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Tesque, Kyoto, Japan], 1 mM phenylmethylsulfonyl
fluoride [PMSF] and protease inhibitor cocktail [Roche
Diagnostics, Mannheim, Germany}), passed through a
26-gauge needle, allowed to stand on ice for 30 min
before being centrifuged (16 000 g for 15 min}. The
supernatant (total cell lysate) was mixed with sodium
dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) sample buffer (final: 125 mM Tris-HC],
pH 6.8, containing 5% glycerol, 2% SDS and 1%
2-mercaptoethanol), subjected to SDS-PAGE and elec-
troblotted onto a polyvinylidene difluoride membrane
(Bio-Rad, Hercules, CA, USA). Immunostaining was
performed using primary antibodies against mouse
iNOS (Affinity BioReagents, Golden, CO, USA); human
phospho-IxBa (Ser32/36 [5A5]; Cell Signaling, Beverly,
MA, USA); human IxBo and human IxBf3; mouse type I
I1L-1 receptor (IL-1RI) (Santa Cruz Biotechnology, Santa
Cruz, CA, USA); and rat B-tubulin (internal control;
Clone TUB2.1; Sigma Chemical Co., St. Louis, MO,
USA), followed by visualization with an enhanced
chemiluminescence (ECL) blotting detection reagent
(GE Healthcare Biosciences Corp., Piscataway, NJ, USA).
For Akt, total cell lysates prepared from 100-mm
dishes (5 x 10° cells/dish) were pre-cleared with Protein
A (Sigma Chemical Co.) and then mixed with a mouse
monoclonal antibody against human Aktl (Akt5G3;
Cell Signaling) and Protein G-Sepharose {Pharmacia
LKB Biotech, Uppsala, Sweden). After incubation over-
night at 4°C, immunocomplexes were centrifuged
(16 000 g for 5 min). The beads were washed with solu-
bilizing buffer, dissolved in SDS-PAGE sample buffer,
and analyzed by western blotting using rabbit poly-
clonal antibodies against human Akt and phospho-
(Ser473) Akt (Cell Signaling) as primary antibodies. In
the case of p65, nuclear extracts were immunoprecipi-
tated with an anti-p65 antibody (H286; Santa Cruz
Biotechnology). The bands were analyzed by western
blotting using an antibody against human NF-xB p65
(BD Transduction Laboratories, Lexington, KY, USA).
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Reverse transcriptase-polymerase

