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TABLE 1. Comparison of patients’ characteristics based on microvascular invasion (M V1)

MVI

Characteristic Present (n = 49) Absent (n = 61) P value
Sex (M[F} 4015 50/11 964
Age (v 61.5 = 113 63.4 = 9.87 2336
Cause {HCVﬂ{BVfboth negative) 26/23 31/30 5719
Background liver (normal or CH/dirrhosis) 26/23 31/30 El5
Bilirubin (mg/dL) B+ 4 9+ 4 302
Albumin (g/dL) 40+ 4 39% 4 286
Prothrombin time (%) 91.5 £ 11.8 88.0 = 12.7 .149
Prothrombin time (%) 17.6 = 109 19.5 £ 10.9 333
AFP (ng/mL) ($100/>100) 28121 43/18 210
DCP (AU/mL) (£100/>100) 29120 45/16 156
Maximum tumor size (mm) 30.8 + 9.56 260 =92 009
No. tumors (singlef>7) 36/13 49/12 354
Gross classification (VN + SN/SNEG + CMN) 12/37 50011 <0001
Histological grade (well/moderate/poor) 15/34 2/59 033
Intrahepatic micrometastasis (present/absent) 15034 2/59 <.0001
Cell mplum.ion t/absent) 3514 42/19 T70
Type pe of surgical %ﬁ (lobectomy + 212 36/35 537

segmentectomy y/siibsegmentectomy + partial hepatectomy)

HCV, hcpnnm C virus; HBV, hepatitis B virus; CH, chronic hepatitis; ICGR,s, indocyanine green retention at 15 minutes; AFP, alfa-
fetoprotein; DCP, (Su-pmm-cl.rhoxy prothrombin; VN, vaguely nodular type; SN, single nodular type; SNEG, single noduhr with

extranodular growth type; CMN, confluent multinodular type.

DCP levels, and Child-Pugh scores were measured,
and ultrasonography was performed monthly.
Contmst-enhnnoeﬂ dynamic CT was performed ev-
ery 3 monthx ‘until 6 months after treatment and
every 6 months thereafter. MRI was performed as a
supplemental examination. The closing date of this
study was December 2006 or the date of the pa-
tient’s death. Foilow-up ranged from 8to
130 months (median, 47 months). Of the 110 pa-
tients, 27 patients died during follow-up. Of these
27 patients, 23 patients died from HCC-related
Ccauscs.

Statistical Analysis

All data are expressed as mean + standard devi-
ation. Comparisons between the two groups were
parformad by thé'Mann-Whitney U-test for contin-
uous variables; and the »* test or the Fisher exact test
for discrete variables. The multiple logistic regression
model was used to identify factors related to MVIL
Survival ‘curves ‘were constructed by the Kaplan-
Meier method; ‘and curves were compared by the log
rank test.”A Cox proportional hazard stepwise model
was used for univariate and multivariate analysis to
identify any independent variables that were related
to survival. All P values were two-tailed, and a level
of <.05 was considered to be statistically significant.
Statistical analysis was performed by SPSS software
(SPSS, Chicago, IL).

TABLE 2. Independent predictor of microvascular invasion

Predictor HR (95% CD) P value
AFP (ng/mL) (>100) 125 ({44-3.5T) 679
DCP (AU/mL) (>100) 131 (:45-3.86) 621
Mazimum tumor size (mm) (>30) 1.77 (.57-5.43) a1
No. of tumors (zz) 2.19 (.67-7.18) 195
Gross 1181 (3.93-37.80) <0001
(SNEG + cr.m)
Histological grade (poor) 231 (.38-14.14) 364
Intrahepatic micrometastasis 332 (.58-18.97T) 178
(present)
Cell encapsulation (absent) L73 (.57-5.26) 337
HR, hazard ratio; 95% CI, QS%nnﬂﬁ.dannumurvlLAFB alfa-
fetoprotein; DCP, des-g; XY pr bin; SNEG, single

nodular with extranodular gmvn.h trpe. 'CMN, confluent multi-
nodular type.

RESULTS

Clinicopathological Characteristics Predictive of MVI

Of the 110 resected specimens, 49 (45%) had evi-
dence of MVI. Comparisons of patient clinicopath-
ological characteristics according to presence or
absence of MVI are shown in 'Table 1. Baseline
variables, including age, sex, etiology, background
liver function, and serum AFP and DCP levels, were
similar in both groups. In addition, there was no
difference in surgical procedures between the two
groups.

Of the pathological features, the present of cell
encapsulation and the number of tumors were not
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TABLE 3. Univariate and multivariate analyses of recurrence-free survival for hepatocellular carci
Univariate analysis Multivariate analysis
Ch istic HR(95%CD)  Pvalue  HR(95%CD  Pvalue
Sex (M) 50 (46-1.79) Ny}
Age (>65 years) 1.17 (.70-1.96) 540
HCV (positive) 115 (.66-1.98) £22
HBYV (positive) 96 (.54-1.73) 902 ’
Background liver (cirrhosis) 1.65 (.99-2.76) 056 1.79 (1.05-3.06) 032
ICGR,; (%) 1.26 (.75-2.13) 380
AFP (ng/mL) (>100) 117 (.69-2.21) 556
DCP (AU/mL) (>100) 1.28 (,75-2.19) 359
Maximum tumor size (mm) (>30) 1.28 (.76-2.15) 362
No. of tumors (22) 1.79 (1.02-3.16) 044
Gross classification (SNEG + CMN) 1.98 (1.19-3.32) 009
Histological grade (poor) ; L2 (56-2.72) 601
; invasion (present) 2.75 (1.62-4.67) 0002 2.97 (1.69-524) L0002
In micrometastasis (present) 2.14 (1.13-4.04) 020
Cell encapsulation (absent) o\ 1.02 (.59-1.74) 958
Type of surgical resection (; mbwteﬂmy + partial hepatectomy) 1.59 (.95-2.65) 076
HR, H.lmduﬁn,”%a.ﬁ“mﬂduumﬂcv hepatitis C virus; HBY, hepatitis B virus; CH, chmhcpmml(ﬂnu.
indocyanine. green_retention ‘at 15 minutes; AFP, alfa-fetoprotein; DCP, des-gamma-carboxy prothrombin; SNEG, single. nodular with
extranodular growth type; CMN, confluent multinodular type.
significantly associated with MVI. The maximum 10 Gy Sy Syme
3 s f X —— MVIC) 933% 615% 52.6%
tumor size of patients with MVI was larger than e MR e Tt e

those without MVI (P = ,009), None of the patients
with well-differentiated HCC had MVI, in contrast to
the 41 (43%) and 8 (73%) patients with moderately
and poorly" ‘differentiated HCC, respectively
(- .033) TM was evident in 17 (15%) of the 110
patients enro!led,! and the presence of IM was sig-
nificantly assodated with MVI (P <..0001). Tn addi-
tion, the gross classifications of SNEG type (21
tumors, 72%) and CMN type (16 tumors, 34%)
showed MVI more frequently than those of VN type
(0%) and SN ‘type (12 tumors, 20%) (P < .0001).
Mult:ple Iog:.mc regression analysis was performed
to identify which of eight variables was independently
associated with MVI (Table 2). The gross classifica-
tions of SNEG and CMN types were independent
predictors of MVI (hazard ratio [HR], 11.81; 95%
confidence interval [95% CI], 3.93-37.80; P < .0001).

Predictors of Recurrence-Free Survival After Hepatic
: e Pt e T : i

B Y AT 0 e ;

- Cox._proportional hazard regression analysis was
performed to identify independent predictors of
rewrrcnne—free survival . (Table 3). The resuits of
umvmate analyus show that_ number of tumors
(two or more; P = ,044), gross classification (SNEG
+ CMN _ type; P = .009),. presence of MVI
(P = .0002), and presence of IM (P = .02) were
found to be significant risk factors affecting recur-
rence-free survival, By multivariate analysis, liver
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3 ] 10
Years after Hopatectomy
FIG. 1. Comp of free survival rates in patients
with and without microvascular invasion (MVT), The 1-, 3-, and 5-
Mmmmmmmm&u
survival of patients with MVI was significantly shorter compared
with survival of patients without MVI (P = .0001).

cirrhosis (HR, 1.79; 95% CI, 1.05-3.06; P.=..032)
and presence of MVI (HR, 2.97; SﬁA‘CLaL@—S%
P = 0002) were identified as independent predictors
of recurrence-free survival. Recurrence-free. suryival
curves of patients with and without MVL are shown
in Fig. 1. The recurrence-free survival iof -patients
with MVI was significantly shorter. compared with
survival of patients without MVI (P. = .0001). Dur-
ing the follow-up period, tumor recurrence developed
in 59 patients (54%), consisting of 31 patients (63%)
with MVI and 28 patients (46%) without MVI. As
the pattern of recurrence in 31 patients with MVI, 24
patients (77%) showed intrahepatic recurrence near
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TABLE 4. Univariate and multivariate analyses of disease-specific survival for hepatocellular carcinoma

