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Abstract

Background Phosphatidylinositol 3-kinase/Akt/mamma-
lian target of rapamycin (mTOR) pathway dysregulation has
been implicated in the development of various human
cancers. However, expression of mTOR cascade compo-
nents in pancreatic neuroendocrine tumors (PNETS) has not
been fully explored. The aim of this study was to assess
the expression of mTOR pathway in PNETs using
immunohistochemistry.

Methods From December 1984 to April 2012, we
surgically treated 42 patients with PNETs. We used
immunohistochemistry to evaluate expression of mTOR,
phosphorylated mTOR (p-mTOR), p70S6 kinase (S6K),
phosphorylated S6 ribosomal protein (p-S6rp), eukaryotic
initiation factor 4E-binding protein 1 (4E-BP1), and phos-
phorylated 4E-BP1 (p-4E-BP1) in the resected specimens.
The relation between the expression of these molecules and
clinicopathological characteristics was investigated.
Results We identified the expression of mTOR (28.6%),
p-mTOR (52.4%), S6K (52.4%), p-Sérp (40.5%), 4E-BP1
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(81.0%), and p-4E-BP1 (26.2%) in PNETs. The expression
of mTOR, p-mTOR, S6K, and p-S6rp was significantly
associated with tumor invasion, proliferation, and an
advanced-stage. Particularly, the expression of p-mTOR
was related to clinically relevant factors such as tumor size,
vascular invasion, extrapancreatic invasion, lymph node
and/or distant metastasis, mitotic count, and European
Neuroendocrine Tumor Society TNM staging as well as the
2004 and 2010 World Health Organization (WHO) classifi-
cation. In addition, p-S6rp expression was related to vascu-
lar invasion, extrapancreatic invasion, lymph node and
distant metastasis, mitotic count, and the 2010 WHO clas-
sification. In contrast, no significant relation between
4E-BP1 activation and clinicopathological factors was
observed. The expression of p-mTOR was strongly corre-
lated with that of p-Sérp (r =0.474, P =0.002).
Conclusions Our results suggest that activation of the
mTOR/S6K signaling pathway plays a significant role in
tumorigenesis and progression of PNET.

Keywords Immunohistochemistry - Mammalian target
of rapamycin inhibitor - Mammalian target of rapamycin
signaling pathway - Pancreatic neuroendocrine tumors

Introduction

Pancreatic neuroendocrine tumors (PNETs) are believed to
be rare and are derived from mature endocrine cells or
multipotent stem cells with neuroendocrine characteristics
[1, 2]. The incidence rate of PNETs in the United States
between 2002 and 2004 was estimated as 0.32 per 100 000
people, per year [3]. In Japan, the incidence rate of PNETs
in 2005 was estimated as 1.01 per 100 000 people [4],
approximately three times the incidence in the United
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States. Furthermore, PNETs incidence in Japan has
increased over the last two decades [5].

Pancreatic neuroendocrine tumors can produce insulin,
gastrin, glucagon, vasoactive intestinal peptide (VIP), and
somatostatin, although hormone-producing PNETs do not
always cause symptoms related to hormone overproduction.
Because PNETs are considered to be potentially malignant
tumors, radical surgery is the only curative treatment. Drug
treatment with somatostatin analogs and molecular target
therapy has been performed for patients who do not benefit
from surgery alone [4].

Mammalian target of rapamycin (mTOR) is a highly
conserved serine/threonine kinase located downstream of
the phosphatidylinositol 3-kinase (PI3K)/Akt signaling
pathway, which regulates several cellular functions such as
protein synthesis, cell proliferation, cell metabolism and
angiogenesis [6, 7]. mTOR signaling is positively regulated
by hormones, growth factors and amino acids [8, 9];
phosphorylated mTOR (p-mTOR) sequentially activates
downstream targets including p70S6 kinase (S6K) and
eukaryotic initiation factor 4E-binding protein 1 (4E-BP1)
[10]. S6K subsequently phosphorylates the S6 ribosomal
protein (S6rp) of the 408 ribosomal subunit, which initiate
protein synthesis. Phosphorylation of 4E-BP1 by mTOR
releases eukaryotic initiation factor 4E (eIF4E) from
4E-BP1, which initiates mRINA translation of several genes
necessary for cell cycle progression [10].

Mammalian target of rapamycin is a critical effector in
cell-signaling pathways for several human cancers, includ-
ing ovarian cancer [11, 12], breast cancer [13], urothelial
carcinoma [14], biliary tract adenocarcinoma [15], and
hepatocellular carcinoma [16~18]. In each of these cancers,
mTOR upregulation and/or activation has been observed. In
addition, upregulation of this pathway is related to a poor
prognosis of ovarian cancer, urothelial carcinoma, and
biliary tract adenocarcinoma.

Several mTOR inhibitors have been available for treat-
ment to date, including everolimus (RADO0O01, Afinitor,
Novartis Pharmaceuticals, Basel, Switzerland) and its
analogs, temsirolimus (CCI-779, Torisel, Wyeth Pharma-
ceuticals, Philadelphia, PA, USA) and ridaforolimus
(AP23573, formerly Deforolimus, Ariad Pharmaceuticals,
Cambridge, MA, USA) [19-21]. Recently, RADIANT-03
phase III trial demonstrated that everolimus, compared with
placebo, improved progression-free survival in patients with
advanced PNETs [22]. In addition, a recent study reported
that the expression of mTOR and activation of PNETs were
evaluated using immunohistochemistry, and extensive
expression of mTOR and p-mTOR was identified [23].
However, data on the activation status of the mTOR signal-
ing cascade in PNETs is still lacking. Therefore, the purpose
of the present study was to evaluate the expression of acti-
vated mTOR and its downstream targets, SOK and 4E-BP1,

in PNETS and to investigate the relation between the expres-
sion and clinicopathological data.

Materials and methods
Patients

Between December 1984 and April 2012, 42 patients (28
women, 14 men; mean age, 60 years; range, 19-84 years)
with primary PNETs underwent surgery at the Department of
Gastroenterological and Pediatric Surgery, Oita University
Faculty of Medicine, or the related hospitals including Oita
Red Cross Hospital, Oita Medical Center (Oita, Japan), and
Beppu Medical Center (Beppu, Japan). The status of the
PNETs (size, number, location, and gloss classification) was
evaluated on the basis of routine imaging modalities,
including enhanced computed tomography and magnetic
resonance imaging. All specimens were diagnosed using
immunohistochemistry in the routine diagnostic setting.
By convention, antibodies against chromogranin A and
synaptophysin were used to ensure neuroendocrine differen-
tiation. On the basis of the 2004 and 2010 World Health
Organization (WHO) classification, these tumors were
classified into well-differentiated neuroendocrine tumors
(WDNET), well-differentiated neuroendocrine carcinomas
(WDNEC), poorly-differentiated neuroendocrine carcino-
mas (PDNEC), neuroendocrine tumor (NET) G1, NET G2,
and neuroendocrine carcinomas (NEC) [24]. The clinical
staging was based on the TNM classification by the European
Neuroendocrine Tumor Society (ENETS) [25]. Information
on clinical follow-up and survival was obtained for all
patients. This research protocol was approved by the Ethics
Committee of the Oita University Faculty of Medicine.

