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Fig. 1. The association between hepatic microRNA-122 (miR-122) expression of hepatitis C virus (HCV)-infected liver and HCV load. MiR-122
expression was quantified relative to the control sample (histopathologically normal liver with metastatic liver tumour) by quantitative reverse-
transcription polymerase chain reaction. The serum HCV load was positively correlated with the hepatic HCV load (r=0.531, P < 0.0001) (A).
Hepatic miR-122 expression was weakly and positively correlated with the serum HCV load (p=0.19, P < 0.05) (B). Hepatic miR-122
expression was not correlated with the hepatic HCV load (p= — 0.14, P=0.08) (C). Hepatic miR-122 expression in cases seronegative for HCV
RNA was significantly higher than that in cases seropositive for HCV RNA (P < 0.0001) and similar to that in the control cases (D). NS, not

significant.

inversely correlated with the hepatic HCV load
(p=—0.21, P < 0.05; Fig. 2B). In patients with genotype
2, hepatic miR-122 expression was not correlated with
the serum or hepatic HCV loads (p=0.03, P=0.89;
p=0.17, P=0.40 respectively; Fig. 2C and D).

Stratified analyses to evaluate the correlation between
microRNA-122 expression and hepatitis C virus load

In the stratified analyses, hepatic miR-122 was not
positively correlated with hepatic HCV load. In A3 cases,
there was a significant negative correlation (p=— 0.54,
P < 0.05; Fig. 3A~F). The expression of hepatic miR-
122 in non-cancerous serum HCV-negative patients
was significantly higher than that in serum HCV-positive
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patients in the A0/1, A2, FO/1 and F2/3 cases. However,
there was no difference in the stratified analyses in the A3
and F4 cases, in which the number of cases in each group
was small or disproportionate (Fig. 4A-F).

Functional and histopathological liver damage

Because miR-122 is abundantly expressed miRNA in the
liver, we analysed the hepatic miR-122 expression accord-
ing to the hepatic function and histopathological liver
damage. The expression of miR-122 was inversely corre-
lated with the functional liver damage (Child-Pugh
grade) (p=—0.61, P < 0.0001; Fig. 5A), serum aspartate
aminotransferase level (p=—0.52, P < 0.0001; Fig. 5B),
serum alanine aminotransferase level (p=-—0.26,
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Fig. 2. The association between microRNA-122 (miR-122) expression and hepatitis C virus (HCV) load in genotypes 1 and 2. In genotype 1,
miR-122 expression was not correlated with serum HCV load (p=0.14, P=0.16) (A), but was weakly and negatively correlated with hepatic
HCVload (p= —0.21, P < 0.05) (B). In genotype 2, miR-122 expression was not correlated with serum or hepatic HCV load (p=0.03, P=0.89;

p=—0.17, P=0.40 respectively) (C, D).

P < 0.0005; Fig. 5C), histopathological inflam-
mation activity grade (p=—0.44, P < 0.0001; Fig. 5D)
and fibrosis stage (p=-—0.55, P < 0.0001; Fig. 5E).
The median serum miR-122 level was 0.537 (range,
0.077-3.270; n = 40), relative to the control serum sample
by qRT-PCR. The hepatic miR-122 expression was
positively correlated with the serum miR-122 level
(p=0.37, P < 0.05; Fig. 5F). The correlation between
miR-122 expression and functional liver damage was
also confirmed in the stratified analyses for inflammation
activity grade AO/1 and A2, and fibrosis stage F4.
There was no significant correlation in the stratified
analyses in the A3, FO/1 and F2/3 cases, in which the
number of cases in each group was small or dispropor-
tionate (Fig. 6A—F).
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MicroRNA-122 expression in hepatic cancer

In the present study, 139 nodules of hepatic cancers were
assayed and miR-122 expression was compared between
the hepatic cancer samples and the paired non-cancerous
liver samples. MiR-122 expression in the cancer samples
was significantly lower than that of the paired non-
cancerous livers (P < 0.05). The expression of miR-122
in the paired non-cancerous liver samples was signifi-
cantly lower than that in the control normal liver samples
(P < 0.001; Fig. 7A). The miR-122 expression in cancer-
ous poorly differentiated hepatic cancer was significantly
lower than that in moderately differentiated hepatic
cancer (P < 0.0001; Fig. 7B). The expression of miR-122
in the cancerous T2 and T3 cases was significantly lower

Liver International (2011)
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Fig. 3. Stratified analyses to confirm the association between microRNA-122 (miR-122) and hepatic hepatitis C virus (HCV) load. Hepatic miR-
122 expression was not correlated with hepatic HCV load in the stratified analyses in the AO/1 or A2 grades of inflammatory activity or in any
stage of fibrosis (FO/1, F2/3, F4) (A, B, D-F), but was significantly negatively correlated with hepatic HCV load in inflammatory activity grade A3

(p= —0.54, P < 0.05) (C).

than that in the T1 cases (P < 0.0001 and P < 0.01
respectively; Fig. 7C).