Univariate analysis Multivariate analysis
Characteristic HR (95% CI) P value HR (95% CD) P value
Sex (M) 1.08 (.39-2.95) 885
Age (=65 i 95 (42-2.16) 502
HCV (positive) _ 1.07 (:45-2.52) 881
HBV (positive) 1.53 (.62-3.77) 356
liver (cirrhosis) 1.97 (.83-4.67) 126
ICGRis' (%) + - 1.35 (.57-3.20) A5
AFP (ng/mL) (>100) 2.19 (.96-4.97) 061
DCP (AU)‘mI.J (>100) 1.10 (.46-2.60) 835
Maximum tumor size (;nm) (>30) 1.24 (.54-2.83) 613 293 (1.03-8.29)

No. of tumors: (22) 2.19 (.89-5.40) 088 043
Gm: ssificati (SNBG + CMN) 2.99 (1.23-7.26) 016
grade (poor, 2.09 (.61-7.22) 243

m'amuﬂfimim {hrhmt) 3.88 (1.65-9.13) 002 3.51 (1.27-9.74) 016

lnmhcpuﬁ.. 3.53 (1.36-9.16) 009 - - 328 (1.04-10.34) 043
Cell encapsulation: (absen! 1.00 (:41-2.47) 997
131 (.57-3.03) 531

Type of surgical resection (:uboemaummm + ‘partial hepatectomy)

HR, hazard
I gem 1 at 15
e:mnduin gmwl.h t]rpe; CMN conﬂucm muiﬁnoduhr type.

to t]:u: méctcd n.m:ior or in the same lo'be of the
resected! tumor; and four patients (13%) had extra-
hepatic recurrénce (t.wo pcntoneum, one lung, and
one boné) = TR

Predlctors m‘.' Dlsuse-Spectﬂc Survival After Hepatic
Remchnn

Cox propornonal lmmd regression a.nalysm was
performed - to- identify independent  predictors - of
recurrence-frée -survival (Table 4). The results of
univariate analysis show that gross classifications
(SNEG ~+ CMN types; P = .016), presence of MVI
(P = .002), and presence of IM (P = .009) were
found to be significant risk factors affecting disease-
specific survival. By multivariate analysis, number of
tumors (two or more; HR; 2.93; 95% CI, 1.03-8.29;
P = ,043), presénce of MVI (HR, 3.51; 95% CI,
1.27-9.74; P = 016), and presence of IM (HR, 3.28;
95% CI; 1.04-10.34; P = .043) were identified as
independent predictors of disease-specific survival.
Discase-specific survival curves of patients with and
without MVI aré shown in Fig. 2. The short-term
survival of patients with MVI was significantly
shorter compared with those of patients without MVI
(P = .001). ‘

DISCUSSION
In this study, we show that the presence of MVI is

the most statistically significant independent risk
factor affecting recurrence-free and disease-specific

ratib; 95% CI, 95% confidence interval; HCY, hepatitis C virus; HBY, hepatitis B virus; CH, chronic hepatitis; ICGRs,
i AFP, dfl-femprnmn. DCP, dn-pmma-urbuxy pml.hromhn. SNEG, single nodul:.r with

l-year 3.year Syear
2 = MVI{) 100% . 100% 92.0%
—— MVI{) 100%  69.6% 3593%

0 2 o 1. & eriBady 10
Mﬁnmw

FIG. 2. Comparison of dissase-specific mmnl rates in patients
with and without microvascular invasion (MVI). The 1-,3-, and 5-
mpmﬁcmmwmmahummshonmsup
vlvul of patients with MVI was significantly ﬂwmr aompued with
those of patients without MVI (P = 001).- -
survival in paﬁents with HCC aﬂ:r curative resec-
tion. Therefore, our results suggest that when deter-
mining a treatment plan for a patient 'with HCC, it is
important to detect the presence of MVI as soon as
possible before hepatic resection. However; it is dif-
ficult to diagnose MVI even with the’'most: recent
diagnostic imaging procedures, such as ultrasonog-
raphy, CT, and MRI because it is a hmtupathologxcal
finding. i
Several studies of HCC patients who underwcnt
orthotopic liver transplantation have shown that
MVI was strongly associated with tumor size and
histological grade.”* Adachi et al.** reported that
tumors >3 cm and high histological grades were
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strong predictors of microscopic portal venous inva-
sion by histological analysis of resected HCC. Simi-
larly, in our study, univariate analysis'showed that
tumor size and histological grade were associated
with MVI. However, in the small HCCs (<3 c¢m) that
are frequently detected by recent advanced imaging
procedures, it is difficult to predict the presence of
MVI by imaging findings before hepatic resection.
We showed by univariate and multivariate analyses
that gross classification of HCC was a strongly
independent predictor. of MVI. Kanai et al?' pro-
posed a new gross classification that divides the Eg-
gel’s nodular type HCC into the three | groups on the
basis of patterns of tumor growth and extension, as
follows: single'nodular type (type 1), single nodular
with extranodular growth type (type 2), and confluent

multinodular type- (type -3). —Thw classification of - -

nodl.g]m' type H(.?g;:.u bu:n tsd‘b y'the Lwer
Cancer Study Group of Japan®® and is widely used
Japan. As to the incidence of portal vein invasion nnd
intrahepatic metastasis in HCC, authors have
reported that these frequencies # were Io Tower in type 1
tumors than in type 2 and 3 tumors. Kanai et al.”’
reported on h.mtopathoiogma.l ﬁnd.lngs that I'.ype 2
and type 3 “tumors exhibit cancer cells invading
peripheral nontumoral hepatocytes in a replacement
growth pattern, whereas type 1 tumors show a clear
boundary between tumor and nontumoral paren-
. chyma in an expanding growth pattern. Moreover,
single nodular type HCC has a subcategory defined
as vag‘uely"'nédulir tyﬁc"‘by the Liver Cancer Study
Group -of Japan,”® which is characterized as early
HCC. Nakashima et al* reported that vaguely
noduiartypehnnorshxdm}]&mmetm most of
them consisted solely of well-differentiated HCC tis-
sues, and dxd nol have porml vein invasion or intra-
hepatic meétastasis. Sim ,in this study, all three
cases of VN type: HCC wore histologically. well-dif-
ferentiated HCC and did not have MVI. Thus, our
results supported the correlation between MVI and
gross classification of HCC. Gross classification can
be mostly: determined, by combining preoperative
imaging modalities such as contrast-enhanced ultra-
sonography .and dynamic or angio-CT. Therefore,
grossdamﬁuﬁonmaybewpfulm ptedmhngMV‘I
even if the tumor is small. - .

Ahhnush surgical muwt:on has been one of the
mainstays in the curative treatment for HCC, the
incidence of fatal recurrence is high.”? After curative
resection for HCC, two patterns of recurrence are
primarily observed: ‘multicentric occurrence. ‘and
intrahepatic metastasis. Poon et al.’ reported that
early recurrences seem to arise mainly from intrahe-
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~ after “curative

patic metastasis, whereas late recurrences are more
likely to be multicentric in origin. In addition, they
showed by multivariate analysis that vascular inva-
sion is an independent risk factor for early recur-
rence, and cirrhosis is an important risk factor for
late recurrence. Similarly, in this study, cirrhosis and
MVI were independent risk factors associated with
discase-free survival after curative resection.of HCC.

The presence of vascular invasion is consistently
reported as strongly pred.lme of mtrahnpatlc
metastasis,”®"’ as also shown in this study. More-
over, our results showed that intrahepatic microme-
tastases occurred in appronmatdy 31% of HCC
patients with MVI. These ﬁndm,psngguuhatmr
cell spreading via the portal vein is main mechanism
for mch intrahepatic meta.m.m Sevma.] oth:r “au-
thors-have also demonstrated that early ‘recurrence
Tesection’ is obscrvect*mt&*hxgh’&c-

R L

“quency in HCC with MVL*®1%% Therefore, before

treating a patient with newly dxagnosed HCC, it is
important to: predict whether MVI and IM are: pres-
ent because of their-highly malignant potential:...

J.rrespecuve of factors such as MVI in. the resected
primary tumor, multicentric occurrence of HCC is
also caused by the background condition of the liver.
Cirrhosis, in wlnch pramshgns.nt lesions such as
adenomatous hyperplasia frequently wcu.r. is known
to have high carcinogenic potential ?**° In addition,
previous studies have shown that the incidence of
multicentric HCC is higher in liver cirrhosis patients
with HCV infection than in cirrhosis patium with
other. factors, including hepatitis: B. virus - infec-
tion.*"*? Our study included 74 panmts (67%) with
HCV infection. - Py

In this study, patients with MVI experienced dis-
ease. recurrence.. far ‘more frequently .after hepatic
resection for .HCC than patients ‘without : MVL
However, it has been suggested that our results may
include detection bias: it is possible that both the
factors of multicentric occurrence and intrahepatic
metastasis caused the recurrence of HCC. - ;

It has been generally known -that recurrence of
HCC is the major risk factor affecting survival after
hepatic resection. >>* Especially, it is thought that the
survival in the HCC patients with early recurrence is
influenced by primary tumor factors that affect
intrahepatic metastasis.*** In this study, factors with
high malignant potential, such as number of tumors,
IM, and MV, were independent risk factors affecting
survival. Moreover, among these factors, the pres-
ence of MVI was found to be the most strongly
prognostic factor. Several authors have reported an
association between MVI and survival,'®!'? and
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Kondo et al.'® demonstrated that MVI was a statis-
tically significant predictor for early recurrence and
early death within 2 years after hepatectomy in pa-
tients with a solitary HCC. Similarly, in this study,
the 3-year recurrence-free and disease-specific sur-
vivals of patients with MVI were far shorter com-
pared with those of patients without MVI. Thus, the
presence of MVI may play an important role in short-
term survival after hepatic resection.

