Ehie®E
Abhiz

3. HFESEZHO-HDOT L —LE

YT A A LODERARH Sonazoid & D

358

FETH22, FEULHFETLHAREOT
L — 4 ¥ (frame rate, fps) 12 & - TR IZE
WARTS, ThbbIL—aBBlElk3L
HEBAEEDENT + — ) 2P Y — 48
RE T IcE L 2R ETIRESER T
DHEBEDEELDEL LS. Y74
A LM LLEYS, BWMNEDO 7L — 4%
TEETHIVLEXH, BHEITV— 4L/
) (fps) EE MR T 5.

4. FFEEZWHOLDDT + —H AEE
FFRER D MFRZ W HERE O TRRIZ T + — 7
ZLEMT5. L LEBL EFEERORE
OBRHIZBIFOTRIZ 7+ — 7 2 LIF2H %
RELLAF ¥y ¥5. MIPE1{§ & EEE
MEDORFHIZIE, BREICKXOETOMES S
B HEBORRP S FRICTA—H AT HE
IEMICBFABE{REERLIILNTE S,
7 % —H A TIEEENBNDT, TOH

JFHERE 6043 % - 20104-3 H
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BOKIEFE TR X720, BAhi0 UTH
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BT B7-DIZBEET o — 7 AREXITKIFEL
BOWE—=LT7 =R VBRGNS, ¥
VIONT x—HAEEIBHIZIZOREE
LS A TRETILEY D 5.

5. Sensitivity time control (STC)
STCiZHFRDEFZ » & BH % TH— Mg
ICB B K ICHET 5. KEERICRETS &
N 059V FBARAIAEIBDTFA VR
SICA#HFTLENBETHBEN, EHrLa—
WE L EDBAITE, HROBZEOER A
BIChozREECTsZLMHd5. 20
REGBEICIDARELEHED TV LY bD
A A= VPRE B -HEAREOHE S +5
REUTHEAL TR RS 2.

6. BEE
AEEDI0cm Y EOESHRELIRE TS
BRICIE, T+ REAIREHE ORIRETIZ
BohxnZeRnzsn, 20X5 ZBEICIRAE
WA EDEVEDIZTEZ LT, KDER
FTHOERECHIREB/DI LAV TREL &

5. WICHEmOBRIIERE 0 -T2
H$ 5 &L g,

7. ¥+ & —0 Sonazoid EF DERTE (#%2)

Sonazoid EHE D EBEFHIHEFTETH
ZMUE02 ~03, 157 Vv —4/F, £4F
Iy 2V UYVARIHBRTHSB. ZOMMIP%
8% 7= DFETIIHMIMNE % RIS HH ¢
Z0EHNRH B, Aplio XGDMFI (Micro flow
imaging) Tid, 74 V260 dBHiE THEL
T3, Siemensthid, &R Aii30dBHIH%
DFFETH 55, Capture mode Tid 10 dB i
BEBNIZETT5. REESHEICLDET
ONEYRD 5728, ThThORBEORHE%
AL THRATEZENEETH 5.

f@% X5 ¥ 5 4 7 124 1< Sonazoid 0.0075
mi/kg % 1 ml/sec CEUREFE L 720D T — 4
ER2ISRY. #5%300 £ THEK M
fk, FF&E#IR ¥ & ORFSEE OMERE % JI7E L RgfH
HEHEAMIT L2 25, 45 % TIXH
RGBT DH 248, (ZITFEFICPIIRILTE &
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Step1  Sonazoid /A, $108~#145 % THBERTF

Step2 1~ 343tk TEIMIRM I & OTIREN A & Bl

Step3 104 #LIREIZ Kupffer #8 % 3¥fi (Hypointense T3 UL 20 % F T104 Z L IZBIER)
Step4 20438 T iso intense DAEHIZBY L Tid high MI TOF¢fi % &0

Step5 EHHICEEEL, MIP (Maximum Intensity Projection) % fifi FH U fGill il B 4 48 % 1%

®4 MbEEOTLR

ZS1A + 3 Ze BN CTEE A FR D IO ETOMH 2R A 5)

B+ MELGETR Y4 7u0aryNy o 25 BHHEE

i e TR THII A BB RV EBREBI I B A 5

Acoustic Power  MIA04LL FICAS WK IZHHE DTS

STC (Sensitvity g o s 8 2 B

time control)

