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By using a retrovirus-derived system we generated derivatives of the human colon adenocarci-
noma cell line LS174T (ATCC CL 188) that stably overexpress a full-length cDNA encoding the
B1 isoform of bovine phosphoinositides-specific phospholipase C (PI-PLC). This was confirmed by
the elevated levels of catalytic activity to release phosphoinositides from phosphatidylinositol (PI-
PLC) or phosphatidylinositol-bis-phosphate (PIB-PLC), and the enhanced expressions of messen-
ger RNA and protein. PI-PLC B1 overexpresser clones grew to form cell clumps floating in liquid
medium, whereas the pMV7-introduced control clones displayed morphologic characteristics that
were very similar to those of the parent LS174T cell line. Three individual PI-PLOB1 overex-
presser cell lines displayed increased doubling time (18.0 h, 21.5 h, and 23.8 h) when compared
with 4 individual pMV7-introduced control cell lines (13.1 h, 10.7 h, 12.9 h, and 9.3 h). Anchor-
age-independent growth ability in soft agar medium was dramatically suppressed by overexpres-
sion of PLC 1, and the ability of PLC-overproducer clones to form aggregates when cultured in
liquid medium was dramatically enhanced when compared with that of pMV7-introduced control
clones. Tumorigenicity of PLCB1-overproducers was much weaker than that of vector-transduced
control clones. The spontaneous release of carcinoembryonic antigen from PIB%-overproducer
clones was much higher than that from pMV7 control clones. The ability of PL@1-overproducer
clones to form aggregates during suspension culture was much stronger than that of the control
clones. These results provide the first evidence that elevated levels of endogenous PI-BLGup-
press tumor cell growth, but enhance the ability to form cell aggregates and to release carcinoem-
bryonic antigen, an intercellular adhesion molecule.
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Phosphoinositides-specific phospholipase C (PI-PLC) iscoupled to different receptors and that they are activated
one of the key enzymes in the signal transduction pathby different mechanisms [for reviews, see Refs. 2, 3, and
ways from various kinds of agonist-mediated stimuli to5]. Only PLCYy isoforms have both SH2 and SH3 intra-
cells. Hydrolysis of inositol-phospholipids by the enzyme cellular domains, certain tyrosine residues of which are
generates diacylglycerol (DAG) and inositol 1,4,5-triphos- phosphorylated by several receptor tyrosine kinases, such
phate (IB), which, in turn, activate phosphatidylcholine- as epidermal growth factor and platelet-derived growth
specific phospholipases C and D by way of activation offactor, which subsequently results in IP turndv&.On
protein kinase C (PKC) and Ceelease, respectively) the other handp isoforms of PLC are activated by sev-
PI-PLCs are ubiquitous enzymes and thus far, three majagral agonists which bind to G-protein-linked 7 membrane-
Pl-specific subtypesp( y, andd) have been identified in spanning receptors, such as muscarinic (M1, M3, and M5),
mammalian tissues® All three isoforms have similar serotogenic (5-HT1c), and adrenergmlB) receptors)
hydrolytic properties towards three common phospho-The agonist-induced conformational changes in these
inositides, i.e., phosphatidylinositol, phosphatidylinositol receptors dissociate the heterotrimeric proteins info G
4-phosphate, and phosphatidylinositol 4,5-bis-phosphat@nd G, subunits, both of which can activate PIBGso-
(PIR,). There is also evidence that specific isoforms areforms in either a pertussis toxin-insensitive or sensitive

