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(5) INTRODUCTION: 

A subfamily of at least eight structurally homologous G protein-coupled receptors for the 
growth factors lysophosphatidic acid (LPA) and sphingosine 1-phosphate (SIP) are 
encoded by endothelial differentiation genes (Edg Rs). Edg-1, -3, -5, -6 and -8 Rs are 
specific for SIP and Edg-2, -4 and -7 are specific for LPA. Edg Rs transduce two distinct 
types of cellular responses to LPA and SIP. The first are growth-related and include 
direct nuclear signaling of immediate-early genes by induction of a distinctive set of 
transcription factors and indirect signaling through increases in both generation of 
autocrine protein growth factors and expression of their receptors. The second are 
growth-independent and encompass a cluster of cytoskeleton-dependent functions, 
including adhesion, migration, contraction and secretion. Preliminary studies showed that 
human breast cancer cells (BCCs) of several cultured lines express high levels of some 
Edg Rs, which transduce LPA and SIP stimulation of proliferation by: i. activation of 
serum-response element (SRE)-driven transcription of growth genes, ii. enhancement of 
BCC generation of insulin-like growth factor II (IGF-II), and iii. increased BCC-surface 
expression of type I receptors for IGF-II (IGF-I-Rs) and heparin-binding epidermal 
growth factor-like growth factor (HB-EGF), which augments proliferation by interacting 
with both EGF Rs and proteoglycans of cells and tissues. The emphasis of several 
specific aims was modified in this first year to address suggestions of the reviewers that 
we: a) define how Edg R expression and functions in malignant BCCs differ from those 
in normal breast epithelial cells and b) attempt to understand the role of Edg Rs in 
uncontrolled growth of BCCs. 

(6) BODY: 

a) Hypothesis and specific aims- The central hypothesis is that SIP and LPA stimulate 
proliferation and malignant functions of BCCs by several distinct Edg R-dependent 
mechanisms, including direct transcriptional activation of immediate-early growth-related 
genes with controlling SRE sequences and upregulation of autocrine protein growth 
factor circuits. Further, it is suggested that functionally-significant differences in these 
pathways will be found which distinguish between BCCs and non-malignant breast 
epithelial cells. Current specific aims are: 

i. Culture normal human breast epithelial cells in medium similar to that supporting 
BCCs for a time sufficient to complete studies of expression and functions of Edg Rs, and 
of regulation of expression of Edg Rs in comparison with regulation in BCCs. 

ii. Apply "real-time" Taq-Man PCR methodology to quantification of Edg Rs in estrogen 
receptor (ER)-positive and ER-negative BCCs and normal breast epithelial cells. 

iii. Investigate mechanisms of Edg R-dependent stimulation of BCC and normal breast 
epithelial cell proliferation by SIP and LPA using assays based on transfection with 
SRE-luciferase and Ca++-sensitive reporters. 
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iv. Elucidate pathways by which Edg Rs of BCCs and normal breast epithelial cells 
transduce SIP and LPA signals enhancing expression of HB-EGF and IGF-I Rs, and 
generation and secretion of IGF-II. 

v. Determine the capacity of normal breast epithelial cells and BCCs to secrete gelsolin at 
concentrations capable of stabilizing and delivering LPA to Edg-2, -4 and -7 Rs. 

b) Analyses of Edg Rs in BCCs and normal breast epithelial cells- The application of 
semi-quantitative PCR and radio-PCR to BCCs of one ER-positive and one ER-negative 
line demonstrated a similar rank-order of relative frequency of expression of Edg Rs with 
Edg-3» Edg-4> Edg-5>/= Edg-2> Edg-7, and no detectable Edg-1, -6 or -8 in either 
line. These initial observations were confirmed recently and mRNAs encoding the Edg 
Rs were more accurately quantified with a "real-time" Taq-Man PCR method using 
probes and primers determined to have optimal sensitivity for this subfamily of GPCRs. 
The results with mRNAs isolated from normal breast epithelial cells showed quantitative 
differences in comparison with those from BCCs. All Edg R mRNA levels were lower in 
the normal breast epithelial cells and the rank-order of frequency of expression was 
different with Edg-3= Edg-4 >Edg-5= Edg-2, and no detectable Edg-1 or -7. Thus Edg R 
levels show quantitative differences between BCCs and normal breast epithelial cells, but 
not the major qualitative distinctions of ovarian cancer where Edg-4 R is expressed by all 
ovarian cancer cells and not by normal or immortalized ovarian surface epithelial cells. 

c) Regulation of expression of the predominant Edg-3 R of BCCs- The active metabolite 
of vitamin D, 1-, 25-dihydroxy-vitamin D3 (DHVD), suppresses the level of expression 
of Edg-3 Rs in BCCs with both time- and DHVD concentration-dependence. The optimal 
time of exposure was 24-48 h and the most effective concentration of DHVD was 10-8 
M, which together resulted in mean maximal suppression of 68%, as contrasted with 26% 
for Edg-5 Rs, 15% for Edg-2 s, and consistent 10-15% enhancement of the level of 
mRNA for Edg-4 Rs. The slight suppression by DHVD of mRNA encoding Edg-3 Rs in 
normal breast epithelial cells was not significant under any conditions, including 10-10 M 
to 10-7 M DHVD and 12 h to 72 h incubation. The principal difference so far then is a 
much greater susceptibility of Edg-3 Rs in BCCs than in normal breast epithelial cells to 
suppression by DHVD. The transcriptional mechanism(s) by which DHVD suppresses 
Edg-3 Rs are under investigation. 

d) Biochemical pathways transducing Edg R-dependent functional responses of BCCs to 
SIP and LPA- Functional studies to date have been completed with ER-positive and ER- 
negative BCCs, but not normal breast epithelial cells. Proliferation of BCCs, as assessed 
simply by cell counts after 72 h, was increased significantly by 10-8 M to 10-6 M LPA 
and SIP and maximally by up to three- to four-fold by 10-6 M LPA and SIP. There were 
no significant differences between LPA and SIP nor between ER-positive and ER- 
negative BCCs. The direct nuclear pathway for stimulation was confirmed using BCCs 
transfected with the SRE-luciferase reporter, in which 10-9 M SIP and LPA induced 5- 
to 20-fold increases in signal, further increases were LPA/S1P concentration-dependent, 
and mean maximal increases at 10-7 M to 10-6 M were up to 85-fold. Preincubation of 
BCCs with a range of microbial toxins and pharmacological inhibitors selective for 
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individual defined pathways demonstrated a dependence of SRE-luciferase signals on Gi 
alpha, Ras/MEK and Rho family GTPases. 

