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Abstract

Background: The aim of this study was to evaluate the efficacy and feasibility of preoperative chemotherapy with S-1 plus cisplatin in pa-
tients with initially unresectable locally advanced gastric cancer.

Methods: We enrolled patients with initially unresectable locally advanced gastric cancer because of severe lymph node metastases or in-
vasion of adjacent structures. Preoperative chemotherapy consisted of S-1 at 80 mg/m? divided in two daily doses for 21 days and cisplatin
at 60 mg/m” intravenously on day 8, repeated every 35 days. If a tumor decreased in size, patients received 1 or 2 more courses. Surgery
involved radical resection with D2 lymphadenectomy.

Results: Between December 2000 and December 2007, 27 patients were enrolled on the study. No CR was obtained, but PR was seen in 17
cases, and the response rate was 63.0%. Thirteen patients (48.1%) had RO resections. There were no treatment related deaths. The median
overall survival time (MST) and the 3-year overall survival (OS) of all patients were 31.4 months and 31.0%, respectively. Among the 13
patients who underwent curative resection, the median disease-free survival (DFS) and the 3-year DFS were 17.4 months and 23.1%, re-
spectively. The MST and the 3-year OS were 50.1 months and 53.8%, respectively. The most common site of initial recurrence after the RO
resection was the para-aortic lymph nodes.

Conclusions: Preoperative S-1 plus cisplatin can be safely delivered to patients undergoing radical gastrectomy. This regimen is promising
as neoadjuvant chemotherapy for resectable gastric cancer. For initially unresectable locally advanced gastric cancer, new trials using more
effective regimens along with extended lymph node dissection are necessary.

© 2011 Elsevier Ltd. All rights reserved.
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Introduction

Gastric cancer is still one of the most common cancers
in the world; 876,000 new cases were anticipated world-
wide in the year 2000.! In Japan, 110,323 new cases were
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anticipated in the year 2003 and the 5-year survival rate
of gastric cancer diagnosed from 1993 to 1996 was
54.4%.%°

Currently, surgery remains the mainstay of curative
treatment. However, only an RO resection is associated
with significant cure rates. Patients having microscopic
(R1) or macroscopic (R2) residual tumor have an extremely
poor prognosis.”
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Preoperative and neoadjuvant chemotherapy represent
investigational options. The rationale of preoperative che-
motherapy is based on the difficulty of performing an RO
resection in patients with initially unresectable locally ad-
vanced tumors and the high risk of micrometastatic disease
in these patients. Neoadjuvant chemotherapy has potential
for resectable gastric cancer for the purpose of treating
micrometastases.

Intensive chemotherapy is necessary for the improve-
ment of the RO resection rate and complete elimination of
the micrometastases. However, it is difficult for patients
who undergo gastrectomy to tolerate intensive chemother-
apy. Because weight decreases by gastrectomy, it is neces-
sary to reduce the dose of chemotherapy. The tolerance to
chemotherapeuiic agents with digestive organ toxicity
was often reduced by gastrectomy-related gastrointestinal
effects.

S-1 (TS-1, Taiho Pharmaceutical, Tokyo, Japan) is an
orally active combination of tegafur (a prodrug that is con-
verted by cells to fluorouracil), gimeracil (an inhibitor of
dihydropyrimidine dehydrogenase, which degrades fluoro-
uracil), and oteracil (which inhibits the phosphorylation
of fluorouracil in the gastrointestinal tract, thereby reducing
the gastrointestinal toxic effects of fluorouracil) at a molar
ratio of 1:0.4:1. The response rate of S-1 alone exceeded
40% in two phase 2 trials involving patients with metastatic
gastric cancer.™ The combination chemotherapy of S-1
plus cisplatin (CDDP) achieved a high response rate
(74%, 95%CT: 54.9—90.6) in a previous phase I/IT study
of patients with metastatic gastric cancer.’

These factors led us to perform the current phase II trial
to investigate the use of an active preoperative chemother-
apy regimen. The primary objectives of the trial were to in-
vestigate tolerance to the preoperative regimen, its effects
on operative morbidity and mortality, and the response
rate. Secondary objectives included evaluation of the RO re-
section rate, disease-free and overall survival, and failure
pattern.

Patients and methods
Fatients

The study was conducted as a prospective multi-
institutional phase II trial by the Osaka Gastrointestinal
Cancer Chemotherapy Study Group (OGSG) in Japan. All
patients had histologically confirmed adenocarcinoma of
the stomach. They also had to have initially unresectable
locally advanced tumors because of invasion to adjacent
structures or severe lymph node metastases, staged by
contrast-enhanced CT as T2-3N2-3MO or T4NanyMO, ac-
cording to the Japanese Classification of Gastric Carcinoma
(2nd English Edition).® They also had to have lymph node
metastases that were measurable according to the RE-
CIST"? guidelines.” We did not require laparoscopic stag-
ing as an entry criterion for this study. Any sites of

suspected M1 disease had to be ruled out prior to entrance
into the study. No prior chemotherapy or radiation was al-
lowed. The age range was 20—75 years. The performance
status (ECOG) was 0 from 1.

Because of the worse prognosis of type IV gastric cancer,
also known as scirrhous or linitis plastica, we excluded such
cases.'? Acceptable hematologic profile (WBC Z 4000 cells/
mm’, hemoglobin = 8.0 g/dl, platelets = 100,000 cells/
mm®), and renal BUN = 25 mg/dl, creatinine = 1.2 mg/dl
and/or creatinine clearance > 60 ml/min) and hepatic function
(total serum bilirubin < 1.5 mg/dl) were required. In addition,
certain respiratory function test results (ratio of the forced expi-
ratory volume in one second = 50%, Pa02 in room
air Z 70 mmEg) were required criteria. No clinically signifi-
cant auditory impairment was allowed. Patients with prior can-
cer diagnosed during the previous 5-year period (except for
colon carcinoma in siti) were excluded. Other exclusion criteria
included significant cardiac disease, pregnancy or serious infec-
tions. The protocol was reviewed and approved by the Institu-
tional Review Board of each institution. All patients gave
written informed consent.

Preoperative chemotherapy

Patients found to have locally advanced gastric cancer as
defined above, received two cycles of S-1 plus cisplatin ev-
ery 35 days. Preoperative chemotherapy consisted of S-1 at
80 mg/m” divided in two daily doses for 21 days and cis-
platin at 60 mg/m? intravenously on day 8. Physical exami-
nation, abdominal CT scan and assessment of toxicity were
performed prior to each cycle. The response measurement of
the preoperative chemotherapy was carried out according to
the RECIST'© guidelines. Because it was preoperative che-
motherapy, response was not confirmed at least 4 weeks
apart. Toxicity was recorded and graded according to the Na-
tional Cancer Institution Common Toxicity Criteria (NCI-
CTC) version 2.0 scale. Operative complication was graded
according to the Common Terminology Criteria for Adverse
Events v4.0 (CTCAE v4.0). If a tumor decreased in size, ac-
cording to protocol criteria, we added 1 or 2 more courses. If
curative resection was considered possible after planned
chemotherapy, the patient had surgery. If curative resection
was considered difficult, a further course of chemotherapy
was added. The doses of both agents were attenuated for
grade =3 toxicities, using standard reduction criteria.

Surgery

The surgery was planned for 3—6 weeks from the day of
last administration of chemotherapy. Surgery involved
a radical resection, the extent of which (total or distal gas-
trectomy) depended on the site of the primary tumor, with -
a D2 lymphadenectomy. We performed D2 or more dissec-
tion in patients with metastasis to N3 lymph nodes before
chemotherapy. Spleen preservation in total gastrectomy
procedure was entrusted to the decision of each clinician.
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Patients in whom curative resection was impossible under-
went palliative operation. The postoperative ireatment was
left to the decision of each physician.