mannet 9 Although four distinct PLCS isoforms are
6 To whom correpondence should be addressed at the Yakuknown, the mechanism by which these isozymes are cou-
Central Institute for Microbiological Research. pled to membrane receptors remains unclear.
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We have recently become interested in the possibilityA retrovirus-derived cDNA expression vector designated
that PLC might play an important role in the origin and pMV7? 27 and a construct designated pMV7-PL1
growth of human colon cancer. We have found that bilecontaining the total PL@1 cDNA were transfected onto
acid, which has been implicated as a promoter in colorsubconfluent GPAM12 cells by using Lipofectin (Gibco
carcinogenesis, can enhance the activity of PLC inBRL, Gaithersburg, MD). After 48 h, the medium was
extracts of normal human colon mucosa and colorharvested, filtered, and used to infect recipient subconflu-
tumors!® In addition, we found that human colon tumors ent LS174T cells with 2ug/ml polybrene for 48 h. The
frequently display increased levels of PyCisoform and cells were then trypsinized and replated in culture
decreased levels obl when compared with normal medium that contained 5Q@/ml of the neomycin deriva-
colonic mucosa, but only low levels 8L isoform. Fur- tive G418 (Geneticin, Gibco). Resistant colonies were
thermore, a series of human colon tumor cell lines expressloned and maintained in culture medium containing 500
high levels of PLCyl, only low levels of PLOB1, and  ug/ml G418.
undetectable levels of PL&1.'" Because a recent series Assay of PI-PLC and PIR-PLC activities in tissue cul-
of studies has also demonstrated elevated contents of PLidre cells Both total PI-PLC and PJHPLC activities in
yl as protein and/or catalytic activity in primary human crude cell extracts were determiniadvitro.?® Briefly, the
tumors such as colon, breast cancer, renal cell carcinomeells were harvested with 2 ml of homogenization buffer
and nonsmall lung carcinoma as compared with the correfLl0 mM Tris HCI, pH 7.5, 0.25 M phenylmethylsulfonyl
sponding normal tissué&?V the elevation of PLCyl fluoride (PMSF), 10ug/ml leupeptin, 10ug/ml soybean
might be universal in tumor tissues. trypsin inhibitor, and 10 M 2-mercaptoethanol], and

At present, little is known about the role of signal homogenized in a Teflon homogenizer at 4°C. Protein
transduction through G-protein-linked receptors in colonconcentration was determined by the Lowry method.
carcinogenesis. A recent series of studies, however, The PLC activity present in the cell extracts was
showed that receptors that couple through G proteins tassayed immediately after isolation by using mixed
activation of PI-PLC[ isoforms (serotonin 1colB micelles of*H-phosphatidylinositol and phosphatidylinosi-
adrenergic) can effectively transform NIH 3T3 fibro- tol or *H-phosphatidylinositol-bisphosphate and phos-
blasts?*-24 Therefore, it is likely that the PL@ isoform  phatidylinositol-bisphosphate. Briefly, the samples were
when overexpressed in cells might function as a protosuspended at a concentration of 3i&ml (PI-PLC) or
oncogene. We therefore took a direct molecular approacB7.5 pg/ml (PIR-PLC) in the reaction buffer [50 I
to address the precise role of PICisoform in human HEPES, pH 7.0, 100 ki NaCl, 1 nM CaCl, 0.15 mg/ml
colon cancet® We generated derivatives of the LS174T bovine serum albumin (BSA), and 1 mg/ml sodium deox-
human colon cancer cell line that stably overexpress larggcholate], and mixed with a substrate mixture ai-I-
amounts of PLQ31. The LS174T cell line was employed phosphatidylinositol (ammonium salt) ana{phosphati-
since it has been extensively characterized with respect tdyl[2-*H]inositol (Amersham Co., Arlington Heights, IL)
its growth propertie¥® Contrary to our expectation, our or a mixture of la-phosphatidylinositol 4,5-biphosphate
findings indicate that overexpression of PLEL in (sodium salt, Sigma Chem. Co., St. Louis, MO) argt
LS174T cells can cause a marked suppression of growthhosphatidyl[2H]inositol 4,5-bisphosphate (Amersham
in cell culture, suppression of tumorigenicity in nude Co.) at final concentrations of 100M and 10 dpm,
mice, and augmented ability to form aggregates in susperrespectively. Then, the mixture was incubated at 37°C for
sion culture. We also found that the PBC overexpress- 60 min (PI-PLC) or 15 min (PLHPLC), and the reaction
ers express and release increased levels of carcinavas stopped by addition of 378 of chloroform/metha-
embryonic antigen molecule, an intercellular homotypicnol (1/2, viv). The radioactivity in the aqueous fraction

adhesion molecule. after extraction of lipids from the reaction mixture by the
methods of Bligh and Dy& was detected with a liquid
MATERIALS AND METHODS scintillation counter.

