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Chapter 3 

Abstract 

Background Lysophosphatidic acid (LPA) and sphingosine-1-phosphate (S1P) are bioactive 

phospholipids with mitogenic and growth factor-like activities that act via specific 

cell-surface receptors present in many normal and transformed cell types. LPA has 

recently been implicated as a growth factor present in ascites of ovarian cancer 

patients. The presence of LPA-like activity and the hypothesis that levels of this 

bioactivity in effusions of ovarian cancer patients are higher than those in effusions 

of other cancer patients was studied. 

Methods A neurite retraction bioassay in a neuroblastoma cell line previously developed for 

in vitro detection of LPA activity on cell lines was employed and bioactivity was 

expressed in virtual LPA-equivalent levels. LPA-equivalent levels were tested in 

effusions of 62 patients with a range of malignancies, including 13 ovarian cancer 

patients. Biochemical and clinical parameters were evaluated for correlations with 

LPA-equivalent levels. 

Results Average LPA-equivalent levels were 50.2 |o.M [range 5.4-200] for all patients, and 

94.5 (iM [range 15-200] for ovarian cancer patients (p=0.004). There were no 

additional independent significant correlations between LPA-equivalent levels in 

effusions and a range of other biochemical and clinical characteristics. 

Conclusion These data suggest a role for LPA-like lipids in the peritoneal spread of ovarian 

cancer and possibly that of other predominantly intraperitoneal malignancies. 
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LPA - like activity in malignant effusions 

Introduction 
Effusions are fluid collections in the peritoneal, pericardial or pleural cavity, that can occur in a 

variety of diseases such as liver cirrhosis, cardiac failure, and cancer. Although ovarian cancer is 

typically associated with ascites, many malignant tumors can give rise to effusions, usually in an 

advanced stage of disease. Malignant effusions are classically described as exsudâtes rather than 

transudates, with high protein and lactate dehydrogenase (LD) content. Usually the tumor marker 

associated with the particular tumor type is found in high concentrations in the effusions. Cytologic 

examination of effusion samples frequently demonstrates the presence of tumor cells, leukocytes 

and erythrocytes. 

Ovarian cancer is well-known for the frequent occurrence of ascites, which is often the presenting 

symptom. Metastatic spread tends to remain confined to the peritoneal cavity until late in the 

disease. Extraperitoneal spread preferentially involves the pleural cavity, leading to a pleural effusion. 

Growth factors present in these effusions may play a central part in this particular growth pattern 

of ovarian cancer cells. Various peptide growth factors and cytokines can be detected in malignant 

effusions of ovarian cancer patients, among them CSF-1, TNF-a, IL-1 ß and IL-6 (reviewed in 1 ) The 

growth-promoting properties of malignant effusions have been demonstrated in both cell line 

cultures and direct clonogenic assays, and these were shown to be independent of known peptide 

growth factors or cytokines.25 This suggests the presence of hitherto unknown growth promoters 

in malignant effusions. Recent biochemical analyses have shown that one of the bioactive lysolipids 

might be responsible for this activity of malignant effusions.6 One possible candidate is 

lysophosphatidic acid (LPA). LPA (Figure 1 ) is a unique phospholipid with growth factor-like activities 

that has a role in de novo lipid biosynthesis, but can also serve as a receptor agonist. It is a normal 

constituent of serum in low micromolar concentrations (1 - 5 
O H 
i U.M).7 It is produced by activated platelets, but probably by a 

0 = P — O H variety of other cell types as well. LPA is an established 

mitogen8,9 that promotes the invasiveness of hepatoma cells 

Y into monolayers of mesothelial cells,10 and it stimulates 

ç- ç- ç proliferation of ovarian and breast cancer cell lines even in 

I the absence of other growth promoters such as serum." 

O O H Furthermore, LPA stimulates rapid neurite retraction and 

I rounding of the cell body in serum-deprived neuroblastoma 

, cells.12 A related lysolipid, sphingosine-1-phosphate (S1P) has 

p similar effects and is even more potent than LPA in the 

I n/\ stimulation of neurite retraction.13 

If ascitic LPA or a closely related lipid is indeed an important 
Figure 1. Chemical structure of LPA. 
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and specific growth factor in ovarian cancer, the level of LPA-like lipids in effusions of ovarian cancer 

patients could be expected to be higher than those in effusions in other cancer patients. No reports 

on the level of lysolipid mediators in malignant effusions in ovarian cancer or other tumor patients 

have been published so far. 