e) Enhancement of secretion of IGF-II to functionally-relevant concentrations by SIP and 
LPA- The basal level of secretion of IGF-II was sufficiently high for analysis by 
immunoassays only in ER-positive BCCs, where it was increased significantly by 10-9 M 
to 10-6 M SIP and LPA up to mean levels four- to five-times the baseline. This response 
was dependent on Gi alpha and Ras/MEK more than Rho. The suppression of 
proliferative responses of BCCs to SIP and LPA by different neutralizing antibodies to 
IGF-II and to IGF-I-Rs reached a mean maximum of 41% and 51%, respectively, and 
indicated a substantial role for this amplification mechanism in the total stimulatory 
effect of LPA and SIP. That the level of IGF-II attained by LPA or SIP induction was 
capable of augmenting proliferation was proven directly by assessing effects of adding 
synthetic IGF-II alone to cultures of BCCs. Optimal levels of IGF-II increased SRE- 
luciferase reports by a mean of three-fold, as contrasted with 12-fold by 10-7 M LPA, 
supporting the possibility that SIP/LPA-evoked IGF-II mediates a substantial part of the 
proliferative response. 

f) Binding of LPA and delivery to BCCs by gelsolin plasma protein- Gelsolin is a 
cytosolic and plasma protein, which severs actin through a mechanism inhibited by either 
PIP2 or LPA binding to the same two sites of gelsolin. Gelsolin binds LPA with a higher 
affinity (mean Kd= 6 nM) than serum albumin (Kd= 360 nM), the usual protein 
employed for LPA delivery in laboratory studies. At concentrations lower than 10% of 
that in plasma, gelsolin significantly enhances the functional effectiveness and intensity 
of biochemical signaling of LPA. At concentrations greater than 10% ofthat in normal 
plasma, gelsolin sequesters LPA extensively and prevents cellular stimulation. The 
structural determinants of gelsolin binding of LPA and delivery to human BCCs has been 
examined with a series of synthetic substituent peptides of gelsolin. Synthetic gelsolin 
peptide (GE 135-169), which contains both LPA-/PIP2-binding sites of intact gelsolin 
protein, and its constituent pieces GP1 (135-149) and GP2 (150-169), which each has one 
of the two LPA-/PIP2-binding sites, were examined in parallel with human recombinant 
intact gelsolin for effects on BCC responses to LPA in the SRE-luciferase assay. GE 135- 
169 enhanced significantly the SRE-luciferase signals elicited by 10-9 M to 10-7 M LPA 
from MDA-MB-453 human breast cancer cells. Maximal enhancement was observed at 
0.01-0.1 uM recombinant intact gelsolin 0.3-3 uM GE 135-169, as compared to 0.5-2 uM 
for fatty acid-free serum albumin. The same concentrations of gelsolin protein and GE 
135-169 enhanced LPA-, but not SIP-, induced increases in [Ca++]i in the MDA-MB- 
453 cells, as assessed by quantification of Fluo-4 AM signals in a fluorometric imaging 
plate reader. The constituent GP1 and GP2 peptides were less potent than GE 135-169, 
but at high concentrations blocked the LPA-binding activity of GE 135-169. Future 
studies also will examine the possibility that BCCs secrete gelsolin. 
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(7) APPENDICES: 

(1) Key Research Accomplishments- 

* Application of "real-time" Taq-Man PCR to quantification of Edg Rs in normal human 
breast epithelial cells and BCCs. 
* Demonstration that levels of Edg-3 and Edg-5 are higher in BCCs than in normal breast 
epithelial cells, and that Edg-3 SIP R is the predominant Edg in BCCs. 
* Documentation that SIP and LPA stimulate secretion of IGF-II by BCCs, and that this 
IGF-II activity contributes substantially to the enhancement f proliferation by S1P/LPA. 
* Discovery that 1-,25-dihydroxy-vitamin D3 selectively suppresses expression of Edg-3 
Rs in BCCs by transcriptional mechanisms. 
* Finding that the plasma protein gelsolin presents LPA, but not SIP, to BCCs more 
potently than serum albumin. 

(2) Publications- 

i. Goetzl, E.J., Dolezalova, H., Kong, Y., and Zeng, L. Dual mechanisms for 
lysophospholipid induction of proliferation of human breast carcinoma cells. Cancer Res. 
59: 4732-4737,1999. 

ii. Goetzl, E.J., and Lynch, K.R. The omnific lysophospholipid growth factors. Ann. N.Y. 
Acad. Sei. 905: xi-viv, 2000. 

iii. Goetzl, E.J., Lee, H., Dolezalova, H., Kalli, K.R., Conover, CA., Hu, Y.-L., Azuma, 
T., Stossel, T.P., Karliner, J.S., and Jaffe, R.B. Mechanisms of lysolipid phosphate effects 
on cellular survival and proliferation. Ann. N.Y. Acad. Sei. 905: 177-187, 2000. 

iv. Dolezalova, H., Cunningham, M.D., Solow-Cordero, D.E., Kong, Y., Lee, H., and 
Goetzl, E.J. Cellular presentation of lysophosphatidic acid (LPA) by the human plasma 
gelsolin (GE) substituent peptide GE 135-169. FASEB J. 14: A1464,2000. 
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Dual Mechanisms for Lysophospholipid Induction of Proliferation of Human Breast 

Carcinoma Cells1 

Edward J. Goetzl,2 Hana Dolezalova, Yvonne Kong, and Li Zeng 
Departments of Medicine and Microbiology-Immunology, University of California Medical Center, San Francisco, California 94143-0711 

ABSTRACT 

Endothelial differentiation gene-encoded G protein-coupled receptors 
(Edg Rs) Edg-1, Edg-3, and Edg-5 bind sphingosine 1-phosphate (SIP), 
and Edg-2 and Edg-4 Rs bind lysophosphatidic acid (LPA). LPA and SIP 
initiate ras- and rho-dependent signaling of cellular growth. Cultured 
lines of human breast cancer cells (BCCs) express Edg-3 > Edg-4 > Edg- 
5 > or = Edg-2, without detectable Edg-1, by both assessment of mRNA 
and Western blots with rabbit and monoclonal mouse anti-Edg R anti- 
bodies. BCC proliferation was stimulated significantly by 10~9 M to 10~6 

M LPA and SIP. Luciferase constructs containing the serum response 
element (SRE) of growth-related gene promoters reported mean activa- 
tion of BCCs by LPA and SIP of up to 85-fold. LPA and SIP stimulated 
BCC secretion of type II insulin-like growth factor (IGF-II) by 2-7-fold, to 
levels at which exogenous IGF-II stimulated increased proliferation and 
SRE activation of BCCs. All BCC responses to LPA and SIP were 
suppressed similarly by pertussis toxin, mitogen-activated protein kinase 
kinase inhibitors, and C3 exoenzyme inactivation of rho, suggesting me- 
diation by Edg Rs. Monoclonal anti-IGF-II and anti-IGFRl antibodies 
suppressed proliferation and SRE reports of BCCs to LPA and SIP by 
means of up to 65%. Edg Rs thus transduce LPA and SIP enhancement 
of BCC growth, both directly through SRE and indirectly by enhancing 
the contribution of IGF-II. 

