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(CT) or magnetic resonance imaging (MRI). In the patients
with rejection or recurrence of hepatitis, a liver biopsy may
be required [3, 4]; however, there may be some serious
risks associated with such biopsies, such as bleeding, bile
leakage or other organ injury. When the etiology of the
elevation of liver enzymes can be determined, the liver
biopsy may be avoidable [5-§].

Careful perioperative management, including defined
nutrition, should be considered for patients undergoing liver
transplantation [9]. Several studies have shown that immune-
modulating nutritional formulas may have a role in improving
the preoperative nutritional status, hastening recovery after
transplantation, and reducing postoperative infectious com-
plications [10]. Therefore, we retrospectively evaluated the
effects of immune-modulating formulas in recipients after
living donor-related liver transplantation (LDLT). In this
study, we used a whey-hydrolyzed peptide for the formula,
which is a protein complex derived from milk. It has been
reported to have antioxidant, antihypertensive, antitumor,
antiviral, hypolipidemic, and antibacterial effects [11]. The
whey proteins from milk include B-lactoglobulin, o-lactal-
bumin, glycomacropeptide, immunoglobulins, and lactofer-
rin, and are used as a functional food that is considered to
provide a number of health benefits [11]. These proteins also
have been reported to exert anti-inflammatory and hepato-
protective effects [12-15]. Whey-hydrolyzed peptide has
hepatoprotective effects against hepatitis and is more easily
absorbed than whey protein. A previous study showed that the
serum lipid peroxide levels significantly decreased, and the
interleukin (IL)-2 levels and natural killer (NK) activity sig-
nificantly increased in patients with chronic hepatitis due to
hepatitis B virus (HBV) and C virus (HCV) infection fol-
lowing consumption of whey-hydrolyzed peptide [16].

MEIN® (Meiji Dairies Co., Tokyo, Japan) contains an
abundance of whey-hydrolyzed peptide, which is extracted
from bovine milk. This nutritional formula, like other whey-
derived proteins, has been reported to have antioxidant,
antihypertensive, antitumor, antiviral, hypolipidemic, and
antibacterial effects in vivo and in vitro [I1, 14, 17-19].
Moreover, early enteral nutrition with MEIN® was useful to
prevent post-LDLT bacteremia and shorten the postopera-
tive hospital stay in transplant patients [20].

In the present study, we evaluated the usefulness of
MEIN® including a whey-hydrolyzed peptide for patients
with re-elevation of the liver enzyme levels after LDLT.

Patients and methods

Study design and enrolled patients

Eight adult patients who received transplants between 2005
and 2011 at Tokushima University Hospital were evaluated
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Table 1 Patients characteristics
Background MEIN Control p value
(n=238) (n=28
Age 49 + 13 5543 0.21
Gender (F/M) 3/5 4/4 0.25
Indication for LDLT
HCC 3 0
HCV-related liver cirthosis 3 1
HBV-related liver cirrhosis 1 4
Others 1 3
Child-Pugh classification A/B  2/6 0/8 N.A
or C
MELD score 104 16 £6 0.04
ABO compatibility
Identical/compatible 6 8 N.A
Incompatible 2 0
Graft type (left lobe/right /1 6/2 041
lobe)
Graft versus recipient weight 0.72 4+ 0.12 0.89 + 0.19 0.06
(GRWR)

retrospectively. The indication for LDLT was HCC in three
cases, HCV infection in three cases, HBV infection in one
case and Wilson’s disease in one case (Table 1). Eight
patients who did not have postoperative liver dysfunction
and did not receive the MEIN formula served as the control

group.
Perioperative management of LDLT

Liver transplantation was performed using a living related
donor. The surgical procedures for the donor and recipient
have been described previously [21]. For immunosup-
pressive therapy, induction consisted of two doses of ba-
siliximab (Simulect®, NOVARTIS) on postoperative days
0 and 4. Standard immunosuppressive therapy at discharge
consisted of corticosteroids and calcineurin inhibitors
(either tacrolimus or cyclosporine) with mycophenolate
mofetil (MMF). Prednisolone was discontinued on day 21
after the surgery. In ABO incompatible cases, we admin-
istered preoperative anti-CD20 antibodies (Rituximab®,
375 mg/m?) and performed plasma exchange for 3 days.

MEIN® composition

A commercially available enteral nutrition, MEIN® (Meiji
Dairies Corporation, Tokyo, Japan) was used in this study. It
is anewly designed enteral formula, including whey peptide.
In terms of its general composition, it has 1 kcal/ml,
including 50 mg/ml of protein, 28 mg/ml of fat, 133 mg/ml
of carbohydrate, 12 mg/ml of alimentary fiber, 6 mg/ml of
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ash content, and is made using 84.4 g/100 ml of water.
Moreover, itincludes 2.25 g/100 ml of essential amino acids
and 2.63 g/100 ml of nonessential amino acids. The Fischer
ratio is 3.7. The protein sources used for MEIN® are whey-
hydrolyzed peptide and fermented milk.

Administration of MEIN®

The administration of MEIN® was started 14.6 + 2.4 days
after liver transplantation in the patients (n = 8) who
showed a re-elevation of liver enzyme levels (MEIN
group). The patients were administered MEIN® three times
a day either orally or through a tube jejunostomy (Fig. 1).

Blood biochemistry

All patients were monitored for the liver enzyme levels,
including AST and ALT, alkaline phosphatase (ALP) and
v-glutamyl transpeptidase (YGTP), as well as the total
bilirubin (T-Bil) and C-reactive protein (CRP) levels as
parameters of liver dysfunction before the administration
of MEIN, after 7 days of administration and 14 days after
starting the administration of MEIN.