The present study was undertaken to determine LPA-like activity in malignant effusions in 

various tumor types with the use of a bioassay of cell rounding and neurite retraction of 

neuroblastoma cells previously described.12 A second goal was to compare the LPA-equivalent 

levels in ovarian cancer with those in other malignancies. An effort was made to correlate the 

levels of LPA equivalents with biochemical and clinical variables. 

Materials and methods 
Setting 

From May to September 1994 and from November 1995 to February 1996 pleural fluid and 

ascites samples were obtained from patients with malignant effusions at the Netherlands Cancer 

Institute, when the effusion was drained to relieve symptoms such as abdominal distention or 

dyspnea. All patients suffered from advanced stage malignancies and received palliative treatment. 

Bioactivity and biochemical analyses 
All samples were collected in 10 ml test tubes without additions, and instantly centrifuged for 

10 minutes at 1200 G. Subsequently they were promptly frozen and stored at -20°C, until 

immediately before testing, to minimize the chances of significant bioactivity development after 

collection. They were analyzed for the presence of LPA-like activity using a bioassay of neurite 

retraction in differentiated N1E-115 neuroblastoma cells previously described by Jalink eta/.12 In 

brief, after serum starvation, neuronal cell lines N1E-115 stop growing and begin to acquire 

various differentiated properties of mature neurons, including the formation of long neurites. 

Addition of 1-oleoyl-LPA (1 u.M) to serum-starved N1E-115 cells leads to rapid and dramatic 

changes in cell shape with rounding up of flattened cells starting 5-10 seconds after LPA addition, 

accompanied by neurite retraction. These effects on neuronal cell shape are dose-dependent 

with maximal responses at 0.5-1 U.M LPA. The shape changes were scored and semi-quantitatively 

assessed as described previously12: Low-density cultures of N1E-115 neuroblastoma cells in 35-mm 

dishes were shifted to serum-free DMEM for 20-30 hours to obtain a nearly homogeneous 

population of fully differentiated cells with well-developed, long neurites. Cell free effusion-

induced shape changes were monitored at 37°C in bicarbonate/5% C02-buffered DMEM, pH 7.3. 

Cells were photographed prior to and 3 min after addition of cell-free effusion. Relative shape 
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change ('% shape change') was assessed semi-quantitatively as follows: 0%, no detectable 

change in any cell (20-40 single cells within a microscopic field); 100%, complete rounding up of 

all flattened cells; 50%, all cells display partially ('half') rounded shape. Intermediate values were 

estimated by interpolation. Figure 2 shows the dose-response relationship of LPA-induced shape 

changes, as reproduced from Jalink et al.12 In previous series using this bioassay, assessment of 

cell rounding from photomicrographs by a second person with no prior knowledge of the 

experimental protocol, yielded data that did not deviate by more than 10%. The only identified 

purified molecules that stimulate neurite retraction in this assay are LPA, S1P and thrombin.12 

The highest LPA-equivalent scoring ascites sample of an ovarian cancer patient was tested in a 

calcium-mobilizing assay in the A431 vulva carcinoma cell line that is highly sensitive to LPA (and 

to a lesser extent to S1P) after boiling for 10 minutes at 95°C, to exclude thrombin or other 

peptides as a source for the bioactivity. 

In addition to analysis of LPA-like activity content, samples were routinely tested for total 

protein and albumin, lactate dehydrogenase (LDH), carcinoembryonic antigen (CEA) and cancer 

antigen 125 (CA-125) activity. Hemoglobin, platelets, bilirubin, albumin, LDH, Creatinin, CEA 

and CA-125 were determined in serum samples. 

Other patient data 
Pertinent patient data analyzed included diagnosis, type of effusion, effusion cytology, 

performance status, presence of peritoneal carcinosis, liver metastases, edema, cachexia, current 

hormonal or chemotherapy, survival and progression free survival. 

Statistical methods 
Mann-Whitney test was used to compare the LPA-equivalent levels in two groups, and Kruskal 

Wallis test was used when comparing more than two groups. To compare the LPA-like activity values 

within patients the matched paired Wilcoxon test was employed. The association of LPA-like activity 

and other markers was tested by means of the Spearman correlation test. The duration of disease 

free survival and of overall survival was compared in different groups using the logrank test. 

Results 
Ascites and pleural fluids of 62 patients with a range of malignancies were tested, including 

several samples at different points in time in 13 patients. For an overview of diagnoses see Table 1. 

