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BACKGROUND: The molecular mechanism of hepatic
metastasis of colorectal cancer is not well understood. The
aim of this study was to assess the relations between phos-
pholipid contents of cellular membrane and isoenzyme ex-
pression of protein kinase C (PEC) and their effects on he-
patic metastasis of colorectal cancer.

METHODS: High performance liquid chromatography was
used to detect contents of cell membrane phospholipids:
phosphatidylinosital ( PI), phosphatidylserine (PS), phos-
phatidylethanolamine ( PE) and phosphatidylcholine ( PC)
in primary foci, paratumor mucosa and hepatic metastatic
foci in patients with colorectal carcinoma. The mRNA ex-
pression levels of PKC-a, -BII, -8, -g, -\, -{ isoenzymes
were detected with the QRT-PCR technique.

RESULTS : The levels of PI, PC and PE in primary foci and
hepatic metastatic foci were higher than those in paratumor
mucosa. The level of PE in hepatic metastatic foci was
much higher than that in primary foci (¢=98.88, P <0.01);
but the levels of PI and PC were not significantly different
between primary foci and hepatic metastatic foet (¢ =1.73,
1.36, P >0.05). The expression levels of PKC-BII, -3, -¢,
-A, -{ were enhanced in primary foci and hepatic metasta-
tic foci, but the level of PKC-¢ in primary foci was de-
creased as compared with that in paratumor mucosa. The
levels of PKC-§, -, -\, -{ in hepatic metastatic foci were
higher than those in primary foci. A positive correlation
was observed between the expression levels of PI, PC and
PEC-BII and also between those of PE and PKC-3, -g, -\,
-{. However, there was a close negative correlation be-
tween PE and PKC-a.

CONCLUSION: Increased levels of PI and PC and de-
creased ratio of PKC-o to PKC-BII are related to colorectal
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cancer genesis. Increased levels of PE, increased expression
of PKC-3, -g, -A, -{ isoenzymes and decreased level of
PEC-q are related to hepatic metastasis in colorectal carci-
nomma.

( Hepatobiliary Pancreat Dis Int 2004; 3; 411-416)
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Introduction

ecurrence of colorectal carcinoma and heparic

metastasis causes death of patients who has un-

dergone radical excision of primary carcinoma
of the large intestine.!®] Approximarely 50% to 60% of
patients with colorectal cancer will develop hepatic me-
tastasis during the course of disease. Hepatic metastasis of
colorectal carcinoma is a multistage process involving
epigenetic changes in signal transduction pathways, re-
sulting in progressive deregulation of cell proliferation
and survival mechanisms.[®-1%] Protein kinase C (PKC)
belongs to a family of 12 distinct serine/threonine kinases
that participate in signal pathways involved in cellular
proliferation, differentiation, and apoptosis in diverse
cell systems. [ 17-21] Differences in tissue expression predict
that individual PKC isoenzymes have distinct cellular
functions. Studies of the expressions of PKC isoenzymes
in human colorectal tumors!?2-?7] have shown the altera-
ted PKC isoenzyme levels in colorectal carcinomas.[%-31]
Nevertheless, little is known about the correlations and
the interactions of cellular membrane phospholipids and
PKC isoenzymes and their effects on hepatic metastasis of
colorectal carcinoma. To better understand signal path-
ways and biomolecular mechanisms of hepatic metastasis,
we examined the levels of cell membrane phospholipids
and PKC isoenzyme mRINA expressions in primary foci,
paratumor mucosa,, and hepatic metastatic foci of colore-
ctal carcinoma.

Methods
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Patients and samples

Samples were taken from 58 colorectal cancer patients
including 33 men and 25 women, aged from 26 to 85
years (average 56 years). Among them 25 out of 58 pa-
dents had hepatic metastasis. The samples were collected
from fresh surgical specimens of primary foci, paratumor
mucosa and hepatic metastatic foci. The samples were
reserved in liquid nitrogon. Pathological examination
was performed on all the colorectal cancer specimens.