In conclusion, our study found that the presence of

MVI was the strongest predictor for recurrence and
survival in HCC patients after curative resection.
This result suggests that it is important to predict the
presence of MVI before hepatic resection for help in
determining treatment strategies. Furthermore, gross
classification of HCC can be mostly helpful in pre-
dicting the presence of MVL.

-
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Sca-1+ endothelial cells (SPECs) reside in the portal area of the liver
and contribute to rapid recovery from acute liver disease e
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Abstract

The liver has a high potential to regenerate however, the relation between oval cells and endothelial cells in the portal area during liver
regeneration has not been adequately described. We have focused on sca-1+ endothelial cells (SPEC: sca-1+CD31+CD45~ cells) and
analyzed their localization, growth potential, and the role of these cells in damaged liver. SPECs are localized in the portal area and
comprise approximately 20-30% of CD31+CD45~ cells. These cells have higher growth potential than sca-1— endothelial cells and grow
aggressively when the liver is severely damaged on the lateral side of the oval cells. In an in vivo study we show that when the liver is
severely damaged in the presence of a VEGF (vascular endothelial growth factor)-inhibitor, the frequency of SPECs decreased and
the recovery of liver volume was also delayed. These results strongly suggest that SPECs play important roles in the recovery of severely

damaged liver.
®© 2007 Published by Elsevier Inc.
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The liver exhibits a great regenerative potential after
acute or chronic liver damage. When liver damage occurs
more rapidly than regeneration, liver failure will occur
and thus management of liver function will be necessary
in order to prolong life. Researches focused on hepatocytes
and hepatic stem/progenitor cells have been progressing
rapidly. In addition, Kupffer cells, stellate cells and sinusoi-
dal endothelial cells are known to be important cells for
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liver regeneration [1,2] and HGF (hepatocytes growth fac-
tor) [3], EGF (epidermal growth factor) [4], insulin [4], IL-6
(interleukin) [5], and TNF-a (tumor necrosis factor) [6,7],
have been shown to accelerate the regeneration [8]. Endo-
thelial cells in the portal area during liver damage however,
have not been aggressively investigated. This investigation
may contribute to the efficient angiogenesis and liver
regeneration.

Previously, we have reported a serum-free culture sys-
tem for the expansion of fetal and postnatal hepatic
stem/progenitor cells [9,10]. In these studies we found that
although sca-1 expressing hepatic progenitor cells were
present in our culture, the main population of sca-l
expressing cells in the liver is the endothelial cells. Sca-1
is known as a stem cell marker for hematopoietic cells
[11], mesenchymal cells [12], heart [13], mammary gland
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[14], testis [15] and prostate gland [16]; however, few
reports describe the function of sca-1. A study using sca-
1 null mice revealed that the hematopoictic stem cells in
these mice are defective in function, and their progenitor
cells exhibit abnormal differentiation [17-20]. Furthermore,
sca-1 null mice have a higher risk of osteoporosis than con-
trol mice [12]. These results revealed that the function of
sca-1 is important for stem cell and progenitor cell self-
renewal or differentiation. In this study, we have investi-
gated sca-1+ cells in the liver, with a particular focus on
the predominant population of sca-14+ endothelial cells.
Matsumoto et al. have previously reported that in the
developing liver, flk-1+ immature endothelial cells that
do not form blood vessels are important for the extensive
expansion of fetal hepatic cells [21]. We therefore predicted
that sca-1+ endothelial cells are immature and necessary
for rapid liver regeneration.

Reports studying sca-1+ endothelial cells are very rare
and to our knowledge only two groups have described
these cells. Cherqui et al. showed that sca-1+ endothelial
cells have a highly angiogenic capacity and are present in
the fetal liver [22]; however, the function and relationship
of these cells to liver development remains unclear. In a
second study, Luna et al. reported that sca-1+ endothelial
cells are present in the liver as sca-1+-CD31+ cells [23]. We
now know however, that there are two populations of sca-
1+CD31+ cells; sca-1+CD314+CD45+ cells and sca-
14+CD31+CD45~ cells, although the localization and fre-
quency of these cells remains to be determined.

In this study we have determined that sca-1+ endothelial
cells are indeed present in the liver. We speculated that sca-
1+ endothelial cells are immature and have an important
role in the remodeling of damaged livers. We examined
the frequency and distribution of sca-1+ endothelial cells
in the normal and damaged liver, as well as their growth
potential and their role in liver regeneration, especially
from oval cells to hepatocytes.

Materials and methods

Mice and liver dizsociation. CSTBL/6 mice (4=, 8-, 12-weeks old: 5§ mice
per each group) were obtained from SLC (Hamamatsu, Japan). Mice were
maintained according to the Animal Protection Guidelines of Kyoto
University. The livers from these mice were dissociated using a modified
two step collagenase method. The mice were initially anesthetized with
dicthylether. A ccliotomy was performed and a 24G indwelling needle was
inserted into the abdominal inferior vena cava. After the insertion, tho-
racotomy, chest inferior vena cava ligation, and portal vein dissection were
performed as swiftly as possible. Then, 30 ml Liver perfusion Medium
{Gibco BRL, Grand Island, NY) and 50 ml Liver Digest Medium (Gibeo)
at 37 *C were perfused for 34 min each. The perfused livers were placed
into 6 cm-diameter culture dishes and incubated at 37 *C for 8 min before
they were dissociated in the DMEM/F12 (1:1; Sigma, St. Louis, MO) with
10% fetal bovine serum (Sigma), 10 mM HEPES (Nakalai Tesque, Inc.
Kyoto, Japan), and antibiotics. Dissociated cells were filtered once with a
70 pm mhmdmwiduwpmmuhmddnﬁeaeﬂlwmobm
The single cell susp was sep mr.olSmIeomulmbumd

trifuged at 500 rpm for | min. Ftnll!y the supcrnatant wu oenlnfuged at
1000 rpm for 3 min and the collected cells were cultured or analy

Acute liver damaged mouse model We uud 4-weeks old mice to gerl-
erale a mouse model with acute liver d d. Liver d was i
by the intraperitoneal injection of 12 ul (0 5 mg/ml) mn—Fas antibody
(BD PharMingen, San Dicgo, CA) dissolved in 200 ul PBS (Phosphate
Buffered Saline) three times {at days 1, 4, 7: 5 mice per each group). Livers
were analyzed by flow cytometry or immunohistochemistry 2-, 4-, and 6-
days after the last injection of anti-Fas antibody.

Flow ¢ . Dissociated normal and d d liver cells were used
1o analyze sca-1+ cells in the liver. The resulting cells were incubated with
anti-mouse CD16/32 antibodies (Pﬁ.nrMmm) for 15 mm on in: 1o block
non-specific binding and then incubated with fi
(FITC)conjugated sca-1 antibodies, phycoerythrin (PE}-conjugated
CD31, or allophycocyanin (APC)-conjugated CD435 antibodies (PharM-
ingen) for 30 min on ice. FITC-conjugated rat IgG2a antibodies, PE-
conjugated rat IgG2a antibodies or APCconjugated rat IgG2b antibodi
(PharMingen) served as isotype controls. After washing, the cells were
analyzed or sorted using FACSCalibur or FACSVantage,

Immunochemical staining. Immunocytochemistry; cells were washed in
PBS, fixed with methanol (Wako, Osaka, Japan) at ~20 *C for 10 min,
incubated with primary antibody overnight at 4 °C and then the appro-
priate secondary antibody for 30 min at room temperature. Antibodies
were diluted to their optimal conc ions in PBS ing 0.1%
saponin. The primary antibody used was rat anti-CD31 (PharMingen) and
Ih: sc.oondary mtlbody was Cy3-conjugated donkey anti-rat IgG (Jackson

wries, Inc., West Grove, PA). Immunohisto-
chumnry' hwnwe:ollmod fixed in 10% formalin, processed using a
I, and embedded in paraffin blocks. 4 micromeler sec-
tions m cut and placed on silane-coated slides. After removing the
paraffin, antigen retricval was performed using proteinase K (Dako,
Kyoto, Japan) for 3 min. Endogenous peroxidase activity was blocked
with 3% hydrogen peroxide in methanol (Wako, Osaka, Japan) for 10 min
at room temperature, and sections were incubated with primary antibodies
diluted with PBS containing 0.1% saponin. The primary antibodies used
were rat anti-mouse sca-1 (Pharmingen), and rabbit anti-cow cytokeratin
(CK; Dako, Z0622), which detects bile ducts and oval cells. For DAB
(3,3'-diaminobenzidine tetrahydrochloride) staining, slides were then
stained using Histofine Simple Stain Max-PO (Nichirei Bioscience Inc,
Tokyo, Japan) and DAB Substrate Kit (Vector Laboratories, Burlingame,
CA) for sca-1, and the Vectastain. ABC Kit and DARB Substrate Kit
(Vector Lab ies) for anti CK. For the immunofluorescence
double st.lmmg of sca-1 and CK, FITC-conjugated donkey anti-rat IgG
and Cy3-conj d donk i-rabbit IgG were used as the secondary
antibodies. Nomal 1gG oruu species from which the primary antibodies
had been obtained served as primary antibodies in the negative controls.
MNuclei were stained using Mayer's hematoxylin solution (Wako).