Discussion

The present study provided a surprising but consistent
finding that hepatic miR-122 expression is not correlated
with the hepatic HCV load, based on a large number of
cases and stratified analyses. A liver-specific miRNA,
miR-122 has been reported to facilitate the replication
of HCV in vitro (9-14). These in vitro reports have
increased the interest regarding the effect of miR-122 on
hepatitis C, and the expectation that inhibition of hepatic
miR-122 may contribute to novel molecular-targeted
therapy of hepatitis C (9-15). However, the association
between miR-122 and HCV in humans is still unclear.

Liver International (2011)
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Recently, Sarasin-Filipowicz et al. (16) reported an ana-
lysis of liver biopsies from 42 subjects seropositive for
HCV RNA undergoing IFN therapy, and revealed no
correlation between miR-122 expression and viral load.
Their study provided a perspective on the role of
miRNAs in HCV infection. However, the number
(n=42) was small and no correlation was observed in
these cases with broad range of inflammatory activity
grades and fibrosis stages, which was possibly because of
a relative decrease in the number of hepatocytes. To
clarify the clinical role of miR-122 in patients with HCV,
we quantified the hepatic miR-122 expression in a large
number of HCV-infected patients and performed de-
tailed analyses with stratification for liver damage.

As a result, hepatic miR-122 expression was not
correlated with the hepatic HCV load throughout the
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wide range of miR-122 expression level and viral load.
Furthermore, hepatic miR-122 expression in cases sero-
negative for HCV RNA was higher than that in cases
seropositive for HCV RNA and similar to that in the
healthy control cases, which is a novel finding. Then, the
patients without detectable HCV-PCR can be considered
to be cured from HCV and can be classified as being
similar to healthy control patients in terms of the similar
miR-122 expression. Hepatic miR-122 expression was
significantly correlated with the serum HCV load, but
the correlation was very weak (p=0.19, P < 0.05).
Nevertheless, the absence of a direct correlation between
hepatic miR-122 expression and hepatic HCV load should
be emphasized more than the indirect weak correlation
between hepatic miR-122 expression and serum HCV
load. Although the miR-122 targeting regions in the
HCV 5’-UTR are highly conserved between the six HCV
genotypes (9, 10), we analysed the association between
miR-122 expression and HCV load in genotypes 1 and 2.

480

However, miR-122 expression was not positively corre-
lated with either serum or hepatic HCV load in either of
these genotypes. Our analysis is based on the large
number of cases (n=185), which included 151 cases
seropositive for HCV RNA and 31 cases seronegative for
HCV RNA. Furthermore, the absence of a correlation
between hepatic miR-122 and hepatic HCV load was
confirmed in each grade of inflammation activity and
stage of fibrosis. This stratified analysis accounted for
possible effects of injury-induced growth of cells other
than hepatocytes, which leads to a relative decrease in the
number of hepatocytes, and was strongly supportive of
our hypothesis. Accordingly, our study is more robust
because of the larger number of subjects and the use of
stratified analyses.

*Why miR-122 expression is not correlated with hepatic
HCV load is currently not well understood. There are at
least two possibilities. Firstly, it may be associated with
the existence of many other factors promoting HCV

Liver International (2011)
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Fig. 5. The expression of microRNA-122 (miR-122) is inversely correlated with liver damage. The level of hepatic miR-122 expression was
inversely correlated with the severity of functional liver damage (p= — 0.61, P < 0.0001) (A), serum aspartate aminotransferase (AST) level
(p= —0.52, P < 0.0001) (B), serum alanine aminotransferase (ALT) level (p= —0.26, P < 0.0005) (C), grade of inflammatory activity

(p= —0.44, P < 0.0001) (D), and stage of fibrosis {p= — 0.55, P < 0.0001) (E). The hepatic miR-122 expression was positively correlated with

the serum miR-122 level (p=0.37, P < 0.05) (F).

replication. Secondly, lower levels of miR-122 in HCV-
infected liver may still be sufficient to support HCV
replication. Many factors have been reported to promote
HCV replication and production, including the human
homologue of the 33 kDa vesicle-associated membrane
protein-associated protein (22), vesicle-associated mem-
brane protein-associated protein-B (23), cyclophilin B
(24), FK506-binding protein 8, heat shock protein 90
(25), FBL2 (26), fatty acids synthase (27), geranylgerany-
lation, fatty acids (28) and lipid droplets (29). In the
present study, hepatic miR-122 expression was decreased
as the functional and histopathological liver injury
became more severe. In humans, it was conceivable that
HCV will have difficulty replicating during liver injury
because HCV replication is dependent on miR-122,

