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Table 1 Baseline demographics

Overall Skin toxicities Hypertension
n=94 Presence Absence P Presence Absence P
n=>58 n=36 n=23 n=71

Age, years, median (range) 75 (50-87) 75 (50-87) 76 (51-84) 0.674 75 (54-87) 75 (50-86) 0.546

Sex, n (%)

Male 77 (82) 46 (79) 31(86) 0.408 18 (78) 59 (83) 0.602
Female 17 (18) 12 (21) 5(14) 5 (22) 12 (17)

ECOG PS, 1 (%)

0-1 91 (97) 57 (98) 34 (94) 0.307 23 (100) 68 (96) 0.319
2- 3(3) 1(2) 2 (6) 0 3 (4)

Cause of disease, n (%)

HCV 62 (66) 33 (57) 29 (81) 0.019 17 (74) 45 (63) 0.357
HBV 10 (11) 9 (15) 1(2) 1(4) 9 (13)
Others 22 (23) 16 (28) 6 (17) 5(22) 17 (24)

Child-Pugh class, n (%)

A 78 (83) 53 (91) 25 (69) 0.006 18 (78) 60 (85) 0.491
B 16 (17) 5(9) 11 (31) 5 (22) 11 (15)

BCLC stage, n (%)

A 2(2) 2(3) 0 0.117 1(5) 1(2) 0.229
B 33 (35) 16 (28) 17 (47) 10 (43) 23 (32)
C 59 (63) 40 (69) 19 (53) 12 (52) 47 (66)

Macroscopic vascular 29 (31) 19 (33) 10 (28) 0.613 7 (30) 22 (31) 0.961

invasion, n (%)

Extrahepatic spread, n (%) 40 (43) 26 (45) 14 (39) 0.573 7 (30) 33 (46) 0.179

AFP, ng/mL, median (range) 131 (0-2.4 x 10°) 40 (0~2.4 x 10°) 753 (0-9.0 x 10%) 0.050 618 (1.8-2.4 x 10°) 91 (0-1.1 x 10°) 0.667

DCP, mAU/mL, median 566 (0-1.0x10%) 378 (0-1.6x10°) 1932 (0-1.0x10%)  0.068 450 (12-4.9x10%) 639 (0-1.0x10°  0.510

(range)

Previous therapy, n (%) 87 (93) 54 (93) 33 (92) 0.798 21 (91) 66 (93) 0.794
Surgical resection, n (%) 38 (40) 26 (45) 12 (33) 0.272 6 (26) 32 (45) 0.109
TACE, n (%) 74 (79) 47 (81) 27 (75) 0.489 18 (78) 56 (79) 0.951
Ablation therapy, n (%) 51 (54) 33 (57) 18 (50) 0.516 15 (65) 36 (51) 0.227
Hepatic arterial infusion 38 (40) 22 (38) 16 (44) 0.534 7 (30) 31 (44) 0.264

chemotherapy, n (%)

Systemic chemotherapy, 17 (18) 13 (22) 4(11) 0.169 3(13) 14 (20) 0.472

n (%)
Radiotherapy, 1 (%) 9 (10) 3(5) 6 (17) 0.067 0 9 (13) 0.074

AFP, a-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; DCP, des-y-carboxy-prothrombin; ECOG PS, Eastern Cooperative Oncology Group Performance Status; HBV,

hepatitis B virus; HCV, hepatitis C virus; TACE, transarterial chemoembolization.
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Table 2 Summary of treatment efficacy

Hepatology Research 2012; 42: 879-886

Overall Skin toxicities P Hypertension P
n=94
Presence Absence Presence Absence
n=>58 n=36 n=23 n=71
Response rate, % 6 4 12 0.170 6 6 0.902
Disease-control rate, % 49 49 50 0.940 44 51 0.637
Time to progression, months, median 2.9 3.6 2.0 0.718 5.1 2.9 0.587
Opverall survival, months, median 12.5 16.8 59 0.004 17.0 11.1 0.332

16 patients (17%) was B. The Child-Pugh score was
7 points in nine patients and 8 points in all others. All
Child-Pugh class B patients were administrated sor-
afenib according to the patients’ wishes.

Sixty-six patients (70%) began sorafenib mono-
therapy at 800 mg daily. The median total dose and
relative dose intensity of sorafenib in overall patients
was 39200 mg and 72%, respectively. Eighty-two
patients stopped treatment because of disease progres-
sion (61%), toxicity (37%) or refusal (2%).

Fifty-one patients died, and the surviving patients had
a median follow up of 9.4 months. Table 2 shows a

summary of sorafenib treatment efficacies. The median
time to progression and survival time in overall patients
were 2.9 and 12.5 months, respectively. Eighty-one
patients were evaluable for the objective tumor
response. The objective response rate and disease-
control rate were 6% and 49%, respectively.

Adverse events and treatment effects

The overall incidence of treatment-related adverse
events was 98% of patients. Table 3 shows the inci-
dences of sorafenib-related adverse events that occurred
in at least 5% of patients. Skin toxicities were observed

Table 3 Adverse events that occurred in at least 5% of the patients as defined by the Common Terminology Criteria for Adverse

Events version 4.0

Adverse events Any Grade 1 Grade 2 Grade 3 Grade 4
n (%) n (%) n (%) n (%) n (%)
Overall 92 (98)
Skin toxicities 58 (62)
Palmar-plantar erythrodysesthesia syndrome 52 (55) 17 (18) 25 (27) 10 (11) -
Rash 9 (10) 6 (6) 2(2) 1(1) 0
Alopecia 7(7) 5(5) 2 (2) - -
Pruritus 2(2) 1(1) 1(1) 0 -
Hypertension 23 (24) 1(1) 17 (18) 5(5) 0
Gastrointestinal disorders 44 (47)
Diarrthea 31(33) 13 (14) 14 (15) 4(4) 0
Anorexia 19 (20) 11 (12) 5(5) 3(3) 0
Vomiting 4 (4) 2 (2) 2(2) 0 0
Mucositis 3(3) 3(3) 0 0 0
Liver dysfunction 39 (41)
AST or ALT increased 31(33) 10 (11) 7(7) 13 (14) 1(1)
Bilirubin increased 10 (11) 2(2) 2(2) 5 (5) 1(1)
Liver failure 6 (6) - - 3(3) 3(3)
Bleeding 9 (10) 2(2) 3(3) 4 (4) 0
Fever 7 (7) 5(5) 2(2) 0 0
Fatigue 7(7) 3 (3) 2(2) 2(2) -
Hoarseness 6 (6) 5(5) 1(1) 0 -

ALT, alanine aminotransferase; AST, aspartate aminotransferase.

© 2012 The Japan Society of Hepatology
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in 58 patients (62%). Among the skin toxicities, palmar-
plantar erythrodysesthesia syndrome was the most
common adverse event and was observed in 52 patients
(55%). Hypertension was observed in 23 patients
(24%). The patient baseline demographics with or
without skin toxicities and hypertension are also shown
in Table 1. There were significant differences in the
cause of disease and the Child-Pugh class between the
presence and absence of skin toxicities, while no differ-
ences were observed between the presence and absence
of hypertension. The median total dose of sorafenib
was 48 300 mg in the patients with skin toxicities,
23 800 mg in the patients without skin toxicities,
35000 mg in the patients with hypertension and
39 200 mg in the patients without hypertension. There
was a significant difference between the patients with
and without skin toxicities (P < 0.001). On the other
hand, the relative dose intensity in the patients with skin
toxicities was lower than that in the patients without
skin toxicities (median 69% and 90%, respectively;
P=0.031). The relative dose intensity in the patients
with or without hypertension was comparable (median
73% and 71%, respectively; P = 0.498).