INTRODUCTION 

The lysolipid phosphate mediators LPA3 and SIP are generated 
enzymatically from membrane lipid precursors of many different 
types of normal and malignant cells (1,2). Extracellular LPA and S1P 
both stimulate cellular proliferation, differentiation, survival, adhe- 
sion, aggregation, and other specific functions (3-5). A recently 
characterized subfamily of at least five G protein-coupled receptors, 
which are encoded by edgs, bind and transduce signals from LPA or 
SIP (6-10). Two homology clusters with greater structural similarity 
and shared ligand specificity are composed of the eefg-encoded G 
protein-coupled receptors (Edg Rs) Edg-1, Edg-3, and Edg-5 set of 
SIP Rs and Edg-2 and Edg-4 LPA Rs. The capacity of LPA and SIP 
to improve cellular survival is in part a result of suppression of 
apoptosis by several distinct mechanisms (11, 12). LPA and SIP 
stimulate cellular proliferation directly by eliciting the serum response 
factor and ternary complex factor transcription factors, which together 
bind to and activate the SRE in promoters of many immediate-early 
genes (13). The involvement of SRE-dependent mechanisms in me- 
diating LPA and SIP enhancement of proliferation has not been 
examined carefully in malignant cells, nor has the possibility of 
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effects of LPA and/or SIP on polypeptide growth factors necessary 

for optimal tumor growth. 
Functional Edg receptors and proliferative responses to LPA and 

SIP thus were characterized in the ER-positive MCF-7 cultured line 
of human BCCs and the MDA-MB-453 ER-negative line of BCCs. 
The relative contributions of direct SRE-dependent induction of tran- 
scription and of enhancement of production of IGF-II in proliferative 
responses to LPA and SIP also were determined in these BCCs. 

MATERIALS AND METHODS 

Chemical Reagents and Antibodies. The sources of chemicals were: SIP 
and sphingosine (Biomol, Plymouth Meeting, PA); LPA, phosphatidic acid, 
1-ß-D-galactosyl-sphingosine (psychosine), and fatty acid-free BSA (Sigma 
Chemical Co., St. Louis, MO); and human IGF-II (Peprotech, Inc., Rocky Hill, 
NJ). Cells were treated with PTX (Calbiochem, Inc., La Jolla, CA), recombi- 
nant Clostridium botulinum C3 ADP-ribotransferase (C3 exoenzyme; List 
Biological Laboratories, Inc., Campbell, CA), which ADP-ribosylates rho 
specifically, and the MEK inhibitor 2'-amino-3'-methoxyflavone (PD98059; 
Calbiochem) as described (10, 14). Mouse monoclonal antibodies specific for 
substituent peptides of human Edg-3 (amino acids 1-21), Edg-4 (amino acids 
9-27), and Edg-5 (amino acids 303-322) have been described (12, 15), the 
immunogens for which were selected from sequences of high homology 
among humans and rodents. The expected cross-reaction with corresponding 
rodent Edg Rs has been confirmed by the identical recognition of human and 
rat Edg-5 Rs. The cross-reactivity of each antibody with heterologous Edg 
proteins was <1%, as determined by Western blots of 0.1-100 /xg of mem- 
brane proteins isolated from HTC4 rat hepatoma cells stably transfected with 
human Edg-2, Edg-3, Edg-4, or Edg-5 (12, 15). Each monoclonal IgG was 
purified by protein A affmity-chromatography (Pierce Chemical Co.) and used 
to develop Western blots at 0.1-0.3 /ig/ml (15). A mouse monoclonal IgGl 
that specifically neutralizes activity of human/rat IGF-II, but not IGF-I (Up- 
state Biotechnology, Inc., Lake Placid, NY), and a mouse monoclonal anti- 
body, termed a-IR3, which blocks binding of IGF-II to IGFR1 (Oncogene 
Science, Cambridge, MA), were purchased. A rabbit polyclonal antiserum to 
rodent and human Edg-2 was kindly provided by Dr. Jerold Chun (University 
of California-San Diego, San Diego, CA). 

Cell Culture and Quantification of Cellular Proliferation. Layers of 
ER-positive MCF-7 (ATCC # HTB-22) and ER-negative MDA-MB-453 
(ATCC# HTB-131) human BCCs were cultured in DMEM with 4.5 g/100 ml 
of glucose, 10% FBS, 100 units/ml of penicillin G, and 100 ng/rr|l of strep- 
tomycin (complete DMEM) to 100% confluence and relayered every 3-4 days 
to 25-30% confluence. To assess proliferation, replicate layers of 1 X 104 

BCCs were cultured in 48-well plates in complete DMEM for 4 h, washed 
once, and cultured for 20 h in serum-free DMEM. Some wells were pretreated 
with PTX for 6 h, C3 exoenzyme for 30 h, or MEK inhibitor for 2 h. Antisera 
were added, followed in 1 h by lipid stimuli and incubation for 72 h. Then 
wells were washed two times with Ca2+- and Mg2+-free Hanks' solution, and 
the cells were harvested in 0.2 ml of EDTA-trypsin solution for staining with 
trypan blue and eosin and quantification by microscopic counting of 10 1-mnv 
fields in a hemocytometer. 

Reverse Transcription-PCR Analysis of Edg Rs. Total cellular RNA was 
extracted by the TRIzol method (Life Technologies, Inc., Grand Island, NY), 
from suspensions of BCCs and lines of stably transfected rat HTC4 hepatoma 
cells, that all had low background expression of native Edg Rs, and each 
overexpressed one recombinant human Edg R. A Superscript kit (Life Tech- 
nologies, Inc.) was used for reverse transcription synthesis of cDNAs. PCR 
began with a "hot start" at 94°C for 3 min; Taq DNA polymerase was added, 
and amplification was carried out with 35 cycles of 30 s at 94°C, 2 min at 
55°C, and 1 min at 72°C. Two ;uCi of [a-32P]dCTP were added to some sets 
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Fig. 1. RT-PCR semiquantification of mRNA encoding Edg Rs in MCF-7 and 

MDA-MB-453 cells. The volume of cDNA mixture from each type of BCC was selected 
to equalize the level of amplified G3PDH cDNA product. Lanes 1, 3, 5, 7, and 9 are from 
MDA-MB-453 cells, and Lanes 2, 4, 6, 8, and 10 are from MCF-7 cells. Lanes 1 and 2, 
Edg-1; Lanes 3 and 4, Edg-2; Lanes 5 and 6, Edg-3; Lanes 7 and 8, Edg-4; Lanes 9 and 
10, Edg-5. The number below each lane represents the ratio of 32P in cDNA for an Edg 
R to that for G3PDH. 