Immunohistochemistry

All tissue specimens were immunostained using the biotin-
streptavidin method and a Histofine kit (Nichirei, Tokyo,
Japan). The antibodies used by us for immunostaining are
summarized in Table 1. All antibodies were purchased from
Cell Signaling Technologies (Danvers, MA, USA). Sections
(3-pm  thick) were cut from formalin-fixed paraffin-
embedded tissues and placed on silanized slides. The tissue
sections were deparaffinized in xylene and rehydrated using
a graded series of ethanols. Endogenous peroxidase activity
was blocked for 20 min with 3% hydrogen peroxidase.
Antigen retrieval was performed by placing the slides in
10 mM citrate buffer (pH 6.0) and heating them in an auto-
clave at 121°C for 15 min. These slides were further incu-
bated with primary antibodies overnight in a moist chamber
at 4°C. The antigen—antibody complex was subsequently
visualized with 3,3’-diaminobenzidine solution for 5 min.
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Table 1 Antibodies and their conditions of immunostaining

Primary antibody Clone Specificity Dilution Source

mTOR Rabbit mAb, 7C10 / 1/50

p-mTOR Rabbit mAb, 49F9 Ser 2448 1/100

S6K Rabbit mAb, 49D7 / 1/60 Cell signaling technology
p-Sérp Rabbit mAb, D57.2.2E Ser 235/236 1/100 (Danvers, MA, USA)
4E-BP1 Rabbit mAb, 53H11 / 1/800

p-4E-BP1 Rabbit mAb, 236B4 Thr 37/46 1/50

Ki-67 Mouse mAb / 1/50 Dako

(Glostrup, Denmark)

mAb monoclonal antibody, Ser serine, Thr threonine

The slides were rinsed again, counterstained with
hematoxylin, dehydrated, and cover slipped. Sections of
prostate adenocarcinoma were used as a positive control.
Negative controls were incubated with the primary antibod-
ies combined with excess blocking peptides of each anti-
body (mTOR blocking peptide #1072, p-mTOR blocking
peptide Ser 2448 #1230, S6K blocking peptide #1205,
Phospho-S6 Ribosomal Protein blocking peptide Ser235/
236 #1220, 4E-BP1 blocking peptide #1053, Phospho-4E-
BP1 blocking peptide Thr37/46 #1052, Cell Signaling
Technology). The ratio of blocking peptide to antibody
was 5:1.

Evaluation of immunohistochemistry

Immunoreactivity for mTOR, p-mTOR, S6K, p-Sérp,
4E-BP1, and p-4E-BP1 was recognized in the cytoplasm of
tumor cells. Staining of mTOR, p-mTOR, S6K, p-Sérp,
4E-BP1, and p-4E-BP1 in the tumor tissue was scored
by applying a semi-quantitative immunoreactivity scoring
(IRS) system, as previously described [26, 27]. In brief,
category A indicated the staining intensity as O (negative), 1
(weak), 2 (moderate), or 3 (strong). Category B indicated
the percentage of immunoreactive cells as 0 (none), 1
(<10%), 2 (10%—-50%), 3 (51%—80%), 4 (>80%). Multipli-
cation of categories A and B resulted in an IRS ranging from
0 to 12 for each case. An IRS between 1 and 12 was con-
sidered positive, and an IRS 0 was considered negative
in the relation analysis between the expression and
clinicopathological variables. In addition, the raw expres-
sion scores were used in the correlation analysis.
Immunoreactivity for Ki-67 in the nucleus of tumor cells
was evaluated for >1000 cells, and the percentage of
immunoreactivity (i.e., labeling index [LI]) was calculated.
A specialized pathologist, who was unaware of the patients’
clinical characteristics evaluated immunoreactivity for all
specimens using light microscopy.

Statistical analysis

Statistical analysis was carried out using Dr. SPSS 1I soft-
ware for Windows (version 11.01 J; SPSS Japan, Tokyo,
Japan). The significance of the relationship between the
expression of mTOR, p-mTOR, S6K, p-Sérp, 4E-BP1, and
p-4E-BP1 and clinicopathological characteristics was tested
using Fisher’s exact test and a ¢* test. The correlation among
mTOR, p-mTOR, S6K, p-Sérp, 4E-BP1, and p-4E-BP1
expression scores was analyzed using Spearman’s rank
order correlation. A univariate analysis of disease-free sur-
vival was performed using a log-rank test. Factors with
P-values of <0.1 in the univariate analysis were used in
a subsequent multivariate analysis with a proportional
hazards model. P-values < 0.05 were considered statisti-
cally significant.

Results
Patient characteristics

The clinicopathological characteristics of 42 patients (28
women, 14 men) are summarized in Table 2. Based on our
data and previous data reported in Japan, age was classified
into two categories as either =60 or >60 years of age [5].
Within this patient group, there were 14 functional and 28
non-functional PNET patients. Of these 42 patients, 12
(28.6%) had vascular invasion, 11 (26.2%) had extra-
pancreatic invasion, and 8 (19.0%) had lymph node and/or

distant metastasis.

Expression of mTOR, p-mTOR, S6K, p-Sérp, 4E-BP1 and
p-4E-BP1

Representative immunohistochemical stainings of mTOR,
p-mTOR, S6K, p-Sérp, 4E-BP1 and p-4E-BP1 are shown
in Figure 1. Immunoreactivity identified expression in the
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Table 2 Summary of clinicopathological characteristics

Number of patients 42

Age (years, mean + SD) 60+ 15
Sex (female/male) 28/14
Tumor size (mm, mean £ SD) 22.7+£21.5
Functionality (functional®’/non-functional) 14/28
Vascular invasion (No/Yes) 30/12
Extrapancreatic invasion (No/Yes) 31/11
Lymph node and/or distant metastasis (No/Yes) 34/8
Ki-67 labeling index" (=2%/3%-20%) 35/7
Mitotic count® (52/>2) 36/6
2004 WHO classification (WDNET/WDNEC/PDNEC) 26/14/2
2010 WHO classification (NET GI/NET G2/NEC) 33/8/1
ENETS TNM staging (/IV/III - IV) 25/9/8
Recurrence (No/Yes) 35/7
Prognosis (survival/death) 41/1

* All insulinoma

® Count multiple regions with highest labeling density, report mean
percentage; eyeballed estimate is adequate

¢ Number of mitoses per 10 high-power field or 2 mm?; count up to 50
high-power fields

ENETS European Neuroendocrine Tumor Society, NEC
neuroendocrine carcinoma, NET neuroendocrine tumor, PDNEC
poorly-differentiated neuroendocrine carcinomas, WDNEC well-
differentiated neuroendocrine carcinomas, WDNET well-differentiated
neuroendocrine tumors, WHO World Health Organization

following number of cases: mTOR (n=12; 28.6%),
p-mTOR (n = 22; 52.4%), S6K (n = 22; 52.4%), p-Sérp
(n = 17; 40.5%), 4E-BP1 (n = 34; 81.0%), and p-4E-BP1
(n=11; 26.2%).