Since the ascites bioactivity was not analyzed biochemically, activity levels were expressed as 'LPA-

equivalents', i.e. the concentration of 1-oleoyl-LPA that would account for the observed biological 
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Table 1. Overview of LPA-equivalent levels in effusions of patients according to diagnosis. 

Diagnosis No. of Ascites Pleural Mean LPA-equivalent 
patients fluid levels |xM (range) 

Breast cancer 21 10 11 36.2(10-92) 
Ovarian cancer 13 9 4 94.5 (15-200)" 
Non-small cell lung cancer (NSCLC) 7 1 6 51.7 (29-98) 
Adenocarcinoma with unknown 

primary (ACUP) 4 4 - 35.5(15-54) 
Non-Hodgkin's lymphoma (NHL) 3 1 2 39.7 (27-46) 
Mesothelioma 2 2 - 40.5 (27-54) 
Renal cell carcinoma 2 2 - 42.5 (31-54) 
Squamous cell carcinoma of 

head and neck 2 - 2 27.6 (9.2-46) 
All other 8 6 2 35.2 (5.4-100) 
All ascites samples 35 35 - 52.8 (5.4-200) 
All pleural samples 27 - 27 47.0 (9.2-158) 
All samples 62 35 27 50.2 (5.4-200) 

"p=0.004 for the comparison with all other patients, p=0.006 for the comparison with breast cancer only. 

response extracted from the LPA dose-response curve (Figure 2). Because the precise biochemical 

identity of the bioactive lipids is not presently known, the LPA 18:1 -equivalent was chosen as an 

arbitrary unit of bioactivity, since this is the sole available reference point. LPA-like activity could 

be detected in all samples. The average LPA-equivalent level was 50.2 u.M (range 5.4 - 200 u.M). 

CD 
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Figure 2. Dose-response relationship of LPA induced shape changes, with permission taken from Jalink 
ef a/.12 Serum-deprived N1E-115 cells were exposed to the indicated concentrations of 1-oleoyl LPA-like 
activity. After 3 minutes, cells were scored for rounding as described in 'Methods'. Data from more 
than 50 experiments are given as means +/- SEM {bars). 
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Figure 3. LPA-equivalent levels in malignant effusions of different tumors were grouped according to 
tumor type. The LPA-equivalent levels in ovarian cancer were higher when compared with all other 
tumors (p=0.004) and with breast cancer only (0.006). NSCLC = non-small cell lung cancer, NHL = Non-
Hodgkin's lymphoma. 

Further testing of one of the highest LPA-equivalent scoring samples showed bioactivity in the 

calcium mobilizing assay in the A431 cell line even after boiling for 10 minutes at 95°C. 

Correlation with tumor type 
The highest concentrations of LPA-equivalents were found in ovarian cancer patients, with an 

average of 94.5 LIM, as can be seen in table 1 and figure 3 (p=0.004 for the comparison with all 

other patients and 0.006 when compared only to breast cancer patients). 

Higher LPA-equivalent levels were detected in both pleural [78.5 (range 18-158) vs. 42.1 (range 

9.2-158) LIM, not significant] and ascitic [101.6 (range 15-200) vs. 35.9 (range 5.4-200) u,M, 

p=0.0055] samples from ovarian cancer patients compared to other cancer patients. 

Correlation with serum parameters 
No significant association was seen with any of the serum parameters hemoglobin, platelets, 

bilirubin, albumin, LDH, CEA or CA-125. 
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Table 2. Association of LPA-equivalent levels in effusions of cancer patients with clinical characteristics. 

Characteristic Present Mean ; 
LPA-equiva
lent levels 
uM (range) 

Masent Mean 
LPA-equiva
lent levels 
|xM (range) 

Unknown Mean 
LPA-equiva
lent levels 
U.M (range) 

Cachexia 13 35.3 (9.2-54) 33 57.6 (9.2-200) 16 47.2 (5.4-200) 
Edema 14 44.4 (20-200) 37 54.8 (5.4-200) 11 42.3 (10-98) 
Liver metastases 16 35.5 (9.2-92) 46 55.4 (5.4-200) -
Peritoneal carcinosis 25 66.5 (5.4-200) 29 39.5 (9.2-98) 8 38.6 (10-100) 

Current chemotherapy 14 59.7 (10-200) 48 47.5 (5.4-200) - -
Current hormonal therapy 9 37 (27-54) 53 52.5 (5.4-200) - -
Past cytoreductive surgery 12" 85 (15-200) 50 41.9 (5.4-200) - -

* All ovarian cancer patients. 