of reaction mixtures to allow quantification of mRNA encoding each Edg R 
relative to that of the standard G3PDH (16). Oligonucleotide primer pairs 
were: G3PDH, 5'-dCCTGGCCAAGGTCATCCATGACAAC and 5'-dTGT- 
CATACCAGGAAATGAGCTTGAC; Edg-1, 5'-CTACACAAAAAGCTTG- 
GATCACTCA and 5'-CGACCAAGTCTAGAGCGCTTCCGGT (1100 bp); 
Edg-2, 5'-dGCTCCACACACGGATGAGCAACC and 5'-GTGGTCATT- 
GCTGTGAACTCCAGC (621 bp); Edg-3, 5'-dCAAAATGAGGCCTTAC- 
GACGCCA and 5'-dTCCCATTCTGAAGTGCTGCGTTC (701 bp); Edg-4, 
5'-dAGCTGCACAGCCGCCTGCCCCGT and 5'-dTGCTGTGCCATGCCA- 
GACCTTGTC (775 bp); and Edg-5, 5'-CTCTCTACGCCAAGCATTATGT- 
GCT and 5'-ATCTAGACCCTCAGACCACCGTGTTGCCCTC (500 bp). 
PCR products were resolved by electrophoresis in a 2 g/100 ml agarose gel 
with ethidium bromide staining. G3PDH and Edg R cDNA bands were cut 
from gels and solubilized for ß-scintillation counting in 0.5 ml of sodium 
perchlorate solution at 55°C for 1 h (Elu-Quick; Schleicher and Schuell, 
Keene, NH). Initially, the G3PDH cDNA templates in several different-sized 
portions of each sample were amplified to determine volumes that would result 
in G3PDH bands of equal intensity for each sample. Relative quantities of 
cDNA encoding each Edg R also were calculated by the ratio of radioactivity 
to that in the corresponding G3PDH band (16). 

Western Blots. Replicate suspensions of 1 X 107 BCCs, which had been 
incubated without or with LPA or SIP for 16 h, were washed three times with 10 
ml of cold Ca2+- and Mg2+-free PBS, resuspended in 0.3 ml of cold 10 mM 
Tris-HCl (pH 7.4) containing a protease inhibitor mixture (Sigma Chemical Co., 
St. Louis, MO), 0.12 M sucrose, and 5% glycerol (v/v). After homogenization with 
a Teflon pestle on ice for 2 min at 250 rpm, each sample was centrifuged at 
400 X g for 5 min at 4°C, and the supernatant was centrifuged at 300,000 X g for 
30 min at 4°C. Each 300,000 X g pellet was resuspended in 0.2 ml of 10 mM 
Tris-HCl (pH 7.4) with 1% (v/v) NP40, 5% glycerol, and protease inhibitor 
mixture and rehomogenized and incubated at 4°C for 2 h prior to centrifugation 
again at 300,000 X g. Aliquote of supernatant containing 1-100 jug of protein were 
mixed with 4X Laemmli's solution, heated to 100°C for 3 min, and electrophore- 
sed in an SDS-12% polyacrylamide gel for 20 min at 100 V and 1.5 h at 140 V, 
along with a rainbow prestained set of molecular weight markers (DuPont NEN, 
Boston, MA or Amersham, Inc., Arlington Heights, IL). Proteins in each gel were 
transferred electrophoretically to a nitrocellulose membrane (Hybond; Amersham) 
for sequential incubation with 5 g% reconstituted nonfat milk powder to block 
unspecific sites, dilutions of mouse monoclonal anti-Edg R antibody, and then 
horseradish peroxidase-labeled goat anti-mouse IgG, prior to development with a 
standard ECL kit (Amersham). 

RIA and Dot-Blot Quantification of IGF-II. RIAs were conducted ac- 
cording to the instructions of Research and Diagnostic Antibodies, Inc. (Berke- 
ley, CA), after removal of some IGF binding proteins by Sep-Pak chromatog- 
raphy (Millipore Corp., Milford, MA), as directed (17). Dot-blot quantification 
of IGF-II was performed using a method in which binding proteins do not alter 
immunoreactivity of IGF-II in unprocessed cellular secretions (18). 

Transfections and Reporter Assay. Replicate suspensions of 0.3-1 X 105 

MCF-7 and MDA-MB-453 BCCs in 1 ml of complete DMEM were cultured 
in 12-well plates for 24 h to establish monolayers of 40-50% confluency. The 
monolayers were washed twice and covered with 1 ml of serum-free DMEM 
and lipotransfected with 100 ng/well of a SRE firefly luciferase reporter 
plasmid (8) and 5 ng/well of pRL-CMV Renilla luciferase vector (Promega 
Corp., Madison, WI) using FuGENE 6 (Boehringer Mannheim Corp., Indian- 
apolis, IN). After 30 h of incubation, medium was replaced with fresh serum- 
free DMEM and anti-IGFRl or anti-IGF-II mouse monoclonal antibodies or 
IgGl isotype control was added, followed in 2 h by 10"10 M to 10~6 M LPA, 
SIP, or other lipids in serum-free DMEM with 0.1 mg/ml of fatty acid-free 
BSA. Some wells were pretreated with PTX for 6 h, C3 exoenzyme for 30 h, 
or MEK inhibitor for 2 h. After 4 h of incubation at 37°C, the luciferases were 
extracted in Reporter lysis buffer (Promega), and their activities were quanti- 
fied sequentially by luminometry using Luciferase Assay and Stop & Glo 
reagents (Promega), with integration of light emitted during the 15 s after 
addition of each reagent (EG & G Berthold microplate luminometer, model 
LB96V). Firefly luciferase values were corrected for differences in apparent 
transfection efficiency by expression as a ratio with Renilla luciferase signals 
in the corresponding samples. 

RESULTS 

BCC Expression of Edg Receptors. mRNA encoding individual 
Edg Rs had been detected by Northern blotting in some human tumor 
cells (7-9). The relative levels of mRNA encoding each of the Edg Rs 
in BCCs now have been semiquantified by RT-PCR (Fig. 1). Several 

H     CF     DA 
*****   «nu      , 

Edg-2 

H      CF   DA     C 

H      C 
»«nag 

CF    DA 

Edg-3 

-■■ 
H     CF    DA    C 

Edg-4 Edg-5 
Fig. 2. Western blot analysis of the expression of Edg-2, Edg-3, Edg-4, and Edg-5 Rs 

by MCF-7 and MDA-MB-453 BCCs. The four samples analyzed for content of each Edg 
R are: H, 3 jag of protein extracted from HTC4 rat liver cells that were stably transfected 
with the respective Edg Rs; C, 10 (xg of protein from control untransfected HTC4 cells; 
CF, 10 jtig of protein from MCF-7 BCCs; and DA, 10 jLtg of protein from MDA-MB-453 
BCCs. Blots were developed with rabbit anti-Edg-2 antiserum and anti-Edg-3, anti-Edg-4, 
and anti-Edg-5 mouse monoclonal antibodies. The marginal lines show the positions of Mr 
45,000 and Mr 66,000 protein molecular weight markers. 

All numbers are the mean : 
to that in the G3PDH cDNA. 