Cell membrane phospholipid extraction and detec-
tion

Tissue sample (0.3 g) was taken respectively from
each specimen. Five ml of Tris-HCl buffer was added to
each sample for homogenation. The solution was centri-
fuged at 2000 rpm for 15 minutes. The supernatant was
taken for centrifugation again at 17 500 rpm for 20 mi-
nutes. After removal of the supernatant 5 ml Tris-HCl
buffer was added to the pellet and resuspended. Two ml
of suspension was added into 5 ml of CHCI,-CH,OH
(2:1,V/V) for mixation. Then 1 ml of distilled water
was added for centrifugation at 3000 pm for 10 mi-
nutes. The supernatant was removed for drying with ni-
trogen gas, and preserved at -20 9C. After dissolution
with chloroform, the solution was ready for testing.

A PE LC-235 array detector and a PE LC-250 dua-
lity gradient pump ( Perkin Elmer, Inc., USA) were
used. Acetonitrile-methyl-phosphoric acid (100:3:1,
V/V/V) was used as the flowing phase of chromatogra-
phy. wPorasil column (3.9 mm i. d. X300 mm ) was ap-
plied, with a flow rate of 1.5 ml/min, a wavelength of
205 nm, a detection sensibility of 0.05 Aufs, and a co-
lumn pressure of 0.05 Aufs. Each sample was tested re-
peatedly three times. The coefficient of variation (CV %)

of cusp value of cell membrane phospholipids detected
was less than 3% on average.

Assessment of PKC isoenzyme mRINA expression

Total cellular RINA was extracted with Trizol rea-
gent (Life Technologies, Inc., USA) from specimens of
primary foci, paratumor mucosa, and hepatic metastatic
foci. QRT-PCR was performed according to the in-
structions for detecting PKC isoenzyme mRINA expres-
sions.[ 2] B-actin mRINA expression level was used as a
reference. Primers used for B-actin and PKC isoenzy-
me-specific PCR. and the expected fragment length of
the amplification products are listed in Table 1. PCR
products were separated in 1.8% agarose gel. Ethidium
bromide staining was carried out after electrophoresis.
And the intensity of ethidium bromide fluorescence
(OD value) was quantitated with the 1D image analysis
system ( Kodak Digital Science™ , USA).

Statistical analysis
Statistical significance was analyzed by using one-
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Table 1. PKC isoenzyme primer sequences for QRT-PCR and
amplification fragment length

PEC . Fragment

. Primer sequence

isoenzyme sd length (bp)
PKC-w 57 -TGAATCCTCAGTGGAATGAGT-3" 325

5’ -GGTTGCTTTCTGTCTTCTGAA-3’

PRC-BII  5"-CATCTGGGATGGGGTGACAACC3™ 420
57 -CGGTOGAAGTTTTCAGCGTITTC-3’

PKC-3 5’ -CACTACATCAAGAACCATGAGT-3’ 432
57 -ACTTGGTTCAGTGGGTCTCT-3"

PKC-¢ 57 -ACGCAAGATCGAGCTGGCTGT-3" 440
57 -ATTAGTGTTTCACACGACCCA-3’

PEC-)\ 57 -GCTTATGTTTGAGATGATGGCGG-3" 201
5’ -TGACAACCCAATCGTTCCTTTG-3"

PRC-{ 57 -CGATGGGGTGGATGGGATCAAAA-3" 561

5’ -GTATTCATGTCAGGGTTGTCTGGA-3’

Table 2. Cell membrane phospholipid levels of primary foci, para-
tumor mucosa and hepatic metastatic foci of colorectal cancer tested
with high performance liquid chromatography

Phospholipids  Primary foci Paratumor mucosa  Hepatic metastatic
(me/g) (n=58) (n=58) fod (n=25)

PI 1.56 £0.15*  0.93+0.14 1.55 £0.14*

Ps 0.48 £0.08 0.45 +0.06 0.47 £0.07

PE 42,32 £4.35* 19.45£3.72 78.36 £5.63 *#

PC 108.64 £7.58* 55.76 £5.63 112,26 £7.55

+: compared with paratumor mucosa, P<0.01; #:
with primary foci, P <0.01.

compared

way ANOVA, Student’s ¢ test, and Pearson’ s product-
moment correlation coefficient for cell membrane phos-
pholipid levels and PKC isoenzyme mRINA expression
among the groups of primary foci, paratumor mucosa,
and hepatic metastatic foci.