The presence or absence of certain clinical characteristics was compared with the LPA-equivalent levels 
irrespective of tumor type. Only past cytoreductive surgery (p=0.0242) and the absence of liver metastases 
(p=0.0387) were significantly associated with high LPA-equivalent levels. 

Table 3. Association of liver metastases with effusion LPA-equivalent levels. 

Diagnosis Liver metastases Mean LPA-equivalent 
levels (iM (range) levels (iM (range) 

absent present 

No. LPA-equivalent No. LPA- equivalent 
levels U.M levels |iM 

breast cancer 14 39.1 7 30.6 36.2 (10-92) 

ovarian cancer 11 98.4 2 73 94.5 (15-200) 
NSCLC 6 54.5 1 35 51.7 (29-98) 

NHL 3 39.7 - - 39.7 (27-46) 
mesothelioma 2 40.5 - - 40.5 (27-54) 

other 9 40.5 7 28.7 35.8(5.4-100) 

all ascitic 23 64.4 12 30.5 52.8 (5.4-200) 

all pleural 23 46.4 4 50.3 47.0 (9.2-158) 

all 46 55.5 16 35.4 50.2 (5.4-200) 

The LPA-equivalent levels were higher in the absence of liver metastases, both overall and in every 
histological group, although this was not statistically significant. In ascites, however, the comparison 
did reach statistical significance (p=0.0387). 
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Correlation with effusion type 
No significant difference between ascitic (n=35) and pleural (n=27) average LPA-equivalent 

levels was observed: 52.8 vs 47.0 u.M. (Table 1) 

Correlations with clinical characteristics 
Higher LPA-equivalent levels were detected in the presence of peritoneal carcinosis (not 

significant), or in the absence of cachexia (not significant) or liver metastases (not significant) 

(shown in Tables 2 and 3). When ascites samples only were considered, the absence of liver 

metastases (p=0.0387) was found to be related to high LPA-equivalent levels. Previous cytoreductive 

surgery was associated with high LPA-equivalent levels both in ascites samples (p=0.0451) and in 

the whole group (p=0.0242), but this procedure involves ovarian cancer patients only. No influences 

of edema, current hormonal or current chemotherapeutic treatment were observed. Disease free 

and overall survival were not in any way linked to LPA-equivalent levels. 

Correlation with effusion parameters 
Effusion CEA, CA-125 and LD concentrations were not found to be associated with LPA-

equivalent levels, while high effusion albumin (p=0.0142) and total protein (p=0.0559) levels 

were positively associated with LPA-equivalent levés, independent of the tumor type considered. 

In the presence of liver metastases effusion albumin (p=0.0239) and effusion protein (p=0.0093) 

levels were lower than in the absence of liver involvement. 

High LPA-like activity was found more often in patients with effusions that were cytologically 

tumor-positive than in those that were negative, though this was not statistically significant. 

Intrapatient variation 
In the above analyses only the first sample of each patient was considered. From 13 patients, 

however, two samples were taken, at intervals of weeks to months. The variations between the 

paired samples are shown in Figure 4. The mean of the difference between the first and second 

sample was 5.8 [-77.0,48.0] (not significantly different from 0), with a standard deviation of 31.2. 

Discussion 
Our results show that LPA-like activity can be detected in malignant effusions by the 

neuroblastoma neurite retraction bioassay. It should be stressed that these LPA-like levels are 

not expected to be true LPA 18:1 levels, since these concentrations would be 10 to 100-fold 

higher than those previously reported for serum using this method.14 This makes serum an 
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Figure 4. Intrapatient variation of LPA-equivalent levels in malignant effusions. 
In those patients who had two samples analyzed at different points in time, the LPA-equivalent levels 
(in |iM) of the first and second samples were compared. The correlation coefficient was 0.837, and the 
mean of the difference between the paired samples was not significantly different from 0 using the 
matched paired Wilcoxon test. 

unlikely source of the effusional LPA-like activity, and suggests a functional role for LPA-like 

activity in malignant effusions. It is of interest to note, however, that most early LPA effects such 

as neurite retraction require nanomolar concentrations, while its late effects on DNA synthesis 

require levels in the micromolar range.8 

Because LPA as well as S1P are produced by platelets, we additionally checked if high LPA-like 

activity was more prevalent in hemorrhagic effusions, but this was not the case (data not shown). 

The centrifugation technique and immediate freezing of the samples make it implausible that 

bioactivity developed after collection. 