Biostatistical considerations

The 3 primary end points of the study were as follows;
1) tolerance to preoperative chemotherapy, 2) operative
morbidity and mortality, and 3) objective response rate
(ORR). Secondary end points were RO resection rate, fail-
ure paitern, and disease-free and overall survival. One of
the primary end points was ORR. The number of patients
to be enrolled was calculated at 24, which was required
- given the assumption that the 95% confidence interval
(CI) would be £20%, assuming an expected response rate
of 60%. Finally, we set the number as 30 patients in consid-
eration of disqualified patients. The early stopping criterion
of the trial was 3 treatment related deaths. Analogous sam-
ples were used to estimate the response rate, RO resection
rate, operative morbidity and mortality, and incidence of
treatment related grade 3—4 toxicity. Overall survival
(OS) of all patients was calculated from the day of regisira-
tion in the trial. OS and disease-free survival (DFS) of the
patients who underwent RO resections were calculated from
the day of surgery. Survival distributions were estimated us-
ing the Kaplan—Meier method.

Follow-up

Following completion of chemotherapy and surgery, pa-
tients were followed at 3- monthly intervals until year 3.
Thereafter, 6-month follow-up visits were performed. CT
scans and appropriate blood studies were performed on
the occasion of each evaluation.

Results
Fatient population

Between December 2000 and December 2007, 27 pa-
tients with initially unresectable local advanced gastric can-
cer were enrolled into the study from 9 institutions. As
shown in Table 1, the male to female ratio was 20:7. The
median age was 63 years. As for the histologic type, 15
cases were undifferentiated (including signet ring cell car-
cinoma) and 11 cases were differentiated type. One case
was classified as mucinous carcinoma. There were 3 cStage
[Ia (11.1%) preoperatively, 8 cStage IITb (29.6%), and 16
cStage IV (59.3%).

Preoperative chemotherapy

The median number of preoperative chemotherapy regi-
mens was 3 courses. Grade 3—4 toxicities associated with
preoperative S-1/CDDP are described in Table 2. Hemato-
logic toxicity (Grade 3/4) was 7.4% and non-hematologic

Table 1
Patient characteristics (n = 27).
Number %

Age, years Median (range) 63 (48—175)

Gender Male 20 741
Female 7 25.9

Histology Differentiated 11 40.7
Undifferentiated 15 55.6
Other 1 37

Pretreatment cStage T2N2MO (TTIA) 3 11.1
T3N2MO (ITB) 7 25.9
T4NIMO (IIIB) 1 37
T2N3MO (IV) 5 18.5
T3N3MO IV) 6 22.2
T4N2MO (IV) 3 11.1
T4N3MO (IV) 2 14

toxicity (Grade 3/4) was 3.7%. Treatment was generally
well tolerated and no chemotherapy-related deaths were ob-
served. While there was no CR, there were 17 cases of PR
and the response rate was 63.0% [95%CI: 42.4—80.6]
(Table 2).

Operative outcome

All patients who were entered into this trial had initially
unresectable tumors. Nine patients were diagnosed as being
unresectable when chemotherapy was completed and did
not undergo surgery. Eighteen patients (66.7%) underwent
laparotomy (Table 3). Thirteen patients (48.1%) had RO re-
sections. Three patients (11.1%) underwent R1 surgery, be-
cause of positive results of peritoneal washing cytology.
Two patients underwent simple laparotomy because of peri-
toneal metastases or unresectable local extension of meta-
static lymph nodes. Postoperative complications are
described in Table 3. The incidence of complications was
22.2%. One patient underwent operative intervention be-
cause of pancreatic leakage; however, there were no
surgery-related deaths.

Table 2
Courses, responses and toxicities of preoperative chemotherapy.
n %
Courses Median (range) 3 1-9)
Response CR 0 0.0
PR 17 63.0
SD 6 222
PD 4 14.8
Toxicities Gradel/2 Grade3/4
n % n %
Neutropenia 10 37.0 2 74
Thrombocytopenia 3 11.1 1 37
Hemoglobin 21 71.8 1 37
Vomiting 7 259 1 3.7
Nausea 13 48.1 1 3.7
Diarrhea 4 14.8 1 3.7
Anorexia 17 63.0 1 3.7
Cerebral infarction 0 0 1 37
Treatment 0 0.0

related death
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Table 3
Operative outcome (n = 27).
Number %o
No operation 9 33.3
Operation 18 66.7
RO resection 13 48.1
R1 resection 3 11.1
R2 resection (4] 0
Simple Laparotomy 2 222
Complications
None 14 77.8
Pancreatic leak 3 (Grade 1: 2, Grade 4: 1) 16.7
Lymphorrhea 1 (Grade 1) 5.6
Anastomotic leak 0 0.0
Re-operation 1 5.6
Mortality 0 0.0

Seven of 9 patients who did not undergo surgery re-
ceived 2nd-line chemotherapy (S-1: 3 patients, S-1/CPT-
11: 2 patients, CPT-11/CDDP: 1 patient, Paclitaxel: 1 pa-
tient). Four of 5 patients who underwent R1-2 surgery re-
ceived further chemotherapy (S-1/Paclitaxel: 2 patients,
S-1: 1 patient, CPT-11/CDDP: 1 patient).

Overall survival of all patients

Only one patient was lost to follow-up at 8 months from
the first day of preoperative chemotherapy, but all other pa-
tients were followed more than three years. The median
overall survival time and the 3-year overall survival rate
of all patients were 31.4 months and 31.0% [95%CI:
17.5—55.1], respectively.

DFS, OS, and first relapse site of patients who
underwent RO resection

Thirteen patients underwent RO resection. The details of
these patients are shown in Table 4. Twelve of these 13

Table 4
Patients who underwent RO resection.

patients (92.3%) achieved PR after preoperative chemother-
apy. The median number of course of chemotherapy of
these patients was 3 (2—5). Of these patients, only 2 pa-
tients (15.4%) underwent D2 plus para-aortic lymph node
dissection (D3). Downstaging was observed in 11 patients
(84.6%). Seven of 13 patients received postoperative adju-
vant chemotherapy (S-1: 4 patients, S-1 plus CDDP: 1 pa-
tient, CPT-11: 1 patient, CPT-11/CDDP: 1 patient). To date,
recurrence has been diagnosed in 10 patients. First relapse
site of five of ten patients was para-aortic lymph nodes. The
median disease-free survival time and the 3-year disease-
free survival rate of the 13 patients were 17.4 months and
23.1% [95%CTI: 8.6—62.3], respectively (Fig. 1A). The me-
dian overall survival time and the 3-year overall survival
rate of the 13 patients were 50.1 months and 53.8% [95%
CI: 32.6—89.1], respectively (Fig. IB).

Discussion

The combination chemotherapy of S-1 plus cisplatin was
chosen because it had achieved a high response rate of 74%
(95%CT: 54.9—90.6) in previous phase I/II study of patients
with metastatic gastric cancer. The incidences of severe
(Grade 3/4) hematological and non-hematological toxicities
were 15.8 and 26.3%, respectively.7 A randomized con-
trolled trial in Japan showed the superiority of S-1/cisplatin
compared with S-1 monotherapy according to the response
rate and survival for metastatic gastric cancer.'' Therefore,
S-1/cisplatin therapy is now the standard treatment for met-
astatic gastric cancer in Japan.