The patients with skin toxicities had a significantly
longer survival than the patients without these toxicities
(hazard ratio, 0.449; 95% confidence interval, 0.256~
0.786; P=0.005) (Fig. 1). In the patients with skin tox-
icities, the overall survival rate at 6 months was 79%. In
the patients without skin toxicities, the overall survival
rate at 6 months was 48%. The median survival time of
patients with skin toxicities was 16.8 months and that
of patients without skin toxicities was 5.9 months
(Table 2). On the other hand, no statistically significant
difference was noted among the patients stratified by
sorafenib-related hypertension for survival (Table 2).
According to the Cox proportional hazards model
analysis, skin toxicities, Child-Pugh class A and lower
serum o-fetoprotein level were significant, independent,
good prognostic factors (Table 4). The median time to
the first onset of skin toxicities was 21 days. There were
no significant differences in antitumor responses or time
to progression among the patients stratified by skin tox-
icities or hypertension related to sorafenib (Table 2).

DISCUSSION

HE PRESENT STUDY shows that patients with
sorafenib-related skin toxicities might be associated
with a good survival prognosis in HCC. There have been
some reports regarding the relationships between skin
toxicities caused by molecular targeted agents and their

Sorafenib and skin toxicity in advanced HCC 883

Probability of survival

T 1 T T T
0 5 10 15 20 25
Overall survival time (months)

Figure 1 Kaplan-Meier analysis of overall survival stratified
by skin toxicities. The patients with skin toxicities have signifi-
cantly longer survival times than the patients without these
toxicities (P = 0.005; log-rank test). (—), With skin toxicities;
(---), without skin toxicities.

antitumor effects. Among patients treated with epider-
mal growth factor receptor inhibitors, those with drug-
induced rash had a better correlation with response
and/or survival in colorectal cancer,®® non-small cell
lung cancer,'® head and neck squamous cell cancer,’**?
ovarian cancer” and pancreatic cancer.'*!’ Regarding
treatment with sorafenib, there is also a report that HCC
patients who developed early skin toxicities showed
a significantly longer time to disease progression.*!
However, there were no correlations between skin tox-
icities related to sorafenib and the antitumor response
or time to progression in our study. Although targeted
agents have been shown to have significant survival
advantages, it is sometimes difficult to assess the antitu-
mor response because of modest tumor shrinkage. In
the SHARP study® and the Asia-Pacific study,® the objec-
tive response rates according to RECIST* were 2% and
3.3%, respectively. However, 71% and 54% of patients
had stable disease, respectively. The RECIST criteria were
originally developed to assess responses to cytotoxic
agents and may not be appropriate indicators of activity
for targeted agents that are associated with prolonged
stable disease.”® Modified RECIST criteria that measure
viable (enhancement in the arterial phase) lesions were
proposed for targeted therapies or locoregional thera-

© 2012 The Japan Society of Hepatology
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Table 4 Univariate and multivariate Cox proportional hazard models for overall survival

Variables Univariate Multivariate
HR 95% CI p HR 95% CI p

HCV 1.012 0.577-1.778 0.966

Child-Pugh A 0.256 0.124-0.526 <0.001 0.399 0.176-0.906 0.028
BCLC stage A-B 0.784 0.443-1.388 0.404

AFP <100 ng/mL 0.372 0.211-0.656 <0.001 0.504 0.260-0.977 0.042
DCP <500 mAU/mL 0.766 0.442-1.329 0.343

Relative dose intensity >50% 0.808 0.426-1.530 0.512

Skin toxicities 0.449 0.256-0.786 0.005 0.522 0.274-0.997 0.049
Hypertension 0.713 0.362-1.406 0.329

95% CI, 95% confidence interval; AFP, a-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; DCP, des-y-carboxy-prothrombin; HCV,

hepatitis C virus; HR, hazard ratio.

pies in HCC.* We also evaluated the antitumor
response by the modified RECIST criteria, but found no
links between sorafenib-related skin toxicities or hyper-
tension and the antitumor response (data not shown).
The development of an evaluation method for the anti-
tumor response of sorafenib with regard to survival is
necessary in the future.

In our cohort, the patients without skin toxicities
contained more Child-Pugh class B patients than did
patients with skin toxicities. The median survival
time was 15.5 months in Child-Pugh A patients and
4.8 months in Child-Pugh B patients. This poor prog-
nosis of Child-Pugh B patients might have influenced
the result of our study. However, it is thought that skin
toxicities associated with sorafenib therapy have a good
correlation with survival because skin toxicities were a
statistically significant factor for survival along with
Child-Pugh class according to the multivariate analysis
(Table 4). The total dose of sorafenib was higher, but
the relative dose intensity was lower in the patients with
skin toxicities than in the patients without skin toxici-
ties. This paradoxical result is attributed to a longer
treatment duration (median, 114 and 37 days, respec-
tively; P < 0.001) and higher frequency of dose reduc-
tion or interruption of sorafenib (79% and 47%,
respectively; P = 0.001) in the patients with and without
skin toxicities.

Sorafenib is known to cause frequently occurring
skin toxicities that include palmar-plantar erythro-
dysesthesia syndrome, facial erythema (rash or des-
quamation), pruritus, dry skin and alopecia.’%*
Palmar-plantar erythrodysesthesia syndrome is the
most common dermatological toxicity, and histologi-
cal analyses of this symptom show a thickened epider-
mis with hyperkeratosis, non-specific inflammatory

© 2012 The Japan Society of Hepatology

dermal cell infiltrates and dilated dermal vessels.?>-*

Modifications in cytokeratin expression were observed
after immunostaining with anti-cytokeratin antibodies,
suggesting that sorafenib may affect keratinocyte
differentiation. However, the pathogenesis of this
syndrome caused by sorafenib has not been estab-
lished because neither VEGF nor FLT-3 receptors are
expressed in normal keratinocytes,”” and immuno-
staining for c-kit and PDGFR showed no difference
between areas of normal skin and the lesions of this
syndrome.?®

Hypertension is a common adverse event for inhibi-
tors of angiogenesis, especially inhibitors of VEGFR
signaling.?3® Arterial hypertension related to VEGFR
inhibitors has good correlations with clinical outcomes
in colorectal cancer,'®!” pancreatic cancer'® and renal
cell cancer.” Although the mechanisms of the hyperten-
sion during antiangiogenic therapy have not been clari-
fied, microvascular rarefaction may play an important
role in the development of hypertension.*® Regarding
sorafenib therapy, there is a report that drug-induced
hypertension can predict the clinical benefit in meta-
static renal cell cancer.®® Our study showed that there
was no correlation between hypertension and clinical
outcomes in patients with HCC. Further studies are
needed to elucidate whether the alteration in blood
pressure during sorafenib therapy is associated with an
antitumor effect.