chain reaction

Total RNA was extracted from cultured hepatocytes
using a guanidinium-phenol-chloroform  method"”’
with Trizol reagent (Invitrogen, Carlsbad, CA, USA)
or a phenol-free, filter-based total RNA isolation kit
{(RNAgqueous Kit; Ambion, Austin, TX, USA) according
to the manufacturer’s instructions, and then treated with
a TURBO DNA-free Kit (Ambion) if necessary. For
strand-specific reverse transcription-polymerase chain
reaction (RT-PCR) analysis, cDNAs were synthesized
from total RNA with strand-specific primers, and
step-down PCR was performed using PC708 (Astec,
Fukuoka, Japan), as previously described,”” with
minor modifications. For iNOS, IL-1RI, p65 and elon-
gation factor-lo. {EF, internal control) mRNAs, an
oligo(dT) primer was used for RT and the primer sets
5’-CCAACCTGCAGGTCITCGATG-3" and 5-GTCGATG
CACAACTGGGTGAAC-3" (257-bp product), 5-CGAA
GACTATCAGITITIGGAAC-3" and 5-GTCITICCATCT
GAAGCTTTTGG-3" (327-bp product), 5-ACCCCTTTC
AAGTTCCCATAGA-3” and 5-ACCTCAATGTCITCTTTC
TGCAC-3" (262-bp product), and 5-TCTGGTTGGAA
TGGTGACAACATGC-3" and 5-CCAGGAAGAGCTTCA
CTCAAAGCTT-3" {(307-bp product) were used for PCR,
respectively. For the antisense-transcript of iNOS,
the sense primer 5"-CCTTTGCCTCATACTTCCTCAGA-3’
was used for RT and the primer set 5-ACCAGGAGGC
GCCATCCCGCTGC-3" and 5-ATCITCATCAAGGAATT
ATACACGG-3’ (211-bp product) was used for PCR. The
PCR protocols for iNOS, EF and IL-1RI were: 10 cycles of
(94°C, 60s; 72°C, 1205s); 15 cycles of (94°C, 60s;
65°C, 90s; 72°C, 20 s); and five (iNOS, EF) or 15 {IL-
1R1) cycles of (94°C, 60; 60°C, 90's; 72°C, 205). The
PCR protocol for the antisense-transcript was: 10 cycles
of (94°C, 60s; 65°C, 90s; 72°C, 20s); 15 cycles of
(94°C, 60s; 60°C, 90's; 72°C, 20 s); and five cycles of
(94°C, 60s; 55°C, 90s; 72°C, 20s). The amplified
products were analyzed by 3% agarose gel electrophore-
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Figure 1 Effects of kampo inchinkoto (1j-135) on the induction of nitric oxide (NO) production and inducible nitric oxide
synthase (iNOS) in pro-inflammatory cytokine-stimulated hepatocytes. Cultured hepatocytes were treated with interleukin-18
(IL-1B) (1 nM) in the presence or absence of T]-135 (0.5-3.0 mg/mL). (a) Effect of TJ-135 (3 mg/mL) treatment (for the indicated
times) on NO production (IL-1B, O; IL-18 + TJ-135, ®; TJ-135, A; controls (without IL-1p and TJ-135), A). (b} Effects of treatment
with various doses of TJ-135 (0.5-3.0 mg/mL) for 8 h on NO production. The levels of nitrite were measured in the culture medium
(data are means * standard deviation [SD], n =3 dishes/point; *P < 0.05 vs. I1L-1f alone). (c) Cell lysates (20 ug of protein) were
subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) in a 7.5% gel, and immunoblotted with an
anti-INOS or anti-B-tubulin antibody. (d) Effects of TJ-135 (3 mg/mL) treatment {for the indicated times) on the expression of
iNOS mRNA. Total RNA was analyzed by strand-specific reverse transcription-polymerase chain reaction (RT-PCR) to detect iNOS
mRNA, using EF mRNA as an internal control.
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sis with ethidium bromide, and the levels of INOS,
[1-1RY, EF and antisense-transcript were semi-quantified
using a UV transilluminator. The ¢DNAs for the rat
iNOS mRNA and antisense-transcript were deposited in
the DNA Data Bank of Japan/Furopean Bioinformatics
Institute {DDBJ/EMBL}/GenBank under Accession
numbers AB250951 and AB250952, respectively.

Electrophoretic mobility shift assay

Nuclear extracts were prepared as reported previously™
with minor modifications.” Briefly, the dishes were
placed on ice, washed with Tris-HCl-buffered saline,
harvested into the same buffer using a rubber policeman
and centrifuged (1840 g for 1 min). The precipitate
{2 % 10° cells from two 35-mm dishes) was suspended
in 400 uL 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 (two to three
times for 1 min each) and centrifuged (15 000g for
1 min). The nuclear pellet was resuspended in extraction
buffer (10 mM Hepes, pH 7.9, 0.4 M NaCl, 0.1 mM
EDTA, 0.1 mM EGTA, 500 U/mI. trasylol, 0.5 mM PMSF
and 1 mM dithiothreitol), followed by continuous
mixing for 20 min and centrifugation (15 000¢ 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 utl) were performed by
incubating nuclear extract aliquots (4 ug of protein) in
reaction buffer (20 mM Hepes, pH 7.9, 1 mM EDTA,
60 mM KCl, 10% glycerol and 1 mg of poly[dl-dC])
with the probe {approximately 40 000 cpm) for 20 min
at room temperature. Products were electrophoresed at
100V in a 4.8% polyacylamide gel in high ionic
strength buffer (50 mM Tris-HCl, 380 mM glycine,
2 mM EDTA, pH 8.5). Dried gels were analyzed by auto-
radiography. A NF-xB consensus oligonucleotide (5’-
AGITGAGGGGA-CTTTCCCAGGC-3’) from the mouse
immunoglobulin  « light chain was purchased
(Promega, Madison, W[, USA} and labeled with
[v-¥PJATP and T4 polynucleotide kinase. The protein
concentration was measured by the method of Brad-
ford™ with a binding assay kit (Bio-Rad) 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 rat iNOS gene was inserted into the pGL3-Basic
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vector {Promega) to create pRINOS-Luc-SVpA.» A rat
cDNA for the 3’-untranslated region (UTR) of the iNOS
mRNA was amplified with the primers 5-tgctctaGAC
AGTGAGGGGTTTGGAGAGA-3" and 5'-geggatectttalT
CTTGATCAAACACTCATTTT-3, and the resultant cDNA
was digested with BamH T and Xba 1. This ¢cDNA for the
iNOS 3-UTR (submitted to DDBJj/EMBL/GenBank
under Accession No. AB250951) was used to replace the
SV40 polyadenylation signal {SYpA) of pRINOS-Luc to
create pRINOS-Luc-3'UTR.