RNA isolation and northern blot analysis Total RNA
Cells and culture conditions LS174T human colon ade- was extracted from cell lines with guanidium isothiocya-
nocarcinoma cell line (ATCC CL 188) was used. Thenate and layered over cesium chloride (8l)in sodium
cells were routinely cultured in Dulbecco’s modified acetate (25 M, pH 5.0)3? Gradients were centrifuged
Eagle’'s medium (DMEM) supplemented with 10% fetal overnight in a Beckman SWA41 rotor at 100,0@li-
calf serum (FCS) and kanamycin at a concentration of 5@uots (20ug) of the RNA were analyzed by electrophore-
ug/ml. sis on 1% agarose gels containing 6% formaldehyde and
Isolation of cell lines stably overexpressing PI-PL31 transferred to Hybond-N hybridization transfer mem-
Full length cDNA encoding th@1 subspecies of bovine branes (Amersham). UV-treated filters were prehybridized
PI-PLC was kindly provided by Dr. Knopf (Genetic Inst.). for 5 h at 65°C and hybridized for 16 h at 65°C in Church
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buffer (1 MM EDTA, 250 nM NaHPQ,[TH,O, 1% BSA  imately 10 cells were injected subcutaneously into 4-5-
(fr. V), 7% BSA, pH 7.2FY Between 20 and 50 ng of full week-old female Balb/cnwnu athymic nude mice
length cDNA of bovine PI-PL@1 was labeled with the (Shizuoka Laboratory Animals Corporation, Shizuoka).
Multiple DNA labeling system (Amersham) for use as Mice were dissected under anesthesia with diethylether on
hybridization probes. The blots were washed as followsday 23 after the injection for measurement of the tumor
30 min in X saline-sodium citrate buffer (SSC) supple- weight.

mented with 0.1% sodium dodecyl sulfate (SDS) at 65°CAdhesion assay Cell adhesion assay was carried out
and then 30 min in 0XLSSC at room temperature. Auto- according to the method of Benchimet al3? Briefly,
radiography was performed a80°C for 1 to 7 days. cell cultures in the late exponential phase of growth were
Western blot analysis Cells were washed with phos- changed into single cell suspensions by 3 min incubation
phate-buffered saline (PBS), and harvested in a buffeat 37°C with 0.12% Bacto trypsin in PBS lacking g
(1% Triton X100, 20 vl HEPES, pH 7.4/5 M EGTA/1 and C& and containing 15 M sodium citrate. After cen-
ug each of aprotinin and leupeptin per ml], and the sustrifugation, the cells were suspended by two or three
pension was sonicated. Samples at a concentration of fasses through a 30-gauge needle in DMEM supple-
mg/ml in the buffer were stored aB0°C until use. The mented with 0.8% FCS and 1@/ml DNAase. Triplicate
samples were subjected to 8% SDS/polyacrylamide getell suspensions in 3 ml of the above medium &tckls/
electrophoresis (PAGE) and transferred to a nitrocellulosenl under an atmosphere of 5% Ci@ polystyrene tubes
membrane. Membranes were sonicated with TN-TX100were magnetically stirred at 70—-80 rpm at 37°C. Samples
buffer (50 nM Tris, pH 7.5, 200 il NaCl, and 0.2% were taken over a 2 h period to determine the total num-
TX100), then incubated with a 1:300 dilution of mouse ber of cells and the number of single cells by using a
anti-bovine PI-PLC 31 monoclonal antibody (Upstate
Biotechnology, Inc., NY) in TN-TX100 supplemented
with 3% BSA fr. IV (TN-TX-BSA) at room temperature