Results

Cell membrane phospholipid level variation

The phospholipid levels of cellular membrane in primary
foci, paratumor mucosa and hepatic metastatic foci from
58 patients with colorectal cancer are listed in Table 2.
The levels of PI, PE and PC in primary and hepatic me-
tastatic foci were higher than those in paratumor muco-
sa. Comparison of primary foci with hepatic metastatic
foci showed no significant differences in PI and PC levels
(¢=1.73, 1.36, P >0.05); but the PE level in hepatic
metastatic foci was higher than that in primary foci (¢ =
98.88, P<0.01). The levels of PS were not signifi-
cantly different among the three different tissues.

Alteration of PKC isoenzyme mRNA expression

QRT-PCR was used to detect the mRINA expres-
sion levels of PKC-a, -BIL, -8, -£, -A, -{ isoenzyme
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{1 Primary foci #l Paratumor mucoss

B Iiepatic metastaric foci

QRT-PCR {luorescence intensity

PKC-c

PKC.a PKC-RII PKC-6
Fig. 1. PKC isoenzyme mRNA expressions in 58 patients with
colorectal cancer.
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Fig. 2. Correlations between cell membrane phospholipid levels
and PKC isoenzyme mRNA expressions. A: Paratumor mucosa;
B primary foci; C: hepatic metastatic fod.

in primary foci, paratumor mucosa and hepatic metastatic
foci (Fig. 1). PKC-a mRINA expression levels in pri-
mary and hepatic metastatic foci were lower than those
in paratumor mucosa (F =60.30, P <0.01). High le-
vels of PKC-BII, -8, -&, -A, -{ isoenzyme mRNA
expression were detected in both primary and hepatic
metastatic foci, and the levels of these isoenzymes in pa-
ratumor mucosa were lower ( F=55.71, 114.61, 107.24,
91.75, 65.43, P<0.01). PKC-BII levels in primary
and hepatic metastatic foci were not significantly different
(t=4.28, P>0.05); but PKC-8, -&£, -\, -{ mRNA
expression levels in hepatic metastatic foci were higher
than those in primary foci (¢ =4.31, P <0.01).

Correlation of cell membrane phospholipid level
with PKC isoenzyme expression in hepatic metasta-
sis
Correlations of phospholipid levels of cell mem-
brane with PKC isoenzyme mRINA expressions and their
effects on hepatic metastasis of colorectal carcinoma
(Fig. 2) showed that the levels of PI and PC and PKC-
BII expression in primary foci were higher than those in
paratumor mucosa, but the same in hepatic metastaric
foc1 The levels of PI and PC were closely correlated
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with PKC-BII expression (r=0.715, P <0.05; r=
0.901, P<0.01). The high levels of PI, PC and ex-
pression of PKC-BII were related to colorectal cancer
genesis; the level of PE and expressions of PKC-8, -g,
-k, - were stepwisely increased in paratumor mucosa,
primary and hepatic metastatic foci in turn, whereas
PKC-a expressions decreased gradually. The PE level
was correlated with expressions of PKC-8, -&, -A, -{
(r=0.954, 0.987, 0.997, P<0.01; r=0.832, P<
0.05). Both of them were closely related to hepatic me-
tastasis of colorectal carcinoma.

Discussion
The liver is one of the organs that are sul%]ect to blood

route metastasis of colorectal carcinoma. [33-%] Cancer
cells from colorectal primary foci get to the liver through
the portal vein pathway. Most of the cancer cells are
captured or dormant in the liver; but it is by no means
indicated that all cancer cells in the liver would destine
to develop clinical metastatic lesions. Qur findings sug-
gested that phospholipid levels of cell membrane and
PKC isoenzyme mRINA expressions are closely related to
genesis and progression of colorectal cancer. PI and PC
levels in primary and hepatic metastatic foci may increase
more prominently than in paratumor mucosa; but they
are not significantly different in primary foci and hepatic
metastatic foci. We conclude that the increase of PI and
PC levels is related to occurrence of colorectal carcino-
ma. PE levels have a stepwise increase from paratumor
mucosa to primary cancer, and hepatic metastatic foci.
This indicates a correlation of PE level increase with he-
patic metastasis of colorectal cancer.