Transfection and luciferase assay

Transfection of cultured hepatocytes was performed as
described previously.”™”* Briefly, hepatocytes were cul-
tured at 4 x 10° cells/dish (35 x 10 mm) in WE supple-
mented with serum, 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 ug) and the CMV promoter-
driven [B-galactosidase plasmid pCMV-LacZ (1 ng) as
an internal control were mixed with MATra-A reagent
{1 uL; IBA GmbH, Géttingen, Germany). After incuba-
tion for 15 min on a magnetic plate at room tem-
perature, the medium was replaced with fresh WE con-
taining serum. Cells were cultured overnight, and then
treated with IL-1B in the presence or absence of sive-
lestat. The luciferase and B-galactosidase activities of cell
extracts were measured using PicaGene (Wako Pure
Chemicals) and Beta-Glo (Promega) kits, respectively.

Statistical analysis

Results shown are representative of three to four
independent experiments yielding similar findings.
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Figure 2 Effects of kampo inchinkoto (TJ-135) on cellular
cytotoxicity. Cells were treated with IL-15 (1 nM) in the pres-
ence or absence of 1J-135 (0.5-3.0 mg/mlL) for 8 h. Lactate
dehydrogenase (LDH) activity was measured in the culture
medium (data are means = standard deviation [SD], n=3
dishes/point).
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Figure 3 Effects of kampo inchinkoto (1J-135) on the degradation of IxB proteins and activation of nuclear factor-kB (NF-xB).
Cells were treated with interleukin-1p (IL-1B) (1 nM) in the presence or absence of TJ-135 (3 mg/mL) for the indicated times. (a,
b) Cell lysates (20 ug of protein) were subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) in a
12.5% gel, followed by immunoblotting with an anti-phospho-IxBo, anti-IxBe, anti-IxBp or anti-B-tubulin antibody. (¢) Activation
of NF-xB. Nuclear extracts (4 pg of protein) were analyzed by electrophoretic mobility shift assay (EMSA) (upper). The bands
corresponding to NF-xB were quantified by densitometry (lower, means =+ standard deviation (SD) for n = 3 experiments; *P < 0.05
vs. IL-1B alone). (d) Nuclear translocation of NF-«xB subunit p65. Nuclear extracts were immunoprecipitated, and the immuno-
precipitates were analyzed by western blotting with an anti-p65 antibody. (e) Total RNA was analyzed by strand-specific reverse
transcription-polymerase chain reaction (RT-PCR) to detect p65 mRNA, using elongation factor (EF) mRNA as an internal control.
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Differences were analyzed by the Bonferroni-Dunn test,
and values of P<0.05 were considered to indicate
statistical significance.