for 90 min followed by incubation with anti-mouse IgG
second antibodies conjugated with alkaline phosphatase ir
TN-TX-BSA for 30 min. The membranes were washed
three times with TN-TX, then transferred to a solution
containing color development substrates (0.33 mg/ml of
nitro blue tetrazolium and 0.17 mg/ml of 5-bromo-4-
chloro-3-indolyl phosphate) and incubated for 30 min at
room temperature.

Cell growth in liquid medium and soft agar To assess

the growth of cells in liquid medium,xA0* cells were
suspended in 3 ml of DMEM supplemented with 10%
FCS and kanamycin. On days 1, 4, 7, 10, and 12 after
starting the culture, the numbers of cells in triplicate wells
per group were counted by using a Coulter Counter B
(Coulter Electrics, Ltd., UK). Viability of the cells was
confirmed by measuring the ratio of the cells which
exclude 0.1% trypan blue to that of the cells which
include trypan blue by using a hemocytometer.

To assess the anchorage-independent growth of cells ir
soft agar medium, %10 cells were suspended in 1 ml of
0.3% Bacto-agar (Difco Laboratories, Detroit, MI) in
DMEM containing 10% FCS and overlaid above a layer
of 2 ml of 0.5% agar in the same medium, on 30-mm
petri dishes. The cells were then overlaid with 1 ml of
0.3% agar in the medium once a week until the end of the
culture. On the 28th day after starting the culture, colonies

(with a diameter of more than 100m) were counted _ o o

microscopically Fig. 1. Morphological changes induced in LS174T human colon
: NN . . . . adenocarcinoma cells by overexpression of PI-Bildn liquid

Tumorigenicity of cells in nude mice Actively growing medium. pMV7-transduced control clone #3 (A) and PRG

cells were trypsinized, washed twice with PBS, and resusgansduced clone Al (B) were incubated at 37°C in an atmo-
pended at a concentration of” X&lls/ml in PBS. Approx- sphere of 5% CQfor 3 days.

1259



Jpn. J. Cancer Re89, December 1998

hemocytometer. The percentage of total cells remaining aseen transduced with pMV7-PLB1 or pMV7 vector
single cells was used as a measure of the proportion gflasmid only when the clones made small colonies. The
nonadherent cells. cell lines (pMV7-PLC[1) were designated Al, A2, and
Determination of carcinoembryonic antigen (CEA) A C. The control clones were designated #3, #4, #5, and #6.
nonionic detergent, Triton X-114 (Sigma), was purified asAll of three PI-PLCB1 clones grew as cell clusters float-
described by Bordié? to eliminate the most hydrophilic ing in the medium and had weak activity to adhere to the
molecules from the commercial preparation. Confluentbottom of dishes (Fig. 1B). The viability of the cultured
cells (10-1C¢°) were washed twice with PBS, and after cells was confirmed to be more than 90% by means of
centrifugation, the pellet was homogenized in 1 ml of 10

mM Tris-HCI, pH 7.4, 100 il NaCl, 1% Triton X-114, 5

mM iodacetamide, 1 M PMSF, and 5 td EDTA. The

homogenate was incubated for 1 h in a 1.5-ml Eppendorf PMV7 controls oveprlr;rgijférs
microfuge tube at 4°C under agitation. CEA levels were A) T 11 1
determined by an immunoradiometric method using the .

CEA Kit “Daiichi” 1l (Daiichi Radioisotope, Tokyo). The
sensitivity of the assay was 1 ng/ml.