The results of PKC isoenzyme mRINA test showed
that the level of PKC-a expression is decreased in prima-
ry and hepatic metastatic foci but that of PKC-BII ex-
pression is increased in primary and hepatic metastatic fo-
ci. Enhanced expression of PKC-BII and decreased ex-
pression of PKC-o are correlated with occurrence of
colorectal cancer, but they may be weakly associated
with hepatic metastasis. Nevertheless, the high expres-
sion levels of PKC-8, -g, -\, -{ in hepatic metastatic
foci are closely related to metastasis of colorectal cancer
to the liver.

Phospholipids of cellular membrane play impor-
tant roles in signal transduction and cycle regulation of
cells.[¥-#1] Our study has proved that the levels of mem-
brane phospholipid are correlated with PKC isoenzyme
expressions and they exert significant effects on the oc-
currence of colorectal cancer and hepatic metastasis. PI
metabolism produces intracellular messenger of inositol
triphosphate (IP;) and diacylglycerol (DAG). IP; acti-
vates the signal pathway of IP,-Ca?* and enhances the

concentration of Ca?t, so it influences cell prolifera-
tion.[*2*] DAG as a special activator of PKC makes tar-
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get proteins phosphorylated and it is related to a compre-
hensive pathophysiological process. [*>**] Because PKC
isoenzymes depend on Ca?* and DAG, PKC-a pro-
motes cell apoptosis and PKC-BII inhibits apoptosis
process.32:#6:¥7]" A sujtable mtio of PKC-a to PKC-BII
is crucial to regulating cell growth. Compared with pa-
ratumor mucosa, primary and hepatic metastatic foci
have a lower level of PKC-o expression and a higher
level of PKC-BII expression. Maladjustment of the
PKC-o to PKC-BII ratio makes cell apoptosis weakened
and leads to abnormal proliferation of cells, resulting in
biclogical behavior changes or carcinomatous changes.

PC hydrolysis produces abundant DAG, but PI
metabolism engenders DAG. The activities of PKC-&
and PKC-g are dependent on DAG, which actvates
PKC-8 and PKC-g¢ continuously. [*8:#] Increased PC
level and high activity of PKC-8 and PKC-£ promote
abnormal cleavage and de-differentiation of cells, thus
facilitating occurrence and progression of colorectal canc-
er. The higher PE level in hepatic metastatic foci than in
paratumor mucosa and primary foci suggests that PE in-
crease is correlared with hepatic metastasis of colorectal
cancer. As an important component of lipid bilayer, PE
keeps cell membrane stable in addition to its important
roles in ion transmembrane transport and membrane pro-
tein functioning. [®] PE activates not only PKC-8 and
PKC-¢ iscenzymes through the DAG pathway, but also
PKC-A and PKC-{, which ate of independence of
Ca? and DAG. PKC-A and PKC-{ expressions in-
crease markedly in hepatic metastatic foci, so PE acti-
vates PKC. more powerfully. With the preceding mecha-
nisms, colorectal cancer cells get changed in biclogical
behavior and develop hepatic metastasis. This helps us to
understand the signal pathway and biomolecular mecha-
nisms of hepatic metastasis of colorectal carcinoma and to
explore effective interventional methods.

Competing interest

No benefits in any form have been received or will be received
from a commercial party related directly or indirectly to the subject
of this artidle.

References

1 Sasson AR, Sigurdson ER. Surgical treatment of liver metasta-
sis. Semin Oncol 2002;29:107-118.

2 Imamora H, Matsuyama Y, Shimada R, Kubota M, Nakayama
A, Kobayashi A, et al. A study of factors influencing prognosis
after resection of hepatic metastases from colorectal and gastric
carcinoma. A study of factors influencing prognosis after resec-
tion of hepatic metastases from colorectal and gastric carcinoma.
Am J Gastroenterol 2001 ;96 :3178-3184.

3 Yamada H, Kondo S, Okushiba §, Morikawa T, Katch H.
Analysis of predictive factors for recurrence after hepatectonty

414 .

10

11

12

13

14

15

16

17

Hepatobiliary Pancreat Dis Int, Vol 3, No3 - August 15, 2004

for colorectal liver metastases. World J Surg 2001325 1129-
1133.

Gruenberger T, Jourdan JL, Zhao J, King J, Morrs DL.

Echogenicity of liver metastases is an independent prognostic
factor after potentially curative treatment. Arch Surg 20003135
1285-1290.