RESULTS

Effects of T)-135 on the induction
of NO production and INOS in
IL-1B-stimulated hepatocytes

HE PROINFLAMMATORY CYTOKINE IL-18 stmu-

lates the induction of INOS, which is followed
by the production of NO in primary cultured rat
hepatocytes.””? Simultaneous addition of TJ-135 with
[-18 time- and dose-dependently reduced the levels
of nitrite {(a NO metabolite) in the culture medium
(Fig. 1a,b). TJ-135 exerted its maximal effects at the
concentration of 3 mg/mlL, decreasing NO produc-
tion to near basal levels. TJ-135 showed no cellular
cytotoxicity within the indicated concentrations, as
evaluated by the release of LDH into the culture
medium (Fig. 2) and Trypan blue exclusion by
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Figure 3 Continued.

hepatocytes {data not shown). Western blotting analy-
sis revealed that TJ-135 time- and dose-dependently
decreased the levels of INOS protein expression,
showing its maximal effect at 3 mg/ml (Fig. 1c).
RT-PCR analysis revealed that TJ-135 decreased the
levels of INOS mRNA expression (Fig. 1d). These
results suggested that TJ-135 inhibited the induction of
iNOS gene expression at a transcriptional and/or post-
transcriptional step.

Effects of TI-135 on NF-«B activation and
IL-1RI upregulation

We examined the mechanisms involved in the inhi-
bition of iNOS induction. IL-1§ stimulates the degra-
dation of [xB proteins after the phosphorylation by
IxB kinase, which is followed by the activation of
NF-«B (i.e. translocation from the cytoplasm to the
nucleus, and DNA binding). TJ-135 had no effect on
the degradation of IxBow at 10-15min (Fig. 3a,
middle), and although TJ-135 reduced IxBa phospho-
rylation after 5 min of IL-1B stimulation, it had no

— 839 —



Hepatology Research 2012; 42: 76-90

effect on phosphorylation levels at 10 min (Fig. 3a,
top). In addition, TJ-135 did not inhibit the degrada-
tion of IxBo and IkBP at 0.5 h, and rather decreased
their recovery at one hour and thereafter (Fig. 3b). In
contrast, electrophoretic mobility shift assays (EMSAs)
with nuclear extracis revealed that TJ-135 inhibited
NF-B activation at 1-5 h (Fig. 3¢), although the dif-
ference at 5h was not significant. In support of this
observation, immunoprecipitation and western blot-
ting of nuclear extracts showed that TJ-135 decreased
the levels of NF-xB subunit p65 in the nucleus
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(Fig. 3d). Furthermore, TJ-135 decreased the levels of
p65 mRNA expression (Fig. 3e).

Interleukin-1p also stimulates the upregulation of
IL-1RI through the activation of phosphatidylinositol
3-kinase (PI3K})/Akt. Immunoprecipitation-western
blotting analysis revealed that TJ-135 inhibited the
phosphorylation (activation) of Akt, a downs-
tream kinase of PI3K (Fig. 4a). RI-PCR and
western blot analyses revealed that TJ-135 reduced
the levels of IL-1RI mRNA and protein expression
(Fig. 4b,c).
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Figure 4 Effects of kampo inchinkoto (TJ-135) on the upregulation of IL-1RI. Cells were treated with IL-13 (1 nM) in the presence
or absence of 17-135 (3 mg/mL) for the indicated times. (a) Phosphorylation of Akt. Total cell lysates were immunoprecipitated
with an anti-Akt antibody, followed by immunoblotting with an anti-phospho-Akt or anti-Akt antibody. (b) Total RNA was
analyzed by strand-specific reverse transcription-polymerase chain reaction (RT-PCR) to detect IL-1RI mRNA, using elongation
factor (EF) mRNA as an internal control. {c) Cell lysates (50 ug of protein) were subjected to sodium dodecyl sulfate-
polyacrylamide gel elecuophoresis (SDS-PAGE) in a 7.5% gel, and immunoblotted with an anti-IL-1RI or anti-3-tubulin antibody.
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Effects of TI-135 on INOS promoter 3'UTR) (Fig. 5a), which detect iNOS promoter transac-
activation and its mRNA stabilization tivation (mRNA synthesis}] and mRNA stabilization,

respectively.” 11-1B increased the luciferase activities
Next, we carried out transfection experiments with con- of these constructs, an effect significantly inhibited
structs containing firefly luciferase controlled by the by T}-135 (Fig. 5b,c). Furthermore, INOS antisense-