RESULTS 4

Cloning of PI-PLC B1 overproducers Individual G418-
resistant clones were isolated from the dishes which had
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Fig. 3. Overexpression of PI-PLBL in LS174T. Total RNAs
o #3 #4 #5 #6 Al A2 C (20 pg/lane) from the LS174T wild type (WT), pMV7-trans-
pMV? controls PLC B1 overproducers duced control clones (#3, #4, #5, #6) and PRCoverproduc-

ers (Al and A2) were analyzed with PIBT (A) andy actin (B)
Fig. 2. Enhancement of PI- and RIPLC activities of extracts probes as described in “Materials and Methods.” Partially puri-
of LS174T cells by overexpression of PLf1. Extracts from  fied protein extracts from the control clones (#3, #4, #5, and #6)
control clones and PL@1 overproducers were incubated with and PLCB1 overproducers (clones Al, A2, and C) were sub-
labeled PI or PIRin the presence of 1 mg/ml sodium deoxycho- jected to electrophoresis (5@y of protein/lane), blotted and
late at 37°C for 60 min (PI, black column) or 15 min @PIP hybridized to a PLJ1 antibody, as described in “Materials and
white column). Results were expressed as percent degradation bfethods” (C). Lanes 1-4, pMV 7 control #3, #4, #5, #6;
the labeled substrate. lanes 5-7, PLB1 Al, A2, C; lane 8, LS174T wild type.
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the 0.2% trypan blue dye exclusion test. Even after The overexpression of PI-PLB1 at the messenger
trypsinization, the single cell suspensions of PI-FRC  RNA level was confirmed by northern blot analysis (Fig.
clones formed clusters of cells in a short period when3, panel A). PI-PL(31 clones contained elevated levels
they were incubated again in the liquid medium and theyf a prominent 9-kilobase species, which corresponds to
maintained the acquired phenotypic change after mor¢he predicted size for an mRNA transcript that initiates in
than 50 passages. Mucous substances surrounding thiee 3 long terminal repeat (LTR) and terminates in the
aggregates were clearly apparent (Fig. 1B). None of th&' LTR of the pMV7-PLCB1 construct. Only weak bands
four control clones showed any morphological change a®f an endogenous transcript homologous to the PI-BLC
compared to wild type LS174T (Fig. 1A). probe were detected on the lines of control RNAs. Thus,
Overexpression of PI-PLCB1 in LS174T To determine in these cells, there is negligible expression of the endog-
the levels of PI-PLC and PHPLC activities, each of the enous gene encoding PI-PLE1. Expression levels of
cell lines was assayed for the enzyme actiiityitro by MRNA for y actin were similar for all of the clones tested
using crude extracts of the cell lines. As shown in Fig. 2(Fig. 3, panel B). The level of the enhanced expression of
the derivatives displayed significant increases in totalthe isoform in clone C was less than those in clones Al
enzyme activity towards both substrates when comparednd A2 (data not shown).
with the control clones. The level of the enzyme activity Western blot analysis by using cell extracts and mono-
in clone C was less than those of clones A2 and Al. clonal antibody to the isoenzyme also showed elevated
expression of the 154 kD PI-PLB1 in PI-PLC (1-
overproducing cells, but no detectable expression of the
species in control cells or LS174T wild type cells