This multi-institutional phase II prospective trial of pre-
operative chemotherapy in initially unresectable locally
advanced gastric cancer showed that preoperative chemo-
therapy using S-1/cisplatin was not only feasible but also
achieved a high response rate. The overall response rate
was 63.0% [95%CI: 42.4—80.6]. The incidence of grade
3/4 toxicities was less than 10% and treatment related

No. cStage Course Response Gastrectomy D Combined resection fStage Nodes First relapse

1 T3N2MO (ITIB) 2 PR Distal D3 Liver, Gallbladder T2N2MO (ITIA) 4 None

2 T3N3MO (IV) 3 PR Total D2 Spleen, Panc. (tail) T2N2MO (TIA) 6 Brain
Gallbladder

3 T3N2MO (IIIB) 2 PR Total D2 Spleen T2N2MO (ITTA) 10 Lymph (para AO)

4 T3N2MO (IIIB) 2 PR Distal D3 None T2N2MO (TTIA) 3 None

5 T3N2MO (IIIB) 3 PR Total Di= Liver T2NOMO (IB) 0 None

6 T2N2MO (I1A) 2 SD Distal D2 Panc. (head) T4N3MO (IV) 7 Peritoneum

7 T4N2MO (IV) 3 PR Total D2 Spleen, Panc. (tail) T3N2MO (II1B) 10 Lymph (para AQ)

8 T2N3MO (IV) 4 PR Distal D2 Gallbladder T2N2MO (IT1A) 1 Borne

9 T4N3MO (IV) 3 PR Distal D2 None TINOMO (IA) 0 Lung

10 T4N1MO (IIIB) 3 PR Total D2 Spleen T2N2MO (I1A) 4 Lymph (hepatic)

11 T2N3MO (IV) 5 PR Total Di= None T2N3MO (IV) 2 Lymph (para AO)

12 T2N2MO (IIA) 3 PR Total Di= None T2NOMO (IB) 0 Lymph (para AO)

13 T3N2MO (IIIB) 3 PR Total Dl1= None T2N2MO (IIIA) 13 Lymph (para AO)

D1*: we performed almost D2 dissection, but it classified D1 dissection according to the Japanese classification of gastric carcinoma (2nd English edition),
because of preserving spleen.
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Figure 1. Disease-free and overall survival of the patients who underwent
RO surgery (n = 13).

mortality was 0.0%. Similar results were reported in other
studies.'*'® These results encourage the use of S-1/cis-
platin combination chemotherapy as neoadjuvant treatment
for patients who have resectable gastric cancer. Such trials
are currently under way in Japan.m’15

The recently completed MAGIC trial constitutes
a larger study regarding neoadjuvant chemotherapy in gas-
tric cancer. In this study, 503 patients were randomized to
three cycles of pre- and three cycles of postoperative epi-
rubicin/cisplatin/5-FU (ECF) chemotherapy or surgery
alone. Neoadjuvant chemotherapy was tolerable and was
completed in 88% of patients. Significant downsizing
(5.0 versus 3.1 cm median tumor size, P < 0.001), down-
staging (54% versus 36% T1—T2 tumors, P = 0.01) and
enhanced resectability (79% versus 69%, P = 0.02)
were noted. Improved progression-free survival and sur-
vival were demonstrated, with an overall 5-year survival
of 36% versus 23% for those undergoing surgery alone.'®
We should conduct phase II clinical trials of the

neoadjuvant chemotherapy of S-1/cisplatin therapy for re-
sectable gastric cancer.

In Japan, the ACTS-GC trail demonstrated a survival ad-
vantage of postoperative adjuvant chemotherapy after RO
resection. RO patients were randomized to adjuvant chemo-
therapy using S-1 (529 patients) versus surgery alone (530
patients); improved survival (3-year overall survival rates
of 80.1% versus 70.1%, P = 0.003) was noted.!’ Adjuvant
chemotherapy, as reported by the ACTS-GC Group, is now
considered a standard treatment for RO patients. However,
of the 283 patients who had stage III disease and received
S-1 adjuvant chemotherapy, 73 patients died. The hazard
ratio of the adjuvant chemotherapy group worsened with
an increasingly advanced stage. These results suggest that
S-1 monotherapy is insufficient for patients who have stage
IIT or more. However, for patients who have initially unre-
sectable gastric cancer like the patients enrolled in this trial,
S-1/cisplatin chemotherapy is insufficient because of the
high relapse rate of patients who underwent RO resection.

For the patients immediately after gastrectomy, highly
toxic chemotherapy is difficult because of overlaps be-
tween chemotherapy-induced gastrointestinal toxicity and
digestive symptoms due to gastrectomy.'® Therefore, fur-
ther improvements in preoperative therapy will require de-
velopment of more effective chemotherapeutic regimens.
During the last decade, several new agents with promising
activity against gastric cancer were identified. These in-
clude paclitaxel, docetaxel, irinotecan and trastuzumab.
These agents are now undergoing phase I and T trials,
as part of combination regimens.'*™* If improved outcome
is seen in metastatic disease, these agents will undergo ex-
tensive testing in the preoperative setting.

The absence of laparoscopic staging might have allowed
inclusion of patients with positive peritoneal cytology or
small peritoneal implants that could have disappeared with
the chemotherapy; these patients have a worse prognosis,
which could have impacted on the final results. Actually,
there were 3 cases of positive cytology at exploration after
chemotherapy. Laparoscopic staging should be mandatorily
included in future similar projects.

An interesting point is that there were many para-aortic
lymph node recurrences in the patients who underwent RO
resection. Among 13 patients who underwent curative re-
section, initial recurrence in 5 patients was in a para-
aortic lymph node. These patients had not undergone
para-aortic lymph node dissection. The prognostic im-
provement effect of the para-aortic lymph node dissection
was refuted by two clinical trials.”** In the JCOG 9501
trial, 523 patients with resectable gastric cancer were en-
rolled, and 263 were assigned to D2 group and 260 were
assigned to D2 plus para-aortic nodal dissection. The 5-
year overall survival rate was 69.2% for D2 lymphadenec-
tomy group and 70.3% for the D2 lymphadenectomy plus
para-aortic nodal dissection group; the hazard ratio for
death was 1.03 (95%CI, 0.77 to 1.37; P = 0.85). There
were also no significant differences in recurrence-free
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survival and the pattern of recurrence between the two
groups.™ In the East Asian Surgical Oncology Group trial,
269 patients with resectable gastric cancer were enrolled,
and 135 were assigned to the D2 group and 134 were as-
signed to the D2 plus para-aortic nodal dissection. The 5-
year overall survival rates were 52.6% for the D2 lympha-
denectomy group and 55.0% for the D2 lymphadenectomy
plus para-aortic nodal dissection group. There was no sig-
nificant difference in survival between the two groups
(P = 0.801).** It was concluded that the D2 lymphadenec-
tomy plus para-aortic nodal dissection did not improve
prognosis regarding D2 lymph node dissection in the re-
sectable gastric cancer.

However, in these trials, patients who had gross metasta-
ses to the para-aortic nodes were excluded. The incidence
of metastases in the para-aortic nodes was lower than ex-
pected in 8.5% and 9.7%, respectively. The median number
of metastatic nodes was only 2 nodes among the patients
who underwent D2 plus para-aortic nodal dissection in
the JCOG 9501. In the East Asian Surgical Oncology
Group trial, the mean number of metastatic nodes was 5.9
in the para-aortic lymph node dissection group.

