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Protein kinase C (PKC), a Ca*/phospholipiddependent Ser/Thr kinase, play an important
role in transmembrane signal transduction. To date, ten isozymes of PKC (a, BLPIL, vy, 9, €, {, , 6,
and 1) with distinct enzymological characteristics and intracellular localization have been
identified, and it is also believed to be correlated with the tumor proliferation, migration and
invasion. Some evidences that the PK C isoforms have been suggested to play an important rolein
tumorigenesis and tumor progression. However, the exact role of PKC isoforms in the
progression of human HCC remains unclear.

Recent our data showed that the level of PKCa in the low differentiated human
hepatocellular carcinoma (HCC) HA22T/VGH and SKHepl cell lines were significantly higher
than that in the high differentiated human HCC PLC/PRF/5, Hep3B and HepG2 cell lines and
correlation with cell proliferation, migration and invasion. To understand of the mechanism of
overexpression of PKCo, DNA amplification and mRNA stability assay were performed. The
result indicated that PKCo expression enhancement in the poor-differentiated human HCC cells
was found neither by DNA amplification nor by increasing mRNA stability. Furthermore,
screening transcription factors in the putative cis-acting regulatory elements of human PKCa
promoters, we demonstrated that PKCa expression is regulated by Elk-1 and MZF-1. Thus, we
suggested that PKCa may be regulated by Elk-1 and MZF-1 cooperation involved in the
progression of human HCC.

Therefore, for further understanding whether PKC isoforms play important roles in the
malignant of human HCC, this proposa is to investigate the abnorma function and
gene-regulation mechanism of PKC isoforms in human HCC. In this study, we deterimine the
MRNA expressions of PKC isoforms in human HCC. The results found that the level of PKCa in
the HCC tissues were significantly higher than that in the nontumor tissues, and it positive
correlation with tumor size, tumor stage and survival rate. The results not only help us to
understand the abnormal function and gene-regulation mechanism of PKC isoforms in human
HCC, but also provide usto develop novel chemotherapy strategies.
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Abstract

Abstracs: Members of the protein kinsse C (FRC) isoenzyme family pluy o centml rg'gle in the wumorigenesis of severl tissues, However, litle is
knewn about subtype specific immesllular expression of PKC in human hepatoeeliular carcinomas,

Methods: We invesugated PRC isofomms mRNA expression in 42 HOC specimens using reverse tmnscnption polymerase choin reaction analvsis,
and the eorrelation between PEC isolomns expression and clinicophthologic pammerers:

Regulrs: We found thit PKCe, PKCG und PKCL mBNA were aigniiicnmlf-lncrwwd in HOCs as compared 1o the conesponding non-cancerous
liver tissues, PKCo expression also significantly comeluted wih tumor siee (P=0,05) and TNM stage (P<0,05), but PKCG and PKC did not. The
log-rank aonlysis revealed that patients with higher PKCo mRNA expression in the HCC tissues hid significantly shorter survival rae than

patients with fower PRCa mRNA expression (P<(001),

Conelusions: Our resulis suggested that the PKCo may bea prognoestic fetor for the survival of patiens with HCC.

© 2007 Elsevier BV, All fghts resarved.

Kewwords: Protem kmase Co; Hepotocelhalar carcinoma

1. Iniroduction

Hepatocellular carcinoma (HCC) isone of the most common
malignunt wmors m the world, snd is especially prevalent in
parts of Astn and Africa. The most common cause of death in
patients with HCC is metastasis due to disease recurrence, It is
important for tumor control (o identify specific predictive
murkers that predispose patients 1o death, Although many
fuctors, including wmor-associted antigens, moletular mar-
kers, and soluble murkers in 8 variety of body fuids have been
used to diagnose and monitor disease in patients with HOC [1],
at present, none of these factors has demonstmted sufficient
dingniostic specificity (or use as prognostic markers,

Protein kinase C (PRC) is o sering/threonine kinase thut plays
i key role in several steps of the signal transduction pathway,

* Comesponding muthor. Tel +h864 2473 (022x1673; fax; +HH6 423245105,
E-mail address: fyhacmueduaw (L-Y, L)