In conclusion, skin toxicities occur commonly at the
early phase in HCC patients treated with sorafenib. Skin
toxicities, mainly palmar-plantar erythrodysesthesia
syndrome, can significantly affect the patient’s quality of
life, even though these toxicities are not usually life-
threatening. Skin reactions could be a promising surro-
gate marker for the prognosis, and therefore early
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identification and control of these reactions are critical
for continuing sorafenib therapy.
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Abstract

Vitamin K (VK) has diverse protective effects against osteoporosis, atherosclerosis and carcinogenesis. We recently reported that menatetrenone, a VK2
analogue, suppressed nuclear factor (NF)-«B activation in human hepatoma cells. Although NF-kB is regulated by isoforms of protein kinase C (PKC), the
involvement of PKCs in VK2-mediated NF-«B inhibition remains unknown. Therefore, the effects of VK2 on the activation and the kinase activity of each PKC
isoform were investigated. The human hepatoma Huh7 cells were treated with PKC isoform-specific inhibitors and/or siRNAs against each PKC isoform with or
without 12-O-tetradecanoylphorbol-13-acetate (TPA). VK2 inhibited the TPA-induced NF-xB activation in Huh7 cells. NF-B activity was inhibited by the pan-
PKC inhibitor Ro-31-8425, but not by the PKCa-specific inhibitor G66976. The knockdown of individual PKC isoforms including PKCe, § and ¢ showed only
marginal effects on the NF-kB activity. However, the knockdown of both PKC5 and PKCe, together with treatment with a PKCa-specific inhibitor, depressed the
NF-&B activity. VK2 suppressed the PKCo kinase activity and the phosphorylation of PKCe after TPA treatment, but neither the activation nor the enzyme activity
of PKCS was affected. The knockdown of PKCe abolished the TPA-induced phosphorylation of PKD1, and the effects of PKD1 knockdown on NF-kB activation were
similar to those of PKCe knockdown. Collectively, all of the PKCs, including «, & and ¢, and PKD1 are involved in the TPA-mediated activation of NF-kB. VK2

inhibited the NF-«B activation through the inhibition of PKCa and « kinase activities, as well as subsequent inhibition of PKD1 activation,

© 2012 Elsevier Inc. All rights reserved.

Keywords: Vitamin K2; NF-xB; PKC; PKD1; Liver cancer

1. Introduction

Vitamin K (VK), an essential nutrient for the production of func-
tional blood coagulation factors, has emerged as an important factor
protecting against diverse diseases such as osteoporosis, atherosclero-
sis and several types of neoplasms, including hepatocellular carcinoma
(HCC) {1~4]. The K vitamins can be divided into two groups: naturally
produced VK1 (phylloquinone) and VK2 (menaquinone), and chem-
ically synthesized VK3 (menadione). VK1 is contained in a wide range
of plants; VK2 is of microbial origin and is widely distributed in leafy
vegetables, eggs, cheese, meats and fermented soybeans.

Previously, several VK analogues have been reported to possess
antitumor activity against hematological malignancies and solid
tumors, such as HCC [3-7]. We and others have demonstrated that
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0955-2863/$ - see front matter © 2012 Elsevier Inc. All rights reserved.
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the administration of menatetrenone, a VK2 analogue, suppresses the
recurrence of HCC after curative ablation therapy [8] or the deve-
lopment of HCC from cirrhotic livers [9] in the clinical setting. VK2
also suppresses the development and proliferation of HCC in in vivo
animal models [10-12]. Recently, we have revealed that VK2 inhibits
the growth of HCC cells by suppressing cyclin D1 expression through
the inhibition of nuclear factor (NF)-«B activation [13], as well as via
inhibition of the expression of matrix metalloproteinases (MMPs)
that contain an NF-«B binding motif in their promoter region and are
considered to be involved in both the invasion and metastasis of
carcinoma cells [14,15].

Protein kinase C (PKC), one of the phospholipid-dependent
serine/threonine kinase families, is subdivided into conventional
PKCs (cPKCs), novel PKCs (nPKCs) and atypical PKCs [16,17]. When
cells are treated with activators, including tumor promoter 12-O-
tetradecanoylphorbol-13-acetate (TPA), cPKCs and nPKCs are acti-
vated and play pivotal and key regulatory roles in a number of cellular
functions, such as cellular growth and migration, accompanied by
changes in gene expression [16,17]. PKCs have been reported to
participate in the activation of AP-1 and NF-«B and increase their
subsequent gene expression [18-20]. We have shown that VK2
suppressed the expression of MMPs, along with the inhibition of TPA-
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induced activation of NF-«B [13,14], suggesting that VK2 might act
as a PKC inhibitor. These results prompted us to clarify the role of
PKCs in VK2-mediated inhibition of NF-<B activation. In this report,
we have examined the role of each PKC isoform in the activation of
NF-kB and have also evaluated the effects of VK2 on the activation of
individual PKC isoforms and their kinase activities.

2. Materials and methods

2.1. Cell lines and reagents

Huh7 cells were obtained from the Japanese Cancer Research Resources Bank
(Osaka, Japan). The cells were cultured and maintained in Dulbecco's modified Eagle's

medium (DMEM; Sigma-Aldrich, St. Louis, MO, USA) containing 10% fetal bovine serum
(FBS) in 5% CO, at 37°C. Menatetrenone, a VK2 analogue, was provided by Eisai Co.
(Tokyo, Japan) and dissolved in ethanol. The PKC inhibitors Ro-31-8425 and G66976
were from Calbiochem (San Diego, CA, USA), and TPA was from Sigma-Aldrich. SiRNAs
against the PKCe, & and ¢ isoforms (HP validated, $100301308, S102660539,
$100287784, respectively), PKD1 (S100301350) and Allstar negative control siRNA
(51027281) were from Qiagen (Heiden, Germany). Human PKCa plasmids, pHACE-
PKCa-WT (wild type), -DN (dominant negative), -8NPS (constitutive active) and -CAT
(constitutive active) were kindly denoted by Dr. Joe-Won Soh, Laboratory of Signal
Transduction, Department of Chemistry, Inha University, Korea [21]. Anti-PKCa, &, ¢
antibodies were obtained from Santa Cruz, CA, USA. Anti-phospho-PKCa (Thr497,
Thr638), anti-phospho-PKCé (Thr505, Ser643), anti-phospho-PKCe (Ser729), anti-
phospho-PKD1 (Ser744), anti-PKD1 and anti-phospho-IkBa (Ser32/36) antibodies
were the products of Cell Signaling Technology (Beverly, MA, USA). Anti-human 3-
actin antibody was purchased from Biomedical Technologies (Stoughton, MA).
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Fig. 1. Effect of VK2 and PKCs on the NF-«B activity in the NF-«B reporter gene transfectants. (A) VK2 suppressed the basal and TPA-induced NF-kB transcriptional activity in a dose-
dependent manner in Huh7 cells. Huh7 NF-«B reporter gene transfectants in 48-well plates were cultured with or without the indicated concentrations of VK2 for 24 h, then treated
with or without TPA(50 nM) for 3 h and subjected to luciferase assay as described in Materials and Methods. (B) PKC inhibitors showed inhibitory effect on NF-«B transcriptional
activity in Huh7 cells. Huh7 transfectants were cultured in the presence or absence of PKC inhibitors as indicated in the figure for 24 h and subjected to luciferase assay after treatments
with or without TPA (50 nM) for 3 h. (C) Individual siRNA-mediated knockdown of PKCs inhibited NF-kB transcriptional activity. Huh7 transfectants were transfected as described in
Materials and Methods with siRNA of PKC isoforms as indicated in the figure, cultured for 24 h, and subjected to luciferase assay after treatments with or without TPA (50 nM) for 3 h.
(D) Co-siRNA-mediated knockdown of PKCs significantly inhibited NF-kB transcriptional activity. Huh7 transfectants in 48-well plates were co-transfected with two siRNAs (10 nM for
each) against two different PKCs or with negative control siRNA (20 nM), cultured for 24 h and subjected to luciferase assay after treatments with or without TPA (50 nM) for 3 h. (E)
Combination of knockdown of PKCS and e and treatment with PKCe inhibitor G66976 suppressed the NF-«B activity to a similar level as the pan-PKC inhibitor did. Huh7 transfectants
in 48-well plates were co-transfected with PKCS and e siRNA as described in panel (D). After culturing for 24 h, cells were treated with Go for 24 h and then subjected to luciferase assay
after treatments with or without TPA (50 nM) for 3 h. (F) Effect of various PKCa mutants on the NF-kB activity. Huh7 transfectants cultured in 48-well plates were transfected with
PKCo mutant plasmids as described in Materials and Methods. At 24 h after transfection, 107 M of VK2 was added to the wells and cultured further for 24 h. Then, the cells were
subjected to luciferase assay immediately. Columns, mean obtained from at least three independent experiments; bars, S.D.; *P<.05; **P<.01 (Student's t test); Ctr, no treatments; NC,
negative siRNA; G&, PKCa inhibitor G66976; Ro, pan-PKC inhibitor Ro-31-8425. PKCa. WT, pHACE-PKCax wild type; PKCa DN, pHACE-PKCo dominant negative; PKCo NPS and PKCa
CAT, pHACE-PKCax constitutive active form pcDNA, pcDNA3.1 vector as control.
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2.2. Stable transfectants of the NF-B reporter gene and the luciferase reporter gene assay