Statistical analysis

Statistical comparisons of the mean values were conducted
using a one-way analysis of variance (ANOVA). All results
are presented as the mean + standard deviation (SD). A
p value <0.05 was considered to be statistically significant.
The statistical analysis was performed using the JMP®
7.0.2 statistical software program (SAS Institute, Cary,
NC).

Protocol of MEIN induction
MEIN group (n=8)

(liver enzyme re-elevated)

l Liverenzyme /7 T TTm~e
~——
~——

f

Intake MEIN Intake MEIN (4 : blood test)
1w later 2w later

LDLT MEIN

»control group (n=8)
(liverenzyme non re-elevated)

LDLT 14

(POD)
(4:blood test)

f ! ]

1441w 14+2w

Fig. 1 The timing of the re-elevation of liver enzyme levels and the
administration of MEIN
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Results
Patient characteristics

The model for end-stage liver disease (MELD) score in the
MEIN group was significantly lower than that in the con-
trol group (10 & 4 vs. 16 £ 6, p = 0.04) (Table 1). In the
control group, all of the patients categorized as having
Child B/C status, while there were two Child A patients in
the MEIN group. In the control group, there were no ABO
incompatible cases, while there were two ABO incompat-
ible cases in the MEIN group. The graft-to-recipient body
weight ratio (GRWR) in the MEIN group was lower than
that of the control group (0.72 & 0.12 vs. 0.89 &£ 0.19,
p = 0.06). There were no significant differences in any of
the other characteristics, including the patient age, gender
or graft type.

Blood biochemistry

The serum levels of AST and ALT 1 and 2 weeks after starting
the administration of MEIN® were significantly lower than
those before MEIN® administration (AST: 1014 + 61.5 vs.
52.3 £314 vs. 458 +20.5, ALT: 201.1 & 1339 vs.
123.1 £ 104.2 vs. 79.9 £ 47.8, p < 0.05). The serum levels
of T-Bil and CRP 2 weeks after starting the administration of
MEIN® were significantly lower than those before MEIN®
administration (T-Bil: 43 +£49 vs. 25+ 45, CRP:
1.7 & 1.0vs.0.8 £ 0.7,p < 0.05) (Fig. 2a,b). After 2 weeks
of MEIN, these values were almost identical to those values in
the control group. The serum levels of ALP and yGTP did not
differ significantly in the patients between before and after the
administration of MEIN®.

Discussion

Patients often experience a re-elevation of liver enzyme
levels around 2 weeks after LDLT, even after the early
postoperative liver dysfunction is improved. In such cases,
it is necessary to consider several possible etiologies, such
as acute cellular rejection, recurrence of virus hepatitis,
portal vein thrombosis, bile duct complication, and drug-
induced liver injury, in order to optimize the treatment
strategy. It is worth noting that the administration of an
enteral formula (MEIN®), which contains whey-hydro-
lyzed peptide, significantly improved the re-elevated liver
enzyme levels after LDLT in the present study. This is the
first report demonstrating that whey-hydrolyzed peptide
can ameliorate the liver dysfunction in patients after
LDLT.
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Kume et al. [13] previously reported that whey-hydro-
lyzed protein has hepatoprotective effects against
p-galactosamine-induced hepatitis and liver fibrosis in rats
by suppressing IL-6. In the burn rat model, whey-hydro-
lyzed peptide led to a significant increase in hepatic glu-
tathione levels 4 h after burn injury. The hepatic and renal
lipid peroxide levels were increased 4 h after burn injury in
the rats fed a standard diet. Whey supplementation sig-
nificantly suppressed the burn-induced increase in the
hepatic and renal lipid peroxide levels. Whey-hydrolyzed

peptide also suppressed the hepatic and renal oxidative
stress after experimental burn injury [14]. Recently, it was
reported that MEIN® demonstrated anti-inflammatory
effects and protected against concanavalin-A induced
hepatitis in mice by suppressing the production of inflam-
matory cytokines [22].

The mucosal secretion of lactoferrin, which is composed
of whey-hydrolyzed peptide, a glycoprotein present in
milk, contributes to the host defense. Harversen et al. [15]
have previously shown that orally given milk lactoferrin
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mediates anti-infectious and anti-inflammatory activities
in vivo. They also showed that lactoferrin could down-
regulate the lipopolysaccharide (LPS)-induced IL-6 secre-
tion in a human monocytic cell line. Moreover, Hara et al.
[12] reported that lactoferrin can also inhibit HCV and
HBYV infections in cultured human hepatocytes. Pre-incu-
bation of the cells with bovine or human lactoferrin pre-
vented the HBV infection of the cells. This report
suggested that the interaction of lactoferrin with cells was
important for its inhibitory effect, and that lactoferrin may
be a candidate anti-HBV agent that could prove to be
effective for the treatment of patients with chronic viral
hepatitis.

In a recent clinical prospective study involving thirty
adult patients, MEIN® was administered to ten patients
who underwent LDLT and twenty patients (as controls)
received a conventional enteral diet as the formula for early
enteral nutrition. The incidence of bacteremia was signifi-
cantly lower in the MEIN group than the control group (10
vs. 50 %, p = 0.032). The mean length of postoperative
hospital stay after LDLT was significantly shorter in the
MEIN group than that in the control group (45 £ 12 vs.
71 £ 34, p = 0.018) [23]. In a more recent study, it was
shown that early administration of MEIN® could prevent
post-transplant bacteremia in 76 consecutive patients [24].