Recently, 15-year follow-up results of a randomized na-
tionwide Dutch D1D2 trial were published. 711 patients un-
derwent randomly assigned treatment with curative intent
(380 in the D1 group and 331 in the D2 group). Overall
15-year survival was 21% for the D1 group and 29% for
the D2 group. Gastric cancer-related death rate was signif-
icantly higher in the D1 group (48%, 182 patients) than that
in the D2 group (37%, 123 paiients). Local recurrence was
22% (82 patients) in the D1 group versus 12% (40 patients)
in D2, and regional recurrence was 19% (73 patients) in D1
versus 13% (43 patients) in D2. After a median follow-up
of 15 years, D2 lymphadenectomy was associated with
lower locoregional recurrence and gastric cancer-related
death rates than D1 surgery.25 This difference was greater
in the patients with lymph node metastases from 7 to 15.%¢

The observation period was shorter in the clinical trials
of JCOG and East Asian Surgical Oncology Group than in
the Dutch trail, and fewer mortality events occurred and
also fewer metastases to lymph nodes. Therefore, para-
aortic lymph node dissection might have better prognosis
in patients with severe lymph node metastases like the pa-
tients enrolled in our trial.

In summary, preoperative S-1/cisplatin can be safely de-
livered to patients undergoing radical gastrectomy. The re-
sponse rate was high, with no increase in operative
morbidity and mortality compared with those upon surgery
without preoperative chemotherapy.”” Controlled trials of
neoadjuvant chemotherapy using this regimen with the
postoperative S-1 monotherapy for resectable gastric cancer
are necessary. For initially unresectable locally advanced
gastric cancer, the rate of recurrence was high, and the
most common initial recurrent site was para-aortic lymph
node. New trials, using a more effective regimen along
with extended lymph node dissection are necessary.
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Abstract

Background/Aims: Excess production of nitric oxide (NO) by
inducible nitric oxide synthase (iNOS) has been implicated as
proinflammatory biomarker in fiverinjury. The application of
active hexose correlated compound (AHCC) as a functional
food in complementary and alternative medicine has in-
creased. The possibility that AHCC might inhibit iNOS induc-
tion was investigated as a potential liver-protective effect.
Methods: Hepatocytes were isolated from rats by collage-
nase perfusion and cultured. Primary cultured hepatocytes
were treated with interleukin-1B in the presence or absence
of AHCC-sugar fraction (AHCCSF). Results and Conciusion:
AHCC-SF inhibited the production of NO and reduced ex-
pressions of iNOS mRNA and its protein. AHCC-SF had no ef-
fects on either kB degradation or nuclear factor-xkB (NF-xB)
activation. In contrast, AHCGSF inhibited the upregulation
of type | interleukin-1 receptor (IL-1RI) through the inhibition
of Akt phosphorylation. Transfection experiments with iNOS
promoter-luciferase constructs revealed that AHCG-SF re-

duced the levels of INOS mRNA at both promoter transacti-
vation and mRNA stabilization steps. AHCC-SF inhibited the
expression of iINOS gene antisense transcript, which is in-
volved in iINOS mRNA stabilization. These findings demon-
strate that AHCGSF suppresses iNOS gene expression
through a IkB/NF-«B-independent but Akt/lL-1Ri-depen-
dent pathway, resulting in the reduction of NO production.
AHCC-SF may have therapeutic potential for various liver in-
juries. Copyright © 2011 5. Karger AG, Basel

Introduction

In the liver, nitric oxide (NO) is produced by constitu-
tively expressed endothelial nitric oxide synthase (eNOS)
or inducible NOS (iNOS). eNOS is located in vascular si-
nusoidal endothelial cells, and NO produced by eNOS
maintains hepatic circulation and endothelial integrity.
iNOS is negligible under physiological conditions, but is
expressed in hepatic cells including hepatocytes and
Kuptfer cells under pathological conditions such as sep-
sis, hemorrhagic shock, ischemia-reperfusion, hepatitis,
and cirrhosis. During infection and inflammation in the
liver, excess production of NO by iNOS is thought to be
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Fig. 1. Preparation of AHCC-SF. Separation flow of AHCC.

involved in liver injury. The expression of iNOS is a bio-
marker in proinflammation, although NO has been re-
ported to exert either detrimental or beneficial effects de-
pending on the insults and tissues involved. In our previ-
ous reports, clinical drugs, which showed liver-protective
effects in various animal models of liver injury [1-5], pre-
vented iNOS induction in the liver as well as decreased
production of various inflammatory mediators. These
drugs also inhibited iNOS induction and NO production
in proinflammatory cytokine-stimulated cultured hepa-
tocytes of rats [3, 6, 7], which is used as a simple in vitro
injury model.

Proinflammatory cytokine interleukin (IL)-1B3, or a
mixture of IL-1$, tumor necrosis factor (TNF)-o and in-
terferon-v, induces the expression of iNOS gene in pri-
mary cultures of human and rat hepatocytes [8, 9]. The
induction of iNOS is regulated by transactivation of the
iNOS promoter with transcription factors including nu-
clear factor (NF)-kB, and by post-transcriptional modi-
fications including mRNA stabilization [10]. There are
two essential pathways involved in iNOS induction, IxB
kinase/Ik B/NF-«B activation and phosphatidylinositol-3
kinase (PI3K)/Akt/type I IL-1 receptor (IL-1RI) upregu-
lation [11]. IL-1B8 stimulates the degradation of IxB after
its phosphorylation by IxB kinase, which is followed by
the translocation of NF-kB from cytoplasm to the nucle-
usand DNA binding (NF-«kB activation). IL-18 also stim-
ulates the upregulation of IL-1RI through activation of
PI3K/Akt, which is essential for both transcriptional ac-
tivation and mRNA stabilization in iNOS induction [7,
11-13]. In the case of mRNA stabilization, we have re-
ported that natural iINOS gene antisense transcript inter-
acts with 3’-untranslated region (UTR) containing AU-
rich elements (ARE) of iNOS mRNA, leading to iNGS

iNOS Inhibition by AHCC

mRNA stabilization in IL-1B3-stimulated hepatocytes
[14].

The functional food active hexose correlated com-
pound (AHCC) is an extract prepared from cultured my-
celium of Basidiomycetes mushrooms. In recent reports
[15-20], supplementation with AHCC has shown a gen-
eralized positive effect on the immune systems, as well
as anti-inflammatory and anti-oxidant effects. AHCC is
a mixture of polysaccharides, amino acids, lipids, and
minerals, in which oligosaccharides are the major com-
ponents constituting about 74% of the mixture. These
oligosaccharides are believed to account for the biologi-
cal activities of AHCC [21, 22]. In the liver, we reported
that AHCC improved the prognosis of postoperative he-
patocellular carcinoma patients [23]. However, the mo-
lecular mechanism by which AHCC protects the liver is
not fully understood. In the current study, the possibil-
ity that AHCC might inhibit NO production was pur-
sued as a possible liver-protecting mechanism. We in-
tended to examine whether AHCC influences the induc-
tion of iNOS gene expression in primary cultures of rat
hepatocytes, and if so, study the mechanism involved in
this process.

Materials and Methods

Materials

- Recombinant human IL-18 (2 x 107 U/mg protein) was pro-
vided by Otsuka Pharmaceutical Co. Ltd. (Tokushima, Japan).
[y-**Pladenosine-5"-triphosphate (ATP; -222 TBg/mmol) and
[a-"*P]deoxycytidine-5-triphosphate (dCTP; ~111 TBg/mmol)
were obtained from DuPont-New England Nuclear Japan (Tokyo,
Japan). Rats were kept at 22°C under a 12-h light/12-h dark cycle,
and received food and water at libitum. All animal experiments
were performed in accordance with the Guidelines for the Care
and Use of Laboratory Animals of the National Institutes of
Health, and approved by the Animal Care Committee of Kansai
Medical University.