To obtain stable NF-kB reporter gene transfectants, pGL4.17NF-kB, a NF-<B reporter
plasmid which was produced by conjugating the NF-kB promoter sequence of pNF-«B Luc
(Clotech, CA, USA) with luceferase gene in pGL4.17[Luc2/Neo] vector (Promega, Madison,
‘WI) or the vector alone (as a control) was introduced into Huh7 cells using Lipofectamine
2000 (Life Technologies, Rockville, MD, USA) according to the manufacturer's in-
structions. The transfected cells were treated with 500 ng/ml G418 for 2 weeks before
selection. Clones expressing the NF-«B reporter gene were selected and subjected to
further analysis. The NF-«B transcriptional activity was detected by a luciferase assay
using the Single-Luciferase Reporter Assay System according to the method described by
the supplier (Promega, Madison, WI, USA). Transfectant cells were seeded onto 48-well
plates at 2x10° per well in DMEM with 10% FBS and incubated until 80% confluent at 37°C
before use. After incubation with different concentrations of VK2 or PKC isoform-specific
inhibitors for 24 h, 50 nM TPA/dimethy] sulfoxide (DMSO) in serum-free medium was
added to the wells for 3h of further culture. Then, the cells were washed twice with
phosphate-buffered saline (PBS) and carefully lysed in 1x passive lysis buffer (Promega,
Madison, WI, USA). The cell extracts were immediately assayed for single luciferase
activity using a Berthold Luminometer (MLR-100 Micro Lumino Reader, Corona Electric,
Ibaragi, Japan). The amount of protein in cell extracts was determined using a
Pierce660nm protein assay system (Thermo Scientific, USA). The luciferase activity was
normalized by the protein amount.

2.3. SiRNA-mediated knockdown of PKCs and PKD1, and transfection of PKCo plasmids

The cells that were stably transfected with the NF-xB reporter gene were seeded
onto 48-well plates at 2x10° cells per well in DMEM with 10% FBS and incubated until
80% confluent at 37°C. Next, the cells were replaced with new DMEM containing
10% FBS without antibiotics after being washed twice with DMEM, followed by the
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C

addition of 0.2 ml of OPTI-MEM Reduced Medium (Life Technologies, Rockville, MD,
USA) containing the specific siRNA and Lipofectamine RNAIMAX (Life Technologies,
Rockville, MD, USA) complex prepared according to the manufacturer's protocol.
Lipofectamine 2000 (Life Technologies) was used for the transfection of PKCa mutant
plasmids. After 24 or 48 h of incubation, the transfected cells were treated with TPA in
DMEM without FBS for 3 h and subjected immediately to a single luciferase assay.

2.4. Western blotting

The protein expression of PKC isoforms was investigated by a Western blotting
analysis. The cells that were cultured under various conditions were collected and
lysed with sodium dodecyl sulfate (SDS) buffer {50 mM Tris (pH 6.8), 2.3% SDS and 1
mM phenylmethanesulfonyl fluoride]. The cell debris was eliminated by centrifugation
at 12,000g for 10 min, and the supernatant was collected. After measuring the protein
concentration with a protein assay kit (Bio-Rad, Hercules, CA, USA), a proper amount of
protein was mixed with SDS sample buffer, separated by SDS-polyacrylamide gel
electrophoresis, transferred to a polyvinylidene difluoride membrane (Bio-Rad) and
blocked overnight at 4°C with 0.1% Tween 20 and 5% skim milk in PBS. The membranes
were then incubated with the primary antibody for 1 h at room temperature or
overnight at 4°C. The membranes were washed three times with 0.1% Tween 20 in PBS
and stained with horseradish-peroxidase-conjugated secondary antibodies. All
immunoblots were detected using an enhanced chemiluminescence system (Amer-
sham, Buckinghamshire, United Kingdom) according to the manufacturer's instruc-
tions. For the detection of phospho-PKCs, Tris-buffered saline was used instead of PBS.

2.5. Kinase assay

The PKC kinase assay was performed using the Promega Kit according to the
manufacture's official protocol with minor modifications. Huh7 cells were plated at a
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Fig. 2. VK2 effects on PKC activation in Huh7 cells. Huh7 cells were cultured in 3.5-cm dishes. After 24 h treatment with or without 107* M concentrations of VK2 or the VK2 solvent
ethanol as a control, the cells were treated with 50 nM TPA or DMSO for the indicated time depending on the target protein. Cell extracts were analyzed by Western blotting using PKCs
specific antibodies. Ctr, no treatments; Etha, ethanol.

— 384 —



J-H. Xia et al. / Journal of Nutritional Biochemistry 23 (2012) 1668-1675 1671

density of 2x10° per 6-cm dish and were incubated at 37°C. After 72 h in culture, rat
HA-tagged-PKC isoform plasmids [22] were introduced into the cells with Lipofecta-
mine 2000 according to the manufacture's protocol. After 10™% M VK2 was added, the
cells were further cultured for 24 h, followed by 50 nM TPA treatment for 15 min in the
case of PKCa and 1 h in the case of PKCd and PKCe. After cells were harvested with ice-
cold PBS, they were sonicated in 1x cell lysis buffer [20 mM Tris (pH 7.5), 150 mM NaCl,
1 mM EDTA, 1 mM EGTA, 1% Triton X-100, 2.5 mM sodium pyrophosphate, 1 mM
p-glycerophosphate, 1 mM Na3V04, 1 pg/ml leupeptin] in an ice-cold bath for 10s. The
lysates were centrifuged for 10 min at 14,000g at 4°C, and the supernatant was
transferred to a new tube. The samples were then precipitated with 10-20 pl HA-tag
agarose (MBL, Nagoya, Japan) with gentle rotating for 1 h at 4°C. Pellets were collected
by centrifugation for 10 s at 2500g at 4°C and were washed three times with 500 ul of
1x washing cell lysis buffer, which was the same as the lysis buffer except that it
contained 0.1% Triton X-100. The pellets were divided into five equal parts and
subjected to the kinase assay according to the manufacture's protocol. One tube was
subjected to a Western blotting analysis for the determination of the amount of PKC
protein by determining the density of the PKC bands with the NIH Image] 1.41 software
program (Bethesda, MD, USA).

2.6. Statistical analysis

Differences were analyzed using Student's ¢ test, and P<.05 was considered to be
significant. All experiments were done at least three times. The data are shown as
the means=+S.D.

3. Results

3.1. Effects of VK2 and PKCs on the NF-kB activity as determined by the
NF-xB reporter gene transfectants

To investigate the mechanism responsible for the effects of VK2
on the inhibition of NF-«B transcriptional activity in Huh7 cells, a
number of Huh 7 clones that were stably transfected with a NF-xB
reporter gene were picked up successfully. Four of the clones, #4, #5,
#8 and #14, were investigated, and similar results were observed for
all four clones. As shown in Fig. 1A, TPA significantly stimulated NF-<B
transcriptional activity in Huh7 cells, and VK2 abrogated the TPA-
induced NF-kB transcriptional activity in a dose-dependent manner,
in addition to weakly inhibiting the basal NF-xB transcriptional activ-
ity. The solvent used for VK2, ethanol, did not show any significant
suppression, confirming that the TPA-induced activation of PKCs was
involved in the NF-kB activation and that VK2 might inhibit NF-xB
activation through the suppression of PKCs in Huh7 cells.