Liver International (2011)
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which is decreased as liver injury progresses. Therefore,
it is possible that HCV replication in injured liver is
dependent on factors other than miR-122. In that case,
simple repression of miR-122 would be ineffective for the
treatment of hepatitis C in humans, and any therapies for
HCV based on miR-122 would need to consider a
combination with therapies targeting these promoting
factors or existing therapies such as IFN therapy. On the
other hand, lower levels of miR-122 in HCV-infected
liver may still be sufficient to support HCV replication. If
so, anti-miR-122 monotherapy for HCV must be de-
structively strong enough to deplete hepatic miR-122 or
at least overcome the physiological wide range of miR-
122 expression (range, 0.02-3.36; maximum-minimum
ratio, 168 in the present study). Although our results do
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Fig. 6. Stratified analyses to confirm the inverse correlation between microRNA-122 (miR-122) expression and functional liver damage. The
inverse correlation was confirmed in the stratified analyses of A0/1, A2 and F4 cases (p= — 0.53, P < 0.0001; p= —0.57, P < 0.0001;
p=—0.39, P < 0.0001 respectively) (A, B, F). There was no significant correlation in A3, FO/1, and F2/3 cases (C~E).

not preclude the potential of miR-122 as a molecular
target for HCV therapy, it would be realistic and practical
to combine anti-miR-122 therapy with other therapies
for HCV. Recently, Lanford et al. (30) reported that
antagomir-122 treatment leads to suppression of virae-
mia in chronically HCV-infected chimpanzees. Absence
of viraemia was not observed in their report. Further
studies are needed to experimentally and clinically con-
firm the effect of anti-miR-122 therapy on HCV. The
regulatory mechanisms of HCV replication by miRNA
should be studied. The effects of miR-122 depend on the
context and location of its binding sites in HCV RNA.
The binding sites in the 5’-UTR are associated with the
facilitation of HCV replication, whereas those in the 3'-
UTR are associated with the repression of HCV replica-
tion (10). MiR-196 was reported to repress the HCV
expression (31).
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In the present study, hepatic miR-122 expression was
inversely correlated with the severity of functional and
histopathological liver damage, serum transaminase le-
vels. MiR-122 has also been reported to be implicated in
the regulation of cholesterol and fat metabolism (7, 8, 32,
33). Although the mechanism of miR-122 decrease in
injured liver is unknown, it seems that the abundant
expression of miR-122 in normal liver becomes decreased
as the hepatic injury progresses. MiR-122 is also under-
expressed in livers with non-alcoholic steatohepatitis
(34). In this study, hepatic miR-122 expression was
significantly higher in serum HCV RNA-negative cases
than in serum HCV RNA-positive cases. This may also
reflect the better hepatic function and less fibrosis in the
former than in the latter. In the present study, the hepatic
miR-122 expression was inversely correlated with serum
transaminase levels and positively correlated with the

Liver International (2011)
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Fig. 7. MicroRNA-122 (miR-122) expression in cancerous and non-cancerous samples. The expression of miR-122 in hepatic cancer was
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cancer was significantly lower than that in moderately differentiated hepatic cancer (P < 0.0001) (B). MiR-122 expression in T2 and T3 cancer
samples was significantly lower than that in T1 cancer samples (P < 0.0001 and P < 0.01 respectively) (C).

serum miR-122 level. Wang et al. (35) reported that
serum miR-122 levels parallel serum transaminase levels
in drug-induced liver injury. The differences between our
analyses and Wang’s report may be because of whether
the liver injury is chronic or acute.

In terms of HCC, decrease of miR-122 in HCC was
frequently reported (36-38), which was consistent with
our results. Varnholt ef al. (39) reported that the hepatic
expression of miR-122 in HCV-related HCC was higher
than that in the normal liver. The differences between our
analyses and Varnholt’s report may be because of differ-
ences in the number or ethnicity of the subjects.

In conclusion, unlike in vitro, hepatic miR-122 expres-
sion is not correlated with hepatic HCV load in humans.
Furthermore, miR-122 expression in cases seronegative
for HCV RNA is higher than that in cases seropositive for
HCV RNA. Therefore, miR-122 is still potential, but not
critical by itself, as a molecular target for HCV therapy.
Any therapies for HCV based on miR-122 would need to
consider a combination with existing therapies such as

Liver International (2011)
© 2010 John Wiley & Sons A/S

IFN therapy, or other potential therapies targeting HCV.
MiR-122 is inversely correlated with functional and
histopathological liver damage.
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Coefficient Factor for Graft Weight Estimation
from Preoperative Computed Tomography
Volumetry in Living Donor Liver Transplantation

Tetsuji Yoneyama,' Katsuhiro Asonuma,’ Hideaki Okajima,* Kwang-Jong Lee,” Hidekazu Yamamoto,?
Takayuki Takeichi,” Yoshiharu Nakayama,® and Yukihiro Inomata?®
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In the clinical setting of living donor liver transplantation (LDLT), it is common to find a discrepancy between the graft vol-
ume estimated by preoperative computed tomography volumetry and the actual graft weight (AGW) measured on the back-
table. In this study, we attempt to find the coefficient factor that correlates the estimated graft volume to the AGW. Whole
livers explanted in 25 LDLT recipients (17 cirrhotic and 8 morphologically normal with familial amyloid polyneuropathy) were
evaluated to compare cirrhotic livers and noncirrhotic normal livers. In addition, right lobe grafts (n = 39) and left lobe grafts
(n = 35) used in LDLTs were also evaluated to further determine the correlation between estimated graft volume and AGW.
The correlation coefficient between estimated liver volume and actual liver weight was 1.01 in whole cirrhotic livers, whereas
it was 0.85 in whole livers with familial amyloid polyneuropathy. In the partial liver grafts, it was 0.84 in right lobe grafts and
0.85 in left lobe grafts. In conclusion, we suggest that a correlation coefficient of 0.85 should be applied for the accurate
calculation of the graft weight from the volume estimated by preoperative computed tomography in LDLT. Liver Transpl
17:369-372, 2011. 0 2011 AASLD.