mTOR

p-mTOR

score 0

(negative)

score |
(weak)

score 2 or 3

(moderate or strong)

Relation between expression of mTOR, p-mTOR,
S6K, p-S6rp, 4E-BP1 and p-4E-BP1 and
clinicopathological characteristics

The relation between the expression of mTOR signalings
and clinicopathological characteristics is shown in Tables 3
and 4. The expression of mTOR was significantly related to
mitotic count (P=0.046) and extrapancreatic invasion
(P =0.006). The expression of p-mTOR was significantly
related to tumor size (P =0.023), 2004 WHO classification
(P =0.004), 2010 WHO classification (P = 0.046), ENETS
TNM staging (P = 0.007), mitotic count (P = 0.022), func-
tionality (P =0.008), vascular invasion (P =0.002), extra-
pancreatic invasion (P =0.004), and lymph node and/or
distant metastasis (P =0.004). The expression of S6K was
significantly related to tumor size (P = 0.023), 2010 WHO
classification (P =0.046), ENETS TNM staging (P=
0.025), and lymph node and/or distant metastasis (P =
0.047). The expression of p-Sérp was significantly related
to 2010 WHO classification (P =0.033), mitotic count
(P =0.032), vascular invasion (P = 0.006), extrapancreatic
invasion (P = 0.029), and lymph node and/or distant metas-
tasis (P = 0.045). The expression of 4E-BP1 and p-4E-BP1
were unrelated to any clinicopathological characteristics.

Correlation between the expression of p-mTOR and that
of mTOR, S6K, p-S6rp, 4E-BP1 and p-4E-BP1

In the present study, the expression of p-mTOR was asso-
ciated with several critical clinicopathological data. There-
fore, we analyzed the correlation between the expression of

Fig. 1 Representatives immunohistochemical stainings for the expression of mammalian target of rapamycin (mTOR), phosphorylated mTOR
(p-mTOR), p70S6 kinase (S6K), phosphorylated S6 ribosomal protein (p-S6tp), 4E-binding protein 1 (4E-BP1), and phosphorylated 4E-BP1
(p-4E-BP1) in pancreatic neuroendocrine tumors (PNETs) (original magnification, 200x). First row, negative (0); second row, weak (1); third row,

moderate (2) or strong (3)
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Table 3 Relation between the expression of mammalian target of rapamycin (mTOR), phosphorylated mTOR (p-mTOR), p70S6 kinase (S6K), phosphorylated S6 ribosomal protein (p-S6rp),
4E-binding protein 1 (4E-BP1), and phosphorylated 4E-BP1 (p-4E-BP1) and clinical characteristics

Characteristics n mTOR p-mTOR S6K p-Sérp 4E-BP1 p-4E-BP1
Positive P Positive P Positive P Positive P Positive P Positive P
Age (years)
=60 18 5(27.8%) 1.0 10 (55.6%) 0.764 10 (55.6%) 0.764 9 (50.0%) 0.348 14 (77.8%) 0.706 5(27.8%) 1.0
>60 24 7 (29.2%) 12 (50.0%) 12 (50.0%) 8 (33.3%) 20 (83.3%) 6 (25.0%)
Sex
Female 28 19 (35.7%) 0.277 12 (42.9%) 0.108 15 (53.6%) 1.0 11 (39.3%) 1.0 22 (78.6%) 0.697 7 (25.0%) 1.0
Male 14 2 (14.3%) 10 (71.4%) 7 (50.0%) 6 (42.9%) 12 (85.7%) 4 (28.6%)
Tumor size (cm)
=2 28 8 (28.6%) 1.0 11 (39.3%) 0.023 11 (39.3%) 0.023 10 (35.7%) 0.508 21 (75.0%) 0.223 9 (32.1%) 0.283
>2 14 4 (28.6%) 11 (78.6%) 11 (78.6%) 7 (50.0%) 13 (92.9%) 2 (14.3%)
2004 WHO classification
WDNET 27 8 (29.6%) 0.72 9 (33.3%) 0.004 13 (48.1%) 0.364 8 (29.6%) 0.073 22 (81.5%) 0.736 8 (29.6%) 0.625
WDNEC 13 3(23.1%) 11 (84.6%) 7(53.8%) 7 (53.8%) 10 (76.9%) 3(23.1%)
PDNEC 2 1 (50.0%) 2 (100%) 2 (100%) 2 (100%) 2 (100%) 0 (0.0%)
2010 WHO classification
NET G1 33 7(21.2%) 0.055 14 (42.4%) 0.046 14 (42.4%) 0.046 10 (30.3%) 0.033 25 (75.8%) 0.26 9 (27.3%) 0.827
NET G2 8 5 (62.5%) 7 (87.5%) 7 (87.5%) 6 (75.0%) 8 (100%) 2 (25.0%)
NEC 1 0 (0.0%) 1 (100%) 1 (100%) 1 (100%) 1 (100%) 0 (0.0%)
ENETS TNM
Stage I 25 6 (24.0%) 0.716 9 (36.0%) 0.007 9 (36.0%) 0.025 7 (28.0%) 0.06 19 (76.0%) 0.61 7 (28.0%) 0.59
Stage II 3(33.3%) 5 (55.6%) 6 (66.7%) 4 (44.4%) 8 (88.9%) 3(33.3%)
Stage III/IV 3(37.5%) 8 (100%) 7 (87.5%) 6 (75.0%) 7 (87.5%) 1(12.5%)
Recurrence
No 35 9 (25.7%) 0.387 17 (48.6%) 0414 18 (51.4%) 1.0 12 (34.3%) 0.099 27 (77.1%) 0312 7 (20.0%) 0.063
Yes 7 3 (42.9%) 5(71.4%) 4 (57.1%) 5 (71.4%) 7 (100%) 4 (57.1%)
Prognosis
Survival 41 12 (29.3%) 1.0 21 (51.2%) 1.0 21 (52.1%) 1.0 16 (39.0%) 0.405 33 (80.5%) 1.0 11 (26.8%) 1.0
Death 1 0 (0.0%) 1 (100%) 1 (100%) 1 (100%) 1 (100%) 0 (0.0%)

F functional, NEC neuroendocrine carcinoma, NET neuroendocrine tumor, NF non-functional, PDNEC poorly-differentiated neuroendocrine carcinomas, WDNEC well-differentiated

neuroendocrine carcinomas, WDNET well-differentiated neuroendocrine tumors, WHO World Health Organization