Various PKC isoforms, including PKCa, §, ¢, L and ¢, are expressed
in Hep3B hepatoma cells [23]. We confirmed by reverse transcriptase
polymerase chain reaction that Huh7 cells also express these iso-
forms (data not shown). Of these PKCs, o (cPKC), 6 and e (nPKC) are
activated by TPA. To determine which PKC isoform(s) was(were)
involved in activating the NF-xB transcriptional activities, we first
utilized specific inhibitors of PKCs, as shown in Fig. 1B. A pan-PKC
inhibitor, Ro-31-8425 (100 nM), significantly inhibited TPA-induced
NF-B transcriptional activity. However, a PKCa inhibitor, G66976
(10 nM), only slightly suppressed the TPA-induced NF-kB activity.
Next, we performed a siRNA-mediated PKC knockdown in the Huh7
cells. As shown in Fig. 1C and D, we observed that knockdown of
individual PKC isoforms PKCo and ¢ significantly deceased the TPA-
induced NF-xB luciferase activity, but knockdown of PKCS only
slightly decreased the activity (Fig. 1C). Furthermore, the simulta-
neous knockdown of two of these three PKC isoforms in the cells was
still not sufficient to suppress the activity to the same level as that
induced by the pan-PKC inhibitor or 10™* M VK2 (Fig. 1D). These
results suggested that all three of these PKC-isoforms, PKCa, 6 and e,
may participate in the activation of NF-kB transcriptional activities.

To confirm this, we performed additional experiments combining
siRNA-mediated knockdown of PKCs and treatment with a PKC in-
hibitor. At 24 h after co-transfection of cells with siRNAs against PKC
and &, 10 nM of the PKCa inhibitor (G66976) was added. After a
further 24 h in culture, the cells were treated with DMSO/TPA for 3 h.
When we used a combination of the knockdown of PKCS and ¢ and

G66976, we observed a similar level of suppression of the NF-xB
activity as was observed for the pan-PKC inhibitor.

To further classify the PKCs involved, we employed various con-
stitutively active forms of PKC enzymes. As shown in Fig. 1F, the
constitutively active forms of PKCe, NPS and CAT, stimulated the
activation of NF-kB in the absence of TPA more than the wild-type
form (WT) did. In contrast, the dominant negative form (DN) showed
no effect on the activation of NF-«B. Although constitutively active
forms of PKCs & and ¢ also were investigated, no significant changes
were observed (data not shown). The results indicated that all of the
TPA-induced PKC isoforms, &, § and , are involved in the activation of
NF-kB in Huh7 cells.

3.2. VK2 only partially change the phosphorylation levels of the
PKC isoforms

To assess which PKC isoform(s) was (were) involved and whether
the VK2 treatment affected its (their) activation or the activity itself,
we performed a Western blotting analysis using various phosphor-
ylation site-specific PKC antibodies. The phosphorylations of the
activation loop (A-loop), turn motif (TM) and hydrophobic motif
(HM) sites, which are thought to be involved in the activation of PKCs,
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Fig. 3. Effects of VK2 on the enzyme activity of PKCs in Huh7 cells. PKC samples for enzyme
assay were prepared as described in Materials and Methods, and PKC kinase activity of
each sample was assayed at two different times of incubation when the activity linearly
increased (usually at 15 and 30 min). (A) VK2 slightly suppressed PKCa activity at basal
level (DMSO), while significantly at TPA-mediated level (TPA) in Huh7 cells. (B) VK2
inhibited PKCd activity at neither basal nor TPA-induced level. (C) VK2 did not suppress
PKCe activity at both basal and TPA-induced levels. Columns are shown as relative
enzyme activities when the activity obtained from the cells without any treatment is set
at 1. The activity of each sample is a mean of data obtained from four independent
cultures for (A), three independent cultures for (B), and four independent cultures for (C).
Bars, S.D. * P<.05, compared with the activity of the enzyme obtained from the cells
untreated with VK2 (Student t test). Ctr, control without treatment; Etha, treatment with
the VK2 solvent ethanol; VK2, treatment with 104 M VK2.
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were assayed. As shown in Fig. 2A, from 15 min to 1 h after treatment
with TPA, after culturing with or without VK2, there were no clear
effects on the phosphorylation of the Thr497 (A-loop) site. However,
on the Thr638 (TM) phosphorylation site, after 15-min or 30-min
treatments with 50 nM of TPA, PKCa showed significantly decreased
phosphorylation in Huh7 cells, and these effects disappeared after 1 h
of treatment. VK2 showed a limited effect on the Thr638 (TM)
phosphorylation both at the basal level and in the TPA-treated state.
As shown in Fig. 2B, TPA stimulated the phosphorylation of PKC5 at
Thr505 (A-loop), but had a minimal effect on Ser643 (TM) after 1 h
treatment. However, VK2 did not show any effect on either of the
phosphorylation sites of PKCS. TPA stimulated the phosphorylation of
PKCe at Ser729 (HM) after 0.5 h and 1 h of treatments. At 1 h after
treatment with TPA, this stimulation could be suppressed by VK2
(Fig. 2C). The expression levels of all PKCs were unchanged by the
treatment (data not shown).

3.3. Effect of VK2 on PKC enzyme activity

Perhaps because of the limited phosphorylation site-specific
antibodies for PKC that we used, we could not observe the inhibition
of phosphorylation in any PKC induced by VK2 treatments. We next
examined if the PKC enzyme activities were affected by VK2 treat-
ment. HA-tagged PKC-plasmids were transiently introduced into
Huh?7 cells, then the HA-tagged PKCs were immunoprecipitated with
an anti-HA antibody after VK2 and/or TPA treatments, and the
phosphatidylserine- and diacylglycerol-stimulated PKC enzyme
activity was determined in vitro by a kinase assay. TPA decreased
the PKCa activity after 15 min of (Fig. 3A). The data may reflect the
results of Western blot that the phosphorylation of the Thr638 was
decreased with TPA treatment for 15 or 30 min (Fig. 2A). VK2
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suppressed PKCa activity slightly at the basal level and significantly
after TPA stimulation in Huh7 cells (Fig. 3A). VK2 suppression of
PKCo activity was repeatedly observed in independent cultures,
though the suppression levels were variable in the cultures. TPA
stimulated the activities of PKCS and ¢ after 1 h with 50 nM of TPA
stimulation (Fig. 3B and C, respectively). Western blot analyses
showed that the phosphorylation of PKCS (Thr505) and PKCe
(Ser729) was increased after 1-h treatment with TPA (Fig. 2B and
C, respectively). VK2 did not show any inhibitory effects on the PKC5
activity at either the basal or TPA-induced level, as Fig. 3B showed.
In PKCe, VK2 slightly suppressed the activity at the TPA-induced
level, although it was not significant statistically (Fig. 3C). These
results indicate that VK2 suppresses NF-kB activation through the
inhibition of PKCa activity and also likely the activation of PKCe.