Preparation of Sugar Fraction of AHCC

As shown in figure 1, the extract of AHCC (20 g), which was
supplied by Amino Up Chemical Co. Ltd (Sapporo, Japan), was
dissolved in H,O (80 ml), applied on the column of DIAION HP-
20 (5 X 25 cm; Mitsubishi Chemical Co., Japan) and eluated with
H,0 (1 liter) and methanol. The first eluate (water fraction con-
taining hydrophilic compounds) was concentrated under vacu-
um, followed by lyophilization (18.1 g of yellowish powder). The
water fraction was dissolved in H,O (35 ml), mixed with metha-
nol (180 ml) and centrifuged (1,600 g for 15 min), which was re-
peated twice. Then the precipitate was dissolved in H,O (100 ml),
applied on the DOWEX 50 WX8 (4.4 X 17 cm; The Dow Chemi-
cal Company, USA), and eluted with H,O (0.5 liter) and ammonia
(3 N). The final water fraction containing AHCC-sugar fraction
(AHCC-SF) was lyophilized (4.93 g) and stored at -20°C.
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Primary Cultures of Hepatocytes

Hepatocytes were isolated from male Wistar strain rats (200-
220 g; Charles River, Tokyo, Japan) by collagenase (Wako Pure
Chemicals, Osaka, Japan) perfusion [24, 25]. Isolated hepatocytes
were suspended in culture medium at 6 X 105 cells/ml, seeded
into 35-mm plastic dishes (2 ml/dish; Falcon Plastic, Oxnard, Ca-
lif, USA) and cultured at 37°C in a CO, incubator under a hu-
midified atmosphere of 5% CO; in air. The culture medium was
Williams’ medium E (WE) supplemented with 10% newborn calf
serum, HEPES (5 mM), penicillin (100 U/ml), streptomycin (0.1
mg/ml), dexamethasone (10 nM) and insulin (10 nM). After 5 h,
the medium was replaced with fresh serum- and hormone-free
WE, and the cells were cultured overnight before use in experi-
ments. The numbers of cells attached to the dishes were calcu-
lated by counting the nuclei [26] and using a ratio of 1.37 £ 0.04
nuclei/cell (mean = SE, n =7 experiments).

Treatment of Cells with AHCC-SF

On day 1, the cells were washed with fresh serum- and hor-
mone-free WE, and incubated with IL-18 (1 nM) in the same me-
dium in the presence or absence of AHCC-SF.

Determinations of NO Production
Culture media were used for measurements of nitrite (stable
metabolites of NO) for NO production by the Griess method [27].

Western Blot Analysis

Total cell lysates were obtained from cultured cells [6], mixed
with sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) sample buffer (final concentrations: 125 mm Tris-
HCI, pH 6.8, 5% glycerol, 2% SDS and 1% 2-mercaptoethanol),
subjected to SDS-PAGE and transferred onto polyvinylidene
difluoride membranes (Bio-Rad Laboratorics, Hercules, Calif,
USA). Immunostaining was performed using primary antibodies
against mouse iNOS (Affinity BioReagents, Golden, Colo., USA),
human IxBa, human IxBS, mouse [L-1RI (Santa Cruz Biotech-
nology, Santa Cruz, Calif,, USA) and rat B-tubulin (internal con-
trol; Clone TUB2.1; Sigma Chemical Co., St. Louis, Mo., USA),
followed by visualization with an ECL blotting detection reagent
(GE Healthcare Biosciences Corp., Piscataway, N.J., USA).

In the case of Akt, total cell lysates prepared from 100-mm
dishes (5 x 108 cells/dish) were precleared with Protein A (Sigma
Chemical Co.), and then mixed with a mouse monoclonal anti-
body against human Aktl (Akt5G3; Cell Signaling, Beverly,
Mass., USA) and Protein G-Sepharose (Pharmacia LKB Biotech,
Uppsala, Sweden). After incubation overnight at 4°C, the immu-
nocomplexes were centrifuged (16,000 g for 5 min). The beads
were washed with solubilizing buffer, dissolved in SDS-PAGE
sample buffer, and analyzed by western blotting using rabbit poly-
clonal antibodies against human Akt and phospho-(Serd73) Akt
(Cell Signaling) as primary antibodies.

Northern Blot Analysis and RT-PCR

Total RNA was extracted from cultured hepatocytes using a
guanidinium-phenol-chloroform method (28] with Trizol re-
agent (Invitrogen, Carlsbad, Calif,, USA) according to the manu-
facturer’s instructions. Next, 10 jug of total RNA was fractionated
by 1% agarose-formaldehyde gel electrophoresis, transferred to
nylon membranes (Nytran; Schleicher and Schuell, Dassel, Ger-
many), immobilized by baking at 80°C for 1 h and hybridized

276 Eur Surg Res 2011;47:274-283

with DNA probes. A cDNA probe for rat iNOS (830 bp) was de-
scribed previously [29]. ¢DNAs encoding rat IL-1RT [30] and
mouse glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
[31] were prepared by RT-PCR [32]. The cDNAs were radiolabeled
with [a-*P]dCTP by the random priming method.

Forstrand-specific RT-PCR analysis, cDNAswere synthesized
from total RNA with strand-specific primers, and step-down
PCR was performed as previously described [32, 33]. For iNOS
and elongation factor (EF)-lo {internal control) mRNAs, an
oligo(dT) primer was used for RT and primer sets 5'-CCAACC-
TGCAGGTCTTCGATG-3" and 5'-GTCGATGCACAACTGGG-
TGAAC-3" (257-bp product) and 5-TCTGGTTGGAATGGTG-
ACAACATGC-3" and 5-CCAGGAAGAGCTTCACTCAAAG-
CTT-3" (307-bp product) were used for PCR, respectively. For the
antisense transcript of iNOS gene, sense primer 5-TGCCC-
CTCCCCCACATTCTCT-3" was used for RT and the primer set
5"-ACCAGGAGGCGCCATCCCGCTGC-3" and 5-CTTGATC-
AAACACTCATTTTATTAAA-3" (186-bp product) were used for
PCR. The iNOS mRNA and antisense transcript levels were mea-
sured in triplicate by real-time PCR using an iCycler System (Bio-
Rad Laboratories). SYBR Green I (Roche Diagnostics) was includ-
ed in the reaction mixture, and the following touchdown protocol
was applied: 1 cycle of 94°C for 1 min; and 50 cycles of 94°C for
305, (72-0.3 X 0)°C for 1 min where n is the number of cycles,
and 72°C for 30 s. Rat ¢cDNAs for the INOS mRNA and antisense
transcript were deposited in DDBJ/JEMBL/GenBank under acces-
sion No. AB250951 and AB250952, respectively.

Electrophoretic Mobility Shift Assay (EMSA)

Nuclear extracts were prepared according to Schreiber et al.
[34] with minor modifications {35]. Briefly, the dishes were placed
on ice, washed with Tris-HCl-buffered saline, harvested with the
same buffer using a rubber policeman and centrifuged (1,840 g for
1 min). The precipitate (2 X 10° cells from two 35-mm dishes) was
suspended in 400 wl of lysis buffer (10 mM Hepes, pH 7.9, 10 mM
KCl, 0.1 mM EDTA, 0.1 mM EGTA, 500 U/ml trasylol, 0.5 mM
PMSF and 1 mM dithiothreitol) and incubated on ice for 15 min.
After addition of Nonidet P-40 (final: 0.625%), the cells were lysed
by vortexing (2-3 times for 1 min each) and centrifuged (15,000 ¢
for 1 min). The nuclear pellet was resuspended with extraction
buffer (10 mM Hepes, pH 7.9, 0.4 M NaCl, 0.1 mm EDTA, 0.1 mMm
EGTA, 500 U/ml trasylol, 0.5 mM PMSF and 1 mM dithiothreitol),
followed by continuous mixing for 20 min and centrifugation
(15,000 g for 5 min). Aliquots of the supernatant (nuclear extract)
were frozen in liquid nitrogen and stored at -80°C until use.