iNOS promoter (pRINOS-Luc-SVpA and pRiINOS-Luc- transcript analysis by RT-PCR revealed that TL-1B
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Figure 5 Effects of kampo inchinkoto
(T]-135) on the transactivation of the
inducible nitric oxide synthase (iNOS)
promoter and the expression of the
iNOS gene antisense-transcript. (a)
Schematic representation of the pro-
moter region of the iNOS gene. Two
reporter constructs are shown beneath
the INOS gene and mRNA. The con-
structs consist of the rat iNOS promoter
(1.2 kb), a luciferase gene and the §V40
poly(A) region (pRINOS-Luc-SVpA) or
iNOS  3-UTR  (pRiNOS-Luc-3"UTR}.
“An" indicates the presence of a poly(A)
tail. The INOS 3’-UTR contains AREs
(AUUU(U)A x 6), which contribute to
mRNA stabilization. (b, ¢) Each con-
struct was introduced into hepatocytes,
and the cells were treated with
interleukin-18 (IL-1B) (1 nM) in the
presence or absence of TJ-135 (3 mg/
ml) for 8 h for pRINOS-Luc-SVpA (B)
and 4h for pRINOS-Luc-3"UTR (C).
The luciferase activities were normal-
ized 1o B-galactosidase activity. The fold
activation was calculated by dividing
the ludferase activity by the control
activity (without IL-18 and TJ-135).
Data are means = standard deviation
[SD], n=4 dishes. *P<0.05 vs. 1L-18
alone. (d) Cells were treated with IL-13
(1 nM) in the presence or absence of
TJ-135 (3 mg/mL) for the indicated
times. Total RNA was analyzed by
strand-gpecific  reverse transcription-
polymerase chain reaction (RT-PCR) to
detect the iINOS gene antisense-
transcript (AST). RT(~) denotes a nega-
tive control PCR using total RNA
without RT.
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increased the expression of the iINOS gene antisense-
transcript in a time-dependent manner, and that TJ-135
markedly inhibited this effect (Fig. 3d).

Effects of delayed administration or
withdrawal of TJ-135 on INOS induction

We examined whether delayed administration of 1]-135
influences iINOS induction. TJ-135 was added to the
medium 1-4 h after the addition of IL-1§. Although the
magnitude of inhibition decreased time-dependently,
delayed administration of TJ-135 up to 4 h after I1-13
addition still markedly inhibited NO production
(Fig. 6). We then studied whether TJ-135 is effective
even if it is not present in the medium for the entire
experimental duration. We compared the time course
of TL-1B-stimulated NO production in the absence of
TJ-135 with that seen when TJ-135 was added 3 h after
IL-1B addidon (3 h delay of TJ-135) and when TJ-135
was washed out for 3 h after initial co-administration of
TJ-135 and 1L-18 (3 h withdrawal of T]-135). As shown
in Figure 7a, even after a 3 h delay prior to addition,
T7-135 inhibited approximately 70% of NO producticn.
Similarly, after withdrawal of TJ-135 for 3 h after
co-administration with IL-18, NO production was
inhibited by more than 90% compared with the level of
production seen with IL-1B alone. The 3 h delay of
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Figure 6 Effects of delayed kampo inchinkoto (1]-135)
administration on the production of nitric oxide (NO) in
hepatocytes. Cultured hepatocytes were treated with 1J-135
(3 mg/mL) at 0-4 h after the addition of interleukin-1f3 (IL-1(3)
(1 nM). The effects of T]-135 on NO production were analyzed
at 8 h after IL-13 addition. The levels of nitrite were measured
in the culture medium (data are means * standard deviation
[SD], n=3 dishes/point; *P < 0.05 vs. IL-13 alone).

Inchinkoto inhibits hepatic INOS induction 85

TJ-135 decreased the levels of iNOS protein but not as
effectively after the 3 h withdrawal of T]-135 (Fig. 7b).
However, both delay and withdrawal of Tj-135 had
similar inhibitory effects on the expression of iNOS
mRNA and its antisense-transcript (7C and 7D), the
activation of NF-«B (Fig. 7e) and the nuclear transloca-
tion of NF-xB subunit p65 (Fig. 7f).