E=g—E—F

(side by side, INRERHEIRAHB AR EL L, BEFADOB TSNS VEAEH
dual mode % &)

A, B TPRMFEIEME X5, WTh
107 R CIRITHERT 2 MKIED &
&3, —F, WEBEEEIIN3IFTHEE
Z0, PRI TOEBEORBRHTH
T & - 7= (10% R E AT 4 5 BeREIEF
#404). BlEX D 10 ~ 205 LARE A HFSRE
DFMIZET 5 EE A 7= BHORRRIZOW
Tit, BEHABEREX2ESTREHF T
D, ERICEDBRBRD & 50 FE TR ES
DERTSEZARRITH 3.

1% 8 (vascular phase)

1) BIfikE 748 (early vascular phase)

BE#P 15,5458, BROEER
PR REEE %2 295 £ T.

2) FIRREEN7 A8 (late vascular phase)

FIRD e %, AFEBEREA P &
583 0FEEET.

3) Kupffer #H (post vascular phase)

5% 202 EEALE Ly, FFHRSREETIC
K DEERT 5 Z LA H 5. Kupffer HD AR,
Eimd dBH, Sonazoid i3 98 % A* Kupffer il
faicBR T 2 MELBKRNVERZESICT S
Z &2 5 KupfferfH EFEFRL TV 3 19,

F 7B EERE TSR 2 PR ML
/BZENTERY, HICHE®%2~ 39
R (3 I 5% D P BR & AP RIS & &R A2 b
7w T ENGED B 728, FEERISERILG M
IRAFEAEFET LT3 I8 B H S THEE
EERS RO OME LR L LS IcA L
Wi REEIcT2ZLhd 5. EBRORERF %X
SIERT 5. EFIX 76O BME, AR
BOY -4 F v ZTHS8IZ15 mm DK~
I - KA a8 7. BRHEEROEBIRERHE
TIIREE AN M5 S & A i 258 7=, Z
DREIR, 2HBRIEPPERE L ko 7228,
I3 BRITIIEHERE, 300RIIFEKERE &
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L7 PLED &S IC8EOMRMFAEE T
DOBWTIZIX, 1~37DOFIRERAH % EHEH
BT A Z L NEETH 5.

BigHGE (BEROY(ZVD)

BIEOEBEAX4I1RT. FFRAICERA
BRWALBDHTH» 6, W14 E THEBERE
L, FIREMHEIIRE3ITE TEHET 5.
Kupffer #iZ, #910 43 THES R 4 % FE B &
0 B & %> 7% hypointensity TH NITKR T T 5.
20 4% # 12 hypointensity T 7 1+ 21 {1 high MI
(high MI mode) T/N 7 L &iH % LIEEE &
FEEE RO R ORE 2 Baf L T35, MFI
ZEOMIPHEIRIE, MBEOCEBHELZW~ 24
T 5. —ARNEREOT Y EEIITIRT.

miEoTX (4

R ERL, BENEERTSHS. +
S FEABALL (5 DIRBITEWV) R 2 & E
TRUBRONUETORMHEZ 0BT S, 7VF
TR PR oM REERIL, EEO
ETFIREEBED RV, 700Xy I ABEH
et Hs.

FEH

Sonazoid i, Y 7L & 4 LML WA
TECTHETRER I -EREL»2HT

X o/l L EEMIEELE 251
Kupffer image # 8 61 5 Z & AT EE 2
ICBWTEHBNEZ ETH 5.

FHEZ OB &M - Hihd BENEG %32
ABESRL 7. BEAHII OV, MEHEE
E T % » KupfferlH 2 BERT52I12&-T
b, EEBEHAIOREESEREEZEASIL
LEETHS. HFHEEEZWICH T % Sonazoid
D4+ BB, CTRMRIEHEAHHIC
FHTZZLICKDBIREEZH T4 2L
BETH 5.
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1) Watanabe R, Matsumura M, Suematsu M et al :
Mechanism of hepatic parenchyma-specific con-
trast of microbubble-based contrast agent for ul-
trasonography: microscopic studies in rat liver.
Invest Radiol 42 : 643-651, 2007