Endothelial cell culture. We employed two methods to culture endo-
thelial cells using the CS-C Complete Medium Kit (Cell Systems, Kirk-
land, WA). The medium was changed every 3 days. In the first method,
2% 10* dissociated cells from normal or damaged livers were plated on
6 cm-diameter collagen coated dishes for 6 days. At day 6, cultured cells
were stained with anti-CD31 and the area of the dish covered by CD31+
cells was determined in order to analyze the growth potential of SPECs
and SNECs. The d hod used di d cells that were sorted
using FACS Vantage, 15,000 cells from normal or damaged livers were
plated on 6 cm collagen coated dishes. Five days after plating, the number
of cell clusters that contained more than 4 cells was counted in order to
analyze the growth potential of SPECs and SNECs.

Functional analysis of SPECs. To analyze the function of SPECs, the
mice with anti-Fas-induced liver damage were separated by two groups (5
mice per each group), and were treated with or without VEGF-inhibitor.
VEGF inhibitor (CBO-P11, Sigma, 0.2 mg/mice) was dissolved in DMSO
(dimethylsulfoxide), and used to fill Osmotic Pumps (DURECT Corp.,

Cupertino, CA) that were subsequently implanted intrap lly into
m m‘“. 0 { PIIMPC 1 A ‘.h‘ VEGF Tt il 1 ‘.llly
h hout the To analyze the effect of the VEGF-inhibitor

centrifuged at 250 rpm for | min. The supernatant was collected and
centrifuged at 500 rpm for | min before the supernatant was again cen-

unSPECs:ndl:ve;'rl:gemuon the frequency of sca-1+ endothelial cells
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in the CD314+-CD45— cells as well as the liver volume as the percentage of
the total body weight was analyzed 2-, 4-days afier the last injection of
anti-Fas antibody.

Statistical analysis. The data are presented as means + SD. The Stu-
dent’s ¢ test was used (o determine the statistical significance of observed
differences

Results
SPECs reside in the portal area

In order to determine which cells expressed sca-1 in the
liver, we analyzed dissociated liver cells by flow cytometry.

After liver dissociation, concentrated non-parenchymal
cells were analyzed by flow cytometry. A fraction of small
cells were gated to exclude parenchymal cells and dead cells
(Fig. 1A). To determine whether the frequency of sca-1-
expressing cells varied with age we analyzed liver cells from
4weeks, 8 weeks, and 12 weeks old mice (5 mice per each
group). We identified four populations of sca-1+ cells in
non-parenchymal population; (1) sca-1+CD31+CD45—
cells, (2) sca-1+CD31+CD45+ cells, (3) sca-1+CD31-
CD45+ cells, and (4) sca-1+CD31-CD45- cells
(Fig. 1B-E). CD45 is a hematopoietic marker, therefore
populations (2) and (3) were hematopoietic cells. The main
population of sca-14+ cells was sca-1+CD31+CD45—
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Fig. 1. Flow cytometric analysis and immunocytochemistry of SPECs in the normal liver. (A-F) Flow cytometric analysis of the dissociated normal liver
cells. (A) Dissociated cells were gated according to forward scatter (FCS) and side scatter (SSC). Parenchymal cells and dead cells were excluded as much
as possible. (B-E) Most of the sca-14+CD31— cells were CD45+ hematopoietic cells. Of the CD31+CD45—~ cells, approximately 20-30% were sca-1+. (F)
The frequency of SPECs did not change with age. (G,H) Immunocytochemistric analysis of normal liver. Sca-1+ endothelial cells reside in the portal area

(G} and not in the central vein (H).
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endothelial cells (population 1: Fig. 1E). The frequency of
sca-14+CD31+CD45~ within the CD31+CD45~ cell pop-
ulation was approximately 20-30% and the frequency did
nol change with the age of the mice (Fig. 1F). Surprisingly,
immunohistochemistry for sca-1 revealed that sca-1+ cells
reside in or around the portal area but not around the cen-
tral vein (Fig. 1G and H). We named the sca-
1+CD31+CD45— cells SPECs (sca-l positive endothelial
cells) and sca-1-CD31+CD45— cells SNECs (sca-1 nega-
tive endothelial cells).

SPECs expanded along the lateral side of oval cells during
acute liver damage

SPECs were localized in the portal area of the liver,
therefore we analyzed the frequency of SPECs during acute
liver damage. In order to induce severe liver damage, 4-
weeks old mice were injected three times with anti-Fas
(Jo-2) antibody (days 1, 4, and 7). A large number of oval
cells were detected by immunohistochemistry using an anti-
cytokeratin antibody in the liver samples from treated mice
(Fig. 2D-G). 2-, 4-, and 6-days after the last anti-Fas anti-
body injection, we analyzed the frequency of SPECs in the
CD314+CD45~ cells. On day 2, the frequency of SPECs in
the CD31+CD45— cells had increased by approximately
60%; this number then gradually decreased with time
(Fig. 2A-C). These results indicated that SPECs play
important roles in the recovery from acute liver damage.
Immunocytochemical analysis of the damaged livers
revealed that SPECs were localized in or around the portal
area and not around the central vein (Fig. 2A-C). The rela-
tionship between SPECs and oval cells was analyzed by
double staining with sca-1 and anti-CK (oval cells), Inter-
estingly, this staining revealed that sca-1+ endothelial cells
extended along the lateral side of oval cells (Fig. 2G). These
results strongly suggest that SPECs are necessary for the
expansion or differentiation of oval cells.

SPECs exhibit higher growth potential comparing with
SNECs

Two experiments were performed to compare the
growth potential of SPECs and SNECs. Firstly, crude
endothelial cells were obtained from normal livers and
from livers damaged using an anti-Fas antibody. The fre-
quency of SPECs in crude endothelial cells prepared from
damaged livers was more than twofold higher than those
obtained from normal livers. Six days after the culture
started, the area of endothelial cells was analyzed by immu-
nocytochemistry using an anti-CD31 antibody. While
crude endothelial cells from normal livers formed small
sheets of CD31+ endothelial cells, crude endothelial cells
from damaged livers formed more than fivefold larger
sheets of endothelial cells than those from normal livers
(Fig. 3A-D). In the second experiment, we cultured
15,000 sorted SPECs and SNECs for 6 days on 6 cm colla-
gen-coated dishes, and subsequently counted the cell

groups that consisted of more than 4 cells. It is difficult
to maintain and grow sorted endothelial cells; however
counted cell groups of SPECs were approximately fivefold
higher than those of SNECs (Fig. 3E-G). These two exper-
iments revealed that SPECs have higher growth potential
than SNECs.

VEGF-inhibitor decreased the frequency of SPECs and also
delayed the recovery from acute liver damage

As SPECs have a higher growth potential than SNECs
and grow along the lateral side of oval cells, we speculated
that SPECs have an important role in liver regeneration in
response to acute liver damage. To test this hypothesis,
mice with anti-Fas antibody-induced acute liver damage
were separated into two groups. We implanted an osmotic
pump containing either the VEGF-inhibitor (group 1: dis-
solved in DMSO) or no VEGF-inhibitor (group 2: DMSO
only as a vehicle control) into the peritoneum of each
mouse. Osmotic Pumps released VEGF-inhibitor (CBO-
P11, 0.2mg/mice) or DMSO continuously throughout
the experiments. At 2 or 4 days after the last anti-Fas anti-
body injection, we analyzed the frequency of SPECs in the
CD314CD45— cells and the liver weight as a percentage of
the total body weight. At day 4, the frequency of SPECs
and the liver weight was lower in group 1 than group 2
(Fig. 4A and B). Continuous injection of VEGF-inhibitor
strongly inhibited the growth of SPECs and furthermore
delayed the liver regeneration. These results strongly sug-
gest that SPECs play an important role in the early recov-
ery from acute liver damage.