Effects of TI-135 componenis on NO
production and the induction of iINOS

We examined the effects of the three components
of TJ-135 on the production of NO and expression of
iNOS protein. As shown in Figure 8, the extract of
A. capillaris dose-dependently inhibited NO production
(EDso = 0.53 mg/ml.) and iNOS protein expression in
IL-1B-stimulated hepatocytes. This effect was of similar
magnitude as with complete TJ-135. The extract of
G. fructus also dose-dependently decreased NO produc-
tion (EDsy=1.67 mg/mL) but less effectively than
A. capillaris. The extracts of A. capillaris and G. fructus
showed no cellular cytotoxicity at the indicated con-
centrations, as evaluated by LDH release into the
medium (data not shown). The extract of R. rhizome
had inhibitory effects at 0.25 and 0.5 mg/mlL, but
showed cytotoxicity at concentrations of 1 mg/mL and
above.

DISCUSSION

EN THE PRESENT study, we found that Kampo
inchinkoto, TJ-135, inhibited iNOS induction, fol-
lowed by the reduction of NO production in IL-1B-
stimulated hepatocytes (Fig. 1a-d). It is known that the
levels of iNOS mRNA are regulated by INOS promoter
ransactivation under the control of transcription factors
such as NF-xB and by posttranscriptional modifications
such as mRNA stabilization.”” In experiments with iNOS
promoter constructs, T]-135 was found to inhibit iNOS§
induction at both the mRNA synthesis and stabilization
phases (Fig. 5). During mRNA synthesis, T]-135 prob-
ably reduced the transactivation of the iNOS promoter
(Fig. 5b) through the inhibition of NF-xB activation
(Fig. 3¢), although TJ-135 had no effect on IxBo and
I«BP degradation (Fig. 3a,b). NF-xB typically exists in
the form of p50/65 heterodimers attached to its inhibi-
tory proteins (IiBs, IxBa and 1xBB) in the cytoplasm of
cells. The activation of NF-«xB involves (i) proteolytic
degradation of [xBs in proteosome after the phosphory-
lation by IxB kinase (ii) the translocation of NF-xB to
the nucleus, and (iii) its binding to the promoter kB
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Figure 7 Effects of delayed administration and withdrawal of kampo inchinkoto (TJ-135) on the induction of inducible nitric
oxide synthase (iNOS] in hepatocytes. Cultured hepatocytes were treated with TJ-135 (3 mg/mL) at 3 h after the addition of
interfeukin-18 (11-18) (1 nM) (3 h delay) or treated with simultaneous addition of 1L-18 and TJ-135, followed by the withdrawal
of T}-135 at 3 h (3 h withdrawal). The effects of TJ-135 on IL-1B-stimulated nitric oxide {NO) production {a), iNOS protein
expression (b), iNOS mRNA expression (c), iNOS antisense-transcript expression {d), nuclear factor-«B {NF-xB) levels (e} and
nuclear translocation of NF-xB subunit p65 (f) were analyzed at the indicated times after 11-13 addition. (a) The levels of nitrite
(1L-1B, C; 1L-1B+TJ-135 (3 h delay), & 11-18 +7J-135 (3 h withdrawal), A) were measured in the culture medium {data are
means + standard deviation [SD], n=3 dishes/point; *P<0.05 vs. [L-13 alone). (b) Cell lysates (20 ug of protein) from cells
stimulated as described above were subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) in a 7.5%
gel, and immunoblotted with an ant-INOS or anti-B-tubulin antibody. (¢, d) Total RNA was analyzed by strand-specific reverse
transcription-polymerase chain reaction (RT-PCR (to detect INOS mRNA, using EF mRNA as an internal control, and the iNOS gene
antisense-transcript (AST). (e) Nuclear extracts (4 ug of protein) from cells stimulated as desaibed above were analyzed by
electrophoretic mobility shift assay {(EMSA). (£} Nuclear extracts were immunoprecipitated, and these precipitates were analyzed by
western blotting using an anti-p65 antibody. W, 3 h withdrawal of T]-135; D, 3 h delay of TJ-135.
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Figure 7 Continued.

site.®' TJ-135 inhibited the translocation of p65 to the
nucleus (Fig. 3d) at least partly by decreasing p65
mRNA expression (Fig. 3e).