DODY-EORI/S - soe front muttel @ 2007 Elsevier BV, All rights reservad.
doi 10, 10164.cca 200 7.05.018

including cellular proliferation; differentiation, and apopto-
sis [2-4]. PKC vonsists of a family of 10 related isotvpes with
different cofactor requirements, tssue and subcel lular distribe-
tion, and substrate specificity [5], Accornding o their primary
sequence, PRC soforms are subdivided into 3 main clagses:
conventional. novel. and atvpical. Conventional PKC 1soforms
includePKCa, PKCPEL PRCRIL and PKCy are activated by
diaeylglyeerol (DAG), phosphatidylserine (PS), and calcium.
Novel PRC isoforms include PKCG, PRCE, PKCy, and PRCO
which are caleium independent but are dependent upon DAG
and PS for optimal enzvme activity. Atypical PRC 1soforms
include PKOS and PRCN/C which are stimulated by PS but not
by DAG and caleium, PKC isoforms are ubiguitonsly expressed
in tissues. PRC isoforms have been shown to display varfable
expression profiles during cancer progression depending on the
particular cancer type [6] Several immunohistochemical studies
have shown that PKCre is overexpressed in high grade urinary
blndder, prostate, and endometrial cancers [7-10], In contrast,
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breast, colon, and basal cell cancers display downregulation of
PRCo expression [11-13], PRCp expression has been shown to
be upregulated in colon and prostate cancers [9.13] and
downregulated in bludder cancer [ 10]. However, the expression
of PKCey, PRCe and PRON is decreased in pancreatic cancers
[14] and PKC1)1s increased i renal cancer [15]. The expression
of PKCL hans been suggested (o be anegative prognoste factor in
ovaran carcinoma [16] and PKC as a positive prognostic factor
in B-cell lymphoma [17]. These studies provide supporting
evidence for therole of o specific PKC isotype in different kinds
ol malignunt tumors. However, to date; imited data are v lable
on the significance of PKC isoforms in HCC

In this study, we investigated the mRNA expression of PEC
isoforms in tssue specimens from 42 patients with HOC using the
reverse transeription polymerase chnin reaction (RT-PCR) tech-
nigque. Our data provide the first defimitive evidence of a comelation
betwean PRCey expression and progaosis in patients with HOC,

2. Materials and methods
2.1 Patients and sample

Tme specimens were obtpined from 42 patents (6 women; 36 men) with
prieery HOC who undenwent umer resection st Department of Gieneral Sungery,
Tnichung Vetermne Gienernl Houpiinl. The mean ape of all patents was 576y
(mmnges 18- 76 yh Amvng these patients, 2602 (61 990 ) were positive fir hepuatitie
B surfice mtigen [HBsAg): 1442 (33.3%) were positive for hepatitis O vine
infeotion md nopative for HBsAp negative; 242 (4.8%) were negative for both
hepatitis Cand B virs infeetion. Theextent o hepamcellular disease inour patents
was staped decording to the tumarnode-metastusic (TNM) gystem | 18] Among
i pistients, 4442 (9.5%) had stape | disease; 1942 (45 290) had stage 1l disoase, 100
42 [23.8%) had stape T discase; ond 9442 (21 4%0) had stape IV disease. Tumors
wete also grouped sccording to skze aa< 3.5 om [ 13742 {30,9%%)] and 2 308 cmy [297
A2(69.1%0)). 1n all cases, the dingnosis of HOC was confirmed hismlo gically, based
muinly on exmintion of Gssue sections stamed with hemploosylin ond cosin and
exomined mictoscopically by an antatmic pathologist The tisse somples were
soap-frozen in lguid nirogen immediarely ofter resection md stored at =70 "C.