Discussion

The liver exhibits the potential to regenerate in response
to acute and chronic damage [1]. For example, after partial
hepatectomy preexisting hepatocytes continued to divide
and thus contributed to the recovery of the liver volume
[1]. During severe acute liver injury, this system cannot
maintain liver function. In these cases, it is commonly
believed that oval cells contribute to the recovery of hepa-
tocytes. Most of the cases of acute liver damage can be
overcome by bed rest. However, during fulminant hepatic
failure, a therapeutic margin still exists even after combined
modality therapy. In these cases, liver transplantation is
often the only the way to rescue the patient. The degree
of liver damage may be the important deciding factor; how-
ever, we think that appropriate liver regeneration from
oval cells to hepatocytes could have the potential to rescue
some patients from fulminant hepatic failure.

We found that the population of sca-1+ cells in the liver
was predominantly composed of endothelial cells (SPECs),
and these were the focus of our study. Endothelial cells in
the liver can be divided into 2 groups; SPECs (sca-1+ endo-
thelial cells) and SNECs (sca-1— endothelial cells). SPECs
have some intriguing aspects, the most intriguing of
which is their localization. In this study we found that
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Fig. 2. Flow cytometric analysis and immunocytochemistry of SPECs in the damaged liver. (A-C) Flow cytometric analysis of the dissociated damaged
liver cells, (B,C) after the damage, the frequency of sca-1+ cells within the CD31+CD45~ cell population increased rapidly and then gradually
decreased(B,C; at day 2 after the last anti-Fas antibody injection). Hematoxylin-cosin staining of normal (D) and damaged livers (E) at day 4 after the last
anti-Fas injection. Immunocytochemistry of sca-1+ cells and oval cells revealed that SPECs grow at the lateral side of oval cells (F,G; green: oval cells, red:
SPECs). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this paper.)

the localization of SPECs was limited to the vicinity of the  liver damage. Furthermore, when the liver was damaged
portal area, not in the vicinity of the central vein. Interest-  severely, the localization of SPECs extended along the lat-
ingly, their frequency was clevated in response to acute  eral side of oval cells. In addition, continuous administra-
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Fig. 3. Growth potential of SPECs and SNECs. (A-G) crude cell culture and sorted cell culture. (A-D) crude dissociated cell culture from normal and
damaged livers revealed that the area of endothelial cells from damaged liver cells (A,B; spindle shaped cells indicated by white arrow: endothelial cells, C;
red: CD31+ endothelial cells) was wider than those from normal livers (B, D). (E-G) Cell culture of sorted SNECs (E) and SPECs (F) revealed that SPECs
have a greater growth potential than SNECs. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of
this paper.)

P<0.05
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Fig. 4. Role of SPECs in in vivo model. (A,B) Analysis of SPECs in an in vivo model. (A) The frequency of SPECs from damaged livers treated with no
VEGF-inhibitor (A, red) was higher than that in damaged livers treated with VEGF inhibitor (A, blue). In contrast, liver weight per body weight (%) of
damaged mice treated with no VEGF inhibilor (B, red) was higher than that in damaged mice treated with VEGF-inhibitor. (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of this paper.)
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tion of a VEGF-inhibitor to mice with severe liver damage
decreased the frequency of SPECs and prolonged the
recovery of the liver size. Indeed, Namisaki et al. previously
reported that VEGF had a salvage effect on chemically
induced acute severe liver injury in rats [24], and this result
supports our conclusions. SPECs function to form a pas-
sage leading from bile duct to hepatocytes, and may also
directly or indirectly influence the growth and differentia-
tion of oval cells. We believe that sca-1+ endothelial cells
play an important role in the remodeling of damaged liver.
Sca-1 is a marker unique to mice and thus cannot be used
in human studies. In the future we believe that a common
system will allow the analysis of SPECs in mice and in
humans, and will thus help to elucidate the role of oval cells
in human disease. In addition, our study implies that effec-
tive angiogenesis therapy may improve the ability of the
liver to regenerate, and hence improve the therapeutic out-
come for patients.
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Abstract

AIM: To characterize the clinical features of
hepatocellular carcinoma (HCC) associated with
autoimmune liver disease, we critically evaluated
the literature on HCC associated with autoimmune
hepatitis (AIH) and primary biliary cirrhosis (PBC).

METHODS: A systematic review of the literature was
conducted using the Japana Centra Revuo Medicina
database which produced 38 cases of HCC with AIH
(AIH-series) and 50 cases of HCC with PBC (PBC-
series). We compared the clinical features of these
two sets of patients with the general Japanese HCC
population.

RESULTS: On average, HCC was more common in
men than in women with AIH or PBC. While many
patients underwent chemolipiodolization (CL) or
transcatheter arterial embolization (TAE) (AIH-series:
P = 0.048 (vs operation), P = 0.018 (vs RFA, PEIT);
PBC-series: 2 = 0.027 (vs RFA, PEIT), others refused
therapeutic interventions [AIH-series: 2 = 0.038 (vs
RFA, PEIT); PBC-series: 7 = 0.003 (vs RFA, PEIT)].

Liver failure was the primary cause of death among
patients in this study, followed by tumor rupture. The
survival interval between diagnosis and death was
fairly short, averaging 14 £ 12 mo in AIH patients and
8.4 £ 14 mo in PBC patients.

CONCLUSION: We demonstrated common clinical
features among Japanese cases of HCC arising from
AIH and PBC.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION
Autoimmune hepatitis (AIH), primary biliary cirrhosis
(PBC) and primary sclerotic cholangitis (PSC) form
the triad of autoimmune liver diseases. As defined
by Mackay ¢f /"', ATH is a chronic active hepatitis
resulting from several distinct autoimmune phenomena.
While the anti-inflammatory effects of steroid therapy
for this disease may inhibit the promotion of liver
carcinogenesis, hepatocellular carcinoma (HCC) does
occur rarely in patients with this condition (in about
0.5% of ATH cases)™Y,

In contrast to AIH, PBC results from an autoimmune
mechanism causing chronic cholestasis and chronic
non-suppurative destructive cholangitis in medium
sized intrahepatic bile ducts'¥, Rare cases of HCC
arising from PBC have been reported to date. However,
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this association is rare (affecting between 0.3% and
4.22% of cases)™", because a PBC patient’s ability to
produce regenerative nodules is weak®*'3. Additionally,
PBC is pathologically characterized in chronic non-
suppurative destructive cholangitis (CNSDC), and the
main inflimmatory lesions associated with PBC are
not hepatocytes, but cholangiocytes, which may be one
of the reasons why the incidence of HCC with PBC
is low, especially at the carly stage when cirrhotic and
fibrotic changes do not progress. Recently, reports have
suggested that the prevalence of HCC ansing from both
AIH and PBC is higher than previously believed. In
2001, Caballeria e a/* found that the incidence of HCC
in patients with advanced PBC (Scheuer histological
stage Il or IV) was 11.1%, approximating the 15%
incidence in patients with HCV-related cirrhosis (RR
0.812, 95% CI 0.229-2.883). The clinical features of
HCC associated with ATH and PBC, however, have not
yet been extensively described. Here, we performed a
systematic literature review of HCC cases associated
with ATH and PBC in Japan, a country with a high
burden of autoimmune liver disease. We conducted a
critical analysis of case reports to find common themes
in the demographic and clinical histories of patients with
HCC associated with ATH and PBC.

MATERIALS AND METHODS

reports published in Japan and listed in the Japana
Centra Revuo Medicina database, version 3 (systematic
literature search system through a computer web site
for Japanese literature), using the keywords “hepatocel-
lular carcinoma”, “autoimmune hepatitis”, and “primary
biliary cirrhosis”. The database search was limited to
the period between 1990 (when the hepattis C vi-
rus was first detected) to the present. The quality of
this database available for analysis is thoroughly well-
documented. In total, 38 cases of HCC associated with
AIH, and 50 cases of HCC associated with PBC were
identified. No cases were duplicated, and patients were
identified across multiple Japanese medical centers.
Most patients in the series had been diagnosed with
autoimmune liver disease before HCC was identified.
Several cases also presented with co-factors of liver
damage and HCC development other than AIH or
PBC, such as excessive alcohol intake, HBV, or HCV
infection. However, no cases had evidence of hemo-
chromatosis or atl-antitrypsin deficiency. The demo-
graphics of these two groups were recorded based on
gender, age, period of medical observation, and history
of blood transfusion or excessive alcohol intake. Clini-
cal data was also recorded to determine noncancerous
pathologies of the liver, HBV or HCV infection status,
serum g-fetoprotein (AFP) level, maximal tumor size,
history of HCC therapy, clinical outcomes, and cause
of death. Cases that did not include a description of
alcohol intake were assumed not to have histories of
excessive alcohol intake.

We confirmed that all 38 identified cases of HCC

assoctated with ATH met generally accepted international
criteria for diagnosis of AIH"Y. Sconng was performed
prior to AIH therapy initiation; all scores were greater
than 10, and thereby classified as either “probable ATH™
or “definite AIH".