In addition to the activation of NF-xB through IxB
degradation, the upregulation of IL-1RI through the acti-
vation of PI3K/Akt is also essential for iNOS induc-
tion.*? 1L-1B stimulates the induction of 11-1RI, which
precedes the induction of iNOS. The upregulation of
IL-1RI is associated with a second activation of Ak,
which accelerates the phosphorylation of the NF-xB p65
subunit and increases the transcriptional activation of
the INOS gene. In the present study, we found that
TJ-135 decreased the expression of IL-1RI mRNA and
protein {Fig. 4b,c) through the inhibition of Akt
phosphorylation (Fig. 4a), which is presumably also
involved in the observed decrease in iNOS promoter
transactivation activity.

NF-B 83-

4 Free probe
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Time (h) 4
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+
1
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Regarding iNOS mRNA stabilization, the 3"-UTR of
the iINOS mRNA in rats has six AREs (AUUU(U)A),
which are associated with ARE-binding proteins such
as HuR and heterogeneous nuclear ribonucleoproteins
L/ (PIB), which serve to stabilize the mRNA®
Recently, we found that the antisense strand corre-
sponding to the 3-UTR of the iNOS mRNA is tran-
scribed 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 proteins.™ In our in vitro model, TJ-135 desta-
bilized the iNOS mRNA by inhibiting iNOS gene
antisense-transcript expression (Fig. 3d). Drugs such
as edaravone (free radical scavenger)'* FR183998
(Na*/H* exchanger inhibitor),'"* insulin growth factor
I'" and sivelestat”® were found to inhibit iNOS induc-
tion partly by suppressing iNOS antisense-transcript

© 2011 The Japan Society of Hepatology
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Figure 8 Effects of the three components of kampo inchinkoto (T]-135) on nitric oxide (NO) production and inducible nitric oxide
synthase (iNOS) induction. Cultured hepatocytes were treated with IT-10 {1 nM) for 8 h in the presence or absence of extracts from
A. capillaris (0.5-1.5 mg/mL), Gardenia fructus (1-4 mg/mL) and Rhei rhizome (0.25-0.5 mg/mL). The levels of nitrite were
measured in the culture medium (data are means + standard deviation [SD}, n =3 dishes/point; *P <0.05 vs. [L-15 alone). In the
western blotting panels, cell lysates (20 ug of protein) were subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) in a 7.5% gel, and immunoblotted with an anti-iNOS or anti-B-tubulin antibody.

production in animal models of liver injury and
primary cultured hepatocytes.

Delayed wreatmentwith T]-135 orwithdrawal of T]-135
after 1L-1f addition was found to cause a significant
reduction in NO production and iNOS protein expres-
sion (Figs 6,7a,b). The fact that a delay in initiating
treatment does not abrogate the effects of the drug may
be of clinical importance, since TJ-135 treatment is not
usually administered at the precise moment of disease
onset. In the case of the 3 h withdrawal treatment, TJ-135
reduced the levels of NO production and iNOS protein
expression to the same extent as TJ-135 addition without
withdrawal. We concluded that delayed treatment with
17-135, unlike withdrawal treatment, could notinfluence
the [L-1B-stimulated, Akt-driven expression of IL-1RI
mRNA, since these events are almost complete at 3 h
(Fig. 4a,b). The resultant inhibition of iNOS induction
will therefore be smaller. However, we found that both
delayed and withdrawal treatments reduced the expres-
sion of INOS mRNA and its antisense-transcript to
similar levels (Fig. 7¢,d). These treatments were also
equi-effective at inhibiting NF-xB activation (Fig. 7e)
and nuclear translocation of p65 (Fig. 7f). We cannot
therefore rule out the possibility that T]-135 may affect
iNOS induction at a translational step by inhibiting
[L-1RI upregulation via the PI3K/Akt pathway.