107 A) (Fig. 3, panel C). The level of overexpression in clone
C was apparently less than that of A1 or A2 clone: the
8 105 relative expression levels of PI-PLB1 protein were
£ 2603:3392:100 for AL:A2:C.
2 Growth characteristics of PI-PLC [1-overproducing
= 1054 cells To characterize further the phenotypic changes of
[T . .
o PLC B1 overproducers, the clones were examined in
detail with respect to their growth rates in liquid medium
10— — as compared to those of control cell lines. As shown in
0o 1 4 7 10 12 Fig. 4, PLC Bl-overproducing cells showed significant
L. lower growth rate when compared with control cell lines.
Incubation time (day) The mean doubling times of the individual clones A1, A2,
and C were 30.2, 31.1, and 23.1 (h), respectively. The
doubling times of control clones #3, #4, #5, and #6 were
107.. B)
qh" 6.
'g 10°T Table I. Inhibition of Growth of LS174T by Overexpression of
3 PI-PLCPR1
3 105¢ Colony formation in - 1 in nude mice
8 Clone sofirﬁggitnéeDd)luPh (g, meartSD)
2 o Control #3 22319 0.79:0.70
o 2 ' 5 10 12 Control #4 57822 0.67:0.30
Control #5 31331 0.43:0.31
Incubation time (day) Control #6 79%139 0.720.35
. I . . PI-PLC 1 A1 99+3 0.14+0.04
Fig. 4. Inhlbltlon of growth of LS174T in liquid medium by PI-PLC 1 A2 25¢10 0.0G:0.01
overexpression of PI-PL@B1. Cells (5¢10%) of control clones PI-PLCBI C 77410 Not tested
(#3, #4, #5, #6) and PL@1-overproducing cells were cultured -

in 6-well flat-bottomed dishes at 37°C in an atmosphere of 5%a) 2x10* cells of each clone were seeded into 6-well dishes,
CO, and air. Cell number in each well was counted on days 1, 4and the numbers of colonies were counted after incubation for 4
7, 10, and 12 after starting the culture, and the results are indiweeks.

cated as the mean of duplicate wells. A) pMV7 control clones.b) 10° cells of each clone were injected into BALBha/nu

O #3, 0 #4,A #5,v #6. B) PLG1 overproducersd Al, mice (6 mice/group), and the tumor nodules were weighed on
O A2, A C. day 23 after the transplantation.
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16.2, 13.5, 18.2, antfl .8 (h), respectivgl There was no
significant dfference in saturation density between the
control clones and RL 1-overproducing clones.

for adhesion was afipd, which measurethe abilty of
single cells to form aggregates in suspension culture. The
results, shown in Fig. 5 and expressed as the percentage

We also assayed these cell lines for the ability to formof cells remaining as single cells as a function of time,

colonies in soft aga As shown inTable [, the control
cells formed many more rige colonies as compared with
PLC B1-overproducing clones. Théfects of constitutive
PLC Bl-overexpression on tumorigeity in nude mice
were examined by subcutaneously injectihgl0®® cells

indicate that the PLC-overproducing cell lines aggregate
more readily than the pMV7-transduced cell lines. The
size of the aggredes varied from doubtse up to lage
aggregates of more than 50 cells (data not shown).
Expresson and spontaneouselease of cecinoembry-

per mouse. The control clones formed palpable tumors ionic antigen (CEA) ffom LS174T cell lines The tota

nude mice Table 1). In contrast, growth of PI-RL[(1-
overproducing cells in nude mice was significantly slower
than that of the control cells.

Intercellular adheson function of cultured cels To test

CEA content of LS174T cell lines was quantified after
Triton-X114 extraction (Fig. 6). The mean amount of
CEA expressed in the three PU&l-overproducing cell

lines was more than 3 times the levels in the pMV7-trans-

for possible changes in the intercellular adhesion functiorduced control clonesP&0.01). These cell lines also

caused by overexprées of PLCB1, a widely used assay

Single cell ratio (%)

20 40 60 80 100 120
Incubation time (min)

Fig. 5. Enhancement of intercellular homotypic adhesion by
overexpression of PLB1 in LS174T cells. Single cell suspen-
sions of LS174T clones at a concentration df délis/ml were
incubated at 37°C in an atmosphere of 5%, @@d air. The
number of single cells was counted at the time points indicate:
in the figure, and the percentage of total cells remaining as sir
gle cells is shown as the single cell ratio. Symbats:pMV7
control #3 O pMV7 control #4 A pMV7 control #6 ¢ PLC

B1 overexpresser A1l PLC 1 overexpresser A2y PLC
overexpresser C.
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released CEA into culture medium (Fig. 7). The spontane-
ous release of CEA was not due to cell death since more
than 99% of the cells excluded trypan blue (data not
shavn). PLC l-overproducing cells spontanebus
released more than 100-fold more CEAen compared
with that released by the vector-transduced control cell
lines. The amounts of CEA released from theCPR1l