Because no internationally accepted diagnostic
criteria yet exists for PBC, we utilized the Japanese
standard criteria for PBC diagnosis, a standard first
proposed in 1992 by a clinical study group supported
by the Japanese Ministry of Welfare. According to
this standard, PBC diagnosis requires that cases meet
at least one of the following criteria: (1) pathologic
evidence of CNSDC and positive anti-mitochondrial
antibody (AMA) or anti-PDH antibody titers, (2)
positive AMA or anti-PDH antibody titers and non-
CNSDC pathology compatible with PBC, or (3) no liver
biopsy, but, positive AMA or anti-PDH antibody titers
and a clinical picture and clinical course compatible
with PBC. We confirmed that all 50 identified cases of
HCC associated with PBC met the above diagnostic
criteria. Six of 50 (12.0%) HCC cases with PBC met the
third criteria for PBC, and 44 of 50 (88.0%) cases met
the first or second critenia for PBC. The third eriteria
for PBC remain ambiguous, and it is really hoped that
internationally accepted criteria will be determined for
PBC diagnosis.

If a case met both generally accepted international
criteria for diagnosis of AIH, and the Japanese standard
criteria for PBC diagnosis, we diagnosed the case
as overlap syndrome. We had two cases of overlap
syndrome, and excluded these cases from our analysis.

We did not include a control group, but used the
general HCC population in Japan for comparison!™,

Statistical analysis

Intention-to-treat analyses were used throughout, and
statistical analysis for categorical compardisons of the
data was performed using the program ystat2006.
xls for Windows/Macintosh (Igaku Tosho Shuppan
Corporation, Tokyo, Japan). We used the * test and
Fisher's exact test for categorical comparisons between
patients with HCC associated with AIH or PBC and
HCC patients without associated autoimmune disease'%.
The following variables were assessed: gender, HBV or
HCV co-infection, history of blood transfusions, history
of excessive alcohol intake, positivity for serum-AFP and
clinical outcomes. Because the baseline male to female
ratio of AIH and PBC was 1:7 and 1:9, respectively, we
performed the ¥* test for males and females separately.
We also used the ¥? test with or without the Yates
correction for categonical compadsons of pathological
findings of noncancerous lesions of the liver, HCC
therapy choices, and cause of death. Where significant
differences were noted, ¥? tests or Fisher’s exact tests
were repeated with all categorical combinations, using
Bonferroni corrections for multiple comparisons. Two
tailed Mann-Whitney U-tests and F-tests were performed
at the 5% significance level only for comparisons
between HCC patients with AIH and PBC, as the
following variables were unavailable for the general HCC
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¢d cases of hepatocellular carcdinoma associated with autod
; af general hepatocellular carcinoma in Japan

patients patients

Observation period Total: 38 Total 49
(mean £ SD) 1yrlmo-Byr Amo-M yr NA NA NA P=0307

(0yré6mot6yr7mo) (9yrdmos6yrdmo) (P=0815)
Interval between liver  Total: 34 Total 40
damage and HOC 0-2 yr 9mo 0y NA NA NA P=0D740
diagnosis (mean+SD)  (10yr2mozéy5mo) (Iyr9mo27 yrOmo) (P = 0.688)
Period from HOC Total: 18 Total: 16
development to death  2mo-3yr 05yr NA NA NA P=0.047
(mean £ SD) (1yr2mo£12mo) (8.4 £ 14 mo) (P=0.401)

'ﬂleP-vnhnnhmmwalmllladfmmIh:anwmU—asiudh?-vmubehw.iudiﬂudhpumﬂmwnnkuhwdﬁmﬂn}‘-un'l’cn.oi.

Snuﬁauydpm}mammummmmuwmuuumwm hosis; SD: Standard deviati

available

v NA: Not

Table 2 Analysis on gender and age of reported cases of hepatocellular cardinoma assodated with autolmmune hepatitis

and primary biliary cirrhosis, compared o cases of geoeral hepatocelfular carcinoma i Japan

Actual number Total: 38 Total: 50 Total 16743
Male 7 (18.4) 13 (26.0) 12025 (71.8)
Female 31 (81.6) 37 (74.0) 4718 (28.2) P=0.149" p=0512' P=0244
Relative number Total: 38 Total: 50
Male B3 (61.3) 38.0 (76.0)
Female 147 (38.7) 120 (24.0%)
Age at HCC diagnosis ~ Total: 38 Total: 50 Total 16743
(mean £ 5D) {67.61 + 8.58) (68.54 £9.30) NA
<405 0(0) 2(4.0) 761 (4.6) NA NA P 0410
50s 8(21.0) 6(12.0) 2818 (16.8) (P=0614)
60s 16 (42.1) 7 (420) 6179 (36.9)
T0s 9(n.7) 14 (28.0) 5976 (35.7)
<808 5(13.2) 7(140) 1009 (6.0)

mnmmmwmmmmwm U-mmd&ul’nhmhebw hdnhdmpem&uu,wuulcukmd&mﬂwf-ut“mn

P~nlneum 1 from the relati

HCC: Hey

i deviation; NA: Not

population: interval between liver damage and HCC
diagnosis, interval from HCC diagnosis to death, age at
HCC diagnosis, serum-AFP levels, maximum tumor size
and number of HCC loci. Because the patient sample
size in cach group was greater than 20, we chose to use
P-values calculated from the asymptotic distribution.
The total number of cases in each patient group did not
include cases for which categorical data were unknown
(Table 1).

The statistical analysis for survival among HCC
patients with AIH and PBC was performed on a
personal computer with the statistical package SPSS
for Windows (version II, SPSS Inc., Chicago, 1L,
USA). Because there were too few published cases of
HCC arising from AIH or PBC, however, differences
in survival between patient groups could not be
calculated.

AlH: patitis; PBC: Primary biliary cirrhosis; SD:

RESULTS
The intervals between HCC diagnosis and death for
HCC patieats with ATH (14 * 12 mo) and PBC (84 £
14 mo) was notably shorter than among general HCC
patients in Japan (77.5% 1-year survival, 52.5% 3-year
survival, and 35.4% 5-year survival)'¥. As shown in
Table 1, the survival interval for HCC patients with PBC
was also significantly shorter than that for patieats with
AIH (P = 0.047).

Among HCC cases associated with AIH, the actual
male to female ratio was 7:31. Because AIH patients
in Japan are predominantly female (7:1), the corrected
dsk ratio for HCC among male ATH patients was 1.6:1
relative to females, and the male to female ratio of the
relative numbers was 23.3:14.7 (Table 2). The majority
of Japanese PBC patients are also female, outnumbering
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Compiled numbers (%) P-values
HCC patients with HCC patients with GeneralHCC  AlH-serles/General- PBC-serfes/General- AlH-serles/PBC-

AIH (AlH-=serles) PBC (PBC-series) patlents HCC padents HCC patients serfes
History of blood Totalk: 29 Total: 38 Total: 12602
transfusion P=0040° P=0.581 P=0.041"
+ 3(103) 13(34.2) 3633 (28.8)
- 2 (89.7) 25 (658) 8969 (71.2)
History of excessive Total: 38 Total 50 Total: 14694
aleohol intake P=0812 P=0.05 P=0352
s 1(26) 5 (100) 3271 (23)
- 37 (97.4) 45 (90.0) 11423 (77.7)
Co-infection Total: 33 Total: 40 Total: 121
HBV (prior) + 2(6.1) 10 (25.0) 2138 (51.9) P<0001 P <0.001 P=0025
HBV (prior) - 31(939) 30 (75.0) 1983 (48.1)
Co-infection Total: 38 Total: 49 Total:16492
HCV + 379 10 (20.4) 11488 (69.7) P <0001 P<0.001 P=0044
HCV - 35 (92.1) 29 (79.6) 5004 (30.3)
Pathological findings
of noncancerous Total: 31 Total: 44 Total: 4941
Taa of thas Mk P=0163 P=0007 P=0489
NL, CH, LF 13 (41.9) 15(.0) 2691 (54.5)
' o 18 (58.1) 29 (659) 2250 (45.5)

HCC: Hepatocellular carcinoma; ATH: Autoimmune hepatitis; PBC: Primary biliary cirrhosis; HBV: Hepatitis B virus; HOV: Hepatitis C virus; NL: Normal

liver; CH: Chronic hepatitis; LF: Liver fibrosis; LC: Liver cirrhosis,

males by 9:1. The relative risk ratio for HCC among
males with PBC was 3.2:1 relative to females, and the
male to female ratio of the relative numbers was 38:12
(Table 2). No significant differences in male to female
ratios were noted between the three patient groups (P =
0.149, P = 0.512, P = 0.244, respectively).

Among the HCC cases associated with AIH, only
three (10.3%) had a history of blood transfusions, while
13 (34.2%) of the cases with PBC had such a history.
Among all Japanese patients with HCC, 3633 (28.8%)
had a history of blood transfusions™. The proportion
of HCC cases associated with AIH having a history of
blood transfusions was significantly lower than that of
the general HCC cases in Japan (P = 0.040), and the
proportion of HCC cases associated with PBC having
a history of blood transfusions was significantly greater
than that of the HCC cases associated with AIH (P =
0.041, Table 3).