Based on these previous studies and our current findings,
we propose a flow chart for the management of patients
with re-elevation of serum liver enzymes after LDLT, as
shown in Fig. 3. If the patient shows re-elevation, diag-
nostic imaging, including US, CT or MRCP and blood tests
should be performed to exclude blood flow disturbances,
such as thrombosis or stenosis, bile duct complications or a
recurrence of hepatitis virus infection. If the cause of the
re-elevation is determined to be one of these etiologies,
adequate management for such an etiology should be

Re-elevation of liver transaminaze

|

US, CT, MRI, Blood test

Blood flow disturbance
Bile duct complication
Infection

| Administration of MEIN® |

T

Normal value No change

} }

Non §pec1f1c reason’ Rejection s/o = biopsy
(due to liver regeneration)

Fig. 3 A proposed flow chart of the postoperative management of
patients who show a re-elevation of AST and ALT after LDLT

@ Springer

conducted. On the other hand, if the cause of the re-ele-
vation cannot be clearly identified, then MEIN® should be
administered. If the levels do not recover, a liver biopsy
may be performed to rule out other etiologies, such as acute
cellular rejection. However, since the number of patients
included in this retrospective study was small, this flow
chart should be confirmed in a prospective study involving
a larger number of LDLT patients.

In conclusion, the administration of MEIN® can atten-
vate the re-elevation of liver enzyme levels after LDLT,
and may help avoid the need for a liver biopsy.
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Abstract: This study aimed to investigate the associations of the serial changes of serum
levels of various growth factors with liver regeneration after hepatectomy in healthy liver
donors. Sixteen healthy liver donors who underwent conventional liver resection
were included. Serum levels of various growth factors before hepatectomy and on
postoperative day (POD) 1, 3, 5 and 7 were measured. Liver volume data calculated by
multi-detector computed tomography using workstation. The ratio of remnant liver volume
on POD 0 to liver volume before the operation was 51% =+ 20%. The ratio of liver volume on
POD 14 to liver volume on POD 0 were inversely correlated with remnant liver volume on
POD 0 (» = —0.91). The ratio of liver volume on POD 14 to liver volume on POD 0 were
significantly correlated with serum hepatocyte growth factor (HGF) levels on POD 1
(r = 0.54), serum leptin levels on POD 1 (r = 0.54), and serum macrophage colony-stimulating
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factor (M-CSF) levels on POD 5 (r = 0.76) and POD 7 (» = 0.80). These results suggest that
early-phase elevation of serum levels of HGF, leptin and M-CSF may be associated with
the acceleration of liver regeneration after hepatectomy in humans.

Keywords: hepatectomy; hepatocyte growth factor; human; leptin; liver regeneration;
macrophage colony-stimulating factor

1. Introduction

Liver transplantation is the only curative treatment for end-stage liver diseases. However, in a
setting of the shortage of liver grafts, many patients deteriorate as a result of disease progression or develop
complications because of the lack of a timely suitable donor while waiting for a liver graft [1,2]. Thus, in
addition to liver transplantation, new therapeutic agents for promoting liver regeneration are desired.

In animal models, the mechanisms of liver regeneration have been investigated in detail.
Hepatocytes are primed by tumor necrosis factor (TNF)-a and interleukin (IL)-6 mainly produced by
Kupffer cells, and then proliferation and cell growth of hepatocytes are induced in response to
transforming growth factor-o, hepatocyte growth factor (HGF), and epidermal growth factor [3].
In addition, vascular endothelial growth factor (VEGF) and thrombopoietin (TPO) are shown to
promote liver regeneration [4,5].

In humans, in vivo investigations of liver regeneration have been mainly performed in patients
undergoing surgical resection of liver cancers or liver transplant recipients; however, underlying diseases
and immunosuppressant after liver transplantation may influence liver regeneration. Until now, a few
studies have shown that serum HGF and IL-6 levels are elevated on postoperative day (POD) 1 [6-8].
In individuals without the appropriate elevation of serum HGF levels after partial hepatectomy,
postoperative liver failure develops more frequently [9]. Serial changes of serum VEGF and TPO
levels after partial hepatectomy have been also investigated in healthy liver donors [7,10]. However,
associations of these growth factors with liver regeneration have not been fully revealed.

Recently, because of the shortage of liver grafts from deceased donors, the number of living donor
liver transplantation has increased. In living donor liver transplantation, healthy liver donors undergo
typical and anatomical hepatectomy. So, the mechanisms of liver regeneration in healthy humans,
which may be different from those in patients undergoing surgical resection of liver cancers, liver
transplant recipients, and animal models, may be revealed. In this study, we investigated the serial
changes of serum levels of various growth factors after partial hepatectomy and the associations of
these changes of various growth factors with liver regeneration after the operation in healthy liver donors.