2.2 RNA extraction

Toral RN Awsas extractad from HOO tssue specimens using the guanidinim
thioeyanate-pheno lehloroform method [ 19]. The specimens consisting of HOC
and non-tumiorous liver thsues, were homaogetized wemp 4 moll gusridine
thioeyanate, 25 mmol 1 sodimm citrate, 0.5% (wiv) soditm loury] surcosimate,
and 0.1 molt-mercaptoethanal) in a polypropylane ke, followead by isalntion
oftital ENA usmg o standord method | 1%]. Theexteaot integrity wes sssosod by
1 5%0 ngarcse gel electrophoresis and BNA was visualized by ethidium bromide
stiining. The totl smount of RN Awes determined spectrophoto metrical ly.

2.3 Ofigonucivotide synthisis

The oligadesvyunclestite (ODN) primers wsed in RT-PCR weret PRC,
PR.C, and FRCE a8 described previowsiv [20]; PRCRL PRCAIL PRCy, PRCiy
PECn, PRCH, and PKCL a5 dedcribed previoisly [21]

2.4, Reverse tramscription-POR

The RT-PCR assay was performed nccording o De Petro et al. [22] with
slight modifications, Analiguot of wenf R NA (T ) wes reverse punscribed. The
BT product (4 pl) wes diloted to 5 finel volome of 50 gl wih PCR butfer
{30 mumc A3 KO 0 mmal| Tris— HOR mmaol MeC b bcontamimg 0,5 pmolldNTPs
( final concenttion, 10,58 mmolT) ad 05 wit of Spper-Therm Tag DNA poly-

mamse (Southern Cross Hioechnology, Cape Town, South Afnes), Thorty-fhres:

cyeles of PCR were performed on a GeneAmp POR system 2400 (Applied
Biosyuerm, Foster City, CA), The PCR products were analyzed by 1.2%, spamse

-gel electrophoresis amd direct visuul zation sfier SYBR Green | (Cambrex Bio

Seience Rocklamd, Ing,, Rockinnd, ME) staining, The aparose gels were scanmad
and minlyzed using the Kodsk Scientific 1D Imuging System-(Esvimmn: Kodak
Company, New Haven, CT), The relntive levels of PRC iofrm mRNA was
expressad == the ratio of PKC smfimm mRNA o bets-2-mizmghobulin ([S-MG)
mENA (PRC tmriormj »-MG). The avowecy of the amplifieation reaction foreach
set uf primers was determined by anplifying severl dilutions ofthe same cDNA
with the sume cydling profiles and amplifying. the sme cDNA  dilution with
different cyeling pmfiles The specificity of thie cDONA wis valldated usiny DNA
sequence ansiysis (dita not shown)

2.5. Statistical analvsis

Retative mRNA expression levels (PRC soform/p.-MG) weore expressed as
the mizan+ SEM. We tsed an unpnired Student’s ttast to anabyze the differsnce in
PRC Eoform expression levels Between HOC and non-cancerous fver tissue. To
annbvrs the corelntion between PRC kEoform levels and chinieopatholomeal
parameters, i firrences in PEC soform mBNA expression batween the two oronps
wete evalunted wbiyg the Flaler exoct test Survival rates' were calcalated nsing the
Kajian- Meier method, and the diffebence insuwival ouves wos annbyzsd using
the log-rink st 008 wat considerad o be statistcally s gnificant.

3. Results
S0 Expression of PKC fsaforms genes i human FHCC

Among 10 PKC isolomms we studied, 8 (PRKCa, PROJ],
PKCRIT, PKCh, PKCe; PKCy, PKCy, und PKCC) of these
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Fig 1. Exprestion of PEC isoform (o, L P &,k o © tnd L) amd 2o-MO
B NA was detected by semiguantitetive RT-PCH. N, pon-tumorons Tiver
tsaues; T, HOC tssue; 8, positve control (from mxtwres of ten rndoim HCC
tesues), V, negative control for POR withowt RT product: M, 100 bp adder as
the DNA size nurker Ethidivm bromidestained blot shows 28 § und 18 8§
ribosomal RNAs us an ntermal control The dat depresent 1 of 3 independent
experients with similar results.
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Fig:2 The relottve expression of PRC soform (PKCo, PRCRIL PRCBIL PRCS,
PR, PEOn, PRCE, and PRCL ) mBNA in human non-tumarous fiver tissue
(% =42} and HOC tissue (o a=42) Data are the mean£8EM. =, P<0.05;
== P<0,01.