Binding reactions (total: 15 wl) were performed by incubating
nuclear extract aliquots (4 pg of protein) in reaction buffer (20
mM Hepes, pH 7.9, 1 mMm EDTA, 60 mnm KCl, 10% glycerol and
1 mg of poly(dI-dC)) with the probe (approximately 40,000 c.p.m.)
for 20 min at room temperature. In the case of supershift assays,
the nuclear extracts were incubated in the presence of anti-
p50 and anti-p65 antibodies (NF-xBp50 (NLS) and NF-xBp65
(H286); Santa Cruz Biotechnology) or cold probes as a competitor
(250-fold excess) for 30 min at 4°C, followed by incubation with
the labeled probe. The products were electrophoresed at 100 V in
a 4.8% polyacrylamide gel in high ionic strength buffer (50 mMm
Tris-HCI, 380 mM glycine, 2mM EDTA, pH 8.5) and the dried gels
were analyzed by autoradiography. An NF-«B consensus oligo-
nucleotide (5'-AGTTGAGGGGA-CTTTCCCAGGC-3") from the
mouse immunoglobulin « light chain was purchased (Promega,
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Fig. 2. Effects of AHCC-SF on the induction of NO production
and iNOS in proinflammatory cytokine-stimulated hepatocytes.
Cultured hepatocytes were treated with IL-1B (1 nM) in the pres-
ence or absence of AHCC-SF (1-8 mg/ml). A Effects of AHCC-SF
(8 mg/ml) for the indicated times on NO production (IL-18, open
circles; IL-18 + AHCC-SF, closed circles; AHCC-ST, closed tri-
angles; control without IL-18 and AHCC-SF, open (riangles).
B Effects of various doses of AHCC-SF (1-8 mg/ml) over 8 h on
NO production (bottom) and iNOS protein (top). € Effects of
AHCC-SF (8 mg/ml) for the indicated times on the induction of
iNOS protein (upper pancl) and its mRNA (lower panel). The lev-
els of nitrite were measured in culture medium (data are means
+ SD with n = 3 dishes/point; * p < 0.05 versus IL-183 alone). In
the western blotting panel, cell Iysates (20 g of protein) were sub-
jected to SDS-PAGE in a 7.5% gel, and immunoblotted with an
anti-iNOS or anti-f3-tubulin antibody. Total RNA (10 j1g) was an-
alyzed by northern blotting, and the filters were probed with la-
beled inserts for iNOS or GAPDH cDNA.

Madison, Wisc., USA) and labeled with [y-*?P]ATP and T4 poly-
nucleotide kinase. The protein concentration was measured by
the method of Bradford [36] with a binding assay kit (Bio-Rad
Laboratories) using bovine serum albumin as a standard.

Construction of Luciferase Reporter Plasmids and Expression

Plasmids

The 1.2-kb 5’-flanking region including the TATA box of the
ratiNOS gene was inserted into the pGL3-Basic vector (Promega)
to create pRiNOS-Luc-SVpA [35]. A rat cDNA for the 3’-UTR
of the iINOS mRNA was amplified with the primers 5'-tgc-
tetaGACAGTGAGGGGTTTGGAGAGA-3" and 5"-gcggalecttta-
TTCTTGATCAAACACTCATTTT-3', and the resultant cDNA
was digested with BamH I and Xba . This cDNA for the iNOS
3"UTR (submitted to DDBJ/EMBL/GenBank under accession
No. AB250951) was used to replace the SV40 polyadenylation sig-
nal (SVpA) of pRiINOS-Luc to create pRINOS-Luc-3"-UTR [12].

iNOS Inhibition by AHCC
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Transfection and Luciferase Assay

Transfection of cultured hepatocytes was performed as de-
scribed previously [37, 38]. Briefly, hepatocytes were cultured at
4 X 10° cells/dish (35 X 10 mm) in WE supplemented with se-
rum, dexamethasone and insulin for 7 h, before being subjected
to magnet-assisted transfection (MATra). Reporter plasmids
pRINOS-Luc-SVpA or pRINOS-Luc-3"-UTR (1 pg) and the CMV
promoter-driven 3-galactosidase plasmid pCMV-LacZ (1 ng) as
an internal control were mixed with MATra-A reagent (1 ul; IBA
GmbH, Gottingen, Germany). After incubation for 15 min on a
magnetic plate at room temperature, the medium was replaced
with fresh WE containing sexum. The cells were cultured over-
night, and then treated with IL-18 in the presence or absence of
AHCC-SF. The luciferase and 3-galactosidase activities of cell ex-
tracts were measured using PicaGene (Wako Pure Chemicals)
and Beta-Glo (Promega) kits, respectively.
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Fig. 3. Effects of AHCC-SF on the degra-
dation of IxB proteins. Cells were treated
with IL-18 (1 nM) in the presence or ab-
sence of AHCC-SF (8 mg/ml) for the indi-
cated times. Cell lysates (20 g of protein)
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gel, followed by immunoblotting with an
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antibody.

e B-Tubulin

Fig. 4. Effects of AHCC-SF on the activa-
tion of NF-«B. Cells were treated with IL-
18 {1 n»m) in the presence or absence of
AHCC-SF (8 mg/ml) for the indicated
times. Activation of NF-xB (left): nuclear
extracts (4 g of protein) were analyzed by
EMSAs. Supershift assay {right): nuclear
extracts were incubated with alabeled NF-
kB consensus oligonucleotide in the pres-
ence of an anti-p50 antibody, anti-p65 an-
tibody or cold probe as a competitor (C,
250-fold excess). Closed arrows show su-
pershifted bands.
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Statistical Analysis

The results shown in the figures are representative of 3—4 in-
dependent experiments yielding similar findings. Differences
were analyzed by the Bonferroni-Dunn test, and values of p<0.05
were considered to indicate statistical significance.

Resulis

AHCC-SF Inhibits iNOS Induction in

IL-1p-Stimulated Hepatocytes

The proinflammatory cytokine IL-13 stimulates the
induction of INOS gene expression in primary cultures of
rat hepatocytes [9, 37]. Simultaneous addition of AHCC-
SF (1-8 mg/ml) with IL-18 decreased the production of
NO time- and dose-dependently (fig. 2A, B). AHCC-SF
had a maximal effect (over 80% inhibition) at 8 mg/ml, but
showed no cellular cytotoxicity as evaluated by release of
lactate dehydrogenase into the culture medium and Try-
pan blue exclusion in hepatocytes (data not shown). West-

278 Eur Surg Res 2011;47:274-283

ern and northern blot analyses revealed that AHCC-SF
decreased the levels of iNOS protein (fig. 2B, C, upper
panel) and iINOS mRNA (fig. 2C, lower panel), suggesting
that it inhibited the induction of iNOS gene expression at
a transcriptional and/or post-transcriptional step.