2. Results
2.1. Clinical Characteristics of Study Population

Clinical characteristics of 16 healthy liver donors are shown in Table 1. Preoperative liver function
tests were within normal limit in all patients. Each donor did not require perioperative transfusion or
suffer from any major operative complications after surgery.
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Liver graft type and changes of liver volume before and after partial hepatectomy are summarized
in Table 2. The ratio of remnant liver volume on POD 0 to liver volume before the operation was
51% + 20%. The ratio of liver volume on POD 14 to liver volume before the operation was 76% + 11%.
Remnant liver volume per body weight on POD 0 were more in left graft donors than in right graft
donors (15.6 + 1.8 cm®/kg versus 7.7 + 2.7 cm’/kg, p < 0.0001); however, the ratio of liver volume on
POD 14 to liver volume on POD 0 was higher in right liver donors than in left liver donors (199% + 42%
versus 114% + 8%, p = 0.0003). Ratio of liver volume on POD 14 to liver volume on POD 0 was
inversely correlated with remnant liver volume on POD 0 (» = —0.91, p < 0.0001) and remnant liver
volume per body weight on POD 0 (r =—0.95, p < 0.0001). On the other hand, the ratio of liver volume
on POD 14 to liver volume on POD 0 was not associated with gender, age and body mass index.

Table 1. Clinical characteristics of 16 healthy liver donors on admission.

Clinical Characteristics Value
Age (year) 36+12
Gender, female (%) 12 (75)
Height (cm) 161+ 6
Body weight (kg) 59+11
Body mass index (kg/m?) 22.8+4.2
Laboratory Data Value
White blood cell count (/mm”) 5574 £ 890
Hemoglobin concentration (g/dL) 134+1.8
Platelet count (x10*/mm?®) 24.7+3.9
Bilirubin (mg/dL) 0.9+0.5
Albumin (g/dL) 45+0.3
Prothrombin time-international normalized ratio (INR) 0.98 + 0.07
Aspartate aminotransferase (IU/L) 18+4
Alanine aminotransferase (IU/L) 15+9
C-reactive protein (mg/dL) 0.05 = 0.07

Table 2. Liver graft type and changes of liver volume before and after hepatectomy.

Graft Type Value
Liver graft type (left graft) n (%) 6 (38)
Liver graft type (right graft) n (%) 10 (62)
Liver volume Change Value
Liver volume before hepatectomy (cm®) 1213 £ 206
Liver resection rate (%) 49 + 20
Remnant liver volume on POD 0 (cm?) 622 +262
Remnant liver volume per body weight on POD 0 (cm’/kg) 10.7+4.6
Liver volume on POD 14 (cm’) 917 + 158

Ratio of liver volume on POD 14 to liver volume on POD 0 (%) 167 +54

2.2. Postoperative Changes of Laboratory Data and Liver Regeneration

Serial changes of laboratory data before hepatectomy and on POD 1, 3, 5 and 7 are shown in Figure 1.
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Figure 1. Serial changes of laboratory data during the clinical course. Laboratory data
before hepatectomy and on postoperative day (POD) 1, 3, 5 and 7 were expressed as
mean =+ standard deviation. Before: before partial hepatectomy; POD: postoperative day;
*: p <0.05; **: p<0.01; #**: p <0.001; ****: p <0.0001.
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Liver resection rate was significantly correlated with white blood cell counts on POD 1 (» = 0.65,
p = 0.005), serum bilirubin levels on POD 3 (»r = 0.51, p = 0.045), serum albumin levels on
POD 3 (» = 0.57, p = 0.020), serum aspartate aminotransferase levels on POD 3 (r = 0.63, p = 0.007)
and POD 5 (» = 0.81, p = 0.0006), and prothrombin time-international normalized ratio (INR) on POD 3
(r=0.71, p=0.002) and POD 5 (»=0.78, p = 0.004) but was inversely correlated with serum C-reactive
protein levels (r = —0.67, p = 0.005). Remnant liver volume per body weight on POD 0 was inversely
correlated with white blood cell counts on POD 1 (» = —0.61, p = 0.011), serum aspartate
aminotransferase levels on POD 3 (r = —0.78, p = 0.0002) and POD 5 (r = —0.78, p = 0.019), and
prothrombin time-INR on POD 3 (» = —0.68, p = 0.003) and POD 5 (r = —0.78, p = 0.003) but was
significantly correlated with serum C-reactive protein levels (» = 0.66, p = 0.006).

According to remnant liver volume per body weight on POD 0, 16 patients were divided into two
groups. One group consisted of eight patients with remnant liver volume per body weight on POD 0 of
10 cm’/kg or less, and another group consisted of the other eight patients with remnant liver
volume per body weight on POD 0 >10 cm’/kg. Serial changes of laboratory data in both the groups
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are shown in Figure 2. White blood cell counts on POD 1, serum bilirubin levels on POD 3 and 5,
serum albumin levels on POD 3, serum aspartate aminotransferase levels on POD 3 and 5, and
prothrombin time-INR on POD 3 and 5 were significantly higher in the eight patients with remnant
liver volume per body weight on POD 0 of 10 cm’/kg or less. On the other hand, serum C-reactive protein
levels on POD 1 were lower in this group.

Figure 2. Associations of remnant liver volume per body weight on POD 0 with serial
changes of laboratory data during the clinical course. Solid and dotted lines show serial
changes of serum levels of each growth factor in eight patients with remnant liver
volume per body weight on POD 0 of 10 cm’/kg or less and the other eight patients with
remnant liver volume per body weight on POD 0 > 10 cm’/kg, respectively. Serum levels
of each growth factor before hepatectomy and on POD 1, 3, 5 and 7 were expressed as
mean + standard deviation. Before: before partial hepatectomy; POD: postoperative day;
*: p<0.05; **: p <0.01; ***: p <0.001.

20

bt
Y
3 g
k=3

13

o
e

25

e
L=

o
o

Platelet comt (% 104mm?)