Kokudo N, Miki Y, Sugai S, Yanagisawa A, Kato Y, Saka-
moto Y, et al. Genetic and histological assessment of surgical
margins in resected liver metastases from colorectal carcinoma;
minimom surgical margins for successful resection. Arch Surg
20023137 :833-840.

Sato T, Konishi K, Yabushita K, Nojima N, Kimura H, Mae-
da K, et al. The time interval between primary colorectal carci-
noma resection to occurrence of liver metastases is the most im-
portant factor for hepatic resection. Analysis of total course fol-
lowing primary resection of colorectal cancer. Int Surg 1998;
83:340-342.

Kato T, Yasui K, Hirai T, Kanemitsu Y, Mori T, Sugihara
K, et al. Therapeutic results for hepatic metastasis of colorectal
cancer with special reference to effectiveness of hepatectomy:
analysis of prognostic factors for 763 cases recorded at 18 institu-
tions. Dis Colon Rectum 2003 346 ;522-31.

Sasson AR, Sigurdson ER. Surgical treatment of liver metasta-
ses. Semin Oncol 2002;29:107-118.

Seto S, Onodera H, Kaido T, Yoshikawa A, Ishigami §, Arii
S, et al. Tissue factor expression in human colorectal carcino-
ma; correlation with hepatic metastasis and impact on progno-
sis. Cancer 200088 :295-301.

Tullo A, D’ Erchia AM, Honda K, Mitry RR,, Kelly MD,
Habib NA, et al. Characterization of p53 mutations in colorec-
tal liver metastases and correlation with clinical parameters. Clin
Cancer Res 199935 :3523-3528.

Fujisaki T, Tamaka Y, Fujii K, Mine 8§, Saito K, Yamada S,
et al. CD44 stimulation induces integrin-mediated adhesion of
colon cancer cell lines to endothelial cells by up-regulation of
integrins and c-Met and activation of integrins. Cancer Res
199959 :4427-4434.

Yokoyama N, Shirai Y, Ajioka Y, Nagakura S, Suda T,
Hatakeyama K. Immunohistochemically detected hepatic micro-
metastases predict a high risk of intrahepatic recurrence after re-
section of colorectal carcinoma liver metastases. Cancer 20023
94 :1642-1647.

Hermsen M, Postma C, Baak J, Weiss M, Rapallo A, Sciutto
A, et al. Colorectal adenoma to carcinoma progression follows
multiple pathways of chromosomal instability. Gastroenterology
20023123 :1109-1119.

Hishikawa Y, Kohno H, Ueda §, Kimoto T, Dhar DK, Ku-
bota H, et al. Expression of metallothionein in colorectal canc-
ers and synchronous liver metastases. Oncology 2001361 : 162-
167.

Young J, Barker M, Fraser L, Walsh MD, Spring K, Biden
KG, et al. Mutation searching in colorectal cancer studies: ex-
perience with a denaturing high-pressure liquid chromatography
system for exon-by-exon scanning of tumour suppressor genes.

Pathology 2002334 :529-533.

Nanashima A, Yamaguchi H, Sawai T, Yamaguchi E, Kidoga-
wa H, Matsuo S, et al. Prognostic factors in hepatic metastases
of colorectal carcinoma ; immunohistochemical analysis of tumor
biological factors. Dig Dis Sci 2001 ;46 :1623-1628.

Weller SG, Klein IK, Penington RC, Kares WE Jr. Distinct
protein kinase C isozymes signal mitogenesis and apoptosis in
human colon cancer cells. Gastroenterology 19993 117 : 848-

- www.hbpdint.com



Effects of cell membrane phospholipid level and PKC isoenzyme expression

18

19

20

21

22

23

24

25

26

27

28

29

30

3

32

857.

Fields AP, Murray NR, Gustafson WC. Characterization of
the role of protein kinase C isozymes in colon carcinogenesis
using transgenic mouse models. Methods Mol Biol 2003;233;
539-553.