Table 1 Relative levels of mRNA encoding Edg receptors in BCCs 
: SD of the results of three RT-radioPCR determinations of mRNA, where each value presented is the ratio of" "P in the respective Edg R cDNA band 

Type of BCC Edg-1 Edg-2 Edg-3 Edg-4 Edg-5 

MCF-7 0.00 0.04 ± 0.02 1.00 ± 0.08 0.70 ± 0.04 0.49 ± 0.09 
MDA-MB-453 0.00 0.17 ± 0.05 0.81 ± 0.08 0.43 ± 0.03 0.19 ± 0.07 
Edg-2 Tr" <0.02 1.44 ±0.17 0.18 ± 0.06 0.08 ± 0.06 0.06 ± 0.03 
Edg-3 Tr 0.02 0.27 ± 0.09 1.29 ± 0.19 0.07 ± 0.05 0.03 ± 0.03 
Edg-4 Tr 0.02 0.28 ± 0.03 0.16 ± 0.04 1.43 ± 0.28 0.07 ± 0.05 
Edg-5 Tr 0.03 0.25 ± 0.07 0.17 ± 0.05 0.05 ± 0.04 1.36 ±0.25 

a Tr, HTC4 rat transfected hepatoma cells expressing a human recombinant Edg R. 
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Fig. 3. Stimulation of proliferation of MCF-7 and MDA-MB- 
453 BCCs by LPA and S1 P. Columns, means of the results of three 
studies performed in duplicate; bars, SD. FBS is the 2% FBS- 
positive control. The serum-free medium alone controls (100%) 
were 1.5, 1.4, and 1.5 X 104/well in the three studies of MCF-7 
BCC proliferation and 1.1, 1.2, and 1.1 X 104/well in the three 
studies of MDA-MB-453 BCC proliferation. The levels of signif- 
icance of increases above medium control proliferation were deter- 
mined by a paired Student t test; *, P < 0.01. 

400 
MCF-7 Cells MDA-MB-453 Cells 

350 

FBS      10 8 7 6 FBS      10        9 
Concentration of Lysophospholipid (-log M) 

different amounts of first-strand cDNAs prepared from MCF-7 and 
MDA-MB-453 BCCs were amplified initially to allow selection of a 
volume of each that provided equally intense cDNA bands for the 
internal standard G3PDH. With this standard approach, the mRNA 
from both human BCC lines was found to encode similarly high levels 
of Edg-3 R but had no detectable Edg-1 R message (Fig. 1). The 
ER-negative MDA-MB-453 BCCs had higher levels of mRNA en- 
coding the Edg-2 R, whereas the ER-positive MCF-7 BCCs had 
higher levels of mRNA for Edg-4 and Edg-5. 

RadioPCR has been used to assess levels of mRNA specific for 
other G protein-coupled Rs, but not Edg Rs (16). Thus, an initial study 
examined mRNA from four lines of rat HTC4 hepatoma cells, which 
were stably transfected with individual human Edg Rs 2 to 5 (Table 
1). The rank order of levels of mRNA for endogenous Edg Rs in 
HTC4 cells prior to transfection was Edg-2 S> Edg-3 > Edg- 
4 > Edg-5, without detectable Edg-1 mRNA. The level of mRNA for 
the transfected Edg R in each line was much higher than background 
(Table 1). In this frame of reference, the levels of BCC mRNA 
encoding Edg-3 were nearly as high as the index transfectant 
and > Edg-4 > Edg-5 > Edg-2, without any Edg-1 mRNA. The 
differences in relative amounts of mRNA for each Edg R between the 
two lines of BCCs were the same as for standard PCR (Fig. 1). 

Western blots developed with polyclonal anti-Edg-2 R and mono- 
clonal anti-Edg-3, anti-Edg-4, and anti-Edg-5 antibodies showed one 
predominant protein of expected size in extracts of each of the four 
lines of HTC4 cell transfectants (Fig. 2). Electrophoresis of over three 
times more protein from untransfected control HTC4 cells than trans- 
fectants did not show Edg-3, Edg-4, or Edg-5 protein antigen, but a 

faint band of Edg-2 protein was detected that might reflect the higher 
endogenous levels of mRNA encoding this R (Table 1). The results of 
BCC Western blots confirmed expression of Edg proteins represent- 
ing both LPA R and SIP R subtypes, with a predominance of Edg-3 
R in both BCC lines (Fig. 2). In contrast to expectations from PCR 
results, however, MCF-7 BCCs had higher levels of Edg-2 as well as 
Edg-4 and Edg-5 proteins than MDA-MB-453 BCCs. The Edg-4 R 
protein of both BCC lines was consistently Mr 2000-3000 smaller 
than the recombinant human Edg-4 R protein, but the basis for the 
difference has not yet been elucidated. 

Functional and Biochemical Responses of BCCs to LPA and 
SIP. The proliferation of both lines of BCCs was assessed by count- 
ing viable cells after 72 h (Fig. 3). Proliferation of MCF-7 BCCs was 
increased significantly by 10~8 M to 10~6 M LPA and SIP to maxi- 
mum levels similar to those attained by 2% FBS. In parallel studies of 
MDA-MB-453 BCCs, proliferative responses to LPA and SIP were 
similar to those of MCF-7 BCCs, with significant increases evoked by 
10~8 M to 10~6 M LPA and SIP (Fig. 3). 

Activation of SRE in the promoters of diverse growth-related genes 
is a fundamental characteristic of the growth-promoting potential of 
LPA and SIP. BCCs thus were transfected with an SRE-firefly 
luciferase construct and 1/20 the amount of a Renilla luciferase-CMV 
construct as an internal standard for consistency of transfection. LPA 
and SIP increased the mean levels of standardized luciferase lumino- 
metric activity in ligand concentration-dependent relationships by 
maxima of up to 37-fold and 85-fold, respectively, in MCF-7 BCCs 
(Fig. 4). Similar responses to the same concentrations of LPA and SIP 

-140 

Fig. 4. SRE reporter assay of LPA and SIP 
stimulation of human BCCs. Columns, means of 
the results of three studies performed in duplicate; 
bars, SD. The medium alone control values were 
1272, 957, and 352 luminometer units for MCF-7 
BCCs and 269, 715, and 1401 for MDA-MB-453 
BCCs. The statistical methods and symbols are the 
same as in Fig. 3, except that + = P < 0.05. 

Concentration of Lysophospholipid (-log M) 

4734 



Edg RECEPTORS IN HUMAN BREAST CARCINOMA 

Table 2 Pharmacological inhibition of LPA and SIP signaling to the SRE-Luciferase 
reporter in BCCs 

Each number is the mean of results of two studies performed in duplicate and presented 
as the percentage of inhibition of the control responses to 10~ M LPA and 10~ M SIP 
in serum-free DMEM without inhibitors (0% inhibition). Inhibitor conditions were 50 
ng/ml of PTX for 6 h, 5 JXM MEK inhibitor (MEK INH) for 1 h, and 10 /ig/ml of C3 
exoenzyme for 30 h. 