Bold denotes statistically significant values
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Table 4 Relation between the expression of mammalian target of rapamycin (mTOR), phosphorylated mTOR (p-mTOR), p7086 kinase (S6K),
phosphorylated S6 ribosomal protein (p-Sérp), 4E-binding protein 1 (4E-BP1), and phosphorylated 4E-BP1 (p-4E-BP1) and pathological

characteristics
Characteristics n  mTOR p-mTOR S6K p-Sérp 4E-BPL p-4E-BP1
Positive P Positive P Positive P Positive P Positive P Positive P
Ki-67 LI
=2% 35 8(22.9%) 0.088 16(45.7%) 0.096 16(45.7%) 0.096 12(34.3%) 0.099 27(77.1%) 0312 10(28.6%) 0.654
3%-20% 7 4(57.1%) 6(85.7%) 6 (85.7%) 5(71.4%) 7 (100%) 1 (14.3%)
Mitotic count
<2 36 8(222%) 0.046 16 (44.4%) 0.022 17 (47.2%) 0.187 12(343%) 0.032 28(77.8%) 0.576 9(25.0%) 0.644
=2 6 4(66.7%) 6 (100%) 5(83.3%) 5(83.3%) 6 (100%) 2(33.3%)
Functionality
F 14 5(28.6%) 0635 3(214%) 0.008 7(50.0%) 1.0 4 (28.6%) 0331 9(643%) 0.092 5(357%) 0.459
NF 28 7(28.6%) 19 (67.9%) 15 (53.6%) 13 (46.4%) 25 (89.3%) 6(21.4%)
Vascular invasion
No 30 7(233%) 0274 11(36.7%) 0.002 13 (43.3%) 0.091 8(26.7%) 0.006 23 (76.7%) 0402 8(26.7%) 1.0
Yes 12 5(41.7%) 11 (91.7%) 9(75.0%) 9 (75.0%) 11 (91.7%) 3 (25.0%)
Extrapancreatic invasion .
No 29 5(16.1%) 0.006 12(38.7%) 0.004 14(452%) 0.166 9(29.0%) 0.029 24(774%) 0.657 9(29.0%) 0.696
Yes 13 7(63.6%) 10 (90.9%) 8(72.7%) 8 (72.7%) 10 (90.9%) 2 (18.2%)
LN and/or distant metastasis
No 34 8(23.5%) 0.195 14(41.2%) 0.004 15 (44.1%) 0.047 11(324%) 0.045 27(794%) 1.0 10 (29.4%) 0.657
Yes 8 4(50.0%) 8 (100%) 7(87.5%) 6 (75.0%) 7 (87.5%) 1(12.5%)

F functional, L{ labeling index, LN lymph node, N¥F non-functional
Bold denotes statistically significant values

Table 5 Correlations between the expression of phosphorylated
mammalian target of rapamycin (p-mTOR) and that of mTOR,
p70S6 kinase (S6K), phosphorylated S6 ribosomal protein (p-S6rp),
4E-binding protein 1 (4E-BP1), and phosphorylated 4E-BP1
(p-4E-BP1)

mTOR S6K p-Sé6rp 4E-BP!  p-4E-BP1

r=0230 r=0474 r=0.142 r=-0.037
P=0.143 P=0.002 P=0370 P=0.817

p-mTOR  r=0.193
P=0221

Bold denotes statistically significant values

p-mTOR and that of other factors (Table 5). A significant
positive correlation was observed between the expression of
p-mTOR and p-Sérp (r=0.474, P =0.002). However, the
expression of p-mTOR was not significantly correlated with
that of mTOR, S6K, 4E-BP1, or p-4E-BP1.

Prognosis and disease-free survival

One patient in the present study died as a result of PNETs.
The patient was a 49-year-old woman who underwent a
pylorus-preserving pancreaticoduodenectomy for a pan-
creas head tumor. The tumor was 30 mm in diameter and
was diagnosed as WDNEC according to the 2004 WHO
classification and NET Gl according to the 2010 WHO
classification. The expression of mTOR was negative and

that of p-mTOR, S6K, and p-S6rp was positive. The patient
died of tumor recurrence with multiple liver, lung and bone
metastases 4 years after surgery. Seven patients in the
present study had tumor recurrence. In the univariate analy-
sis, ENETS TINM classification (P = 0.0058), Ki-67 label-
ing index (P=0.0239), and lymph node and/or distant
metastasis (P =0.0019) were significantly related to the
disease-free survival. Expression of mTOR, p-mTOR, S6K,
and p-S6rp was not significantly related but showed a ten-
dency toward a relationship (P <0.1). The multivariate
analysis revealed that lymph node and/or distant meta-
stasis was an independent factor of disease-free survival
(P=0.020).

Discussion

In this study, we evaluated the sequential expression of
mTOR, p-mTOR, S6K, p-Sé6rp, 4E-BP1, and p-4E-BP1, in
42 patients with PNETs. Compared with previous studies,
our study has included the largest number of patients in the
investigation of the mTOR signaling pathway of PNETSs
known to date. Our immunohistochemistry analysis of
PNETs identified the expression of mTOR (28.6%),
p-mTOR (52.4%), S6K (52.4%), p-Sérp (40.5%), 4E-BP1
(81.0%), and p-4E-BP1 (26.2%). The expression rate of
p-mTOR was higher than that of mTOR. Although the
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reason for this is currently unknown, a similar finding in
hepatocellular carcinoma was reported by Sahin et al. [16].
In that study, the expression rate of p-mTOR (15%) was
higher than that of total mTOR (5%). The authors suggested
that the total mTOR in isolation can miss cases where the
pathway was activated. Currently, two studies have demon-
strated mTOR signaling pathway activation in PNETs
[23, 27]. Kasajima et al. investigated the expression of
mTOR and its downstream factors in 99 gastrointestinal and
PNET patients using immunohistochemistry and described
the expression rates for mTOR (61%), p-S6K (57%),
4E-BP1 (93%), and p-4EBP1 (80%) [27]. Furthermore,
strong expression of p-S6K was associated with poor
disease-specific survival [27]. In the other study, Zhou et al.
reported that the expression rates of mTOR and p-mTOR
were 70.6% and 61.8%, respectively [23]. In that study,
patients were classified into two groups based on the 2010
WHO classification criteria, and it was concluded that NET
G2 patients showed higher mTOR activation rates. The find-
ings from these two studies suggest that the expression and
activation of the mTOR pathway has clinical significance in
patients with PNETs.

Several recent drug therapies targeting epidermal growth
factor receptor (EGFR), vascular endothelial growth factor
(VEGF), and human EGFR type 2 (HER2), such as
cetuximab, lapatinib, erlotinib, and bevacizumab, also have
been used for the treatment of gastrointestinal cancers [28].
In addition, a mTOR inhibitor is currently under investiga-
tion as a potential targeted therapy for malignancies [29].
Everolimus, an mTOR inhibitor, is effective against
advanced, low, or intermediate grade PNETs [23]. mTOR is
an evolutionarily conserved checkpoint protein kinase.
mTOR, which acts downstream from the PI3K/Akt signal-
ing pathway, is often upregulated in several cancer cells, and
regulates cell growth, proliferation, motility, and survival.
In addition, mTOR regulates protein synthesis by phos-
phorylating and activating of S6K and by phosphorylating
and inactivating the mRNA translational repressor protein,
4E-BP1. S6K is a mitogen-activated serine/threonine
protein kinase and required for cell growth and G1 cell cycle
progression [30, 31]. S6K phosphorylates the S6 protein of
the 40S ribosomal subunit, and participates in translating the
5" oligopyrimidine tract mRNAs [30]. Despite being an
indirect measurement of mTOR activity and lacking a clear
function, S6K phosphorylation is widely used in both
research and clinical practice as a biomarker of mTOR
activity [6]. 4E-BP1, which also is a serine/threonine protein
kinase, inhibits cap-dependent translation by binding to
elF4E. Phosphorylation of 4E-BP1 disrupts this interaction
and subsequently activates cap-dependent translation [32].