White blood cell count (X 103mm?)
S

Hemoglobin concentration (gfdl)
o

o

& N N
FS IS R RS RS
& LT LOELL

i) 3 2

E 3 f14

5 = 5

= -1 =

s & E

2 : g 12

= = £

= - £

E g g0

5 P -

% . 8

N s

& OO
S FTLTLE

ds
<
o

300

(7%}
<
<

200

100

-
=
k=3

<
',
R,
Sernm Cereactive protein Jevel (md/dl)

%L
e
%

Serum aspartate sminotransferase level (TUFL)

Serum glanine aminotransferase lovel (UL
w
S
S

o N N
& OO S
F LIS

4
%,
A,
o)
A, 'O‘y
[#)
O)

Ratio of liver volume on POD 14 to liver volume on POD 0 was correlated with white blood cell
counts on POD 1 (r = 0.63, p = 0.007), prothrombin time-INR on POD 3 (r = 0.62, p = 0.009) and
POD 5 (r=0.72, p = 0.010), and serum aspartate aminotransferase levels on POD 3 (» = 0.71, p = 0.002)
and POD 5 (r = 0.67, p = 0.015). On the other hand, serum C-reactive protein levels on POD 1 were
inversely correlated with ratio of liver volume on POD 14 to liver volume on POD 0 (»=-0.62, p = 0.012).

- 270 -



Int. J. Mol. Sci. 2013, 14 20882

According to the ratio of liver volume on POD 14 to liver volume on POD 0, 16 patients were
divided into two groups. Eight patients showing ratio of liver volume on POD 14 to liver volume on
POD 0 of 150% or higher were classified into high liver regeneration group, and the others eight
showing this ratio <150% were classified into low liver regeneration group. Serial changes of
laboratory data in both the groups are shown in Figure 3. Prothrombin time-INR on POD 3 and 5,
serum bilirubin levels on POD 3 and 7, and serum aspartate aminotransferase levels on POD 3 and 5
were significantly higher in high liver regeneration group. On the other hand, platelet counts on POD 5
and serum C-reactive protein levels on POD 1 were lower in the high liver regeneration group.

Figure 3. Associations of liver regeneration with serial changes of laboratory data during
the clinical course. Solid and dotted lines show serial changes of laboratory data in
eight patients showing ratio of liver volume on POD 14 to liver volume on POD 0 of 150%
or higher and the other eight patients showing this ratio <150%, respectively. Serum levels
of each laboratory data before hepatectomy and on POD 1, 3, 5 and 7 were expressed as
mean =+ standard deviation. Before: before partial hepatectomy; POD: postoperative day;
*: p<0.05; **: p<0.01.
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2.3. Postoperative Changes of Serum Growth Factor Levels and Liver Regeneration

Serial changes of serum growth factor levels are shown in Figure 4. Postoperative changes in serum
levels of HGF and leptin paralleled those in prothrombin time-INR and serum levels of bilirubin. The
changes in serum levels of macrophage colony-stimulating factor (M-CSF) paralleled those in white
blood cell counts. The changes in serum platelet-derived growth factor (PDGF)-BB levels paralleled
those in platelet counts.

Figure 4. Serial changes of serum levels of nine growth factors during the clinical course.
Serum levels of each growth factor before hepatectomy and on POD 1, 3, 5 and 7
were expressed as mean =+ standard deviation. Before: before partial hepatectomys;
POD: postoperative day; *: p < 0.05; **: p <0.01; ***: p <0.001; ****: p <0.0001.
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Liver resection rate was significantly correlated with serum M-CSF levels on POD 5 (r = 0.78,
p = 0.037) and POD 7 (r = 0.81, p = 0.003) but not with serum HGF and leptin levels on POD 1.
Remnant liver volume per body weight on POD 0 was inversely correlated with serum M-CSF levels
on POD 5 (r = —0.76, p = 0.045) and POD 7 (» = —0.75, p = 0.010) and tended to be inversely
correlated with serum HGF levels on POD 1 (r = —0.46, p = 0.076) and serum leptin levels on
POD 1 (r=-0.47, p=0.064).

According to remnant liver volume per body weight on POD 0, serial changes of serum growth
factor levels are shown in Figure 5. In eight patients with remnant liver volume per body weight on
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POD 0 of 10 cm’/kg or less, serum M-CSF levels on POD 5 and POD 7 were significantly higher.
On the other hand, serum TPO levels on POD 1 were lower in this group.

Figure 5. Associations of remnant liver volume per body weight on POD 0 with serial
changes of serum levels of nine growth factors during the clinical course. Solid and dotted
lines show serial changes of serum levels of each growth factor in eight patients with
remnant liver volume per body weight on POD 0 of 10 cm3/kg or less and the other
eight patients with remnant liver volume per body weight on POD 0 >10 cm’/kg,
respectively. Serum levels of each growth factor before hepatectomy and on POD 1, 3, 5 and 7
were expressed as mean =+ standard deviation. Before: before partial hepatectomy;
POD: postoperative day; *: p < 0.05; **: p <0.01.
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Ratio of liver volume on POD 14 to liver volume on POD 0 was significantly correlated with serum
HGF levels on POD 1 (r = 0.54, p = 0.030), serum leptin levels on POD 1 (r = 0.54, p = 0.028), and
serum M-CSF levels on POD 5 (» = 0.76, p = 0.047) and POD 7 (r = 0.80, p = 0.003). On the other
hand, ratio of liver volume on POD 14 to liver volume on POD 0 was inversely correlated with serum
PDGF-BB levels on POD 5 (»=—0.61, p = 0.011), and serum TPO levels on POD 1 (»=-0.60, p = 0.012).