© 2011 The Japan Society of Hepatology

Recently, Kawai et al.™" have reported that preopera-
tive administration of inchinkoto exerts beneficial
effects in rat liver with ischemia-reperfusion and sub-
sequent hepatectomy, where inchinkoto attenuated
ischemia-reperfusion injury-induced mortality. They
demonstrated that inchinkoto reduced the upregula-
tion of genes for inflammatory cytokines and iNOS,
and increased levels of liver nitrotyrosine. Nitroty-
rosine is an oxidative product of peroxynitrite formed
by excess NO, and is a marker of NO-dependent
damage in vivo. We found that ali three components in
inchinkoto, A. capillaris, G. fructus and R. rhizome, are
involved in the inhibitory effect of TJ-135 on NO pro-
duction, where A. capillaris contributes most signifi-
cantly to the effect of TJ-135 (Fig. 8). We also found
that genipin, the major ingredient of G. fructus and an
aglycone converted in the gut by intestinal bacteria
from geniposide,” inhibited the induction of iNOS
(T. Matsuura and T. Okumura, unpubl. data, 2010).
Genipin was also found to reduce iNOS in a rat model
of ischemia-reperfusion injury.*

In conclusion, T]-135 inhibited the induction of iNOS
gene expression through the inhibition of its promoter
transactivation and mRNA stabilization in pro-
inflammatory cytokine-stimulated hepatocytes, a simple
in vitro liver injury model. TJ-135 may have therapeutic
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potential for a variety of organ injuries including acute
liver dysfunction by suppressing iNOS induction.
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Pradiction of the Efficacy of Modified FOLFOX8 Therapy According to the mRNA Levels of Thymidylate Synthase (TS),
Excision Repair Cross—Complementing—1 and —2 (ERCC—1 and ERCC~-2) and Methylenetetrahydrofolate Dehydroge-
nase | ’%THFD} in ‘me Primary Lesion of Colorectal Cancer: Ksiichiro ism%:asx **, Morimichi O’xafia*" Yusuke Tajima™’,
Toru lshi gum !, Kouki Kuwabara™', Tomonori Chsawa™, Kensuke Kumamoto™®', Yoshitaka Teuii™, Norihiro Haga ™, Takeo
hwama™’, rigfjeya,-kz b?z da“, Tsuneko Onouchi™? and Kaoji ‘z’axab: (" Dept. of Dvgesrsfa ’:’fﬁa and General Surgsry, oa;za,ma
Medical Centar, Saitama Medical University, **Teikyo University Chiba Medical Center, **Dapt. of Gastroentarciogy and
Hepatology, Saitama Medical Center, Saftarna Medical University)
Summary

The aim of this study was to determing whather mRNA levels of ihymidylate synthase (T3), excision repalr cross—com-
plementing=1 (ERCC-1), excision repair cross—complementing—2 (ERCC-2] and methyvienetetrahydrofolate dehydroge-
rase (MTHFD) mBNA in the primary tumor could predict & tumor responss in patients with unresectable liver metastasis
from colorectal cancer treated with mFOLFCXE therapy as a first-iine treatment. Eighteen patlents with unresectable liver
metastasis from colorectal cancer treated with mFOLFOXS therapy as a first—iine treatment wers enrolisd in this study,
There were no significant diffarences between the response rate and these enzyrmes MBNA levals, In ERCC—1 and MTHFD
mRNA sxpression, the progression—ires survival time tended to be longer in patients with low lsvels than in patients with
high levals (ERCC—-1:p=0.08, MTHFD: p=0.07)}. The progression—free survival time was significantly longer in patients
with both ERCC-1 and MTHFD mRNA were low levels than in patients with other (p=0.03}. The lgvels of ERCC-1 and
MTHFD were low in patlents who could perform a conversion therapy. There were no significant differencés betwesn an
overall survival time and these enzymes mBNA lavels. In this study, the ERCC—1 and MTHFD mRENA sxpression may be
useful for the orediction of progression—iree survival time in patients with unreseciable liver melasiasis from colorectal can-
cer treated with mFOLFOXS therapy. Key words: Colorectal cancer, Thyfmdyiaie syrithase (TS), Excision repair cross—
complementing—1 (ERCC—1}, Excision repalr cross—complementing—2 (ERCC~2}, Methyieneatetrahydrofolate dehydroge-
nase (MTHFD)
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