MCF-7 BCCs MDA-MB-453 BCCs 

PTX MEK INH     C3 exoenzyme PTX MEK INH     C3 exoenzyme 

LPA 
SIP 

74 
60 

41                     41 
37                     44 

80 
78 

69                     75 
61                     79 

2 SOD- 
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E 

| 600- 

I 
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■300 
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•0 
6 9 

Concentration of Lysophospholipid (-log M) 
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S1P 

Fig. 5. Stimulation by LPA and SIP of MCF-7 BCC secretion of IGF-II. Columns, 
means of the results of three studies; bars, SD. Secretion of IGF-II in medium alone was 
1.7, 3.0, and 4.1 ng/ml in the three studies. The statistical methods and symbols are the 
same as in Fig. 4, except that # = P = 0.05. 

were detected in MDA-MB-453 BCCs, where the respective mean 
maxima were 24-fold and 26-fold. 

Pharmacological inhibitors known to suppress one or more com- 
ponents of the pathways by which Edg Rs signal nuclear events were 
applied in BCCs transfected with the SRE-luciferase reporter. Sup- 
pression of Gi protein activity by PTX, the ras-mitogen-activated 
protein kinase pathway by a MEK inhibitor, and the rho pathway by 
C3 exoenzyme all substantially decreased nuclear signals from Edg 
receptors in both types of BCCs (Table 2). 

Enhancement of BCC Secretion of IGF-II by LPA and SIP. 
Functional prominence of the IGF-II/IGFR1 system in many breast 
cancers suggested the possibility that part of the stimulation of pro- 
liferation of some lines of BCCs by LPA and/or SIP might be 
attributable to augmentation of secretion of IGF-II by one or both 
lysophospholipid mediators. Secretion of radioimmunoreactive IGF-II 
by MCF-7 BCCs was enhanced significantly by 10~9 M to 10~6 M 

LPA and SIP in concentration-dependent relationships where the 
maximal effects were attained by 10~6 M LPA and 10~8 M and 10~7 

M SIP (Fig. 5). In two of the studies, neither 10"I0 M LPA nor SIP 
affected release of IGF-II. At 10~6 M, but not 1CT8 M, the phospha- 
tidic acid and sphingosine biochemical precursors of LPA and SIP 
enhanced secretion of IGF-II with marginal statistical significance. A 
dot-blot immunoassay for IGF-II, which eliminates the blocking ac- 
tivity of IGF-binding proteins, gave similar results for MCF-7 BCCs. 
With 1(T7 M LPA, 10"6 M LPA, 10"8 M SIP, and 10"7 M SIP, 
MCF-7 BCC-derived IGF-II was increased to respective means of 
2.6-, 3.2-, 4.7-, and 5.5-fold above a mean unstimulated level of 2.2 
ng/ml. Stimulation of MCF-7 BCC secretion of IGF-II by LPA and 
SIP was inhibited by PTX, MEK inhibition, and C3 exoenzyme 
sufficiently to implicate Gi and both the ras and rho pathways of 
signaling by the Edg receptors (Table 3). A greater involvement of 
signaling through the ras-raf-mitogen-activated protein kinase path- 

way than rho pathways may be predicted based on the higher effec- 
tiveness of the MEK inhibitor than C3 exoenzyme. 

The level of secretion of IGF-II by LPA- and SIP-stimulated 
MDA-MB-453 BCCs was much lower than that by MCF-7 cells, and 
it was not possible to quantify accurately the very low IGF-II con- 
centrations attained by unstimulated MDA-MB-453 cells. With 10"6 

M LPA and 1(T7 M SIP, the levels of IGF-II secreted by MDA-MB- 
453 BCCs attained means of 1.2 and 2.0 ng/ml, respectively. Because 
stimulated levels of IGF-II from MDA-MB-453 BCCs were only 
one-fifth of those from MCF-7 BCCs or lower and unstimulated levels 
were not reliably detectable, subsequent studies focused only on 
IGF-II mechanisms in MCF-7 BCCs. The capacity of human synthetic 
IGF-II to stimulate BCC proliferation, at concentrations in the range 
attained by incubation of MCF-7 BCCs with LPA and SIP, was 
examined to assess functional relevance of the observed endogenous 
increases. IGF-II increased MCF-7 BCC proliferation significantly, as 
determined by increases in cell counts after 72 h. MCF-7 BCC counts 
were increased by 1,3,10, and 30 ng/ml of IGF-II to respective means 
of 152, 234, 316, and 388% (n = 2) of serum-free medium control. 
The same range of concentrations of synthetic IGF-II also activated 
SRE in MCF-7 BCCs, as detected in the reporter assay (Table 4). The 
increases in SRE signal above control level were significant for all 
concentrations of IGF-II examined, and the increment in SRE signal 
attained by each higher concentration compared with the next lower 
concentration also was significant. The reduction in LPA-induced 
SRE signal by immunoneutralization of IGF-II was similar in mag- 
nitude to the maximum increase elicited by IGF-II alone (Table 4). 

Suppression of MCF-7 BCC Responses to LPA and SIP by 
Anti-IGF-II and Anti-IGFRl Antibodies. MCF-7 BCCs were pre- 
incubated with a range of concentrations of an IgGl mouse neutral- 
izing monoclonal anti-IGF II antibody, prior to introduction of 10~7 

M LPA and SIP. The neutralizing antibody to IGF-II suppressed 
significantly both proliferative responses and SRE-luciferase reporter 
responses with antibody concentration dependence, whereas isotype- 
matched control IgGl had no effect (Fig. 6). The effects of anti- 
IGFR1 antibody, which blocks binding of IGF-II to IGFR1, were 
examined in relation to the stimulatory effects of 10~7 M SIP on 
MCF-7 BCCs. At 1, 3, and 10 ju,g/ml, anti-IGFRl antibody suppressed 
S IP-stimulated proliferation of MCF-7 BCCs, as assessed with cell 
counts, by means ± SD (n = 3) of 20 ± 4.6%, 32 ± 4.0%, and 
41 ± 3.6% (P < 0.01 for all), respectively. At 3, 10, and 30 jug/ml, 
anti-IGFRl antibody suppressed SIP-stimulated activation of the 
SRE-luciferase reporter in MCF-7 BCCs by means ± SD in = 3) of 
36 ± 7.8%, 47 ± 7.8%, and 51 ± 7.6% (P < 0.01 for all), respec- 
tively. In contrast, the IgG isotype control had no significant inhibi- 
tory effect, and anti-IGFRl antibody did not suppress unstimulated 
proliferation of MCF-7 BCCs. 

Table 3 Pharmacological inhibition of LPA and SIP enhancement of MCF-7 BCC 
secretion of IGF-II 

Each value is the mean ± SD of the results of three studies. The significance of each 
level of inhibition was calculated by a paired Student t test. The levels of IGF-II in 
medium without an inhibitor were 7.4, 10, and 12 ng/ml for 10~   M LPA and 6.1, 8.5, and 
10 ng/ml for 10~~7 M SIP. 