Similarly, only one case (3.1%) of HCC associated
with AIH had a history of excessive alcohol intake,
while five (20.0%) cases associated with PBC had such a
history (P = 0.352, Table 3). Among all Japanese patients
with HCC, 3271 (22.3%) had a history of excessive
alcohol intake!',

While prior infection with HBV was relatively
rare among AIH patients (6.1%), it was much more
prevalent among patients with PBC (25.0%, P = 0.025).
Similarly, 7.9% of AIH patients tested positive for HCV,
as compared to 20.4% of PBC patients (P = 0.044).
The population of Japanese HCC patients without
autoimmune liver disease had significantly higher rates
of both HBV and HCV co-infection (P < 0.001, Table 3).

Among the HCC cases associated with ATH, 18/31
(58.1%) were found to have cirrhosis on examination of

liver biopsy samples or resected samples at operation.
In contrast, 29/44 (65.9%) of the HCC cases associated
with PBC were found to have cirrhotic liver tissue.
Within the general HCC population in Japan, 2250
of the 4941 cases for which liver specimens were
available (45.5%) showed evidence of cirrhosis!"¥., While
the proportion of liver cirrhosis among HCC cases
associated with PBC was significantly greater than that
in the general HCC population in Japan (P = 0.007), no
statistical significance in the prevalence of cirrhosis was
found between AlH-associated HCC and general HCC
patients (P = 0.163, Table 3).

The numbers and positive ratios of the ATH-series,
PBC-series and general-HCC patients were 22/37
(59.5%), 34/47 (72.4%) and 10075/15831 (63.6%),
respectively. No significant differences in positive ratios
of serum-AFP were noted between the three patient
groups (P = 0.597, P = 0.216, P = 0.214, respectvely,
Table 4). AFP levels at diagnosis were 2340.2 ng/mL
(range 1-49100 ng/mL) among patients with ATH, and
854.2 ng/mL (range 4.2-14646 ng/mL) among patients
with PBC. The maximum size of the primary hepatic
tumor at diagnosis was 3.97 cm (range 1.0-10.0 cm)
among patients with ATH and 3.51 cm (range 1.0-8.8 cm)
among PBC patients (Table 4). Due to lack of available
data, we could not compare serum AFP levels,
tumor sizes and numbers of HCC loci between the
autoimmune-associated HCC cases and the general HCC
cases in Japan. However, we found that serum AFP level
did not vary widely, and that maximum tumor size and
number of HCC loci were considerably lower in patients
with autoimmune liver di than in general HCC
patients (Table 4).

Among both the AIH and PBC patient groups,
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Table 4 Serum AFP levels, tumor sizes and number of HCC lod of reported cases of hepatocellular cardinonz associated

with autolmmune hepatiis and primary biliary cirrhosis, compared to cases of general hepatocellular carcinoma in Japan

Clinical status Compiled bers (%) Pvalues
HCC patients with  HCC padents with Guu:*HCC AlH-serfes/  PBC-series/ AlH-serles/PBC-
AIH (AlH-series) PBC (PBC-serles) G FHCC G -HCC series
pad patients

Serum-AFP Total: 37 Totak 47 Totak 15831
AFP - (< 15ng/mL) 15 (405) 13 @7 5756 (364)  P=0597 P=0216 P=0214
AFP+ (= 15 ng/mL) 2(595) 34 (723) 10075 (63.6)

Serum-AFP (ng/mL) Total: 37 Totak: 47 Total: 15831

(mean + SD) (2340.21 £ B823.45) (B54.18 + 1263.83) NA
<15 15 (405) 13(276) 5756 (36.4)
15-199 12 (325) 16 (34.0) 5784 (36.5) NA NA P=0.106
200-399 127) 6(128) %02 (57) (P <0001
400-999 3(81) 2(43) %07 (5.7)
= 1000 6(162) 10 (213) 2480 (15.7)

Maximum tumaor size Total: 36 Total 48 Totak 15788

of HOC NA NA P=0.744
(mean £ SD) (em) (3.75+242) (351£1.69) NA (P=0.028")
<2 14 (389) 11 (229) 5123 (32.4)
2150 16 (44.4) 29 (60.4) T4 (471)
=51 6(167) 8(167) 3231 (20.5)

Number of HCC loci Total: 38 Total: 49 Total: 16187

(mean + SD) (158 £ 2.05) (174£1.97) NA NA NA P=0418
Single 33 (86.8) 38 (776) 9365 (57.9) (P=0.805)
Double 2(33) 7(43) 2850 (17.5)
Multiple @9 4@81) 3972 (24.5)

The P-value in the first row was calculated from the 5’ test and Fisher's exact test. The P-value in the following row was calculated from the Mann-Whitney
Um:mdewpwmmw indicated in parentheses, was calculated from the F-test, °P < 0.05, *P < 0.01, Statistically significant. HOC: Hepatocellular
© AIH: A hepatitis; PBC: Primary biliary cirthosis; AFP: a-fetoprotein; SD: Standard devi NA: Not availabl

the most commonly selected forms of treatment
were chemolipiodolization (CL) and transcatheter
arterial embolization (TAE); other options included
percutaneous ethanol injection therapy (PEIT) and
radiofrequency ablation (RFA). Differences in the
choice of therapeutic procedures were noted as follows,
although no comparisons reached statistical significance
following the Bonferroni correction: (1) The rate of
CL or TAE among HCC patients with ATH was greater
than the rate of operations among general HCC patients
(P = 0.048), (2) The rate of CL or TAE among HCC
patients with AIH was greater than the rate of PEIT and
RFA among general HCC patients (P = 0.018), and (3)
The rate of CL or TAE in HCC patients with PBC was
greater than the rate of PEIT and RFA among general
HCC patients (P = 0.027). Additionally, the frequency
with which HCC patients with PBC chose to forgo
treatment was significantly higher than the frequency
with which general HCC patients chose to undergo
PEIT or RFA (P = 0.003). Although not statistically
significant, the frequency with which HCC patieats with
AIH refused therapeutic interventions was also higher
than the frequency of PEIT or RFA in the general HCC
population (P = 0.038, Table 5). Ideally, data on survival
by treatment modality should be presented. However,
the number of patients receiving each treatment
modality who were able to be followed up to death was
small. Hence, the mean period from HCC development
to death was calculated from patient survival following
all treatment options. Future prospective studies are
needed to further analyze mean survival for each

treatment alternative.

Across all three patient groups, we found that
liver failure was the leading cause of death, followed
by rupture of HCC. Among general HCC patients,
ncoplastic death was most common (1487/2700, 55.1%),
although differences berween causes of death did not
reach statistical significance. Comparisons between
patient groups showed that: (1) The rate of ncoplastic
death in general HCC patients was higher than the rate
of variceal rupture in HCC patients with AIH (P =
0.050), (2) The rate of neoplastic death in general HCC
patients was higher than the rate of gastrointestinal
bleeding in HCC patients with AIH (P = 0.013), and (3)
The rate of neoplastic death in general HCC patients
was geeater than the rate of variceal rupture in HCC
patients with PBC (P = 0.050, Table 5).

DISCUSSION

While autoimmune liver disease is more common
among women than men in Japan, HCC in our group
of patients with autoimmune liver discasc was more
common in men than women (Table 2). Men with ATH
had a 1.6-fold greater risk of HCC than women, while
men with PBC had a 3.2-fold greater risk of HCC than
women with PBC. Moreover, when we followed ATH
and PBC patients during HCC surveillance, we noted
that the rate of HCC development was higher in male
patiets with autoimmune liver disease than in female
patients with autoi e liver di

Cirrhosis was found in only 18/31 (58.1%) of HCC
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atocellular carcinoma associated with autoimmune he

> Therapy and
ary biliary cirrh

patocellular carcinoma in Japan

patlents patients
Therapy choices for Total: 38 Total: 47 Total: 17005 Operation vs CLor  RFA, PEIT vs CL
HCC TAE P= 0.048' or TAE
CLor TAE 18 (47.4) 17(362) 4635(272)  RFAPEITMCIos  P=002"
Operation 8210 16 (34.0) 5268 (31.0) CLar TAE RFA, PEIT ns
RFA, PEIT, MCT 6 (15.8) 6(128) 4890 (28.8) P=0018" No therapy
Chemotherapy 00 0(0) 765 (4.5) RFAPEIT,MCT vs P=0,003"
Others 0 o 122(0.7) No therapy
No therapy 6 (158) 8(17.0) 1324 (7.8) p=0038'
Clinical outcome Totak 37 Total: 49 Total: 16644
Alive 20 (54.1) 31 (63.3) 13946 (83.8) P<0.001" P<0.001* P=0389
Dead 17 (45.9) 18 (367) 2700 (16.2)
Cause of death Totak 16 Totak 18 Total: 2700 Neoplastic death  Neoplastic death
Liver failure 8 (50.0) 8 (44.4) 561 (21.5) s variceal rupture ps variceal rupture
HCC ruphare 3(18.8) 4(222) 172 (6.4) P=0.050' P=0050'
Variceal rupture 1(62) 15E6) 85(3.1) Cancer death ps GI
Gl bleeding 1(62) 20113 =a bleeding
Neoplastic death 0 0(0) 1487 (55.1) P=pm3'
Others 1(188) 3(167) 320 (11.9)
*P < 0.01, Statistically significant. 'The calculated P-values did not reach statistical significance with B i i dthout the ion, h "
P-values were below 0.05. *The calculated P-values reached al significance with Bonferroni correction. HOC: Hepatocellular carcinoma; AIH:
Autoimmune hepatitis; PBC: Primary biliary cirrhosis; CL: Chemolipiodoli TAE: Trarscatheter arterial RFA: Radiofrequency ablati
herapy; PEIT: Perc thanal injection therapy; MCT: Mic g herapy; Gl: Gastroi
patients with ATH, 29/44 (65.9%) of HCC patients with  refute these findings.