400071

300071

20001

CEA expression (ng/107cells)

cC A1 A2
PLC 81 overproducers

#3 #4

#5
pMV7 controls

#6

Fig. 6. Increased expression levels of CEA in PRGoverpro-
ducing cells. LS174T cells were treated with 1% Triton X-114
as described under “Materials and Methods.” The assay of
extracted CEA was performed by radioimmunoassay.
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5T transformation of the cells, but also in low colony-form-
ing activity in soft agar medium, and they suggested that
the toxicity of the mutated & subunit is a consequence
of high levels of intracellular Gainduced by increased
at IP,3% Moreover, recent studies have demonstrated that
colon tumors generally display decreased levels of protein
kinase enzyme activity*® and diacylglycerol levetd*?
and that overexpression of tH&l isoform of protein
3t kinase C in the HT 29 human colon carcinoma cell line
results in dramatic inhibition of growth and loss of
anchorage-independent growth in soft agar upon exposure
°&§ to the tumor promoter, 12-O-tetradecanoylphorbol-13-ace-
ol tate (TPA)*Y Overall, it seems likely that enhancement of
liberation of both IR and DAG by PLCP1 increases
intracellular C& and activates PKC, respectively, leading
to inhibition of cancer cell growth.
11 Our recent study demonstrated that PI-PPBC is
expressed only weakly at both the mRNA and protein lev-
els in human colon epithelial tissuésin normal colon
epithelium or in some primary colon adenocarcinomas

Spontaneous release of CEA
(Log1q, Ng/107cells)

A tested, no differences in the expression levels of the iso-
0 3 6 9 12 form were observed, and various kinds of human colon
adenocarcinoma cell lines tested also expressed only low

Days of culture levels of B1 isoenzyme, suggesting that the isoform plays

Fig. 7. Enhancement of spontaneous release of CEA by overex@ minor role in the growth of human colon epithelial cells
pression of PLQBL in LS174T cells. Trypsinized cells X30) or the primary colon adenocarcinoma cells. Although we
were incubated for 12 days at 37°C in an atmosphere of 5% CQOhave not confirmed whether the results that we obtained
and air. The amounts of CEA in the culture supernatant wergyy ysing LS174T in this study also hold for other human
determined by radioimmunoassay. Symbas:  pMV7 control 000 adengcarcinoma cell lines, the present study raises
#3, O pMV7 control #4,A pMV7 control #64  PL@G1 - . . -
overexpresser Al PLEL overexpresser A2. the possibility that overexpression or stimulation of PI-

PLC B1 may result in the inhibition of the growth of

malignant colon tumors. Since stimulation of PI-PRC

in LS174T by the exogenous addition of various ligands
overproducers were maintained at the increased levelg G-protein-linked receptor molecules, such as M1 ace-

during the culture period. tylcholine receptorp1B adrenergic receptor or serotonin
1C receptor, may be possible, we are currently examining
DISCUSSION the effects of various receptor ligands on the growth of

colon cancer cells.

The present study provides the first description of the The most important findings in the present study are
effects of overexpression of the PLE isoform in a that PLCBl-overproducing cells acquired a tendency to
human cell system and demonstrates that overexpressiajtow in clusters in liquid medium and showed enhanced
of the B1 isoform of PLC in the LS174T human colon ability to form aggregates in suspension culture. There has
adenocarcinoma cell line tends to inhibit cell growth. peen a report that aggregation Dictyosteliumcells by
Three derivatives of LS174T cells that overexpress PLGstarvation is due to activation of endogenous BL2-On
B1 displayed marked alterations in morphology, inhibition the other hand, Teixeirat al have reported that eosino-
of growth in liquid culture, and a marked decrease inphils, when activated with inflammatory mediators,
anchorage-independent growth in soft agar without anyincluding platelet-activating factor (PAF), C5a and leuko-
stimulation. On the other hand, the parental LS174T cellsriene B (LTB,), undergo homotypic aggregation and that
and four individual control cell lines which had been the C5a and LTBsignaling pathways are negatively mod-
transduced with the vector plasmid did not display thesejlated by PKC, possibly at the level of PIBZ® These
effects. results suggest that thfeisoform of PLC is related to the

The mechanism of the inhibition of cell growth by PLC homotypic aggregation of eukaryote cells.