2) Yanagisawa K, Moriyasu F, Iijima H et al :
Phagocytosis of ultrasound contrast agent mi-
crobubbles by Kupffer cells. Ultrasound Med
Biol 33 : 318-325, 2007

3) REST  PRABDELHETRZN—Z DEE
LB UWER—. PR 50 © 105-121, 2009

4) Luo W, Numata K, Tanaka K et al : Sonazoid-
enhanced ultrasonography for evaluation of the
enhancement patterns of focal liver tumors in the
late phase by intermittent imaging with a high
mechanical index. J Ultrasound Med 28 : 439-
448, 2009
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Key Words : early hepatocellular carcinoma, contrast
enhanced ultrasonography, Sonazoid,
Kupffer image
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Ji# B 9% (hepatocellular carcinoma | HCC) ®
BI{EZWIE, WEENGHIILINE DI LD
fREBE N, BRFEE L) BHFE~OBITR
VASEPARIMGE R FINRILER, KupflertRiEZ &I2H
BLBEESH D EARESINTE LV, BF
WHIBIZBWTH, 2007EPLRVTINVT S v
<Ay aNT N FHWIE 2 B
Sonazoid® (F—=4%) PRIEEH & o7z, Zh
12 & 1) Levovisti# 2R A CIXREETH - 72) T
& A L CHEMZ MBI REDEE S TgE L 2 Y,
4101 & 48 (Kupffertfl) Tl342 1 3B LIRZE DO
ETAHIEDNTELL)III ko7, SHIZEN
FEDNEST L 7-HCC Tld Kupfferflif FAvmi+ 5
DT, Kupfferti DT R, & BEE ORI EiEE %
HAEDbE LT LT, EMERFMIC D WS R
AT (LN

PLEdD & 5 ITBEERAEIICTRMRIE it L
TEETHREPEVOA TR L, ERSHEEIC
bYEND. AR CHRERE IV SFET 5
CERBETH LD, BEMEIZHEICMEIR L
MAEHLCRBRIIEEBU 21T JLAET

ns.
AfE TR IC BT 5 S E R
EOMESFIZOVTHHAT 5.

PRFEORAVIEZEERMR

FHAFFMEE T & ) B ORE OB IR B4
BRZMmMETHE4, BHMEISEDIZ2h TS
MmAECEEL T . MIRELAE TIIBIIRZ ML
ChBELETTA. Zh5IECT during hepatic
arteriography (CTHA) % &'12 & A#Efli 2 Higs o &
BYTHAHVY, Kupfferfi TiZ, dysplastic nod-
ule DN) ISR W EHIFHE RS RRE CIXEHE T
HYH, INLOEMIEEETDH B2, hobic
e bhizon, EHNOKupfferfifinETE &
b 12 Kupfferfd b ﬁ:i@}ﬁ E%5(E1).

ZOEHTTNIEMEBIFE L Vo TL #
DREIZZFE ﬁ 'CZF) n, 7ok Z A\ XERIR ML L2

L e B
EHEE e . -
l .... s Kupffertd
E@El 020202020200 —Tm-m=---
RAEE =21k hIEHE

F1 HHERENMMEECEREETVEBSERED
NG — LR

* Significance of the Sonazoid contrast enhanced ultrasonography for early hepatocellular carcinoma.
** Hironori TANAKA, M.D., Ph.D. & Hiroko IIJIMA, M.D., Ph.D.: B ER KEEBHE > 7 — (8663-8501 FHE
i iHE JI[ /T 1-1) ; Ultrasound Imaging Center, Hyogo College of Medicine, Nishinomiya 663-8501, JAPAN
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BT ZMA,5ZMmE TRIEG. L LEH
FECIIZSMTHoTH, FOREIIML 2w
7-%, B-modeS S LI—ThiEEE, H¥EFD
WETHA MO LI N TLE ) THE
5.