isoforms were detectable in HOC and adjacent non-tumorous
ussue from our patients (Fig. ). The housekeeping gene, [(A2-
MG, was éxpressed in both HCC and non-tumorous liver tissue
Relative mRNA levels associated with PRCe, PKCuand PRCH
isoforms were signi ficantly higher in HCOC tssue compared with
non-tumorows liver tssue (PKCa, 05720017 vs, 00.1420,03,
P<iu0l; PKCH, 04820.16 vs. 02720.07, P<0.05
PRCy, 0.4320.13 ve. 02120011, P<0,01) (Fig. 2). Although
relntive Jevels of mRNA associnted with other PKC isoforms
(181, &, 1, and C) were also inereased in HOC tissues, they were
nolsignificantly different between HOC and non-tumorous liver

tssue. Moreover, PKCy and PROCH mENA was not detected

any of the HOC and non-tumorsus lver tissues,

Table |
Coprelation beoween the clinicopathologie features and the mBN A expression of
PRCa, PKCS, and PKC in 42 HOC patems

Clinicopathological  PECa* (n) PROA* (1) PR (n)
parameters - 4 pt - 4 p® O
Age (years)

<60 1 063779 17 4 01%29 & 13 01084
=60 13 & 13 8 13 &

Sex

Female 4 2 0484 45 2 DEADE 2 4 03314
Maie n 35 10 19 17

Fils-Ap

Megutive 15 69y 1 3 05149 7 9 03aTsy
Positive 13 13 19 7 14 12
AntiHOV

M egutive 14 13 02%% 20 7 04337 13 14 03000
Pasitive 10 55" 1 2 § 9

Tomor sz (om)

<33 12 60070 10 3 04487 7 6 03000
=35 13 M 9 14 15

TNM spe

(S 19 4 Hobox {8 3 02300 11 12 05000
v s 14 122 37 mn 9

Liver cimthosis

Absant 16 13 (4834 20 8 05543 14 15 0s000
Presem 4 5 9 4 7T 6

* -, degigned as low expression; +, designed & high expression.
" Pyalue determined wsing the Fisher exnot test)

Low PKCa

1.04 24 patients, 4 deaths
o 081
B
% 961 High PKCa
% 18 patients, 9 deaths
£ 0.4
w

0.24 P<0.01

0 T : r T 1 :
0 20 40 60 80 100 120
Months after surgery

Fea 3. Survival rate of patiems with HOC. High expression of PKCo mENA
WS B0 cinted nguiﬁcamty_wiﬂ:.ww prognosis | F<0.01),

3.2 dssociation of PECx, PKCY and PKCt mRNA expression
with the climicopathelogic eharactenisies of patients with HOC

To elucidute the role of PRCee, PKCS, and PRCu isoforms in
HCC, the patients were divided intw 2 groups bused on the level
(high or low) of expression of mRNA associated with each of
these 1soforms and usmg o cutofl level of the median valoe for
mBENA expression assoviated with ench ol these isoforms in all
patients (r=42) with HCC. We then comrelated the relative level
of PKCx, PKCH and PKCL mRNA expression with the
clinicopathologic charncferistics of our patients with HCC. As

shown m Table |, although the expression of PKCoe mRENA did

not correlate with age, sex, HCV or HBV infection, or cirrhosis,
high expression of PECeo mRMA was associated with tumor
size (< 0.01) and TNM stage (P<0.01). In contrast, PRKCo and
PRCy mRNA expression did not ¢omelate with any of the
clinicopathologic parnmeters we evaluated (Table 1)

33 Awabvsis of PRC isoforms with potential prognostic
significance in pattents with HCC

We analyzed the survival rates in our cohort of patients with
HOC 1o gssess the prognostic significance of PRCa, PRCH and
PRCuy mRNA expression. Patients who had higher PRKCa
mBENA expression levels had shortersurvival rates thun patents
who had lower PEKCa mRNA expression levels (median
survival rate, 53.1% wvs. 892%, P=0.0006, Fiz. 3) when
ussessed by Kaplan—Meder curves. Whereas, the survival rates
were nol significantly different between patients who  had
higher PRCH or PRCe mRNA expression and those who had
lower PRCO or PKCL mRNA expression, respectively tmedian
survival mate, 33.1% vs, 68.0%, P=0,1803 for PKCH; median
survival rate, 53.1% vs. 89.2%, P=0.1386 for PKCu).