3.4. PKD1 is involved in the VK2-mediated inhibition of NF-kB activation
through PKCs

Since PKC5 and ¢ have been shown to be the upstream factors of
PKD1 (formerly called PKCp) [24-26], PKD1 might be involved in the
regulation of VK2-mediated NF-«B inhibition. As shown in Fig 4A, TPA
stimulated the phosphorylation of PKD1 at Ser744 in A-loop, and VK2
inhibited the TPA-induced phosphorylation. The phosphorylation of
IkBo at Ser 32/36 that is critical for the activation of NF-kB also was
inhibited by VK2 (Fig 4B). The pan-PKC inhibitor Ro-31-8425
inhibited the TPA-induced phosphorylation of both PKD1 and IxBa,
while the PKCa inhibitor G66976 showed no effect on the phos-
phorylation of both proteins (Fig. 4B). These results suggest that PKC5
or/and PKCe is/are involved in the phosphorylation of both PKD1 and
IkBo. To confirm this notion, siRNA-mediated knockdown of PKC
isoforms was employed. As shown in Fig. 4C, knockdown of PKCS
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Fig. 4. VK2 suppressed the activation of PKD1, and PKCs are involved in the activation of PKD1 and IkBox in Huh7 cells. Activation of PKD1 and IkBox was assayed by Western blotting analysis
using specific antibodies for p-PKD1 (S744) and p-IkBat (S32/36). (A) VK2 suppressed the activation of PKD1 in Huh7 cells. Cells were cultured in the presence of 10~* M VK2 or the VK2
solvent ethanol as a control for 24 or 48 h and treated with or without TPA as indicated in the figure. (B) VK2 and pan-PKC inhibitor suppressed the phosphorylation of PKD1 and IkBax. Huh7
cells were cultured in the presence of the PKCa inhibitor G86976 (10 nM), pan-PKC inhibitor Ro-31-8425 (100 nM), VK2 (10~%M) and DMSO as a control for 24 h. The cells were subjected
to Western blot analysis after treatment with or without TPA. (C) Knockdown of PKCs inhibited the phosphorylation of PKD1 and IkBa. Huh7 cells cultured in 3.5 cm dishes were transfected
with 20 nM siRNA of negative control (NC), PKCa (10 nM+10 nM NC), PKC8 (10 nM+10 nM NC), PKCe (10 nM+10 nM NC) and both PKCS and PKCe (10 nM of each) as described in
Materials and Methods. After culturing for 24 h, cells were treated with or without TPA and subjected to Western blot analysis. (D) Combination of knockdown of PKCS and € and PKCo
inhibitor G66976 suppressed the activation of B and PKD1 significantly. Huh7 cells were transfected with siRNA of negative control (NC), and both PKCS and PKCe (10 nM of each) as
described in panel (C). After 24 h, cells were treated with or without PKCa: inhibitor G66976 (10 nM) for 1h and then induced with or without TPA for 0.5 h. NC, negative siRNA; o, PKCa
siRNA; &, PKC3 siRNA; €, PKCe siRNA; G6, PKCat inhibitor G86976; Ro, pan-PKC inhibitor Ro-31-8425, VK2, 1074 M VK2,
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Fig. 5. PKD1 is involved in the TPA-induced activation of NF-kB. (A) Effect of PKD1 knockdown on NF-«B activity. Huh7 NF-kB reporter gene transfectant cells in 48-well plates were
transfected with siRNA of negative control (NC) or PKD1. After culturing for 24 h, cells were treated with or without TPA (50 nM) for 3 h and subjected to luciferase assay. (B)
Combination of knockdown of PKC8, PKD1 and PKCa inhibitor G66976 suppressed the NF-«B activity to a similar level as pan-PKC inhibitor did. Huh7 NF-«B reporter gene transfectants
cultured in 48-well plates were transfected with siRNA of negative control (NC) or PKC5+PKD1 (10 nM of each). After culturing for 24 h, cells were treated with or without PKCx
inhibitor G66976 (10 nM) for 24 h and subjected to luciferase assay after treatment with or without TPA. (C) Combination of knockdown of PKD1 and G66976 suppressed the NF-xB
activity to a similar level as pan-PKC inhibitor did. Huh7 NF-kB reporter gene transfectants cultured in 48-well plates were transfected with 10 nM siRNA of negative control (NC), PKCe,
PKC8, PKCe and PKD1 and cultured for 24 h. Then, the cells were treated with or without PKCa inhibitor G66976 (10 nM) for 24 h and subjected to luciferase assay after with or without
TPA induction. (D) At 24 h after transfection with 20 nM of PKD1 specific siRNA, phosphorylation of IxBe was suppressed effectively. Huh7 cells in 3.5-cm dishes were transfected with
20 nM siRNA of negative control (NC) or PKD1. After culturing for 24 h, cells were treated with or without TPA and subjected to Western blotting analysis with p-PKD1(5744) and p-IxBa
(532/36) specific antibodies. Bars, S.D.; *P<.05 (Student's ¢ test); Ctr, no treatments; NC, negative siRNA; Go, PKCa inhibitor G66976; Ro, pan-PKC inhibitor Ro-31-8425.

or/and PKCe decreased the phosphorylation of PKD1, but the
knockdown of PKCa did not at the basal level. On TPA induction,
however, the phosphorylation of both PKD1 and IkBa was decreased
in all cases of knockdown of PKCa, PKCS, PKCe and &/e compared
with the control siRNA (Fig. 4C). On the knockdown of both PKCS
and e, the phosphorylation levels of both PKD1 and IkBa were
decreased compared to the levels of individually knocked down cells
(Fig. 4C and D). When the cells simultaneously knocked down
with PKCS and ¢ siRNAs were treated with the PKCo inhibitor
G66976, the TPA-induced phosphorylation of PKD1 and IkBa was
further decreased (Fig. 4D). These results indicate that PKD1 signaling
pathway might contribute to the IkBa phosphorylation that subse-
quently activates NF-B.

To confirm the role of PKD1, siRNA-mediated knockdown of PKD1
was employed. The NF-xB reporter gene transfectants of Huh7 were
transfected with PKD1 specific siRNA and subjected to luciferase
assay. Knockdown of PKD1 only slightly decreased the TPA-induced
NF-kB activity compared with the activity of negative control
(Fig. 5A), while the TPA-induced NF-«B activity in PKD1 knockdown
cells was significantly decreased by the treatment with the PKCa
inhibitor G66976 (Fig. 5C and D). Furthermore, PKD1 knockdown
decreased TPA-induced phosphorylation of IkBa (Fig. 5D). Altogether,
the results indicate that PKD1 is involved in the TPA-induced
activation of NF-kB, and all of the PKC isoforms, «, § and ¢, more or
less contribute to the activation of PKD1.

4. Discussion

VKs have been revealed to have diverse effects, such as anticancer
potential and antiosteoporotic effects, in addition to their essential

roles in blood coagulation factors production [1,2]. Epidemiological
studies have suggested a protective role for VKs against the deve-
lopment of atherosclerotic diseases [27]. Several mechanisms of VK2
action with regard to these effects have been reported. VKs have been
shown to bind nuclear steroid xenobiotic receptor SXR (PXR) in bone-
derived cells and to suppress osteoclastogenesis [28]. VKs also
suppress the proliferation of several types of cancer cells [5-7]. In
HCC cells, it has been reported that the activation of protein kinase A
is involved in the growth suppression by VK [10,29]. We have re-
vealed that VK2 inhibits the growth of HCC cells by suppressing cyclin
D1 expression through the inhibition of NF-kB activation by sup-
pressing IKK activity [13]. The suppression of NF-«B activation by VK
was also reported in lipopolysaccharide-mediated macrophage
activation [30] and in the VK-mediated suppression of osteoclasto-
genesis of bone cells through the RANK/RANKL pathway [31], sug-
gesting that the suppression of NF-kB activation might play important
roles in the activities of VK2.

NF-KB is a well-characterized transcription factor involved in the
wide variety of important cellular functions such as the immune
response, cell survival, apoptosis and carcinogenesis. Two distinct
pathways have been described to activate NF-xB, and a number of
factors are involved in the regulation of NF-kB activity (reviewed in
Refs. [32,33]). PKCs are involved in the activation of NF-kB, and each
isoform plays a different role in the regulation of NF-xB activation
in various diseases [19,20,34,35]. Since VK2 inhibited the TPA-
mediated activation of NF-«xB, we hypothesized that VK2 might
regulate PKC activation or enzyme activity. In the present study,
we showed that all of the phospholipid-dependent PKCs, PKCa, &
and e, which are expressed in Huh7 HCC cells participate to some
degree in the activation of NF-«B. The simultaneous inhibition of three
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PKCs, @, & and ¢, but not just two of them and treatment with a pan-
PKC inhibitor resulted in the complete inhibition of TPA-induced
NF-KB activation.