BEREFRREC L 3FHRED
SR oA 57l O PE 8K

A EAHE O BIRAE @R, 2L 57
®, CTRMRITOSEMIESTHAH. LA LI
Ao EBY, FHAFHE OB MR LT O FFl (3 %
BLHERET LI LNE L, SHEERE
Lo TMRFTMOHEN R LB L H 5.
ZITEBRELICL 2BV EHLNETH20,
MEFEND 5 VIR EBIRZRNIC L 0 A
LW S N-#EI D9 b, EOB-MRI(Philips
Intera 1.5T), Dynamic CT (Siemens SOMATOM
Sensation), Sonazoid CEUS(Toshiba Aplio XG
3 %\ [3Siemens Acuson Sequoia) D9 X T Dl
{GRRA DA HE T & - 7= 55AE FIS0EH (5143841,
wHELI7H, FIER8.9E8.45%, FINEHE18.8
+9.1mm) Ol AT R % #5 L 7.

AHEONRFHETIIRHFEIEZEETNT
BY, ZMHEEOEE AN eh o 725,
BIRA DS IMM: & BT &7 b DIZMRIB4% (38

GHi), CT73% (43#5H7), contrast-enhanced ul-

51 . 559

100%
80%
60%

g
40% — S

(38#5Ei)

20%
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trasound (CEUS) 76 % (45#& i) & CEUSD JEFE A*
BLBRFTH-72(F2). ZOREKEIE, CTMRI
TIXHoNLoROoNTBHEEFMT L0
xtL, CEUSIZ# 1 45#E £ ComRzitsy 7
N E A BB B i, bR MKOER
BIZELZRTWI EIZXBEEZLNS,
—77 CCEUSIZZREHZ R SSHEFRIEE T T -4
HWHIBGT T X VIR A &, SRR B 2 SR
PHET S, F00, EEBFEMRETZIM
& WX N 14EERIICBWT Y, CTTI1286%
(4 #585), MRITI314.3% (2 %5 8) A &Mtk & 2
BT Xx T/ (H3).
FARICMRITZE & W S 721680 9

CT 164580 MRI 21555 CEUS 14#585
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4 4
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+33.3% (7 585) 1 2CTT, 42.9% (9 ##) IZCEUS
TEHMBELEBMTE. T/2CTTZ MM L BT
EN721686HTIE, MRITI12.5% (2 #585), CEUS
Ti337.5% (6 fEEN) AL MM LB TE L4 L,
MR EEFMIC L VEREDO LRAPHIRFETE
7-(X 3).

PDED XS5z, BEHFEOZRIE, CTPMRI
IR TCCEUSRATI S &k Y, X hIFEwELD
Wrds TR L %2 5B,

KupffertB M FFii & B

FrifasE T, ENEIEITT 5 L Kupfferff
FBARDT 5 ENBESNTNEY, Zhid
superparamagnetic iron oxide (SPIO) & #MRIC
E5HIZEDIT &N, SPIODKupfferfif~DEL )
AABDETH, FlRBEOZEREEREDART
&Mty 20 LI2IZFE CEEA, 2RBATK
T$5L9THBEY, Levovist°Sonazoid EFiE
EEBRELRBETH A0, Dk, RS
ORI (ZKupflerfifafi oA 22O 6N
v, HEIVIEIRIERDZELTHIDTH
Thh, ECBETREREDRESRITL VATEE
HAHY, HFTEDbOTHETHL L VDY
VAR LT/

—5, FEAZ ) —= > 78 S AEOB-MRI
DFFIRLERAE T, BEIFFEORERR T ADN
DB L VIR L 25 b OPFVWT LEASHHL A
Lo T&7. I hidgadolinium-ethoxybenzyl
diethylenetriamine pentaacetic acid (Gd-EOB-DTPA)
DI~ ) ARPET T A LICLBEE
ZonbH, ZOBFIZTOWTIE, OATPIB3
(OATP) 2 &D + 5 Y AR— ¥ —DREBOMEE %
EVHEEINTETVELODOW  \wE 44
LRHICIEE - T ey, EOBMRITHH S /z
REICIE, 10mmEHOHEFHHHELZELON
559 %bDLFV. DX LERRETIVN
WENE W20, EBEAREBTLTHY 7Y
7L -OWEELE L, FAREDR b HEE
Th5b.