Received May 8, 2010; accepted November 26, 2010.

Computed tomography (CT) volumetry plays an im-
portant role in predicting graft weights for living donor
liver transplantation (LDLT). It is necessary to know
the estimated weight of the donor graft before the
operation because the ratio of estimated graft weight
to recipient’s body weight (GRWR) is crucial to plan-
ning a successful LDLT.!}™

In the past, it has been widely accepted that the
density of water was equal to that of liver. In 1985,
Van Thiel et al. demonstrated a remarkably close cor-
relation between the liver weight and the volume of
water at 25°C, and, hence, liver volume could be con-
verted to liver weight on a one-to-one basis.® In

other publications, it has been shown that estimated
liver volume (ELV) derived from CT volumetry had ac-
ceptable accuracy with regards to the actual liver vol-
ume (ALV).%'° Therefore, CT volumetry has been
believed to reliably predict the graft weights and, as
such, is widely used for the preoperative evaluation in
LDLT. However, a further calculation is thought to be
necessary, especially in LDLT donors with healthy liv-
ers, because the above concept was derived from the
measurement of cirrhotic livers. In actual fact, dis-
crepancies between EGV and actual graft weight
(AGW) are often experienced in LDLT even though
efforts to decrease the difference between the virtual
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TABLE 2. Characteristics of LDLT Donors for Right
Lobe Grafts and Left Lobe Grafts

TABLE 1. Characteristics of Recipients With Cirrhotic
Livers and FAP Livers
Recipients With Recipients
Characteristic Cirrhosis With FAP
Number 17 8
Disease (n) Hepatitis B type (7) FAP (8)
Hepatitis C type (7)
Primary biliary
cirrhosis (1)
Primary sclerosing
cholangitis (1)
Cryptogenic (1)
Age (average) 51.35 35.13
ELV (mL) 900.82 + 165.27 1058 * 260.81
Range (mL) 577.98 ~ 1158.16 751.3 ~ 1523
ALW (g) 885.47 + 139.83 879.5 + 178.63
Range (g) 680 ~ 1055 660 ~ 1100

resection line and actual resection line have been
made.

Therefore, it is questionable whether 1 mL of liver
volume dose actually weighs 1 g. Recently, there have
been some studies that dispute the presumed liver
density of 1 g/1 mL.*"!? In this context, we thought it
necessary to assess the correlation not only in cir-
rhotic livers but also in healthy or noncirrhotic livers.

First, we compared the correlation between ELV and
ALW using the explanted whole livers from recipients
with cirrhosis and recipients without cirrhosis but
with familial amyloid polyneuropathy (FAP). In the
next step, correlation of EGV and AGW in partial liv-
ers that were retrieved from LDLT donors was also
evaluated.

PATIENTS AND METHODS
Patients

Twenty five recipients who underwent LDLT in Kuma-
moto University Hospital, Japan, from December
1998 to January 2006 were randomly selected for the
present study. Seventeen recipients with cirrhotic liv-
ers and 8 FAP recipients with noncirrhotic livers were
enrolled to evaluate whole livers. The characteristics
of these recipients are summarized in Table 1. In the
same period, 39 right lobe and 35 left lobe grafts used
in LDLT were also used for the study (Table 2).

Preoperative Measurement of Liver Volume

Multidetector row CT scanners, General Electric Light
Speed Qxi (4DAS multidetector CT) and Philips Bril-
liance 40 (40DAS multidetector CT), were used to
obtain CT images for all recipients and LDLT
donors.'? Images were acquired in 18-20 seconds (ar-
terial phase), 45-60 seconds (portal phase), and 70-80
seconds (hepatic parenchymal phase) after intrave-
nous bolus administration of 120-150 mL nonionic
contrast medium (iohexol, omnipaque 300; Daiichi
Pharmaceutical, Tokyo, Japan) at a rate of 4-5 mL/

Characteristic ~ Right Liver Graft = Left Liver Graft
Number 39 35
EGV (mL) 735.93 *+ 134.87 448.41 *+ 76.46
Range (mL) 433 ~ 1051 310 ~ 615
AGW (g) 668.75 = 114.06 415.06 * 65.43
Range (g) 468 ~ 1032 290 ~ 550

second. Images of the hepatic parenchymal phase
were used for volume analysis. The volume (in millili-
ters) was automatically calculated by summation of
the products of section thickness and area of the seg-
mented liver in each section with Advantage Worksta-
tion version 4.01, as previously reported.'®

Operative Procedure and Measurement of
Actual Liver Weight

In living donor surgery, partial hepatectomy was per-
formed following the cutting plane that was preopera-
tively imaged. The explanted liver was immediately
flushed with histidine-tryptophan-ketoglutarate (HTK)
solution or University of Wisconsin (UW) solution at
4°C. After the solution was drained completely from the
liver, the AGW or actual liver weight (ALW) was
measured in grams by an automatic weighing machine.
Whole livers explanted from FAP recipients were flushed
in the same manner as other partial grafts with UW
solution to be used as grafts for domino recipients.