Interestingly, PKCe knockdown almost completely inhibited the
TPA-induced phosphorylation of PKD1, a substrate of PKCe, indicating
that PKCe stimulates NF-kB activity via PKD1 [35]. Knockdown of
PKCa and PKC5 by siRNAs also inhibited the TPA-induced phosphor-
ylation of PKD1, although the inhibition was partial (Fig. 4C), sug-
gesting the involvement of PKCa and PKCS in the phosphorylation
of PKD1. The mechanism by which PKCa and PKCS interact with
PKD1 in Huh?7 cells is not clear currently, but the regulation of PKD1
by PKCa [36] and PKCS [26] was reported. The activity of PKCa and
the phosphorylation of PKCe were inhibited by VK2 treatment, but
PKC8 was not. Knockdown of PKCa decreased PKD1 phosphorylation,
while the PKCa specific inhibitor showed no effect on the phosphor-
ylation of PKD1. This might be due to the difference in mode and/or
magnitude of inhibition between siRNA-mediated knockdown and
pharmacological inhibition. Alternatively, the concentration of phar-
macological inhibitor (10 nM of G66976) might not be enough to
inhibit the phosphorylation of PKD1 because we used relatively low
concentration of inhibitors to avoid the emergence of nonspecific
kinase inhibitory action. PKD1 knockdown could not -suppress
completely the NF-B activity to the same level as VK2 did, while
the PKD1 knockdown with PKCa inhibitors reduced the NF-«B activ-
ity to the levels achieved by VK2. The results suggest that at least both
PKCa- and PKCe/PKD1-mediated pathways are involved in the NF-xB
activation by TPA, and the simultaneous suppression of both
pathways might be required for enough suppression of TPA-induced
NF-KB activation.

PKD1 was first identified as a PKC effector and was previously
classified as PKCi. However, PKD now constitutes a novel family of
serine/threonine kinases and is classified as a subfamily of the
calcium/calmodulin-dependent kinase superfamily. Recently, PKD
has been shown to be dysregulated in several diseases, and it is
regarded as a key regulator of diverse cellular functions such as cell
growth, apoptosis, invasion and angiogenesis [37,38]. We have pre-
viously reported that VK2 suppressed the expression of MMPs, which
are involved in the invasion and metastasis of cancer cells [15], in
human HCC cell lines through the inhibition of NF-«B and/or the MAP
kinase pathway [14]. Furthermore, VK has been shown to regulate
angiogenesis through the modulation of VEGF [11]. PKD1 is also
known to be involved in MMP expression [39,40] and VEGF-induced
angiogenesis [36]. Endothelial cell proliferation, migration and
angiogenesis by VEGF require PKD activity [41]. Therefore, VK2-
mediated suppression of MMP expression and/or angiogenesis might
involve the modulation of PKD activation.

The expression and distribution of PKCs are cell type and isoform
specific. The PKCa, 6 and ¢ isoforms are found in all cells. The vy
isoform is found only in neuronal cells, whereas the m and T isoforms
are predominantly expressed in epithelial and immune cells. The 1, &
and \ isoforms are located in cells from various tissues. PKCs serve
as the receptor for tumor-promoting phorbol esters, such as TPA,
and the sustained activation of PKCs is associated with tumor
promotion. Altered expression of PKCs has been linked with various
types of malignancies, including HCC [42-44]. The activity of PKCs is
regulated through three distinct conserved Ser/Thr phosphorylation
sites: the A-loop, TM and HM [45,46]. In earlier literature, it was
generally believed that phosphorylation at the A-loop was mediated
by phosphoinositide-dependent kinase-1 (PDK1), which has been
shown to be the upstream kinase for several members of the AGC
family of kinases. Once phosphorylated at the A-loop, autopho-
sphorylation at the TM and the HM occurred under the required
conditions [47]. However, recent studies indicated that conventional
PKCs can be phosphorylated at the TM and HM by the mammalian
target of rapamycin complex 2 [48,49]. More recently, PKC$, one of

the novel PKCs, was found to be transphosphorylated at the A-loop by
another novel PKC, PKCe, in place of PDK1 [50].

In conclusion, our data suggested that there are at least two
pathways in PKC-mediated NF-<B activation in Huh7 cells, PKCo-
NF-B and PKCs-PKD1-NF-kB signaling pathways, and that VK2 might
suppress the NF-kB activation via the inhibition of PKCo and PKCs
(mainly PKCe)-PKD1 pathway. VKs have been shown to influence a
wide variety of disease conditions, including bone health, cardiovas-
cular diseases and neoplastic diseases, although the mechanisms by
which VKs exert these diverse effects require further studies. NF-kB
and PKCs/PKD are critical regulators for maintaining biological
homeostasis; therefore, the understanding of the action of VKs
involving NF-xB and PKCs/PKD will provide further information that
can be useful for the prevention of a wide variety of diseases.
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Table 1 The questionnaire for subjects who received HBV/HCV screening test
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Table 2 The questionnaire for subjects who did not received HBV/HCV screening test

B2 i ¥, FERREZFLLZ2VOTTR?
UTFTOHBEZOWT, $HEDTELEBEL LR,

@ | BECHFEVANVARELZITTHBY, HICBRETH- 7. 1. 3w 2. VWi
¥ [I3w] oFx, Yo TARELD? 1. B
2. BEoORS
3. ER#E2
EREODT 2. wni] E2-FicbBBhl 3T, I pin A » E4
%};?Emi, BEYFLELRZVESPIRERELLT, Ehl{bnEi ¥ ’b"%j % % % o
BO5BETRLENDDIOEDIT R, £ £ i £ <
2 z 5 z =
p3 b3 7z z
N %
[
@ | BAUEBEER LB THIALERZESLI LRI DT, STk 1 2 3 4 5
® | BEOLERZIZHEHMHEL TWARVDT, Tz, 1 2 3 4 5
@ | BEC2WT, MLELIRVDT, FiTzv. 1 2 3 4 5
® | BEEZUT, REOWMIMbLT, WRLEXTEVOT 25 | |, 5,
AAAN
® | BEZZ TV, REOERIFHITMICEBMINEOT, ZiFkwn. 1 2 3 4 5
@ | BEERILLY, REORETREFMLRAC, RECEEOS | |, ., o
Loz, BRIZRLZDT, Fiikwv.
® BEZZT 20D, REORRTEEXHRZEAKR, HBEOREGTH 1 9 3 4 5
FPRNTEENTELRVDT, ZiFhwv,
® BEZZI-0E, REOERETERENHE-SEC, BERzRED, 1 2 3 4 5
SIERMBTER VDT, ZTkw. :
@ | BELZUL Y, BEORRTREFHLBS, BROFERR | |, 5 4 g
FERBLELZOT, Sk,
TTIRCREFL£ESIMMENTWEFIBRALET.
@ EFEEEATHERUCEEHEY SN ZT T3, 1. 3w 2. Wz
@ | BELTW, HETHEOHEIEL, PHLTWA. L e 2. Wi
® | BELTVRD, BEREFEENICEPVTET, PELTYS. 1. 1w 2. Vi
TR BEFALSMINTVWEFCBHEALET
® | EFBETHERUREBREL EHNICZTTVA, 1. v 2. Vi
® | EEL TV, AETHEORESEL, PHLTWD. 1. 3w 2. VnZ
® | BELTWA, BREFEENCHEP VT ET, FELTWS 1. v 2. wnx

COTYr—MIIYBLNIERE, BEF-F L LTESMNLRE - RCFALLZYV T 2EBH T4, @
ANDOF— 52 RETHILIEDY THA.