Serial changes of serum growth factor levels in high liver regeneration group and low liver
regeneration group are shown in Figure 6. Serum leptin levels on POD 1 and serum M-CSF levels on
POD 5 and POD 7 were significantly higher in high liver regeneration group. Serum HGF levels on
POD 1 seemed to be higher in high liver regeneration group although the difference was not
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significant. On the other hand, serum PDGF-BB levels on POD 5 and serum TPO levels on POD 1
were lower in the high liver regeneration group.

Figure 6. Associations of liver regeneration with serial changes of serum levels of
nine growth factors during the clinical course. Solid and dotted lines show serial changes
of serum levels of each growth factor in eight patients showing ratio of liver volume on
POD 14 to liver volume on POD 0 of 150% or higher and the other eight patients showing
this ratio <150%, respectively. Serum levels of each growth factor before hepatectomy and
on POD 1, 3, 5 and 7 were expressed as mean + standard deviation. Before: before partial
hepatectomy; POD: postoperative day; *: p < 0.05.
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3. Discussion

The liver has strong potential to regenerate. Liver regeneration involves a complex interaction of
the proliferation of resident hepatocytes and hepatocyte progenitor cells, the facilitation of
angiogenesis, and the differentiation of hematopoietic stem cells into hepatocyte. However, the
mechanism of liver regeneration in healthy humans has not been revealed yet. This study indicated
that, after partial hepatectomy of the grade not exerting danger on a life, the smaller the remnant liver
volume, the higher was liver regeneration, and that various growth factors intricately took parts in liver
regeneration after partial hepatectomy. In particular, early-phase elevations of serum levels of HGF,
leptin and M-CSF seemed to be associated with the acceleration of liver regeneration after
partial hepatectomy.
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As is well known, HGF is a potent factor for proliferation of hepatocyte. In this study, serum HGF
levels on POD 1 were correlated with ratio of liver volume on POD 14 to liver volume on POD 0.
These findings are consistent with the previous reports [6,7]. Recently, a clinical trial using
recombinant HGF for acute liver failure has been reported, and it has been shown that intravenous
administration of recombinant HGF is well-tolerated [11]. Further clinical trials are required to
determine the effect of recombinant HGF on liver regeneration in humans.

Some studies have showed the relation of leptin with liver regeneration in animal models. In
leptin-deficient ob/ob mice after toxic liver injury or partial hepatectomy, liver regeneration is
impaired with down-regulated hepatic expression of TNF-a and IL-6, and leptin supplementation
improves liver regeneration with up-regulated hepatic expression of TNF-a and IL-6 [12,13]. On the
other hand, leptin does not directly up-regulate hepatocyte proliferation [14]. Leptin may accelerate
liver regeneration through the release of cytokines such as TNF-o and IL-6 from non-parenchymal cells.

M-CSF is produced by non-parenchymal and parenchymal liver cells. In M-CSF-deficient mice,
hepatic expressions of TNF-a and IL-6 are reduced, and proliferation of hepatocytes is impaired [15].
On the other hand, in M-CSF-deficient mice, M-CSF supplementation improves liver regeneration [15].
In addition, hepatocyte-like cells are reported to differentiate from peripheral blood monocytes under
the stimulation of M-CSF [16]. M-CSF may take a part in liver regeneration through the proliferation
of hepatocytes and the differentiation of hematopoietic stem cells into hepatocytes.

An appropriate intra-hepatic inflammatory response to liver injury has been shown to promote liver
regeneration [17,18]. In this study, white blood cell counts on POD 1 were correlated with ratio of liver
volume on POD 14 to liver volume on POD 0. However, serum C-reactive protein levels on POD 1 were
shown to be inversely correlated with ratio of liver volume on POD 14 to liver volume on POD 0. This
may be partially due to the interaction of C-reactive protein with leptin. C-reactive protein is reported
to inhibit the binding of leptin to its receptor and attenuate its physiological functions [19]. In addition,
C-reactive protein are shown to induce hepatic insulin-resistance which leads to poor liver
regeneration [20,21].

Serum TPO levels in this study were gradually increased after partial hepatectomy, and these
changes are consistent with the previous report [10]. TPO promotes liver regeneration after partial
hepatectomy [5]. However, in this study, serum TPO levels on POD 1 were correlated with remnant
liver volumes on POD 0. TPO is mainly produced by hepatocyte in response to thrombocytopenia
when circulating platelet counts is decreased [22]. In this study, platelet counts abruptly decreased
after the operation. In response to thrombocytopenia, serum TPO levels after the operation may be
elevated in proportion to remnant liver volumes.

4. Materials and Methods

This study was approved by the Institutional Review Board at Okayama University Graduate
School of Medicine, Dentistry, and Pharmaceutical Sciences, Okayama, Japan. Each patient was
informed of the nature of the study and signed an informed consent form.
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4.1. Study Population

Sixteen healthy liver donors who underwent partial hepatectomy between January 2000 and
November 2010 were prospectively included in this study. Eight donors underwent a right lobectomy,
three did an extended left lobectomy, two did a left lateral segmentectomy, one did a left lobectomy,
and two did a right posterior segmentectomy, respectively.

4.2. Measurement of Serum Growth Factor Level

Sera were collected prior to the operation and on POD 1, 3, 5 and 7. Samples were frozen and
stored at —80 °C until analysis.