Statistical Analysis

Values are shown as mean * standard deviation. Sta-
tistical analysis was performed using SPSS version
11.0 (SPSS Inc., Chicago, IL). A value of P < 0.05 was
considered significant. The regression line between
ELV and ALW was determined by use of regression
analysis, and confidence interval for every correlation
coefficient was 95%.

RESULTS

Correlation Between ELV and ALW
of Whole Liver

In cirrhotic whole liver, ELV averaged 900.82 =
165.27 mL and ranged from 577.98-1158.16 mL. The
mean ALW was 885.47 *= 139.83 g and ranged from
680-1055 g. The relationship between ELV and ALW
was significantly linear (Y = 1.01X, r’ = 0.88; P <
0.001; Fig. 1). In noncirrhotic FAP liver, the ELV aver-
aged 1058 * 260.81 mL and ranged from 751.3-1523
mL. The ALW averaged 879.5 *+ 178.63 g and ranged
from 660-1100 g and in this case. too, the relationship
between ELV and ALW was linear (Y = 0.85X, r* =
0.99; P < 0.001; Fig. 2). Liver density of cirrhotic liver
was found to be consistent with 1 g/1 mL and in ac-
cordance with previous reports. However, in the non-
cirrhotic FAP livers, the density was 0.85 g/1 mL.
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Figure 1. Correlation between ELV and ALW of whole liver in
patients with cirrhosis. There was an excellent correlation (> =
0.88, slope: 1.01, P < 0.001).
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Figure 2. Correlation between ELV and ALW of whole liver in
FAP patients. There was an excellent correlation 2 = 0.99,
slope: 0.85, P < 0.001).

Correlation Between EGV and AGW
of Graft Livers in LDLT Donors

The EGV of right lobe grafts averaged 735.93 =
134.87 mL with a range of 433-1051 mlL. The AGW
averaged 668.75 * 114.06 g and ranged from 465 to
1035 g. The correlation between EGV and AGW was
linear (Y = 0.84X, r* = 0.52; P < 0.01; Fig. 3A). The
EGV of the left lobe averaged 448.41 * 76.46 mL and
ranged from 310-615 mL. The AGW averaged 415.06 =
65.43 g and ranged from 290-550 g. The correlation
between EGV and AGW was significantly linear (Y =
0.85X, r* = 0.82; P < 0.01; Fig. 3B). Hence, the coeffi-
cient of weight per volume was 0.84 in right lobe grafts
(P < 0.01) and 0.85 in left lobe grafts (P < 0.01).

1200
N=39
10004 v _g84x,r2=0.52 .
p<0.01 ® /
o 800
% 600
<
400-
200- ////
Y S —
0 200 400 600 8001000 1200
A EGV (ml)
1200
1000 N=35
Y =0.85X, r2 =0.82
gopl P<0N
§ 600 .
4601
200
0 —
0 200 400 600 8001000 1200
B EGV (g)

Figure 3. Correlation between EGV and AGW in healthy donors.
(A) Right lobe grafts (2 = 0.52, slope: 0.84, P < 0.01), (B) Left
lobe grafts (r? = 0.82, slope: 0.85, P < 0.01).

DISCUSSION

In Japan, where liver grafts from deceased donors
have been lacking, LDLT has been the dominant
option. Graft size is an important component of both
the donor evaluation and the outcome of LDLT. The
experience with LDLT by Kiuchi et al. suggested that
a patient with a GRWR of less than 0.8% had a signif-
icantly lower chance of survival.®> On the other hand,
Ben-Haim et al.* reported that recipients with Child-
Pugh grade A or recipients without cirrhosis could
probably tolerate a GRWR up to 0.6%. Recently, it
has been shown that grafts with GRWR of less than
0.8% could produce the same results as grafts with
GRWR of more than 0.8% with innovative surgical
techniques.’®1® Whichever technique is used, the
graft weight measured at harvesting is used for the
calculation of the GRWR. Therefore, accurate estima-
tion of the graft weight from the EGV by preoperative
CT imaging is important because the estimated
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GRWR is necessary to decide if the LDLT is feasible
and what type of graft should be used, for instance, a
right lobe graft or a left lobe graft. The calculation for
conversion from volume to the weight has been con-
ventionally based on the classical concept that 1 mL
of liver volume is equal to 1 g of liver weight that Van
Thiel et al. demonstrated.® However, the measure-
ments in that study were performed with cirrhotic liv-
ers.®° Evaluation of the weight of noncirrhotic livers
by volume measured by CT has not previously been
performed. Some reports have revealed that the error
ratio of the estimation of the weight by preoperative CT
volumetry ranged from *+ 5% to + 20%.'! Several pos-
sible reasons causing the discrepancy have been
considered, such as blood flow, anatomy, CT machine
variation, interobserver variations, and so on. However,
only a few have stressed the necessity to correct the
estimation of liver weight derived from CT volumetric
measurement.'!!? We selected the explanted FAP liver
as a specimen of the noncirrhotic liver because the
FAP liver is morphologically the same as normal liver
even though it produces atypical transthyretin.'*