FEOZ LR TALEET, 7Yr— NCESTAILKEELET.
KA

(BELTLREW)
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Table 3 Clinical characteristics of all subjects

W AB B
(n=447 %) (n=373 %) (n=74%) Pl
£ G 417+125 41.3%126 439+113 02139
#HE (kg 635123 636126 633104 07712
BMI 229+34 229+35 22729 09979
BE (cm) 83+92 834%95 81.0+76  0.3437
IHEMIE (mmHg) 1257179 1253+17.7 1277+186 05471
IERMIME (mmHg) 74=118 739+119 744+109 0975
IR (mg/dD) 129.3+151.3 1304 +156.7 1235+1217 05216
LDL-C (mg/di) 120.1 £34.0 1199+342 121.0=332 0776
HDL-C (mg/dl) 607159 608+ 157 604+167 06479
AST (IU/L) 226102 229+106 208+77 03139
ALT (IU/L) 246+192 255+ 206 202+82  0.049
¥ (mg/dD 1021 %210 '101.2+189 1068+290 04351
Table 4 Clinical characteristics of male subjects
wE a8 -2 P fE
£y ) 421+121 416+123 439+11.1 08367
*hE (kg). 674+11.2 682114 644+10.0 0.1866
BMI 233+34 234%35 227+30 05245
B (cm) 84386 852+87 816+76 0.261
USHHAME (mmHg) 1276176 1274+174 1284+186 02172
HRMME (mmHg) 749+12.1 749+ 124 747+109 06989
4 RER (mg/dl) 1486+ 1728 1540+ 183.2 12881263 04934
LDL-C (mg/dl) 576+145 1235+355 121.9+340 04702
HDL-C (mg/d)) 123.3+35.1 57.0+139 599+ 165 0.3456
AST (1U/L) 241+112 249+119 212+76 02128
ALT (IU/L) 279+21.1 299+23.0 206+8.0 00318
f#E (mg/dl) 1052+235 1044+214 108.1+30.1 05243

4. RIEMERE
WREWIIFZ T, RERNBLERZT— 5 RUHD
HOERIZOWTXEZL B V73— Farvey
FERB AR URB I ERRERESR
BEOREEH/B TS,

® R
HREEEEET 47 AEE321 A, k126 )
T, FRITTH47125%, ABONREXITBA
(BHE253 A, TH120 A), BEOMNKEIZTA NG
63 N, 6 AN) Thot- (Table3). ABEHONE

LOLETHIFSEY 4 VARERSE HCV HER U HBY

Hiz (Bl Thot. T/, BEHIIBWTE, A

BICHBLCBEIEEICALT XEETH 72 (P<
005) (Table 4). KT AB L BEOTRIE, B#HR
EBIIEBTH o2 (P<005) (Table5).
1) FRIMILIKREL ST 3EH

ABOZZET V4 —OEZEDI L, RAMRE
(FF3 + SD>5) 23580 H AR % B 72 10 HE O R
WZoWT, NAM (Fig. 1) WRT &) % 3oBEER
FETHEFN, Thbh, BHO, OBIUR®DH
EEHLBELRE ([BREORN]), BEHO®, ORUV
@DUELEH L HEER Y (RELRBOBEER],
BB, @, ORUVOONUEERLBEEE T (R
FZTHEH]), L LTHEITLZ.

ABOT7 v — b THEERIC B 2B EEROR
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Table 5 Clinical characteristics of female subjects

Rk A B B# P&

(n=1264) (n=120 %) (n=6%)
£ o) 409+135 408+135 440+148 0.013
#E (kg) 53789 538+90 514+63 0.3185
BMI 21.9+34 219£35 21.8+18 04798
BE (cm) 79397 795+99 756+48 0.3616
WHEEME (mmHg) 1208177 1208177 1205+18.7 0.0206
IEREHIME (mmHg) 716+106 715106 71.8+10.3 00514
IR (mg/dD) 79.9+420 805429 700=199 0.6012
LDL-C (mg/dl) 686+ 165 1120300 1125+24.8 0.2494
HDL-C (mg/dl) 1121+297 688164 652192 0.7702
AST (IU/L) 18.7%55 18853 175+94 06678
ALT (IU/L) 163+88 16287 172102 0.9623
m¥E (mg/dl) 94692 946+94 938+39 05941

BhE, Fl: [BREOBRN] L) BEERTIE, [E BIE]) & LT L7

BEIL, CRFAFRET, FEE - FFEATEET 2
BESEWI Lo 5 ] OBERE OS5
12081 THY, [BZTHEEDEELHLNDT, TD
BEZXZOBRERED 1oTHILEL2S]| * [4F
TIHBEREEZZII TV 0, BENEIIESEDT
ZA] FLEBRLTKEL, 2o [BEoBL] ©
EFNVORCRHICHEESEVI EFHO M ko2
(Table6). F2: [MEALERBOMENE] L v ) EEE
BT, 30oDEEBEIZIC 082 D ETH o1 B
I ML RMICHERT AL, FA - FE
EOFHIC R BDTET 5] OEEMFREIZ 091 & &
LBWARRESHEESN, KEREEHEZAELTY
AT EFHELP LT F3: (EEZITAHEE] L
WO BEER TR, [REOEEI PSR VDOTET
3] o ZABHIT046 LS L, FOEEAITENE
Zzohl: LPLZO—F, [SRORS CRDER
DAFT Y ITPEFREIANAREOFEITIIH 720
TS| OIS ARHIZ 084 L KEL, HHBEED
BWIEPHLRERY, BREZZAEHIELT
DEERFBEVW OLEZ LN
2) PRI INABRESZ T HVER
BRORZDEOT V7 — FOBRETIIE£IEHENE
oS b, FH3E (EH+SD>5) BT s - B/
@B 22T, #2ZAH (Fig.2) KRT LI %2
OWEEREETAETN, Thbh, HEEO~G0
MEER L BEEHY ((REOLERD BTN, HE
D~OOWEEHR EBFLEER L (REFRLEBERLD

HREBRELZ ZEZT 20ROV TOEEERIL,
F1: (REOLEE] L WIBEERTIE, 40013
BEIZEDICOTT U EEBCHEESH, HiCTHSE
BAEZ L2 THREERESLS LBIDT, 213k v
DIERALREL 089 LR DB NARBPHEE SR,
0 [BREOLEM] OEFNOF TR BEEND
BT ENHALPER o7 (Table7). F2: [HRARKRE
EHBE OBE] L) EBEERTIE, 400 AFRE
BEHIZ0BUEEEESR, I TREE2ZT W
¥, REOERTEESHAEAIC, BENLZEHED
LIRETE ] OERLEIT 097 LHEDE ISR
BESEESN, BOTRKELREENEAEL TS
ERHL IR

z =
SEOKE»S [EEEBE Tk C RFFRSER CHE
- FPATRCT 2HEENBWC LR R4V
AREERIT B ) ERRREOBHRRERVTER
W2 BHIEETLII LG, FHEE - FEAOTF
Biicza0TEIT5] L) BRERR, BEHBRROBR
SOBEVFRREEZZT S E oL CKELEEN
2ETAHERLLTHSH I ok T [4EER
T, BBHRORY v 7 bFRY A VAREOFE
IHHol=0TZT 5] L) ZRE OZHRERSH
Lol &I, BEBOMICITo2HFE&T 4 VA
BEOEZTAY, REBREBOWEL ZREON
FiegsE L2 bN —F, EEHGE L RY
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