Our findings demonstrate that the expression of mTOR,
p-mTOR, S6K, and p-S6rp was associated with critical
clinicopathological characteristics. For example, their

expression was significantly related to vascular invasion,
lymph node and/or distant metastasis, WHO classification,
and ENETS TNM stage. In particular, lymph node and/or
distant metastasis were an independent risk factor for a
disease-free survival in this study, which correlated well
with expression of p-mTOR, S6K, and p-S6rp. Furthermore,
p-mTOR and p-Sérp expression was evident in areas near
mitotic cells. In addition, a significant positive correlation
was recognized between p-mTOR and p-S6rp. In contrast,
the expression of 4E-BP1 and p-4E-BP1 was unrelated to
the clinicopathological characteristics and not associated
with the expression of p-mTOR. In a recent study on the
pulmonary NETs, Righi etal. reported that levels of
p-mTOR and expression of p-S6K were associated with
more favorable clinicopathological characteristics but the
expression of p-4E-BP1 was not [33]. Furthermore, it was
reported that phosphorylation of some 4E-BP1 sites is rela-
tively insensitive to rapamycin [8, 32]. In contrast, S6K
regulation is sensitive to rapamycin, which indicates that the
outputs from mTOR to 4E-BP1 and S6K are considerably
distinct [8]. Therefore, S6K is a potential target of treatment
for PNETs.

In recent studies, researchers have begun to focus on S6K
inhibitors [34, 35]. Phase I clinical studies of LY2584702
(Eli Lilly and Co., Indianapolis, IN, USA), a selective S6K
inhibitor, examined this drug for treatment of advanced
solid tumors, as either a monotherapy [34] or combined
therapy using erlotinib or everolimus [35]. They observed
no partial or complete responses, and conducting further
trials have been halted. However, Kasajima et al. demon-
strated that the expression of activated S6K was related to a
poor prognosis in 39 patients with stage 4 midgut NETs
[27]. In addition, our study demonstrates clinical signifi-
cance of S6K activation, and we believe the S6K inhibitor
has potential for PNETs treatment. Further clinical trials
performed with larger sample size are necessary to clarify
these issues.

In conclusion, our finding suggests that the mTOR sig-
naling pathway plays significant roles in tumorigenesis and
progression of PNETs. In particular, activation of the S6K
pathway may have clinical significance for both clinicians
and researchers.
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Abstract

Background A recent study demonstrated that high
pressure of carbon dioxide (CO,) pneumoperitoneum
before liver resection impairs postoperative liver regener-
ation. This study was aimed to investigate effects of
varying insufflation pressures of CO, pneumoperitoneum
on liver regeneration using a rat model.

Methods 180 male Wistar rats were randomly divided
into three groups: control group (without preoperative
pneumoperitoneum), low-pressure group (with preopera-
tive pneumoperitoneum at 5 mmHg), and high-pressure
group (with  preoperative  pneumoperitoneum  at
10 mmHg). After pneumoperitoneum, all rats were sub-
jected to 70 % partial hepatic resection and then euthanized
at O min, 12 h, and on postoperative days (PODs) 1, 2, 4,
and 7. Following outcome parameters were used: liver
regeneration (liver regeneration rate, mitotic count, Ki-67
labeling index), hepatocellular damage (serum amino-
transferases), oxidative stress [serum malondialdehyde
(MDAY)], interleukin-6 (IL-6), and hepatocyte growth factor
(HGF) expression in the liver tissue.

Results No significant differences were observed for all
parameters between control and low-pressure groups. The
liver regeneration rate and mitotic count were significantly
decreased in the high-pressure group than in control and
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low-pressure groups on PODs 2 and 4. Postoperative
hepatocellular damage was significantly greater in the
high-pressure group on PODs 1, 2, 4, and 7 compared with
control and/or low-pressure groups. Serum MDA levels
were significantly higher in the high-pressure group on
PODs 1 and 2, and serum IL-6 levels were significantly
higher in the high-pressure group at 12 h and on POD 1,
compared with control and/or low-pressure groups. The
HGF tissue expression was significantly lower in the high-
pressure group at 12 h and on PODs 1 and 4, compared
with that in control and/or low-pressure groups.
Conclusions High-pressure pneumoperitoneum before
70 % liver resection impairs postoperative liver regenera-
tion, but low-pressure pneumoperitoneum has no adverse
effects. This study suggests that following laparoscopic
liver resection using appropriate pneumoperitoneum pres-
sure, no impairment of liver regeneration occurs.

Keywords Liver regeneration - Laparoscopic liver
resection - Pneumoperitoneum

Since introduction of laparoscopic cholecystectomy in
1987 [1], a laparoscopic approach has been applied to the
full spectra of abdominal procedures. Since the first lapa-
roscopic liver wedge resection was reported in 1992 [2],
laparoscopic hepatectomy has been increasingly used in the
field of hepatic surgery, and its use has exponentially
increased worldwide in recent years [3, 4]. Current evi-
dence from large series and reviews indicates that laparo-
scopic hepatectomy conveys benefits of minimally invasive
surgery such as less analgesia requirement, shorter hospital
stay, decreasing blood loss, delivering less operative mor-
bidity, and better cosmesis [3, 5-8]. Furthermore, with
improved development of laparoscopic instruments (such
as dissection and coagulation devices), implementation of
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hand-assisted techniques, and improvement of surgeons’
laparoscopic skills, the trend in laparoscopic liver resection
has now moved from limited resections toward performing
major hepatectomies [9, 10].

However, it has been reported that laparoscopic sur-
geries can have numerous adverse effects, including oxi-
dative stress in lung tissues [11], ischemia of various
splanchnic organs [12], oxygen-free radical production
[13], bacterial translocation [14], and carbon dioxide (CO,)
embolism [I15]. A recent study of laparoscopic liver
resection revealed that high intra-abdominal pressure
decreases the amount of bleeding but increases the risk of
CO, embolism [16]. Furthermore, experimental studies
have demonstrated a reciprocal correlation between an
increase in intra-abdominal pressure and portal vein flow
reduction [17-20]. )

Moreover, a recent study using a rat model revealed that
when rats were subjected to a 70 % hepatectomy, along
with preoperative pneumoperitoneum of 9 mmHg for
60 min, the extended liver resection impaired postoperative
liver regeneration [21]. However, another study demon-
strated that pneumoperitoneal pressures of >8 mmHg in
rats do not correspond to the routine working pressure
employed in humans [22]. To create pneumoperitoneum in
humans, laparoscopic surgeries involve insufflation of CO,
into the peritoneal cavity at a rate of 4-6 1 min™" to a
pressure of 10-15 mmHg [23]. Avital et al. [22] reported
that pressures of >8 mmHg in rats correspond to pressures
of >14-20 mmHg in humans, and a pressure of 5 mmHg is
optimal in a rat model for simulating laparoscopy in
humans. Therefore, we consider that the relationship
between CO, pneumoperitoneum before liver resection and
liver regeneration is not completely understood, and we
designed our study to investigate how different pressure
levels of CO, pneumoperitoneum affect liver regeneration
following major hepatectomy.