Lysophospholipid Signaling Inhibitor 

PTX MEK INH 
(mean inhibition ± SD) 

C3 exoenzyme 

LPA (10  7M) 
S1P(10~

7
M) 

83 ± 14° 
60 ± 19* 

44 ± 8.3° 
35 ±3" 

19 ± 15 
19 ±2* 

°P<0.01. 
bP< 0.05. 
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Table 4 Activation of SRE-Lttciferase reporter in MCF-7 BCCs by IGF-II 

Each value is the mean ± SD of the results of three studies. The significance of each level of stimulation relative to serum-free control without IGF-II or LPA (100%) was calculated 
by a paired Student t test. The levels of significance of differences between 1 and 3 ng/ml (P < 0.01), 3 and 10 ng/ml (P < 0.05), and 10 and 30 ng/ml (P < 0.05) of IGF-II and between 
LPA without and with anti-IGF-II neutralizing antibody (P < 0.01) were calculated by the same method.  ______ 

1 

178 ± 17" 

"P < 0.01. 
hP< 0.05. 

IGF-II (ng/ml) 

209 ± 24" 

10 

260 ± 44" 

30 LPA (10   ' M) 

316 ±31" 1202 ± 152" 

LPA (10  7 M) + anti-IGF-II (30 fig/ml) 

910 ± 165" 

DISCUSSION 

IGF-I and IGF-II potently stimulate proliferation of many types of 
normal and malignant cells (19, 20). The IGFR1 is a heterotetrameric 
complex with tyrosine kinase activity that binds and transduces sig- 
nals from IGF-I and IGF-II similarly (21). IGFR2 differs structurally 
from IGFR1, lacks signal transduction functions, and does not medi- 
ate cellular proliferation (22). IGF-II is the predominant form in 
human cultured BCCs, stimulates BCC proliferation through IGFR1, 
and decreases the estrogen growth requirement of ER-positive BCCs 
(23). Estrogen is a potent stimulus of proliferation of ER-positive 
BCCs that concurrently enhances expression and secretion of IGF-II 
by such lines of BCCs (19). However, the possibility that the IGF 
system may not have a major role in estrogen enhancement of pro- 
liferation of some ER-positive BCCs was suggested by the lack of 
inhibition of estrogen stimulation when IGFR1 was blocked by a 
neutralizing monoclonal antibody (24). In contrast, stimulation of 
proliferation of BCCs by the lysolipid phosphate growth factors LPA 
and SIP appears to be mediated in part by IGF-II but is not dependent 
on the expression of ERs. 

The ER-positive MCF-7 cells and ER-negative MDA-MB-453 cells 
both express Edg-2 and Edg-4 Rs for LPA and Edg-3 and Edg-5 Rs, 
but not Edg-1 Rs, for SIP, with quantitative differences in the respec- 
tive levels (Figs. 1 and 2; Table 1). Significant ligand concentration- 
dependent stimulation of BCC proliferation by LPA and SIP was 
observed with both lines, irrespective of ER status (Fig. 3). Signaling 
of transcription of growth-related genes, as assessed by prominent 
enhancement of SRE-coupled luciferase activity, was increased sig- 
nificantly by proliferation-stimulating concentrations of LPA and SIP 
in both MCF-7 and MDA-MB-453 BCCs (Fig. 4). The suppression of 
SRE-coupled reporter responses to LPA and SIP by PTX and by 
inhibition of MEK and rho, in a pattern characteristic of signal 

transduction by Edg Rs, confirms the presence of functional Edg Rs 
in both BCC lines (Table 2). 

LPA and SIP both significantly enhanced secretion of immunore- 
active IGF-II by MCF-7 cells up to respective peaks 4- and 5-fold 
higher than control levels (Fig. 5). IGF-II secretion evoked by 1(T7 M 

LPA or SIP was suppressed significantly by PTX and MEK inhibition 
and less significantly by C3 exoenzyme inactivation of rho, which 
also is consistent with Edg R mediation (Table 3). The role of IGF-II 
was explored first by investigating the stimulation of proliferation and 
SRE-luciferase activity in MCF-7 BCCs by a range of concentrations 
of purified synthetic IGF-II (Table 4). At concentrations elicited by 
LPA or SIP, the synthetic IGF-II evoked greater proliferation and 
SRE-luciferase activity than at concentrations attained by unstimu- 
lated MCF-7 BCCs. The role of native IGF-II was confirmed by 
defining the effects of neutralizing antibodies to IGF-II and IGFR1 on 
growth and SRE-reporter responses to 10~7 M LPA and SIP (Fig. 6). 
Both responses of MCF-7 cells were inhibited by means of up to 55 
and 65%, respectively, without an effect of non-antibody isotype- 
identical IgG (Fig. 6). Thus, a substantial part of the stimulation of 
growth of some BCCs by LPA and SIP depends on increased release 
of IGF-II and its capacity to induce BCC proliferation. 

A tentative integration of the present findings suggests distinctive 
functions for lysolipid phosphate mediators in BCC biology. At con- 
centrations usually attained in serum and in some inflammatory and 
malignant exudates and plasma (1, 25, 26), LPA and SIP both exert 
dual effects on BCC proliferation. First, the SRE-luciferase responses 
not inhibited by anti-IGF-II or anti-IGFRl neutralizing antibodies 
represent either direct nuclear signaling through Edg Rs or possibly 
the actions of other non-IGF protein growth factors elicited by the 
lysolipid phosphate mediators and capable of activating SRE. Second, 
LPA and SIP enhance generation and/or release of IGF-II by the 

Fig. 6. Suppression of MCF-7 BCC responses to LPA and SIP by 
a neutralizing anti-IGF-II mouse monoclonal antibody. Columns, 
means of the results of three studies performed in duplicate; bars, SD. 
The control (0% inhibition) responses to 10~7 M LPA and SIP are 
shown in Figs. 3 and 4. The statistical methods and symbols are the 
same as in Fig. 4. 
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BCCs, irrespective of ER expression. The results of preliminary 
analyses of LPA and SIP production by BCCs showed very low 
endogenous levels, which would not have functional relevance. The 
sources of LPA and SIP, therefore, are likely to be cells other than the 
target BCCs, and these lysolipid phosphate growth factors thus would 
not appear to be autocrine stimuli in breast cancer. Rather, this class 
of mediators may function both as paracrine growth factors and by 
setting thresholds for secretory responses of one or more autocrine 
protein growth factors. 
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LIPID AND LIPID SECOND MESSI 

PH optimum of 7.8-8.0 Ä» ^»j^«**- A 
were found to enhance basal PLD acüvitv;„, v ' i ul^07*' and ATP 
oleate, Triton X-100 n-ocrt«,!?^ '??• ^b.tory elements were- 
and H202. The ÄÄ^S^^^ \f°nS' G7^S 

pmol x mg-1 x hr-i AnalvsS »w., ! M and ^ V">» was 22.8 
revealed tfat neawp1ffi^^b^ngand immunoprecipitation 
only minimally by anti-PLDl or antfif™y ^J^-Pan PLD antibody but 
PLD is tyrosin'e ttÄwÄS* Fu^r' neu*°V 
fMet-Leu-Phe. Partial pre-purificauFon nJnl ,M a",°n Mth GM-CSFand 
was performed after cell CHS™11 chromatognphy 
and inhibitory factors, its locTtion twav fr^ ,h to «nzyme's regulatory 
molecular weight these data inrtL,7 ^ ceU membrane and its 
different from t »SfuPuÄr"HTV^