4. Discussion

[t is well known that PRC plays an important role in tumor
carcinogenesis. However, little 1s known about the specific role
of each PRC isaform in the pathogenesisis of human HCC, To
clanfy the rule of PR soforms i human HOC, we measured
PRC isoform mRNA expression in 42 patients with HCC and
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compared it to the clinicopathological characteristics of these
patients. Our results indicate that the expression of PKCue, b and
L mRNA was dramatically increased in HCC tissues (Fig. 2). The
elevated expression of PKCo mRNA in HCC was consistent
with previous results by immunohistochemical analysis [23].
The elevated expression of PKCa mRNA occurred predomi-
nantly in tissue from patients with higher stage (stage III or IV)
HCC and larger tumor size (=3.5 em). Moreover, in the recent
study, we also found that PKCwx was higher in the poorly
differentiated SK-Hep-1 and HA22T/VGH HCC cells as
compared with that in the well-dilTerentiated HCC cell lines
(PLC/PRF/S, Hep3B and Hep(2), and antisense ODN PKCx
and siPKCo and antagonist Go6976 significantly decreased the
proliferation, migration and invasion in the SK-Hep-1 and
HA22T/VGH cell lines (summit for publication). These obser-
vations are consistent with previous findings in other malignant
tumors, such as gliomas [24] and prostate [25] and breast [26]
cancers, suggesting that PKCo may also be involved in the
malignant progression of disease in patients with HCC.

The PKCeo gene 1s located on the long arm of chromosome
17 (17g24) [27] and allelic gain in this region is seldom found in
human HCCs [28]. Previously, we reported that DNA
amplification of the PKCwx gene may occur rarely in human
HCC cell lines [29]. Using the antisense knockout assay and
ChIP (chromatin immunoprecipitation) assays, we found that
PKCo expression was regulated by Elk-1 and MZF-1 proteins
at the transcriptional level. Although additional studies are
therefore required to delineate in greater detail the physiological
functions of Elk-1 and MZF-1 proteins in the etiology of human
HCC, it is likely that the increase in PKCo mRENA levels in
human HCC cells may be due to an increase in transcription.

In contrast to previous reports [30,31] which found that the
level of membrane-bound PKCe was significantly lower in
HCC than in adjacent normal tissue, we obtained an inconsistent
pattern in the level of PKCo mRNA expression in HCC cells.
The reduction in the membrane-bound level of PKCa was
mainly due to stimulation and down-regulation of PKC under
general anesthesia [23], because the levels of PKCa were
significantly higher in cells from liver biospies than the
comresponding levels obtained in cells from hepatectomy
specimens in patients who underwent general anesthesia with
pentothal or propofol. Halothane and propofol have been
reported to stimulate purified brain PKC activity in vitro when
assayed with physiologically relevant lipid bilayers in the
absence or presence of Ca*" [32] This effect appears to be
mediated through the lipid-binding regulatory domain of PK.C
[32]. These 2 anesthetics have been demonstrated to stabilize the
active conformation of PKC [33,34]. Moreover, halothane has
been shown to promote translocation of PKCo, PKCfpy, and
PKCvy from the cytosol to the membrane fraction of synapto-
somes and down-regulation of their immunoreactivity [35]. This
finding may explain the inconsistency between results for PKCo
mRNA levels by RT-PCR. analysis and PKCa protein levels by
kinase activity assay and western blot analysis [30.31].

The log-rank analysis showed that PKCo mENA expression
was significantly associated with patient survival rates. This
result indicates that PKCa over-expression might help identify

HCC patients with a poor prognosis, although the mechanism by
which PKCa overexpression contributes to the poor prognosis
of patients with HCC must be elucidated by further study.
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