PLE X b, Kupfferfifg DT % $E8UCER-E T
& 5 Sonazoid CEUSOERII K& V. T4bb
Z MRS T o T b Kupfferdifa2%mAr (b L <
IZKupfferBRENET) TABX L 5252 LM

HAL & AR W51% B5F

TENE, BlLEREHOBIICERTHS.
FE20mmAREE O Z MIEAFE Dradiofreequency ab-
lation (RFA) 161X, F4l7 & FEFEOBEIHARFT
&5, FHIBELHTHY, BEIHTHEED
L., CTOATT + 00— LEMALE T8
BLTW2E, SHECESEIHERTAZLLD
D, EFEEVBREFLETHS.

PLE &Y, Sonazoid CEUS®Kupfferk Z i »
FE&iddetectioniZ & £EH T, & 5IZEOB-MRI
DFF IR E FH O A THEHE & N7 K58 D G
MG, HFEFERFHOREL TH72012)
BETHA.

Kupffert8 O §¥4fi /5 &

Kupffertfl CHHIREHME & RT3 5 7-01213, JE
B DR OBREHIENERER & B U TR
EBYENSHL, L L, Kupfferll TOFE
BREOREL, BEEBROT I —EERH#
BRIV LR THEERZITALD,
BILRINOEZRTLILEND S, FFMFEH
IBEFE107 LR E SN Tw 325, EMICHET§
B0 LREHE T L2, 45 REAFFIRE AR
RLEMCEFMRE T, 20D THT
HHOT, 107HTIIFRKOFLEICLVHE
TR ELH 5.

IS DFEFIIHT LT, Levovisti Bl SR
EOBIZHEH L TWwW7/:ADFE — F (TOSHIBA
Aplio) ®°ADI (Siemens) THEFEEFliZ:EML T
WA, BEEE— FIINTVNHRELZEICT
BESEEBILT A0, NTLHLLDEET
JERIETEA7:0, ERIFLVOEFOEE
AR/MRICT A ENTES, ERICETFEE—
RASEENT & - 72 FFSTO#20mm D FFH AL AE 51
PIRRT A, ZOREGITIE, 205 LLEED Kupffer
HEREEE - FCRETLILEFHEETHo 1
A (H 4-A), BEEE— FCHETL WKL
BEERECHL I LVTWTE(H4-B).

Z DADF %8 U 7-Kupffer tHEHE 0 A B 1% %
WE 5729, SonazoidiEHEBEikRAEDKupffer
HEBEOPREEFEICMZ T, ADFE— FTO
5FAli b T & 7-80AEBI9KE H CFHE#69.27%. 5B
H56 A, 24 N) 2oV THE L7:. B-mode®
MIRIEBL2—43%, $2-13%, KTa—

—369—



Gastroenterology Nov. 2010

51 1561

E4 Kupflertlic &} 3 BEEEOEH

29%, E¥A2715% Tho7:. BEEE—FIZ
& % Kupfferfipt RAVEME TH o EFIZZ O
5 H204EHT (20.2%) THBLNAS, THHIZADF
E—-FEMEHTAILICLY, UFIKIER L
Y, FFEODETREIX80% 5> 594% (2 E L
EHTHo 1.

Cadence Contrast Pulse Sequencing (Siemens)
**Coded phase inversion (GE healthcare) % &,
HESThH 5 Bmode DK B BHMZ 5Fik
bdHEHY, BEETOHRETELICINLEZE
RTELBEL, RE2PohW, BT
FEEITIE, BmodeEELRTWOT, BEFE
E—- F2EEHASDOETEHMTLIILIFEE
TH5.

BEEEET— FESEETE— F(ADF)

T D Kupffertdff R st

BEEET— FCEEETH - 2719EH D) b,
2RI EEE— FCSEEL 2o S0k
) RTEMESRALNLTREEMEE LT, BBERED
HEZIV TS EEOBERSBH SN
TN DHBRBIE LN VIEES, MEHTER
BBE L ONTAIP R eV ETETY:
ETHARBEONTIVIZEENICK > TWAD,
BEETHRLIZEEZEE LTHBTEARBONT
VOERLZVWREFEZOLNS,

FEFNIT2m D BMT, STICCTEIIRAR TR
1% (B 5-A), EOB-MRIDFFlila A0 TIHEE
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iZKupffertl DR EE TIZEEE T - 7255 (H
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Ho72(F5-D). Zhid/MNEE CHBOLEFIC
FELTWD, WELEDERBIZLY+5
RRENBON LD o - TEEMD D 5.