AHCC-SF Has No Effects on I«B Degradation and

NF-xB Activation

We examined the mechanism involved in the inhibi-
tion of iINOS induction. AHCC-SF did not influence the
degradation of Ik Ba and Ik B proteins at 0.5 h and their
recovery at 1-4 h (fig. 3). EMSAs with the nucleus re-
vealed that AHCC-SF had no effect on the activation of
NF-kB (fig. 4, left). Furthermore, supershift experiments
showed that AHCC-SF also had no effect on the compo-
nents of NF-kB subunits (p50 and p65) (fig. 4, right),
since the NF-«B bands stimulated by IL-18 disappeared
similarly in the presence of antibodies against p50 and
p65, irrespective of the presence of AHCC-SF.
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Fig. 5. Effects of AHCC-SF on the upregula-
tion of IL-1RL Cells were treated with IL-1B

(1 nM) in the presence or absence of AHCC- Time ()

SF (8 mg/ml) for the indicated times. A Ac-
tivation of Akt: total cell lysates were im-
munoprecipitated with an anti-Akt anti-
body, followed by immunoblotting with an
anti-phospho-Akt or anti-Akt antibody.
B Total RNA (10 jg) was analyzed by north-
ern blotting, and the filters were probed
with labeled inserts for IL-1RT or GAPDH
cDNA. € Cell lysates (50 p.g of protein) were
subjected to SDS-PAGE in a 7.5% gel, and
immunoblotted with an anti-IL-1RI or an-
ti-B-tubulin antibody. The bands corre-
sponding to IL-IRI mRNA or protein were
quantified by densitometry (lower panels:
means * SD for n = 3 experiments; * p <
0.05 vs. IL-18 alone).

iL-18
AHCC-SF

IL-1Rl protein
(arbitrary units)

o]

< [L-1R
< (75-80 kDa)

< B-Tubulin

AHCC-SF Decreases Upregulation of IL-1RI

IL-1B stimulates the upregulation of IL-1RI through
activation of PI3K/Akt [11], which is essential for the in-
duction of iINCS gene expression in addition to NF-«xB
activation in hepatocytes. AHCC-SF reduced the phos-
phorylation of Akt (fig. 5A), which is a downstream ki-
nase of PI3K. AHCC-SF also inhibited the increased ex-
pressions of IL-1RI mRNA and its protein (fig. 5B, C).

iNOS Inhibition by AHCC

These observations suggest that AHCC-SF can influence
the downstream events of IL-1RI upregulation, but not
through IxB degradation and NF-«3B activation.

AHCC-SF Affects INOS mRNA Synthesis and

Stabilization

Next, we carried out transfection experiments with
iNOS promoter-firefly luciferase constructs, namely
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and the cells were treated with IL-18 S .
(1 nM) in the presence or absence of % 67
AHCC-SF (8 mg/ml) for 8 h for pRINOS- & 57
Luc-SVpA (B) and 4 h for pRINOS-Luc- =47
3"UTR (€). The luciferase activities were z 3
normalized by the B-galactosidase activi- 2 27
ty. The fold activation was calculated by 1
dividing the luciferase activity by that of N 10 : '
the control (without IL-13 and AHCC-SF). AHCBC—SF S B T
Data are means = SD (n =4 dishes). * p< 8 c
0.05 versus control, * p < 0.05 versus IL-18
alone.
RiNOS-Luc-SVpA and pRiINOS-Luc-3-UTR (fig. 64), Discussion
% % E 8

which detect the activities of INOS promoter transactiva-
tion (INOS mRNA synthesis) and INOS mRNA stabiliza-
tion, respectively [12, 39]. IL-18 increased the luciferase
activities of these constructs, and AHCC-SF significant-
Iy reduced both of these luciferase activities (fig. 6B, C).
Recently, we found that the natural antisense transcript
of the iINOS gene is expressed and involved in the stabili-
zation of iNOS mRNA [14]. RT-PCR and quantitative re-
al-time PCR experiments revealed that IL-1§3 time-de-
pendently increased the expression of the iNOS gene an-
tisense transcript (fig. 7A) with increased levels of iNOS
mRNA (fig. 7B), and that AHCC-SF decreased the levels
of both the antisense transcript and iNOS mRNA in a
similar manner.

280 Eur Surg Res 2011;47:274-283

In the present study, AHCC-SF was found to inhibit
iNOS induction at the steps of both its promoter trans-
activation (mRNA synthesis) and mRNA stabilization
in proinflammatory cytokine-stimulated hepatocytes
(fig. 6). In the former, although AHCC-SF reduced the
activities of iNOS promoter transactivation, AHCC-SF
had no effects on IxB degradation (fig. 3) and NF-«B ac-
tivation (fig. 4), indicating that AHCC-SF cannot influ-
ence the nuclear translocation of NF-xB and its DNA
binding in I« B kinase signaling. In concert with I« B deg-
radation/NF-«B activation, the upregulation of IL-1RI,
which stimulates the phosphorylation of NF-«B subunit
P65, is required for transcriptional activation of the INOS
gene, as we reported previously [11]. In the present study,
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we found that AHCC-SF decreased the expression of IL-
1RI mRNA and protein (fig. 5B, C) through the inhibi-
tion of Akt phosphorylation (fig. 5A) in PI3K/Akt signal-
ing, presumably leading to the inhibition of p65 phos-
phorylation and resulting in decreased activities of INOS
promoter transactivation (fig. 6B).

Regarding the iNOS mRNA stabilization, the 3-UTR
of the iNOS mRNA in rats has six AREs (AUUU(U)A),
which are associated with ARE-binding proteins such as
HuR and heterogeneous nuclear ribonucleoproteins L/I
(PTB), thus contributing to the stabilization of the mRNA
[40]. Recently, we found that the antisense strand corre-
sponding to the 3-UTR of iNOS mRNA is transcribed

iNOS Inhibition by AHCC

from the iNOS gene, and that the INOS mRNA antisense
transcript plays a key role in stabilizing the INOS mRNA
by interacting with the 3'-UTR and ARE-binding pro-
teins [14]. In our in vitro model, AHCC-SF prevented
the stabilization of iNOS mRNA (fig. 6C) by decreasing
the iNOS gene antisense transcript expression (fig. 7A).
Drugs such as edaravone ({free radical scavenger) [7],
FR183998 (Na*/H" exchanger inhibitor) [3, 5], insulin-
like growth factor 1 [4] and dexamethasone [41] were
found to inhibit iNOS induction partly by suppressing
iNOS antisense transcript production in primary cul-
tured hepatocytes (our in vitro model) and in animal
models of liver injury. In the case of dexamethasone, it

Eur Surg Res 2011;47:274-283 281
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had no effects on either NF-«B activation or IL-1RT up-
regulation as compared with AHCC-SF. Dexamethasone
inhibited the stabilization of INOS mRNA but had no ef-
tect on the iNOS promoter transactivation [41], suggest-
ing that IL-1RI upregulation as well as NF-x B activation
isinvolved in transcriptional activation of the iNOS gene
as mentioned before.

Our in vitro results suggest that AHCC-SF might in-
hibit the induction of iNOS expression and NO produc-
tion in liver injury, which leads to liver-protective effects.
Although such liver-protective effects deduced from our
in vitro model need to be examined and supported in in
vivo animal models of liver injury, our simple model with
cultured hepatocytes may be adequate for the screening

of liver-protective drugs, because it is rapid and inex-
pensive compared with animal models. In conclusion,
AHCC-SF inhibited iNOS gene expression at transcrip-
tional and post-transcriptional steps in cultured hepato-
cytes in an in vitro liver injury model. AHCC may have
liver-protective effects for various liver injuries.
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Japanese herbal medicine, inchinkoto, inhibits
inducible nitric oxide synthase induction in
interleukin-183-stimulated hepatocytes
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Aim: A herbal medicine, kampo inchinkoto (TJ-135), Is used
to treat jaundice and liver fibrosis in patients with cirrhosis. In
the inflamed liver, proinflammatory cytokines stimulate the
induction of inducible nitric oxide synthase {INOS) gene
expression. Over-production of nitric oxide (NO) by iNOS has
been implicated as a factor in liver injury. We examined inter-
leukin {IL}-1B3-stimulated hepatocytes as a simple in vitro
injury model to determine liver-protective effects of TI-135.
The objective was to investigate whether TJ-135 influences
INOS induction and to determine its mechanism.