Methods
Animals

In this study, all animal experiments used a total of 180
male Wistar rats weighing between 200 and 250 g (Kyudo
Co., Ltd., Saga, Japan). All rats were provided unlimited
access to food and water before and after treatment. All
surgeries were performed under 3 % sevoflurane (Maruishi
Pharmaceutical Co., Ltd., Osaka, Japan) anesthesia. This
study was approved by the Animal Studies Committee of
Oita University, Japan, and was performed according to the
National Institutes of Health Standards of Animal Care.

Animal experiment protocol

Animals were divided into three groups of 60 rats each: 60
to undergo 60 min of anesthesia without CO, pneumo-
peritoneum followed by 70 % hepatectomy (control
group), 60 to undergo 60 min of 5 mmHg pressure CO,
pneumoperitoneum, followed by 70 % hepatectomy (low-
pressure group), and 60 to undergo 60 min of 10 mmHg
pressure CO, pneumoperitoneum, followed by 70 % hep-
atectomy (high-pressure group). The pneumoperitoneum
was created using electronic insufflator (Surgiflator 9100,
UHI-3, Olympus, Tokyo, Japan) through a 22-gauge extra
tube (Surﬂo® L.V. catheter, Terumo®, Japan) and main-
tained with a continuous intra-abdominal pressure of 5 or
10 mmHg, as previously described [24].

After the pneumoperitoneum was created, the abdomen
was desufflated through a median laparotomy for liver
resection, and a 70 % partial hepatectomy was performed
as previously described [25]. Middle and left lateral hepatic
lobes were removed, and these lobes were ligated and
resected using scissors. The total procedural time, includ-
ing creating the pneumoperitoneum, was approximately
70 min for each group. After surgery, all rats received 5 ml
of sterile isotonic saline subcutaneously to prevent dehy-
dration. To analyze blood and liver tissue samples, 10
animals were euthanized at 0 min and 12 h after surgery
and on postoperative days (PODs) 1, 2, 4, and 7, respec-
tively, in each group. Blood samples were obtained using
cardiac puncture aspiration. The liver was excised and
weighed, and tissue samples were frozen in —80 °C or
fixed in formaldehyde.

Liver regeneration rate

The liver regeneration rate was calculated as previously
described [21, 26]. Briefly, the estimated whole liver
weight was calculated, and the excised liver weight was
calculated at 70 % of the whole liver weight. Therefore, the
liver regeneration rate was calculated as follows: liver
regeneration rate (%) = 100 x [C — (A — B)J/A, where
A represents the estimated whole liver weight, B represents
the weight of the excised liver, and C represents the weight
of the remnant liver at the time when the animal was
euthanized.

Mitotic count and Ki-67 labeling index

Paraffin-embedded liver tissue samples were cut into 4-pm
sections and stained with hematoxylin—eosin stain. The
number of mitoses was counted using 10 high-power fields
that were randomly selected under a light microscope.
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In addition, deparaffinized hepatic sections (3-pm thick)
were immunostained for Ki-67 using a mouse anti-rat Ki-
67 antibody (MIB-5; Dako, Glostrup, Denmark). Positive
hepatocytes were counted in 20 randomly selected high-
power fields. In addition, the Ki-67 index was calculated
per 1,000 hepatocytes.

Blood analyses of serum aminotransferases,
malondialdehyde, and interleukin-6

Blood samples were immediately centrifuged. Serum
aspartate aminotransferase (AST) and alanine aminotrans-
ferase (ALT) levels were determined using routine enzy-
matic methods as indicators of degrees of hepatocellular
damage. Serum malondialdehyde (MDA) levels were
measured as an indicator of oxidative stress, using a
NWLSS kit from Northwest (Northwest Life Sciences
Specialties, Vancouver, Canada), following the company
protocol. Serum interleukin-6 (IL-6) levels were measured
using commercially available rat enzyme-linked immuno-
sorbent assay (ELISA) kits (Invitrogen, Inc., IL-6 Rat
ELISA kit, Camarillo, CA).

Liver tissue expression of hepatocyte growth factor
(HGF)

Tissue expression levels of HGF were measured from
homogenized liver samples. Frozen liver tissue samples
were homogenized using a tissue homogenizer (Dremel,
Racine, WI, USA) and were subsequently centrifuged at
10,000x g for 10 min at 4 °C. HGF levels were measured
using an assay kit following manufacturer’s instructions
(Institute of Immunology Co., Ltd., Rat HGF EIA, Tokyo,
Japan). Absorbance at 586 nm was determined using an
ELISA reader (Bio-Rad Laboratories).

Statistical analysis

All data are presented as mean = standard deviation. All
data were evaluated using one-way analysis of variance
with the Bonferroni test for multiple comparisons. A value
of p < 0.05 was considered to be statistically significant.
Statistical analyses were performed using SPSS II (version
11.01 J; SPSS Japan, Inc., Tokyo, Japan).

Results

Effects of pneumoperitoneum pressures on liver
regeneration

Results indicated that preoperative high-pressure pneu-
moperitoneum inhibited liver regeneration following
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Fig. 1 Effects of carbon dioxide pneumoperitoneum following 70 %
hepatectomy on liver regeneration in control, low-pressure, and high-
pressure groups. Represented by the liver regeneration rate, mitotic
count, and Ki-67 labeling index at different postoperative time points.
Each point consists of 10 rats. *p < 0.01, **p < 0.05

hepatectomy. Gravimetric analysis revealed that liver
regeneration rate was significantly lower in the high-
pressure group on PODs 2 and 4 compared with that in
control (p = 0.003, 0.004, respectively, Fig. 1) and low-
pressure groups (p = 0.000, 0.005, respectively). The
mitotic count was significantly lower in the high-pressure
group on PODs 2 and 4 compared with that in control
group (p = 0.006, 0.048, respectively) and on POD 2 than
in the low-pressure group (p = 0.0032). Moreover, Ki-67
expression levels were significantly lower in the high-
pressure group on PODs 1 and 2 compared with control
(p = 0.000, 0.018, respectively) and low-pressure groups
(p = 0.0015, 0.0016, respectively).
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Effects of pneumoperitoneum pressures on liver
damage, changes of oxidative stress, and cytokine
levels

Greater liver damage was recognized in the high-pressure
group. These animals revealed significantly higher AST
levels on PODs 1, 2, 4, and 7 compared with those in
control group (p = 0.022, 0.009, 0.009, 0.001, respec-
tively, Fig. 2) and on PODs 2, 4, and 7 compared with
those in the low-pressure group (p = 0.003, 0.001, 0.001,
respectively). Animals in the high-pressure group revealed
significantly higher ALT levels on PODs 2, 4, and 7
compared with those in control group (p = 0.004, 0.010,
0.041, respectively) and on PODs 4 and 7 compared with
those in the low-pressure group (p = 0.003, 0.020,
respectively).