In this study, it has been elucidated that the spe-
cific gravity of cirrhotic liver was significantly different
from that of noncirrhotic liver. The result derived from
the cirrhotic livers in our study was consistent with
the view that 1 mL of the liver volume equals 1 g
of liver weight, as demonstrated by Van Thiel et al.
(Fig. 1). However, in noncirrhotic livers (ie, FAP livers),
0.85 g of liver weight was equal to 1 mL of liver vol-
ume (Fig. 2). These results suggest that it might be
necessary to multiply the value of EGV by 0.85 to cal-
culate the estimated weight of the liver graft in LDLT.
Interestingly, the correlation coefficients between EGV
and AGW in right lobe grafts and left lobe grafts were
0.84 and 0.85, respectively (Fig. 3). These figures
were very similar to that of FAP livers and further
support our findings.

The coefficient factor (0.85), as an absolute value,
might not always be applicable in other institutions
because of several biases, such as the differences in
CT machines, calculation software, preservation solu-
tion, ethnicity, sex, and so on. In fact, each institution
might have its own coefficient factor. However, the
fact that the density of normal liver is lower than that
of cirrhotic liver should be realized.

In this study, HTK solution or UW solution was
used as perfusion fluid in grafts. HTK solution may
cause more edema in the liver than UW solution; how-
ever, because the grafts were weighed immediately af-
ter being flushed out, we feel that the influence of the
difference between the solutions was minimized.
There was a small difference between right lobe grafts
and left lobe grafts in terms of the value of r°. This
may have been due to a difference in the accuracy of
the cutting line, depending on whether the middle he-
patic vein was included in the graft.

In conclusion, in our institution, the weight of the
liver graft in LDLT can be estimated preoperatively by
multiplying the EGV by 0.85.
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Abstract: Liver organoids were reconstructed by mouse-
immortalized hepatocytes and nonparenchymal cells (sinu-
soidal endothelial cells and hepatic stellate cells) in a radial-
flow bioreactor (RFB). A biodegradable apatite-fiber
scaffold (AFS) was used as a scaffold packed in the RFB,
which enables three-dimensional cell cultures. The orga-
noids cocultured in the RFB showed a liver-like structure
with high-density layers of hepatocytes and the formation of
vessel-like structures. A liver organoid consisting of three
cocultured cells was transplanted under the kidney capsule
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(kidney group) or into the omentum (omentum group)
using BALB/c nude mice. Transplanted liver organoids sur-
vived in the kidney or omentum. The expression of mRNAs
of albumin, connexin 26 and 32, hepatocyte nuclear factor
40, and glucose-6-phosphatase was increased in both groups
at 8§ weeks after transplantation in comparison to the pre-
transplant status. Tyrosine aminotransferase appeared only
in the omentum group. The results suggested that the
functions of liver organoids differed depending on the trans-
planted site in the recipient animals. Key Words: Liver
organoid—Radial-flow  bioreactor—Co-culture—Trans-
plantation—Immortalized hepatocyte.

Liver transplantation is an established treatment
for end-stage hepatic failure. However, the bioartifi-
cial liver (BAL) is attracting attention as an
alternative. A previous study demonstrated the effi-
cacy of a radial-flow bioreactor (RFB) system com-
bined with extracorporeal circulation in a porcine
model of acute hepatic failure (1). Extracorporeal
BAL may thus potentially be useful as a temporary
support for patients presenting with acute hepatic
failure. However, new methods are needed for long-
term hepatic support in patients with chronic liver
failure. Accordingly, a treatment for chronic liver
failure was established using implantable artificial
liver tissue (liver organoid) produced by tissue engi-
neering (2,3). This treatment was designed to provide
long-term support by transplanting liver organoids
into patients. As a preliminary study, we first tried to
produce liver organoids using a coculture of immor-
talized mouse hepatocytes (IMHs), hepatic stellate
cells (HSCs), and sinusoidal endothelial cells (SECs)
in apatite fiber scaffold (AFS) (4). The study next
investigated whether the liver organoids could be
transplanted into the omentum and under the kidney
capsule in nude mice.