KupfferiB TERE D R HRFTE DS

FEPNIT2EOBEMT, S5(24913mmOHLEIRY 72
HCCERBDiEME ko zd"(H 6-AEL), HWER
DEOB-MRIDFHlifa EHXETDARBD LN H)
10mmOEE S #EE % STICERD 7z, STOREEILE
#?ODynamic CTTIZ L OBFMHICBWTHIERHT
&, CT during arterial portography (CTAP) T
b PRI T 72 {IREZ IR T I Lo 72705,
CTHATO A b $ DIERRIPUR & 7% 5 Z Mt DFE
i LTHMTEZ. ZORBIBEERED
A2 ) == S TIRBETE 27208, Z0
#%® B-modeil L ZHEMRETIIFLI—-LWwL
ROBTo—EHEBAETE L. EEBEER
Erifr L7zh, BEEE— FCTIREFEHKE
T TE Lol RFAZREIT L7-BE, BEEAR
T LEHO—BIcE LB FEL RO
(E 6).

B HRFABEZIGAT L7245, Zo k9 2l
2 2OKupffertf T BHEE & 2 6 2 \WisENIE, 8
BOFA X EE2MELT, BEEREZEZE
DI RERCIEHEAST R T A EFTET L,

FED

BHIFFABOBEBETREOER, RERHE,
BN SOV TS L 2. g T
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Cyclam and DOTA-containing positron emission tomaography radiotracers were prepared by using a mod-
ular chemical strategy based on peptide synthesis and chemoselective ligations. These molecules encom-
pass two functional domains, one a tumour ‘homing’ domain and the other a chelating ligand for copper
allowing nuclear imaging of tumours.

© 2010 Elsevier Ltd. All rights reserved.

In recent years, a series of RGD (Arg-Gly-Asp) peptide conju-
gates was developed for the non-invasive imaging of tumours
through the molecular targeting of oyps integrin.! Different tech-
niques were used including positron emission tomography
(PET),? single photon emission tomography (SPECT),® magnetic res-
onance imaging (MRI),* and optical imaging.® Among these meth-
odologies, the most sensitive molecular imaging techniques are the
radionuclide-based PET and SPECT imaging modalities.® In particu-
lar, PET has emerged as non-invasive imaging technique since the
most successful commercial radiopharmaceutical 2-deoxy-2-["8F]-
fluoroglucose is routinely used for clinical evaluation (oncological
imaging). At the same time, we and others designed and synthe-
sized multivalent RGD (Arg-Gly-Asp) peptide ligands with en-
hanced binding affinity for owp; and aws integrins.” We have
shown that tetrameric RGD-containing scaffolds exhibit desirable
biological properties for tumour imaging® and for targeted drug
delivery.® These compounds contain a cluster of four copies of a
cyclo[-RGDfK-] monomer grafted onto a cyclic decapeptide scaffold
(Fig. 1). We recently measured the affinity constant (Kp) of RGD-
containing compounds for purified integrins. Kp values rose from
3.87 nM for tetrameric RGD-containing compound to 41.70 nM
for cyclo[-RGDfK-1.'® This result agreed well with electronic
microscopy study of oiyBa/RGD-peptides. Tetrameric RGD peptide

* Corresponding author. Address: Département de Chimie Moléculaire, UMR-
5250, CNRS—Université Joseph Fourier, 570 rue de la chimie, BP53, 38041 Grenoble
cedex 9, France. Tel.: +33 4 56 52 08 32; fax: +33 4 56 52 08 05.

E-mail address: didier.boturyn@ujf-grenoble.fr (D. Boturyn).

0960-894X/S - see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.bmcl.2010.07.114

but not monomeric RGD peptide could form clusters of two inte-
grins.'® We also hypothesize that the observed multivalent effect
could arise from a statistical rebinding of tetrameric-RGD peptide
due to the high local concentration of RGD elements.