Methods: Primary cultured rat hepatocytes were treated
with IL-1B in the presence or absence of T}-135. The induction
of iINOS and its signaling pathway were analyzed.

Results: 11-1B produced increased levels of NO. This effect
was inhibited by TJ-135, which exerted its maximal effects at
3 mg/mL. TJ-135 decreased the levels of INOS protein and
its mRNA expression. Experiments with nuclear extracts
revealed that Ti-135 inhibited the translocation of nuclear

factor-kB (NF-xB) to the nucleus and its DNA binding. TJ)-135
also inhibited the activation of Akt, resulting in the reduction
of type | IL-1 receptor mRNA and protein expression. Trans-
fection experiments with INOS promoter-luciferase constructs
demonstrated that T)-135 suppressed INOS induction by inhi-
bition of promoter transactivation and mRNA stabilization.
TJ-135 reduced the expression of an INOS gene antisense-
transcript. Delayed administration or withdrawal of TJ-135
after 1L-10 addition also inhibited INOS induction.

Conclusions: Results indicate that T)-135 inhibits the induc-
tion of INOS at both transcriptional and post-transcriptional
steps, leading to the prevention of NO production. TJ-135 may
have therapeutic potential for various liver injuries through
the suppression of INOS induction.

Key words: inducible nitric oxide synthase, interleukin-1p,
liver injury, nuclear factor-«B, primary cultured
hepatocytes, type | interleukin-1 receptor

INTRODUCTION

APANESE  TRADITIONAL  HERBAL  medicines

(Kampo) have been empirically administered by clini-
clans to patients with a variety of diseases. One such
medicine, inchinkoto (TJ-135), is traditionally used for
icteric patients with cirrhosis, and also used as an anti-
inflammatory, antipyretic, choletic and diuretic agent for
liver disorders and jaundice. TJ-135 is an aqueous extract
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from three herbs: Artemisia capillaris spica, Gardenia
fructus and Rhei rhizome with a weight ratio of 4:3:1,
which is now manufactured under modern scientific
quality controls. A. capillaris and G. fructus are effective
for liver diseases, and R. rhizome is a laxative. It has been
reported that T]-135 was used to improve acute hepatitis
of unknown etiology, but the mechanism is unknown.!”’
TJ-135 is considered as a choleretic and hepatoprotective
agent with relevant effects on bile formation,” hepatic
oxidative stress, hepatic fibrogenesis and stellate cell
apoptosis.”™"

However, there is little scientific evidence to demon-
strate the liver-protective effects of TJ-135. In hepatic
disorders, inflammatory cells such as platelets and
macrophages gather around hepatic stellate cells and

© 2011 The Japan Society of Hepatology
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discharge cytokines. During inflammation, pro-
inflammatery cytokines and nitric oxide (NO) produced
by inducible nitric oxide synthase (iNOS) play an
important role as factors in liver injury.” However, defi-
nition of the role of NO is confounded by reports that it
can exert either detrimental or beneficial effects depend-
ing on the insults and tissues involved.

We have previously reported that in animal liver
injury models caused by various insults, such as
ischemia-reperfusion, partial hepatectomy and endot-
oxin shock, the induction of iNOS and NO production
is upregulated concomitantly with the production of
pro-inflammatory cytokines in the liver."'? In these
studies, drugs showing liver-protective effects inhibited
the induction of iNOS and NO production as well as the
decreased production of various inflammatory media-
tors. Furthermore, in vitro experiments with primary
cultured rat hepatocytes revealed that these drugs also
inhibited the induction of iNOS and the production of
NO.'"1314 Thys, downregulating NO production is con-
sidered to be an indicator of liver protection. In this
study, we used interleukin (IL)-1B-stimulated cultured
hepatocytes as a simple in vitro injury model to investi-
gate the liver-protective effects of TJ-135 for in vivo
animal models. We investigated whether TJ-135 directly
influences iNOS induction in cultured hepatocytes and
the mechanism involved.

MATERIALS AND METHODS

Materials

NCHINKOTO (1J-135) was provided by Tsumura

Co., Ltd. {Tokyo, Japan). TJ-135 was dissolved in Wil-
liams’ medium E (WE) and vortexed for 30 min at room
temperature, followed by centrifugation {11 000 g for
15 min). The supernatant was filter-sterilized with a
0.45-um membrane filter (Millipore, Billerica, MA,
USA) prior to use in experiments. T]-135 components
(A. capillaris, G. fructus and R. rhizome) were purchased
from Tochimoto Tenkaido Co., Ltd. (Osaka, Japan), and
were extracted with water under reflux for one hour.
Extracted solutions were freeze-dried to obtain the water
extracts; 0.85g 2.67g and 1.61g from A. capillaris,
G. fructus and R. thizome (each 10 g), respectively.

Recombinant human I1-18 (2 x 107 U/mg protein)
was provided by Otsuka Pharmaceutical Co., Ltd.
(Tokushima, Japan). [y-"*P]-Adenosine-5"-triphosphate
(ATP; 222 TBq/mmol) was obtained from DuPont-New
England Nuclear Japan (Tokyo, Japan). Rats were kept
at 22°C under a 12:12 h light : dark (LD) cycle, and
received food and water ad libitum. All animal experi-
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ments were performed in accordance with the Guide-
lines for the Care and Use of Laboratory Animals of
the National Institutes of Health, and approved by the
Animal Care Committee of Kansai Medical University.

Primary cultures of hepatocytes

Hepatocytes were isolated from male Wistar rats (200~
220 g; Charles River, Tokyo, Japan) by perfusion with
collagenase (Wako Pure Chemicals, Osaka, Japan).'®'
Isolated hepatocytes were suspended in culture medium
at 6 x 10° cells/mL, seeded into 35-mm plastic dishes
{2 mL/dish; Falcon Plastic, Oxnard, CA, USA) and cul-
tured at 37°C in a CO, incubator under a humidified
atmosphere of 5% CO, in air. The culture medium was
WE supplemented with 10% newborn calf serum, Hepes
(5 mM), penicillin (100 U/mL), streptomycin (0.1 mg/
mlL), dexamethasone (10nM) and insulin (10 nM).
After 5 h, the medium was replaced with fresh serum-
and hormone-free WE, and the cells were cultured over-
night before use in experiments. The numbers of cells
attached to the dishes were calculated by counting the
number of nuclei'” and using a ratio of 1.37£0.04
nuclei/cell (mean + SE, n =7 experiments).

Treatment of cells with TJ-135 and
its components

On day 1, the cells were washed with fresh serum- and
hormone-free WE, and incubated with IL-18 (1 nM) in
the same medium in the presence or absence of TJ-135
and its components. The doses of TJ-135 and its com-
ponents used are indicated in the appropriate figures
and their legends.

Determination of NO production and lactate
dehydrogenase aciivity

Culture medium was used for measurements of nitrite
(a stable metabolite of NO) to reflect NO production by
the Griess method." Culture medium was also used for
measurements of lactate dehydrogenase (LDH) activity
to reflect cell viability using a commercial kit (Wako
Pure Chemicals).

Western blot analysis

Total cell lysates were obtained from cultured cells as
described previously” with minor modifications.
Briefly, cells (1 x 10° cells/35-mm dish) were lysed in
100-200 uL of solubilizing buffer (10 mM Tris-HCl,
pH 7.4, containing 1% Triton X-100, 0.5% Nonidet
P-40, 1 mM ethylenediaminetetraacetic acid [EDTA],
1 mM ethyleneglycol bis (2-aminoethyl ether) tetraace-
tic acid (EGTA), phosphatase inhibitor cocktail [Nacalai
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