MATERIALS AND METHODS

Construction of liver organoids

IMH-4 cells, immortalized mouse HSCs (A7), and
SECs (M1) were established from H-2Kb-tsA58 mice
(Charles River Laboratories, Inc., Wilmington, MA,
USA), which were transfected with the temperature-
sensitive large T-antigen of the SV40 gene (5-7). The
RFB system included a 5-mL. RFB (RA-5; ABLE,
Tokyo, Japan), mass flow controller, and a reservoir
(2,3) (Fig. 1A). The AFS scaffold was formed from
hydroxyapatite fibers with long axis dimensions of
100-200 um (4). AFSs have consecutive pores with a
diameter of 250 um (Fig. 1B). Each single-crystal
apatite fiber possesses two crystalline facets (facets A
and C), and the fibers are biodegradable because
much of facet A is exposed (4). AFS was packed into
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Side view

Top view

FIG. 1. (A) The RFB chamber. The culture fluid perfused the cylindrical chamber in the direction shown by the large arrows. Culture fluid
flows radially from the periphery to the center, as shown by the small arrows. AFS is packed inside the chamber. (B) SEM observation
of the AFS. Amaze of channels (arrowheads) with a diameter of 250 um is observed inside the carrier. (C) H&E-stained image of a sample
from the RFB coculture group. The surface is covered with flat cells (arrowheads). (D) SEM images of a sample from the RFB coculture
group. The arrowheads show single apatite fibers. Hepatocytes (arrows) with microvilli are infiltrating into the channels and proliferating
three-dimensionally. (E, F) Histological findings of transplanted tissue. H-E staining of an RFB coculture group organoid transplanted
under the renal capsule (E) and to the omentum (F). Proliferation of cuboidal immortalized hepatocytes is observed at both sites.

the RFB and the culture medium perfused the
chamber radially from the periphery to the center
(Fig. 1A). ASF 104 medium (Ajinomoto Co. Ltd.,
Tokyo, Japan) with 2% FBS was used as the culture
fluid (2). The following three groups were compared.
(i) RFB coculture group: coculture of IMH-4, M1,
and A7 cells in the RFB system; (ii) RFB IMH-4
group: culture of IMH-4 cells alone in the RFB
system; and (iii) IMH-4 dish group: a monolayer
culture of IMH-4 in a dish. In the RFB coculture
group, 1 x 10" IMH-4 cells were added to the reser-
voir and perfused for 2 h as a closed circuit to allow
the cells to attach to the scaffold. A7 cells (1 x 107)
were added on day 8 and M1 cells (3.3 x 10°) were
added on day 13. The RFB was opened on day 17.

Transplantation of liver organoids

The animal experiment was performed with the
approval of the Jikei University Animal Care Com-
mittee. Six-week-old BALB/cAlJcl nude mice (CLEA
Japan, Inc., Tokyo, Japan) were used as recipients. Two
types of organoid from the RFB coculture group and
RFB IMH-4 group were transplanted. Pentobarbital
sodium (1-1.5 mg/body) was administered intraperi-
toneally before transplantation. The kidney group
(n=15) underwent transplantation of an organoid
measuring 2.5 mm into a pocket under the renal
capsule, and the omentum group (n =35) underwent
transplantation of an organoid measuring 2.8 mm into

the porta-hepatis region and covered with gastro-colic
omentum. The animals were sacrificed at 4 or 8 weeks
after transplantation.

Histological examination

A histological examination was performed for the
RFB coculture group and the organoids at 8 weeks
after transplantation. Specimens were fixed with 10%
buffered formalin and embedded in paraffin. Then
sections of 5um in thickness were prepared and
stained with hematoxylin and eosin (H&E).

Scanning electron microscopy (SEM)

The organoids of the RFB coculture group were
observed by SEM, and the methods have been
described previously (2,7).

Reverse transcriptase polymerase chain reaction
(RT-PCR)

The expression of mRNA was analyzed by
RT-PCR in the IMH-4 dish group, RFB IMH-4
group, RFB coculture group, and the organoids har-
vested at 4 or 8 weeks. The cells were lysed and
mRNA was extracted with the RNeasy mini kit
(Qiagen, Hilden, Germany). cDNA was synthesized
from 1ug of total RNA using an oligo-p (dT) 15
primer and 1 ST standard cDNA synthesis Kit
(Roche Diagnostics Corp., Switzerland) according to
the manufacturer’s instructions. Then cDNA for

Artif Organs, Vol. 35, No. 1, 2011

- 134 -



82 THOUGHTS AND PROGRESS

liver-related factors was amplified by the PCR
method: The primers were as follows: albumin/
(sense)5’-ttcgctacacccagaaagea-3’, (antisense) S -ggttt
ggaccctcagtcgag-3’; connexin26(Cx26)/(sense)5-aag
gaggtotggogagatga-3’ (antisense)5’-gectggaaatgaagea
gtee-3’; connexin32(Cx32)/(sense)5 -tcagggacactgteg
tggac-3’,(antisense)5’-cggegeagtatgtctttcag-3’; hepa-
tocyte nuclear factor 4o( HNF-4)/(sense)5 -acgtgetg
ctcctaggeaat-3, (antisense) 5'-gtgeccatgtgttcttgeat-3';
tyrosine aminotransferase(TAT)/(sense)5 -ccctgtgget
ctgtgttcag-3’,(antisense)5’-ggagtccaggaatggeagac-3';
glucose-6-phosphatase(G6Pase)/(sense)5’-tccggtgttt
gaacgtcatc-3’,(antisense)5’-tccggtacatgetggagttg-3”;
B-actin/(sense)5’-accacagctgagagggaaatcg-3’,(anti-
sense)5’-agaggtctttacggatgtcaacg-3’. B-actin was used
as control.