The group with a high-pressure CO, pneumoperitoneum
revealed a significantly increased oxidative stress reaction.
These animals revealed significantly higher serum MDA
levels on PODs 1 and 2 compared with those in control
(p = 0.019, 0.002, respectively, Fig. 3) and low-pressure
groups (p = 0.021, 0.031, respectively). Serum IL-6 levels
were significantly higher in the high-pressure group at 12 h
compared with those in the control group (p = 0.028,
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Fig. 3 Oxidative stress following 70 % hepatectomy in control, low-
pressure, and high-pressure groups. Represented by serum malondi-

aldehyde (MDA) levels at different postoperative time points. Each
point consists of 10 rats. *p < 0.01, *¥*p < 0.05
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Fig. 4 Postoperative data of interleukin-6 (IL-6) following 70 %
hepatectomy in control, low-pressure, and high-pressure groups at
different postoperative time points. Each point consists of 10 rats.
*p < 0.01, **p < 0.05

Fig. 4), and on POD 1 compared with those in control
(p = 0.000) and low-pressure groups (p = 0.000).

Effects of pneumoperitoneum pressures on the tissue
expression of HGF

Tissue expression levels of HGF were significantly lower
in the high-pressure group at 12 h and on PODs 1 and 4
compared with those in the control group (p = 0.049,
0.028, 0.034, respectively, Fig. 5) and at 12 h and on POD
4 compared with those in the low-pressure group
(p = 0.044, 0.006, respectively).

Discussion
Laparoscopic hepatectomy is being increasingly used in the
field of hepatic surgery. Recent studies demonstrate that

minimally invasive hepatic resection for benign and
malignant tumors is safe and feasible with definite short-
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Fig. 5 Tissue expression of hepatocyte growth factor (HGF) follow-
ing 70 % hepatectomy in control, low-pressure, and high-pressure
groups at different postoperative time points. Each point consists of
10 rats. *p < 0.01, **p < 0.05

term benefits, no economic disadvantage, and no compro-
mise of oncological principles [3, 7, 27]. Literature con-
tains reports of 2,804 laparoscopic hepatic resections for
both benign and malignant tumors with a perioperative
mortality of 0.3 % and morbidity of 10.5 % [5].

However, apart from technical and oncological consid-
erations, there have been several reports related to potential
adverse effects of CO, pneumoperitoneum on liver func-
tion following laparoscopic surgery [27-30]. Clinical and
experimental studies have reported that increased intra-
abdominal pressure generated by pneumoperitoneum cau-
ses a marked decrease in cardiovascular hemodynamics
and splanchnic and portal blood flow [12, 17-20, 30, 31].
Splanchnic ischemia may result in the conversion of oxy-
gen into free radicals in tissues undergoing reperfusion [32,
33]. Some authors suggest that adverse effects of pneu-
moperitoneum are possibly a result of an ischemia-reper-
fusion phenomenon induced by the inflation and deflation
of the pneumoperitoneum [13, 14, 29]. Laparoscopic cho-
lecystectomy with 14 mmHg CO, pneumoperitoneum
significantly increased AST and ALT levels [28]. In
another clinical study, laparoscopic cholecystectomy with
14 mmHg pneumoperitoneum significantly increased cyto-
Iytic enzyme levels compared with those with 10 mmHg
preumoperitoneum [30, 31]. Furthermore, it is well known
that ischemia—reperfusion injury of the liver impairs liver
regeneration after partial hepatectomy in experiments with
animals [34-36].

Regarding another mechanism of liver injury under CO,
pneumoperitoneum, blood levels of pH, CO,, and HCO;
might be related to the injury. Hazebroek et al. [37] inves-
tigated effects of pneumoperitoneum at 6 or 12 mmHg on
arterial pH, PCO, and HCOj; in a rat model. CO, insuf-
flation caused a significant decrease in arterial pH at both 6
and 12 mmHg, a significant increase in PaCO, at 6 mmHg
pressure, and a significant decrease in arterial HCO; at
12 mmHg. However, recently, Nickkholgh et al. [38]

@ Springer

performed the similar study. While arterial pH was sig-
nificantly decreased under CO, pneumoperitoneum at 8
and 12 mmHg pressures, arterial levels of CO, and HCO,
were not significantly changed compared with the control
without pneumoperitoneum. Therefore, the authors con-
cluded that the cause of liver damage induced by CO,
pneumoperitoneum was ischemia~reperfusion injury.

Some literature has reported that pneumoperitoneum in
association with partial hepatectomy or extended hepatec-
tomy leads to a reduction in postoperative liver regenera-
tion [21, 39, 40]. Kaya et al. [39] observed a significant
reduction in liver regeneration on PODs 1 and 4 after
partial hepatectomy followed by pneumoperitoneum of
12-14 mmHg for 24 h. In addition, Yagmurdur et al. [40]
revealed an impairment of liver regeneration on POD 5 in
rats subjected to a 15 mmHg pneumoperitoneum for
60 min followed by partial hepatectomy. In a most recent
research, Schmidt et al. [21] subjected rats to a 70 %
hepatectomy with preoperative pneumoperitoneum of
9 mmHg for 60 min and demonstrated that pneumoperi-
toneum before extended liver resection impaired postop-
erative liver regeneration.

However, Avital et al. [22] demonstrated that a pressure
of >8 mmHg in a rat model corresponds to a human
pressure of >14-20 mmHg, causing maximal ventilator
pressure and supraphysiologic ETCO, they concluded that
a pressure of 5 mmHg is optimal in a rat model to simulate
laparoscopy in humans. Further, Gagner [41] cited this
paper, emphasizing that the pressure chosen for pneumo-
peritoneum in rats is important and that pressures of
>8 mmHg do not correspond to pressures used in humans
because of the much smaller abdominal cavity and lesser
compliance of the abdominal wall, thereby -causing
hemodynamic effects that are only seen in humans when
pressures are used at supraphysiological levels. Therefore,
in our experimental setting, we used a low-pressure pneu-
moperitoneum of 5 mmHg (low-pressure group) and high-
pressure pneumoperitoneum of 10 mmHg (high-pressure
group) and investigated liver damage and regeneration at
different time points.

In the present study, we received logical results in serum
liver enzymes, oxidative stress, cytokine, and liver regen-
eration, A comparison of three groups (control, low-pres-
sure, and high-pressure groups) revealed that any
significantly different results for parameters appeared only
in the high-pressure group when it was compared to the
control group. For the liver regeneration rate, a positive
impact was observed in control and low-pressure groups
compared with the high-pressure group on PODs 2 and 4.
In addition, we found a marked proliferative activity
(evident from an increased mitotic count) in control and
low-pressure groups on PODs 2 and 4 compared with the
high-pressure group. Similarly, the Ki-67 labeling index
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was significantly higher in control and low-pressure groups
on PODs 1 and 2 compared with that in the high-pressure
group. Corresponding to the outcome of liver regeneration
and mitotic activity, tissue expression levels of HGF were
significantly higher in control and low-pressure groups at
12 h and on PODs 1 and 4, respectively, compared with
those in the high-pressure group. These results suggest that
appropriate pressure levels of pneumoperitoneum do not
influence liver regeneration following major hepatectomy,
and to our knowledge, this is probably the first report on
different effects from varying CO, pressure levels on liver
regeneration.