0™ *» «*«'« be 
results lay the foundation tofuX „uXaüon nf^H ear'Ier ^ PresenI 

■soform. [Supported by NIH wSTm^ktUlT      ^ ™ 

DAMD17-99-1-9108 

)AYAM 
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alcohol, Ca2+ and Mg2+ ions and Z Z: !y S dePendei" on primary 
also at PH 5.5. An^xposu'ofpS£Pf" m IL^ aSmaJ1 "** 
stationary phase cultures to hypotoS H6f„Ä 0th ^antürnic and 
PLD activity mat reaches its SSm Ä CSUfS *" increase of 
osmolamy. Exposure to hypeSrity 61ÄS *"* "* ChanSe in 

in PLD activity but to a lesser extent r?u ' S0 causes M increase 
hyperosmoticcondiüonshaveWpherPrnB g,rown under hVPo- or 
under iso-osmotic conditions ffito^ *an cells" grown 
appreciably larger than the effects ofloncr^ Ute °„Smoüc strcss are 
>n PLD activity! in response to acltehJnl. exP0Sure- Since the increase 
rapid change in shape or the JÖnf".T0ÜC Stfss is slower <han the 
complete in one minute,^IAD^M*' 

WMch m >"** 
consequence of cell volume vrifflSfc rather than "* 
role in the response to osmotic sS PLD ™ w X Ülat'm addition t0 j« 
an important role in lipid mrnover such «Th. ■ dono\am could also play 
from the membrane draXSl*' K ^e of uP°Phosphoglyca£ 
NIH HL056653 and AHAmefif]      plWSe- SuPP°™«' by grants from 

University School of Mediae DaÄ^ f^10^- bright State 

^Ä'ÄSeä Ä1nZ^°f PLD '«"> »uman 
protease inhibitor cocktaü (PIC) h a dole d.S V"y WaS Ülhibitfid »? a 

inhibitors that make up the coctail T,e;dePenden;t manner. Of the six 
fluonrie hydrochloride (Araln^t «rm0^.yl)-benzenesnW»ny« 
be the sole inhibitor of^LD WMKEBSNH

8
 
lnhjbitor'. was found to 

analogue, showed no effect  I mM AFR«   
2' ^ mai:Uve strac«"-al 

neutrophil PLD activity i» W«, Sd MJni .ST6? a 5^70% Ioss of 

activity. When lysates were mS w^m AEBsTÄ^I pIant PLD 

before the assay, 50% inhibitionw,, JM7 ^;
BSF

 
for short (<I min) times 

I'M. Although AfflSF fift St PMA 
a'con,cencrations of 50-100 

intact neutrophils thatwerewhA,pMA^timulated PLD acüvity in 
when it was present in tolSÄS?Sp}tn?tiVi,y WaS "<* 
Finally, AEBSF did not have an^Lct^n «l? "^^Precipitates, 
transduction events, particularly r£osh,enhn«n?    !" neutroPhiI signal 
activation. We suggest that a nrm^i,^  PhosPhorylation or p42MAPK 
regulation of PlSAaä£Ä??la,ed pathway couJd e^for 
of PLD that, whenT^cüve increS Pr r™ePr0te^o

C0^d'ay upstream 
HL056653, AHA 9806283 S^^^^t^T* ^ ^ 

w 
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we studied their influence in presence P^t    1    , , * preSSUre' 
tal cotyledon  PGE2 ri50 nJ™n ! ,mperfUsed human Pla«n- 
Hg) fern 70.6 'T5 t    22 ff creaS^^!.PerfilSi0n *"* ("»» 

acetylcholine in placent' SS        *" f ^^ Ule releaSe of 

circulation m.J^^S^^^ ^'^ " fttal 

turbance of nlacental hl„Hn 7 and contnbmes for the dis- 
smokers     P b'°°d fl°W ""* ^ntaneous abortions in tobacco 

[Supported by the Study Center for Anesthesia Toxicology of Vander 
bilt University and The Smokeless Tobacco Research Council ] 

879 -=^^^£^^ 

pulmonary artsry endoS (CMS ^.       ^ a'8 °' t cl-«hanol in calf 

cells were incubated in f'Cl-ethZl fn?nT s"<™lated conditions. The 
minutes, and their lipidsLi^hed

n0|n:
r
r?ÄJ"c"ba,ed V+ 10 ^ ATP for 10 

various endothelial cell phoscWokk- nL?h ^J*88 lncorPorate^ into 
phosphatidylethanolamineTosKdÄ 
sphingomyelin (SDM «^TIV •.     ^      rto1' PnosPnatidylserine, •       • 
reduced Xe pfesenco oft^l° neU,ra' 'ipidS" ™s "ncorpomtton was      . 
metabolism. CLKn??* inhibit0ra °'8mano1 

several CPAE"alf DhosohnS ^i"H1-ace,a,e w« ^Iso incorporated into 
different from tha of r° C, ° L-"' H°T8,\,h<yialt9rn °' *«*ullon was 
»Pkte, whereas the f *C Pith!^T" M°S'0f ,he rHHcetate went into neutral 

acetate were incorporated intn ThlLc,   percen,a9a °' I C]-ethanol and fHV 
cell lipids showedranhereta^■£ZlT™' •M^anolle hydr0lysis °' »• •>*- 
ethanol and the ^Hl-acetata ZLltn ?,,8renC8 ln ,he distribution of the f»cj- 
Stimulation of ^^m^^T^*^ ^^ aCyt m°ieties- 
PAF and Sph whereas ATP Ji^if corporation of r'HJ-acetate into both 
("Cl-ethanol  Th» rt^ A     s,,mula,,on na" no effect on the incorporation of 
contribuTes to the pho ohoTnW *"*?'"!! e'han0'not m* artecls^ atsl        . 
endothelial ÄföÄÄJiS'"",0rma,ion °" "Pid media'°- *> >-ii uidy oe crucial in the responses of the endothelium. 

880 

(PIPO or LPA to m si t^Ä ofGE v"fJI' 5"bisPhosP^ 
affinity (Kd=6nM) than ^T^SZ^^t^l^ 
concentrations 10% or less ofthat in nla^n» re (Kd-360nM) and, at 
factor activity of UJ^X^Q^UsfsFT? CelMar &°"* 
PHVLPA-binding sites, e™d Tgn fi "anj ?#£ "Ä^r ^ 
stimulation of nuclear signals from MDA-S53 hurnln K M LPA 

cells transfected with an LPA-activatahle Jn,™ "' breast cancer 

quantification of Fluo-4 AM sienaU i7, EI Cells' messed by 
Reader. GE ,35-169 Js enl^es LPA J^°0TeU ^ ^ 
activity as intac, GE, but with approximately W0 ZlL ** **"" 
that LPA binding is a primary detennmwt iÄ»' S?87 "8 

presentation by GE. specificity of cellular 