B1 is not clear. Kalineet al reported that transfection of PLC pB1-overproducing cells produce increased amounts
a mutated @, subunit into NIH 3T3 cells resulted in the of CEA and release a great deal of CEA durimgyitro
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culture (Figs. 6 and 7). CEA is a member of a family ofing the smears of ascites fluid obtained from 27 patients
cell-surface glycoproteins that are produced in excess imwith colorectal cancé?) It has been reported that overex-
essentially all human colon carcinomas and in a high propression of CEA cDNA in murine fibroblasts enhanced
portion of many other cancers, such as pancreatic, breaghe intercellular homotypic aggregation, and that CEA
and non-small-cell lung carcinom#s.Malignant colon  mediates Ca-independent, homotypic aggregation of cul-
epithelial cells frequently express 10- to 100-fold highertured cells of LS180 human colon adenocarcinoma, which
levels of CEA than their normal counterparts; in addition,is the parent cell line of LS174%7.The LS174T cell line
the cellular distribution of this molecule is altered andexpresses CEA and releases a large amount of CEA in
large amounts are secreted into the circuldfibrits liquid culture upon exogenous addition of PI-PLC of bac-
release by colorectal cancer cells has made serum CEferial origin?®5% The thick mucous substance surrounding
measurements useful in the management of some patientdusters of PLQ31 overproducing LS174T (Fig. 1B) cells
but the clinical value of CEA is limited due to the fre- could be seen clearly. A possible working hypothesis for
guent failure of serum concentrations to become elevatethe dramatic architectural alterations in the PI-PRG
until late in the course of colorectal cant®rand it  overproducing LS174T cells is that overexpression of the
remains uncertain why some patients with colon cancefl isoform of PI-PLC might cause changes in the CEA-
have normal serum CEA levels despite the presence ahediated intercellular adhesion via modulation of the GPI
CEA in their tumors, as determined histochemicHIR} anchoring of CEA on the cell membrane. Although our
Serum levels are influenced by several factors, includindindings seem contrary to the current concept that an
not only cellular CEA, but also the rate of CEA release.increase in CEA expression on tumor cells enhances the
Because CEA is one of the glycoproteins anchored to thenetastatic potentidl;> the decrease in the growth rate
cell membrane by a glycosylphosphatidylinositol (GPI) caused by PI-PL@1 overexpression may have overcome
moiety which can be cleaved with PI-PEC? it has  possible malignant changes induced by the increased
been suggested that the activity of endogenous PI-PLCexpression of CEA molecules on the PI-PRC overpro-
may represent one of the factors regulating the expressiotucer clones, so that the net effect is a decrease in the
and spontaneous release of CEA. Our present findinggimorigenicity of the clones in nhude mice. In any case,
provide the first evidence that endogenous activation othis is the first evidence that overexpression of a specific
PLC results in a marked increase in both the spontaneoul-PLC isoform changes the ability of the cells to undergo
release and expression of CEA by cultured human colotntercellular homotypic aggregation. Further studies are
cancer cells. needed to examine possible changes in the expression lev-
Kitsuki et al. have found that there was a significant els of adhesion molecules in PI-PIRT overproducers.
correlation between the degree of cell aggregation angreceived July 13, 1998/Revised September 11, 1998/Accepted
CEA expression by colorectal carcinoma cells by examin-September 25, 1998)
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