Serum levels of the following growth factors were measured using the Bio-Plex Protein Array
System (Bio-Rad Laboratories, Hercules, CA, USA): granulocyte colony-stimulating factor, HGF, IL-8,
leptin, M-CSF, PDGF-BB, stem cell factor, and VEGF. In brief, the Bio-Plex Pro Standard and
samples diluted in Serum Diluent were added to a 96-well filter plate and incubated with the
antibody-coupled beads for 1 h with continuous shaking. The beads were washed three times with
wash buffer to remove unbound protein and incubated with biotinylated detection antibodies for 30 min
with continuous shaking. Following three washes, premixed streptavidin-phycoerythrin was added to
each well and incubated for 30 min. After incubation, the beads were washed and re-suspended in assay
buffer. The reaction mixture was quantified using the Bio-Plex protein array reader. Each growth factor
level was automatically calculated by Bio-Plex Manager software using the appropriate standard curve.

Serum TPO level was measured using an enzyme-linked immunosorbent assay kit according to the
manufacturer’s instructions (Quantikine Human TPO Immunoassay, R&D Systems, Minneapolis, MN,
USA). Microplates were coated with manufacturer-provided monoclonal antibodies against TPO,
and following the enzyme reaction the plates were measured using a microplate manager
(BIO-RAD Laboratories, Hercules, CA, USA) and the optical density was determined at 450 nm.

4.3. Volumetric Study of Liver

Liver volumes were measured by multi-detector computed tomography (Aquilion 64,
Toshiba Medical Systems Corporation, Otowara, Japan) using workstation (Virtual Place Advance
Plus, Aze, Tokyo, Japan).

The liver resection rate (%) was calculated as follows: resected liver graft volume (cm’)/liver volume
before the operation (cm®) x 100%.

4.4. Statistical Analysis

SPSS statistical program (release 11.0.1 J, SPSS, Chicago, IL, USA) was used for the
statistical analysis.

Dichotomous variables were compared by the chi-squared test. Continuous variables were
expressed as mean + standard deviation (SD). Student’s z-test was used to evaluate differences in the
continuous variables between two groups. The Pearson’s correlation test was used to evaluate the
consistency in the continuous variables between two groups. p-values < 0.05 were considered significant.
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5. Conclusions

After partial hepatectomy of the grade not exerting danger on a life, the smaller the remnant liver
volume, the higher the liver regeneration is. This study indicates that various growth factors are
associated with liver regeneration after partial hepatectomy in healthy humans. In particular, early-phase
elevation of serum levels of HGF, leptin and M-CSF may be associated with accelerated liver
regeneration. HGF, leptin and M-CSF possibly become new therapeutic agents for promoting liver
regeneration. In addition, serial changes of serum levels of these growth factors may be early
predictors of liver regeneration after hepatectomy. In order to confirm these findings in healthy
humans, further studies are required.
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Introduction

Summary

Acute renal injury (ARI) is a serious complication after liver transplantation. This
study investigated the usefulness of the RIFLE criteria in living donor liver trans-
plantation (LDLT) and the prognostic impact of ARI after LDLT. We analyzed 200
consecutive adult LDLT patients, categorized as risk (R), injury (I), or failure (F),
according to the RIFLE criteria. ARI occurred in 60.5% of patients: R-class, 23.5%;
I-class, 21%; and F-class, 16%. Four patients in Group-A (normal renal function
and R-class) and 26 patients in Group-B (severe ARI: I- and F-class) required renal
replacement therapy (P < 0.001). Mild ARI did not affect postoperative prognosis
regarding hospital mortality rate in Group A (3.2%), which was superior to that in
Group B (15.8%; P = 0.0015). Fourteen patients in Group B developed chronic
kidney disease (KDIGO stage 3/4). The 1-, 5- and 10-year survival rates were
96.7%, 90.6%, and 88.1% for Group A and 71.1%, 65.9%, and 59.3% for Group B,
respectively (P < 0.0001). Multivariate analysis revealed risk factors for severe ARI
as MELD >20 [odds ratio (OR) 2.9], small-for-size graft (GW/RBW <0.7%; OR
3.1), blood loss/body weight >55 ml/kg (OR 3.7), overexposure to calcineurin
inhibitor (OR 2.5), and preoperative diabetes mellitus (OR 3.2). The RIFLE crite-
ria offer a useful predictive tool after LDLT. Severe ARI, defined beyond class-1,
could have negative prognostic impact in the acute and late postoperative phases.
Perioperative treatment strategies should be designed and balanced based on the
risk factors for the further improvement of transplant prognosis.

response to the need for common definitions and classifica-
tions of ARI, the Acute Dialysis Quality Initiative group of