Cesaro P, Raiteri E, Demoz M, Castino R, Baccino FM,
Bonelli G, et al. Expression of protein kinase C betal confers
resistance to TNFalpha- and paclitaxel-induced apoptosis in
HT-29 colon carcinoma cells. Int J Cancer 2001 ;93 :179-184.
Murray NR, Weems C, Chen L, Leon J, Yu W, Davidson
LA, et al. Protein kimase C BII and TGFBRII in -3 fatty
acid-mediated inhibition of colon carcinogenesis. J Cell Biology
20023157 :915-920.

Rao CV, Simi B, Hirose Y, Upadhyaya P, El-Bayoumy K,
Reddy BS. Mechanisms in the chemoprevention of colon canc-
er: modulation of protein kinase C, tyrosine protein kinase and
diacylglycerol kinase activities by 1,4-phenylenebis-( methy-
lene) selenocyanate and impact of low-fat diet. Int ] Oncol
2000316 :519-527.

Murray NR, Davidson LA, Chapkin RS, Clay Gustafion W,
Schattenberg DG, Fields AP. Overexpression of protein kinase
C betall induces colonic hyperproliferation and increased sensi-
tivity to colon carcinogenesis. J Cell Biol 19993145 .699-711.
Wang Q, Wang X, Evers BM. Induction of cIAP-2 in human
colon cancer cells through PKC delta’NF-kappa B. ] Bicl
Chem 2003 ;278 :51091-51009.

McMillan L, Butcher SK, Pongracz J, Lord JM. Opposing
effects of butyrate and bile acids on apoptosis of human colon
adenoma cells : differential activation of PKC and MAP kinases.
Br J Cancer 2003 ;88.748-753.

Chiang HS, Yang RS, Lin SW, Huang TF. Tissue factor ac-
tvity of SW-480 human colon adenocarcinoma cells is modula-
ted by thrombin and protein kinase C activation. Br J Cancer
1998;78 :1121-1127.

Masur K, Lang K, Niggemann B, Zanker KS, Entschladen F.
High PKC alpha and low E-cadherin expression contribute to
high migratory activity of colon carcinoma cells. Mol Biol Cell
2001312 ;1973-1982.

Suzoma K, Takahara N, Suzoma I, Isshiki K, Ueki K, Leitges
M, et al. Characterization of protein kinase C beta isoform’s
action on retinoblastoma protein phosphorylation, vascular en-
dothelial growth factor-induced endothelial cell proliferation,
and retinal neovascularization. Proc Natl Acad Sc USA 20023
99.721-726.

Davidson LA, Aymond CM, Jiang YH, Turner ND, Lupton
JR, Chapkin RS. Non-invasive detection of fecal protein ki-
nase C BII and messenger RNA : putative biomarkers for colon
cancer. Carcinogenesis 1998319 :253-257.

Kuranami M, Powell CT, Hug H, Zeng Z, Cohen AM,
Guillem JG. Differential expression of protein kinase C isoforms
in human colorectal cancers. J Surg Res 1995;58 :233-239.
Suga K, Sugimoto I, Ito H, Hashimoto B. Down-regulation
of protein kinase C-alpha detected in human colorectal cancer.
Biochem Mol Biol Int 1998 ;44 ;523-528.

Roh H, Green DW, Boswell CB, Pippin JA, Drebin JA.
Suppression of beta-catenin inhibits the neoplastic growth of
APC-mutant colon cancer cells. Cancer Res 2001361 ;6563
6568.

Gokmen-Polar Y, Murray NR, Velasco MA, Gatalia Z,
Fields AP. Elevated protein kinase C betall is an early promo-
tive event in colon carcinogenesis. Cancer Res 2001 ;61 :1375-
1381.

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

Fong Y, Salo J. Surgical therapy of hepatic colorectal metasta-
sis. Semin Oncol 1999326 :514-523.

Vlems FA, Diepstra JH, Punt CJ, Ligtenberg MJ, Cornelissen
IM, van Kricken JH, et al. Detection of disseminated tumour
cells in blood and bone marrow samples of patients undergoing
hepatic resection for metastasis of colorectal cancer. Br J Surg
2003390 :989-995.

Topal B, Kaufinan L, Aerts R, Penninckx F. Patterns of fai-
lure following curative resection of colorectal liver metastases.
Bur J Surg Oncol 2003 ;29 :248-253.

Uchikura K, Ueno 8, Takao S, Miyazono F, Nakashima §,
Tokuda K, et al. Perioperative detection of circulating cancer
cells in patients with colorectal hepatic metastases. Hepatogas-
troenterology 2002;49:1611-1614.