To further improve the in vivo imaging quality by enhancing the
signal to noise ratio through the use of tetrameric RGD-containing
scaffolds, we herein report the synthesis and applicability for PET
imaging. Several reports have focused on the use of '8F to label
RGD-containing probes.!! For instance, molecular imaging using

Gly-Asp Gly-Asp
/ A / \ . .
Arg_ D-Phe Arg_ D:Phe Targeting Domain
Gly-Asp Lys Lys G/ly~Asp
A A
Afg, D-he Arg_ D:Phe
Lys Lys

Lys Lys
G;;L'}L“]W \Na/ ~

o
b L Lys<\
Pro”” ys“\Lys’ Y \Gly

iy

N \J Radiotracer
H
N

Figure 1. Structure of radiolabelled clustered RGD-containing compound.
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| ®F]-galacto-RGD compound can efficiently show the level of ayBs
expression in man and therefore this radiotracer can be potentially
used for planning and controlling oyBs-targeted therapies.''® Cop-
per-based radiopharmaceuticals are also extensively used for PET.
Cu-radionuclides offer a varying range of half-lives and decay
forms that make copper an ideal radioisotope for PET imaging
and radiotherapy. We decided to use %*Cu radiotracer (ty;
5 =127 h), and RGD-containing compounds that exhibit DOTA
(1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid) or Cy-
clam (1,4,8,11-tetraazacyclotetradecane) chelate agents were de-
signed (Fig. 1).

Scheme 1 gives an overview of the route to construct RGD con-
jugates 1-2. A modular synthesis was adopted: stable oxime bonds
were utilized to append aldehyde-bearing RGD motifs to the cyclo-
decapeptide scaffold prior to grafting copper chelators. All peptides
were prepared by means of solid-phase peptide syntheses (SPPS})
according to methods already developed by our group.'?> Aminooxy
groups were directly incorporated during the SPPS by using the
building block 3. We have previously shown that the 1-ethoxye-
thylidene protecting group is entirely compatible with the SPPS
and prevents the N-overacylation side reaction obtained with Boc
protecting group.'? The following head-to-tail cyclisation was per-
formed in DMF under high dilution with PyBOP reagent as repor-
ted’® providing the fully protected cyclodecapeptide 4. By using a
similar synthesis scheme,'®> RGD compound 5 bearing a glyoxylyl
aldehyde group at the lysine side chain was prepared. To append
RGD targeting elements to the cyclodecapeptide scaffold, we per-
formed full deprotection of 4 under acidic conditions and its
chemoselective ligation with the peptide 5. RP-HPLC purification
afforded the key intermediate 6 in satisfying 70% yield. Compound
6 was characterized by ESI-MS and the observed molecular weight

(3877.0) was found in excellent agreement with the calculated val-
ues (3876.9).

In parallel, succinimidyl esters of Cyclam and DOTA were pre-
pared (Scheme 2). Commercially available Cyclam 7 was coupled
with ethyl bromoacetate and then treated under alkaline condi-
tions to give the acid 8. Cyclam 9 was then obtained by using N-
hydroxysuccinimide and N,N'-dicyclohexylcarbodiimide. Starting
with acid 10, we prepared the DOTA compound 11 using the same
synthetic strategy. Finally, peptide intermediate 6 was coupled
with succinimidyl esters of Cyclam or DOTA under mild condition
(pH 8.0) to provide, respectively, the novel RGD-containing com-
pounds 1 and 2 in 70% yields after RP-HPLC. The two conjugates
1 and 2 were characterised without ambiguity by ESI-MS as the
deconvoluted masses were in total agreement with the calculated
values.

As shown in Figure 2 (right chromatogram), the labelling using
the DOTA-containing compound 2 was not complete after 1 h of
incubation with 84CuCl, at 37 °C: a significant amount of free cop-
per remained in the reaction mixture. In contrast, the labelling via
cyclam (Fig. 2, left chromatogram) gave no free copper under the
same labelling condition. Labelling efficiencies obtained for radio-
tracers 1 and 2 were approximately 100% and 25%, respectively.
Similar results were also revealed from autoradiography of TLC
plate (see Supplementary data). Therefore, the use of cyclam as
chelating agent for ®4Cu is far more advantageous than the use of
DOTA.

For this reason, we next examined if 4Cu radiotracer 1 is applica-
ble for PET. The evaluation was performed on HEK(B3) or HEK(B,)
(ayP3-negative control) tumour-bearing mice. The PET image at
5 h post-injection showed a strong tumour uptake in mouse who
received a single dose of 3.7 MBq of ®#Cu radiotracer 1 (Fig. 3). As
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