Acute renal injury (ARI) is a serious complication after
liver transplantation. Several studies have demonstrated an
association between ARI and increased mortality rates after
cadaveric liver transplantation [1-3]. The incidence of
postliver transplant ARI has been reported with a wide
range in the literature, because of the use of different defi-
nitions and parameters [4-8]. Until recently, more than 30
different definitions of ARI have been used in the literature.
This lack of common reference points has created confu-
sion and complicated the interpretation of findings. It has
also led to strong advocacy for a consensus definition. In
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experts (http://www.adgi.net) developed a consensus defi-
nition for ARI in critically ill patients (the RIFLE criteria)
based on changes in glomerular filtration rate (GFR) and/
or urine output. RIFLE is an acronym for “risk of renal dys-
function, injury to the kidney, failure of the kidney, loss of
the kidney and end-stage kidney disease” [9]. These criteria
have been evaluated in several studies, showing that acute
kidney disease is associated with significantly higher mor-
tality rates [10—12]. Several studies have also demonstrated
that ARI is associated with the development of chronic kid-
ney disease (CKD) [13,14].
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These criteria can be suitable for cadaveric liver trans-
plantation [13,15,16]. In living donor liver transplantation
(LDLT), graft size seems to be an indispensable factor for
predicting post-transplant ARI and prognosis, in addition
to the conventional risk factors [17]. Despite the important
implications of the RIFLE criteria for cadaveric liver trans-
plantation, no studies have yet dealt with LDLT; however,
the RIFLE criteria are also expected to serve as a useful
prognostic predictor after LDLT. The aim of this study was
to clarify the usefulness of the RIFLE criteria in LDLT and
to determine risk factors for ARI after LDLT. This study
also focused on evaluating the relationship between ARI
and post-transplant mortality, the influence of ARI on
CKD, and late postoperative phase prognosis.

Materials and methods

Patients

In this retrospective analysis, we reviewed 200 consecutive
adult patients undergoing LDLT at Okayama University
Hospital between August 1996 and January 2011. The study
subjects comprised 57.8% men (overall mean age,
49.2 + 11.8 years). Indications for LDLT in these patients
included postnecrotic liver cirrhosis (n = 126; 63%}), chole-
static disease (n = 39; 19.5%), acute liver failure (n = 24;
11.9%), and metabolic disorder (n = 11; 5.5%). Among the
patients with postnecrotic liver cirrhosis, hepatitis C virus
(HCV) was the predominant etiology (n = 62; 49.2%).
Hepatocellular carcinoma (HCC) accounted for 48.4%
(n = 61) of all cirrhotic patients.

In terms of surgical technique and postoperative care,
the procedures and protocols were followed as described
previously, with minor modifications [18-21]. In the donor
procedure, parenchymal dissection was performed without
hepatic inflow occlusion, followed by graft procurement. In
the recipient procedure, the native liver was resected, pre-
serving the inferior vena cava. After reconstructing the
hepatic and portal veins, the hepatic artery was anastomo-
sed under microscopy. The biliary tract was reconstructed.
During the postoperative period, the initial immunosup-
pressive regimen consisted of tacrolimus or cyclosporine
and a short course of steroids, tapering over 3—-6 months.
The dosage was carefully adjusted according to the drug
trough level, targeting trough levels of 10-12 ng/ml for ta-
crolimus and 150-200 ng/ml for cyclosporine. Whole-
blood tacrolimus or cyclosporine drug trough levels were
measured at 12 h after administration of the drug during
the postoperative acute phase. Averaged calcineurin inhibi-
tor (CNI) trough level represented the whole blood concen-
tration within the first month or prior to develop ARI. The
measurement protocol for CNI which had undergone
the following changes is now affinity column-mediated
immunoassay method. During the period between 1998
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and 2003, both agents were measured by enzyme-linked
immunosorbent assay method which was substituted by
microparticle enzyme immunoassay method in tacrolimus
and by monoclonal fluorescence polarization immunoassay
method up to 2008. Concerning measurement protocol for
CNI, new measurement technologies have been developed
within the study period. In this study, the historical bias
between the measurement protocols could seem to be
allowable [22-26]. We introduced mycophenolate mofetil
(MMF) in August 2002 and used MMF for every patient
for initial immunosuppression. The main purpose of the
MMEF was to diminish the CNI dosage and lower the CNI
trough levels to avoid any adverse events related to CNI.
MMF was administered to some patients in whom the
trough levels of CNI diminished to 70-80%. In our proto-
col, MMF is started from 5 to 7 days after LDLT. In cases
of ARI, early renal replacement therapy (RRT) was intro-
duced as support until the kidneys recovered function. The
choice of intermittent hemodialysis or continuous RRT was
based on the hemodynamic stability of the patient.

All 200 LDLT recipients were classified according to
these RIFLE criteria using the worst value of renal function
within 28 days after LDLT. Because classes L and E should
be used to denote persistent disease for more than 4 weeks,
all patients were classified in classes R to F rather than clas-
ses L or E in this study. After follow-up for 1 year following
LDLT, patients with persistent chronic kidney dysfunction
were classified according to the KDIGO Clinical Practice
Guidelines as CKD stage 3 if the GFR was 30-59 ml/min;
CKD stage 4 if the GFR was 15-29 ml/min; and CKD stage
5 if GFR was <15 ml/min or dialysis, depending on the last
value of the GFR [27,28].

Statistical analysis

Nonparametric methods were used for inferential analysis.
Continuous variables were evaluated using the Mann—
Whitney test, and categorical data were compared by the
chi-squared test. Overall survival rates were estimated by
the Kaplan—-Meier method and compared using the log-
rank test. Sixteen clinical variables potentially associated
with the occurrence of severe ARI were adopted for multi-
variate logistic regression analysis, after employment of cut-
off values for continuous variables using ROC analysis.
Cutoff values of concentration for the overexposure to CNI
were determined by ROC analysis for ARI, referring to pre-
vious reports [29-32]. And the rate of overexposure to CNI
was defined as patient proportion with averaged tacrolimus
trough >10 ng/ml or with cyclosporine trough >200 ng/ml.
The variables examined were age, sex, background disease,
Model for End-stage Liver Disease (MELD) score, pre-exis-
tence of insulin-controlled diabetes mellitus and hyperten-
sion at transplantation, donor age, graft and graft volume,
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