Yamamoto J, Kosuge T, Shimada K, Yamasaki S, Moriya Y,
Sugihara K. Repeat liver resection for recurrent colorectal liver
metastases. Am J Surg 1999178 .275-281.

Payrastre B, Missy K, Giuriato S, Bodin S, Plantavid M,
Gratacap M. Phosphoincsitides: key players in cell signalling,
in time and space. Cell Signal 2001 ;13 .377-387.
Acevedo-Duncan M, Patel R, Whelan 5, Bicako E. Human
glioma PKC-iota and PKC-betall phosphorylate cyclin-depen-
dent kinase activating kinase during the cell cyde. Cell Prolif
2002335 ;23-36.

Takenawa T, Ttoh T. Phosphoinositides, key molecules for
regulation of actin cytoskeletal organization and membrane traf-
fic from the plasma membrane. Biochim Biophys Acta 2001;
1533 :190-206.

Itoh T, Takenawa T. Phosphoinositide-binding domains:
functional units for temporal and spatial regulation of intracellu-
lar signalling. Cell Signal 2002314 ,733-743.

Mak DO, McBride SM, Petrenko NB, Foskett JK. Inositol 1,
4 ,5-trisphosphate [ correction of tris-phosphate ] activation of
inositol trisphosphate [ correction of tris-phosphate ] receptor
Ca?* channel by ligand tuning of Ca?* inhibition. Proc Natl
Acad Sci USA 1998;95 :15821-15825.

Yang J, McBride §, Mak DO, Vardi N, Palczewski K, Hae-
seleer F, et al. Identification of a family of calcium sensors as
protein ligands of inositol trisphosphate receptor Ca(2+) re-
lease channels. Proc Natl Acad Sci USA 2002399.7711-7716.
Garcia-Bermejo ML, Leskow FC, Fujii T, Wang Q, Blum-
berg PM, Ohba M, et al. Diacylglycerol { DAG) -lactones, a
new class of protein kinase C {( PKC) agonists, induce apoptosis
in LNCaP prostate cancer cells by selective activation of PKCal-
pha. J Biol Chem 2002 ;277 :645-655.

Madani S, Hichami A, Legrand A, Belleville J, Khan NA.
Implication of acyl chain of diacylglycerols in activation of dif-
ferent isoforms of protein kinase C. FASEB J 20013152595~
2601.

Okuda H, Adachi M, Miyazawa M, Hinoda Y, Imai K. Pro-
tein kinase Calpha promotes apoptotic cell death in gastric canc-
er cells depending upon loss of anchorage. Oncogene 1999;18:
5604-5609.

Mandil R, Ashkenazi E, Blass M, Kronfeld I, Kazimirsky G,
Rosenthal G, et al. Protein kinase Calpha and protein kinase
Cdelta play opposite roles in the proliferation and apoptosis of
glioma cells. Cancer Res 2001 ;61 :4612-4619.

Goerke A, Sakai N, Gutjahr B, Schlapkohl WA, Mushinski
JF, Haller H, et al. Induction of apoptosis by protein kinase C-
8 is independent of its kinase activity. J Biol Chem 20023277
32054-32062.

Hepatobiliary Pancreat Dis Int, Vol 3, No3 - August 15, 2004 - www.hbpdint.com - 415



Hepatobiliary & Pancreatic Diseases International

49 Tachado SD, Mayhew MW, Wescott GG, Foreman TL, ing: phosphatidylethanolamine is required at a late step of the
Goodwin CD, MdJilton MA, et al. Distinct mechanisms me- conformational maturation of the polytopic membrane protein
diate the initial and sustained phases of cell migration in epider- lactose permease. EMBO J 1998;17 :5255-5264.
mal growth factor receptor-overexpressing cells. ] Cell Biochem
2002485 .785-797. Received November 20, 2003

50 Bogdanov M, Dowhan W. Phospholipid-assisted protein fold- Accepted after revision March 24, 2004

Addresses are given to us to conceal our whereabouts.

— “Sake” (H. H. Munro)

416 . Hepatobiliary Pancreat Dis Int, Vol 3, No 3 - August 15, 2004 - www._hbpdint.com