RESULTS AND DISCUSSION

Morphology of liver organoids and transplanted
liver organoids

Cellular transplantation has been attempted at
various extrahepatic sites, but the transplantation of
hepatocytes alone resulted in a loss of cellular func-
tions (8,9). Therefore, the tissue engineering tech-
nique was investigated and various scaffolds have
been tested (10). AFS was used as a scaffold in the
current study, and IMH-4, M1, and A7 cells were
employed to prepare liver organoids by culture in an
RFB system. H&E staining of cultures showed that
rounded IMH-4 cells formed high-density layers,
while the surface was covered with flat cells and
vessel-like structures were present (Fig. 1C). SEM
showed cellular infiltration into the channels of
the apatite fiber grid and three-dimensional

Dish RFB

proliferation. The cultured immortalized hepatocytes
were hemispheric and microvilli were observed
(Fig. 1D). H&E staining revealed proliferation of
hepatocytes when the RFB coculture group was
transplanted (Fig. 1E,F). In contrast, fibrosis and
necrosis were seen when the RFB IMH-4 group was
transplanted. The construction of the vascular
network is indispensable for the stabilization of
transplanted organoids (11). Coculture with M1 and
A7 cells may contribute to construction of the vascu-
lar network and engraftment of a liver organoid.

Gene expression in liver organoids and
transplanted liver organoids

An enhanced gene expression of Cx 26 & 32 and
TAT was observed in the RFB coculture group
in comparison with the dish culture of hepatocytes
(Fig. 2A). Improvement of various liver functions is
generally expected to occur with coculture in com-
parison with monoculture (12,13), but the gene
expression of albumin was lower in the coculture
RFB organoids in comparison with the dish culture.
HNF-40., which regulates albumin synthesis, was also
decreased. This result is similar to the repression of
albumin release from human hepatocellular carci-
noma cocultured with M1 and A7 in RFB (2). There-
fore, the albumin production is regulated at the gene
expression and transcriptional level in a complicated
manner, and it is very difficult to elucidate which
factor will affect albumin gene expression (14,15).
One reason for the down regulation may be that
immortalized cells are not appropriate for the RFB
system. Immortalized cells may change the character-
istics of its original cells depending on the culture
conditions.
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B 4 weeks

sion of MRNA for liver-specific genes was
compared among the IMH-4 dish group,
RFB IMH-4 group, and RFB coculture
group. Cx 26 and 32 and TAT were more
strongly expressed in the RFB coculture
group, but the expression of albumin and
HNF-40. was decreased in comparison
with the IMH-4 dish group. (B) Post-
transplantation. The expression of mRNA
for liver-specific genes was compared at 4
or 8 weeks after transplantation of RFB
coculture group. Cx 26 and 32 were
expressed after transplantation to both
sites. Albumin, HNF-40, and G6Pase
expression were stronger at 8 weeks
after transplantation in comparison
with that before transplantation. TAT
was only expressed in the liver orga-
noids transplanted to the omentum. TX.,
transplantation.
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Extrahepatic sites for liver organoid transplanta-
tion were investigated in this study because the goal
was to transplant a certain number of cells (organoid)
in a single operation. The renal capsule is a useful site
because of weak graft rejection and development of a
vascular network (11,16). The omentum is also a
useful site for transplantation (17). Gene expression
of albumin, HNF-40, and G6Pase was stronger at 8
weeks in comparison with that before transplantation
in both sites (Fig. 2B). Interestingly, the expression of
the TAT gene at 8 weeks was only re-expressed when
organoids were implanted in the omentum. This site
is likely to be influenced by hepatotrophic substances
such as insulin and glucagon due to its anatomical
position and structure (8,17), and such influences may
be related to the difference of TAT expression.

CONCLUSIONS

Liver-like organoids of immortalized cells can
therefore be constructed using RFB culture with a
biocompatible AFS. Cocultured grafts with vessel-
like structures only survived in the kidney and
omentum of nude mice. The functions of liver orga-
noids differed depending on the transplanted site in
the recipient animals. These results confirm the effi-
cacy of using liver organoids as a transplantable cell
source.
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Fig. 2 Abdominal
demonstrating partial splenic infarct demonstrated
by a lack of contrast enhancement of the lower
pole of the spleen (white arrow head)
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Fig. 3 3D-CT arteriography showing splenic artery
aneurysm at the spelnic hilum that measured 15
mm in diameter (white arrow head)
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