PBC, and in only 2250/4941 (45.5%) of the general
Japanese HCC population. We did not add cases with
liver fibrosis (LF) to the incidence of liver cirrhosis (1.C)
in the general Japanese HCC population, which may be
one of the reasons why the incidence of liver cirrhosis
was surprisingly low: Additionally, we think that the HCC
cases with PBC and ATH and with non-cirrhotic liver, in
which sufficient examinations and successful treatments
were performed because of their higher hepatic reserve,
were likely to be reported and submitted for publication.
The possibility of bias in the selection of the reported
cases should be raised.

Another interesting finding was that the interval
between HCC diagnosis and death was shorter for
patients with autoimmune liver disease than for the
general HCC population of Japan, Furthermore,
although we found that serum AFP level did not
vary widely, the maximum tumor size and number of
HCC loci were considerably lower in patients with
autoimmune liver disease than in general HCC patients
(Table 4). One explanation for this finding may be a
selection bias, as cases which were detected earlier and
treated successfully were more likely to be submitted for
publication. Despite a smaller tumor size and a lower
number of HCC loci in patients with HCC arising in the
setting of autoimmune liver disease at the time of HCC
diagnosis, a shorter reported survival was not attributed
to late detection of HCC and failure to survey patients
with autoimmune liver disease for HCC, but was more
likely to be due to advanced liver disease and circhosis.
Future prospective studies will be needed to verify or

Although CL and TAE wete the most frequently
selected treatment modalities across all patient groups
(Table 5), many patients ultimately refused treatment
due to advanced age or social circumstances. Medical
treatments using CL. or TAE may be common because
HCC cases are often inoperable due to cirthotic liver
disease in these patients. While survival may be related
to the choice of therapeutic options, inconsistencies in
data reporting over multiple decades and across multiple
medical centers made the calculation of survival data
difficult.

Several mechanisms explaining the development
of HCC from autoimmune liver diseases have been
proposed: enhanced progression to cirrhosis through
progressive autoimmune hepatitis, decreased antitumor
immune responses caused by long-term administration
of steroids and immunosuppressants, or virus-mediated
hepatitis"®!7. In this study, we found significantly higher
rates of HBV and HCV among PBC patients with HCC
than among ATH patients with HCC. This finding may
be attributable to the higher rates of blood transfusion in
HCC patients with PBC (P = 0.041, Table 3). This result
is supported by the findings of Shimizu & a/'%, who
reported that 3/16 (19%) HCC patients with PBC tested
positive for prior HBV and present HCV infections.
Given the high rates of prior HBV infections among
HCC patients with PBC, it is possible that prior HBV
infection predisposes patients to HCC through HBV-
DNA becoming integrated into hepatocyte DNA. It has
been reported that even in patients who test negative
for serum HCV-RNA and serum HBV-DNA (less
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than the seasitivity of HBV-DNA), liver tissue samples
frequently test positive for HCV-RNA or HBV-DNA.
This suggests a possible role for positive HCV-RNA
or HBV-DNA in hepatic tissue in the development of
HCC!"™, In the present study, however, only six HCC
patients with ATH and two HCC patients with PBC were
found to have detectable HBV-DNA and HCV-RNA
in liver tissue samples. Aggressive liver biopsies should
be taken to allow genetic analysis for HBV and HCV
in liver tissue, in order to further study HCC cases with
non-B, non-C hepauts.

We reported high rates of HBV or HCV infection
among HCC patients with PBC (Table 3); however,
this is less surprising because international diagnostic
criteria for AIH allocate negative points for positive
HBV or HCV diagnostic tests''¥. Furthermore there are
no definitive histological features that allow a clinician
or pathologist to distinguish ATH from chronic viral
hepatitis. Thus, HBV or HCV infected patients are rarcly
classified as having ATH in the modern era. In contrast,
the unique histological features of PBC and the relative
specificity of AMA tests allow clinicians to diagnosis
and report cases of concurrent PBC and chronic viral
hepatitis with a greater degree of confidence.

It has been reported that HCC develops significantly
more often in patients with concurrent PBC and HCV
infection than in patients with AMA-positive PBC,
The incidence of HCC associated with PBC has been
suggested to have increased recently due to prolonged
periods of liver cirrhosis resulting from longer survival
on steroid therapy, concurrence of the hepatitis virus
or alcohol intake with HCC, and the administration
of immunosuppressants which may disturb
immunoregulatory function®®l. In a proportional
hazards analysis of patients with PBC, Shibuya er a#''l
found 3 factors to be independently associated with the
development of HCC: age at ime of diagnosis, male
gender, and a history of blood transfusion. Our findings
showed that HCC cases arising from PBC were more
common in men and those with liver cirthosis.

While the number of HCC cases adsing from PBC is
stated to be small, it has been reported that the calculated
crude incidence of HCC was 492.4/100000 person
years, and that HCC has a relatively high prevalence in
PBCM, Furthermore, there is a dramatically increased
risk for development of hepatobiliary malignancies in
patients with PBC, with a relative risk of 46 (P < 0.0001)
in women and 55 (P < 0.0001) in men®™,

Finally, several questions remain for the clinician.
Namely, should AIH and PBC patients be screened for
HCC? Should screening be limited to cirrhosis? Does
the clinical course after diagnosis differ from other HCC
patients? Latc-stage ATH and PBC patients should be
screened for HCC just as in HCV-related cirrhosis, given
the similar reported incidence of HCC development in
late-stage PBC!™. Furthermore, Suzuki ef 2/, reported
very recently that patients of older age, male sex,
history of blood transfusion, and any signs of portal
hypertension or cirrhosis should be considered for HCC
screening. A prospective study or a case control study

for ATH patients is needed similar to that conducted for
PBC patients.

At present, HCC transformation in early-stage pre-
cirrhotic ATH and PBC were thought to be very rare.
However, a high incidence of HCC development was
observed in ATH and PBC patients with overlapping
HCV and HBV infection, including occult HBV
infection®™**. These patients should be closely followed
using ultrasonography, CT-scanning and MRI of the
abdomen, as well as tumor markers for HCC. Reports
of HCC cases arising from “pure” ATH and PBC (with
no history of blood transfusion, excessive alcohol intake,
immunosuppressant administration, and with negative
HBV and HCV serotyping) are rare**!, El-Serag
¢f P, in 2 multivariate analysis reported that ATH itself
is not significant; however, our study indicates that early-
stage AIH and PBC patients also have the potential to
develop HCC. We advocate that “pure” or “early-stage”
ATH and PBC cases should also be regularly screened
for HCC.

Our data also indicate that the clinical course after
diagnosis of HCC with ATH and PBC differs from
virus-associated HCC, although prospective studies are
needed to confirm these results. Clinicians should note
the common clinical features of HCC cases with ATH
and PBC at diagnosis, treatment, and follow-up of these
patients.

Lastly, our findings also beg the question of why
HCC rupture is the second most common cause of
death in both groups of patients examined. We have
recently reported a pelioid-type HCC patient with PBC,
who died from rupture of HCCP, A peliotic change was
observed more frequency in large poorly-differentiated
and encapsuled HCCPY, and the features of pelioid-
type HCC were high blood flow into the HCC, high
pressure in the tumor and fibrous capsular formation.
It is unknown whether the ruptured HCCs in the
present study had these features, as this study had severe
limitations because it was retrospective. Tumors in such
patients may grow rapidly, and pathophysiological factors
shared by both patient groups may trigger the rupture
of HCC. A prospective study on the cause of death and
a pathologic study of ruptured HCC with ATH and PBC
is awaited with great interest.

Further clinical and laboratory studies are needed
to deserbe which pathological, biological and genetic
features are common among HCC cases ansing from
AIH and PBC. How HCC in these patients relates to
viral hepatitis also requires further clarification. The
present study was retrospective; however, this is the first
study to date that highlights the importance of these
future research topics. Furure prospective studies on

these important subjects are required.

COMMENTS

Background

Hepalocellular carcinoma (HCC) development in autoimmune hepatitis (AlH) as
well s in primary biliary cirhosis (PBC) s a rare event. The common clinical
features of HCC associaled with AIH and PBC have not yet been extensively
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