CO, pneumoperitoneum causes a reduction in splanch-
nic blood flow, resulting in biochemical evidence of oxi-
dative stress in a pressure- and time-dependent manner
[42]. MDA is the end product of lipid peroxidation, and
MDA levels in liver homogenate or serum are a direct
marker of levels of oxygen radicals [43]. In this study, we
found that serum MDA levels were significantly increased
in the high-pressure group on PODs 1 and 2 compared with
those in control and low-pressure groups, indicating that
oxygen radicals are increased after exposure to high-pres-
sure pneumoperitoneum. In addition, it is well known that
organ ischemia activates inflammatory cytokines. IL-6 is
an integral cytokine mediator of the acute phase of
response to injury and infection [44]. IL-6 is often induced
along with inflammatory cytokines TNFo« and IL-1 in
several critical conditions, and circulating IL-6 plays an
important role in the induction of acute phase reactions
[45]. The IL-6 response to injury is consistent and is related
to the magnitude of the insult [44]. In this study, higher
levels of serum IL-6 in the high-pressure group at 12 h and
on POD 1 were recognized, and these data demonstrate that
the high-pressure group received greater injury to the liver
compared with other groups.

At several high-volume centers, laparoscopic hepatec-
tomy is clinically performed at a CO, pneumoperitoneal
pressure of <12 mmHg [46]. However, several clinical
studies on laparoscopic hepatectomy suggest that a high-
pneumoperitoneal pressure is effective in controlling
bleeding during liver parenchymal transection [47, 48]. In
fact, Cannon et al. [49] used pressures of 1215 mmHg to
control the bleeding from veins on the surface of the
transected liver. In this study, no significant differences
were observed in control and low-pressure groups, and the
high-pressure group only revealed adverse effects in liver
regeneration with significant differences. Most previous
studies revealing the adverse effects of CO, pneumoperi-
toneum have wused pneumoperitoneal pressures of
>14 mmHg in human studies and >8 mmHg in rat models
[13, 14, 21, 28, 39, 43]. We believe that the different
effects noted between low- and high-pressure pneumoper-
itoneum could be related to the alteration of hepatic blood

flow and ischemia-reperfusion injury, causing production
of oxygen-derived free radicals and inflammatory cyto-
kines that contributed to organ dysfunction. Some
researchers have demonstrated that the creation of a CO,
pneumoperitoneum with an increase in intra-abdominal
pressure leads to a linear decrease in portal venous flow in
rats [17, 18, 20]. Leister et al. [50] investigated differences
between a 4 and 8 mmHg pneumoperitoneum on hepa-
tobiliary excretion (as a sensitive indicator of liver func-
tion) in a rat model; although no significant alteration was
observed in the bile flow under the 4 mmHg pneumoperi-
toneum, biliary excretion was considerably reduced under
the 8-mmHg pneumoperitoneum.

To prevent liver injury under CO, pneumoperitoneum, it
has been thought to be beneficial to use another gas and/or
perform ischemic preconditioning. Some animal studies
have compared CO, gas insufflation with helium gas
insufflation. The helium gas is superior to CO, gas in the
terms of changes in arterial levels of pH, CO,, and HCOs,
and in portal blood flow [18, 37]. However, helium has
some disadvantages. Helium is not only expensive com-
pared with CO, but also has lower solubility in blood than
CO, [51]. Some animal studies also demonstrated that the
ischemic preconditioning conducted by short time CO,
deflation after short time CO, insufflation can prevent
ischemia—reperfusion injury afterward [52-54]. Therefore,
the further clinical study of ischemic preconditioning is
thought to be necessary.

In conclusion, this study demonstrates that pressure
levels of the pneumoperitoneum are related to postopera-
tive alteration in liver regeneration following hepatectomy.
An appropriate pressure does not impair liver regeneration
following laparoscopic liver resection. However, further
experimental and clinical trials are necessary to ascertain
an appropriate pneumoperitoneal pressure when perform-
ing laparoscopic hepatectomy.
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Abstract

Purpose This study investigated the effects of an antiox-
idant, dihydrolipoyl histidinate zinc complex (DHLHZn),
on the hepatic fibrosis in the carbon tetrachloride (CCly) rat
model.

Methods The animals were divided into three groups:
control, CCl;, and CCl4+DHLHZn. A histological
assessment of the liver fibrosis was performed using
stained liver samples. The oxidative stress and antioxidant
levels were evaluated by measuring the malondialdehyde
(MDA) and glutathione (GSH) levels in the liver. In
addition, cultured human hepatic stellate cells (LI90) were
exposed to antimycin-A (AMA) and divided into four
groups: control, DHLHZn, AMA, and AMA+DHLHZn.
The effects of DHLHZn on AMA-induced fibrosis were
evaluated by measuring the expression of transforming
growth factor (TGF)-B1 and collagen ol (I).

Results The hepatic fibrosis in the CCly+-DHLHZn group
was attenuated compared to that in the CCl, group. The
MDA levels in the CCl44+DHLHZn group were signifi-
cantly lower than those of the CCl; group, whereas the
GSH levels in the CCl;+DHILHZn group were signifi-
cantly higher than those of the CCl, group. Furthermore,
the relative mRINA expression of TGF-B1 and collagen al
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(D) in the AMA+DHLHZn group was significantly lower
than that in the AMA group.

Conclusion DHLHZn may attenuate the hepatic fibrosis
induced by CCl; by decreasing the degree of oxidative
stress.

Keywords Carbon tetrachloride (CCly) - Hepatic
fibrosis - Oxidative stress - Antioxidant - Hepatic
stellate cell

Introduction

Hepatic fibrosis is a pathological outcome induced by
various chronic hepatic injuries [1]. The primary causes of
liver fibrosis include viral hepatitis, alcohol use, autoim-
mune disorders, drugs and biliary obstruction [2]. An
increase in reactive oxygen species (ROS) and free radicals
may cause a break in the antioxidant defense of the liver,
thereby contributing to the induction of fibrosis [3, 4].
Carbon tetrachloride (CCly) is widely used to generate
hepatic fibrosis in model animals, as well as to induce rapid
liver damage from steatosis and centrilobular necrosis {5,
6]. CCl, stimulates the formation of free radicals, ROS and
lipid peroxidation products, which cause hepatic cell
damage and necrosis [7-9]. Hepatic stellate cells (HSCs),
which are mesenchymal cells in the space of Disse, pro-
duce the extracellular matrix that induces hepatic fibrosis
[10, 11]. HSCs play an important role in the cellular events
which lead to fibrosis [12]. During liver injury, these cells
change to exhibit a myofibroblast-like phenotype and
secrete extracellular matrix components [13]. The ROS
levels are increased during the process of liver fibrosis [14,
15]; consequently, these increased levels stimulate HSC
activation and collagen deposition [16].
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