Although the precise biochemical identity of the LPA-like activity has not been defined yet, 

the bioactivity after boiling that was found in the high scoring sample in the bioassay excludes 

thrombin and makes other peptides extremely unlikely as a source for the activity found in this 

study. Apart from thrombin, only LPA and S1P are known to stimulate neurite retraction in the 

neuroblastoma assay, and no known peptide growth factors or cytokines show bioactivity in 

this assay.12 
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Even in the small sample in this study, the LPA-like activity in effusions from ovarian cancer 

patients is significantly higher than in other specimens tested, suggesting an important role for 

LPA-like lipids in that disease. The other biochemical or clinical parameters evaluated revealed 

that high effusion albumin and protein concentrations and the absence of liver metastases were 

associated with high LPA-equivalent levels at borderline significance in our population. LPA-like 

lipids are tightly bound to albumin (in fact, they may be responsible for many of the properties 

classically ascribed to serum albumin) which might explain the first finding. In our data there 

was a strong association between liver metastases, low effusion albumin and protein levels, so 

that these are presumably not independent factors. The apparent association of past cytoreductive 

surgery with high LPA-like activity was provoked by the coupling of this operation to ovarian 

cancer. It thus seems likely that the high LPA-like activity in effusions from ovarian cancer patients 

has an independent, meaningful connection to this particular tumor. This is underscored by the 

fact that LPA-equivalent levels were high both in ascitic and pleural samples of ovarian cancer 

patients. 

LPA is a lipid mediator that signals through a specific G protein-coupled receptor. It is an 

established mitogen that has a growth stimulating effect on cancer cell lines in vitro. It is present 

in low concentrations in serum. It has been postulated5 that LPA is responsible for those growth 

enhancing properties of both serum and malignant effusions in cell culture that can not be 

explained by other growth factors or hormones. 

The role of LPA-like activity in the proliferation of cancer cells in vivo has not been determined 

yet. The present results, however, suggest a special role for LPA-like activity in ovarian cancer. 

This is an attractive thought, since so far no theory has been able to satisfactorily explain the 

peritoneal cavity confined growth pattern of this tumor. If the LPA-like activity in ascites is 

required for ovarian cancer growth in vivo, the lack of extraperitoneal spread until very late in 

the disease can be seen as a logical consequence. The source of LPA-like activity in effusions is 

unclear. LPA in general is produced by activated platelets, but also by growth factor-stimulated 

fibroblasts and injured cells, and it may in addition be released by other cell types as well.15 

Intraperitoneal candidates are macrophages, mesothelial cells and tumor cells. 

A potential application of these findings might be that LPA-like activity could become a novel 

target for therapy. The only inhibitor of LPA as well as of S1P currently identified is suramin, a 

non-specific growth factor antagonist that inhibits many growth factors at the receptor level.16 

Suramin has been used in the treatment of disseminated prostate cancer, but its toxicity is 

substantial at concentratons above the critical level of 350 mg/l. This has so far precluded more 

extensive use of this agent with interesting biological properties. Concentrations necessary for 

LPA-like activity inhibition in vitro are lower than those for antitumor effects in vivo in prostate 
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cancer,17 which indicates that intraperitoneal inhibition of LPA-like activity might be feasible in 

patients with acceptable toxicity. Growth inhibition of ovarian cancer cell proliferation in vitro 

and in nude mice in vivo by suramin has been reported.18 

To determine LPA-equivalent levels, a semiquantitative bioassay was employed. In our series 

intrapatient variation was moderate, despite the fact that this study was not designed to evaluate 

this specifically and the fact that samples were obtained with irregular intervais, as determined 

by the clinical indication for paracentesis. 

The limitations of the neurite retraction assay lie mainly in the lack of biochemical identification 

of bioactivity. We believe, however, that the cumulative evidence pointing to LPA or related 

lysolipids with significant bioactivity in malignant effusions is compelling enough to recommend 

the development of more specific methods to determine the identity of these lipid growth-

factors. Results using a high performance liquid chromatography (HPLC) assay could possibly be 

superior in the identification and quantitation of LPA-like lipids. The growth stimulating and 

mitogenic activity of LPA is highly dependent on the length of the acyl chain, with longer fatty 

acid chain LPA being a more potent growth stimulator.19 HPLC should be able to distinguish 

between these different types of LPA-like activity. We are currently developing an HPLC for LPA-

like activity, in order to be able to validate our present findings in future studies. 

In conclusion, we believe that LPA-like activity in malignant effusions of ovarian cancer patients 

may be linked to the disease in a meaningful way. Further research should focus on LPA-like 

activity in non-malignant effusions, in addition to further biochemical and quantitative 

identification of this novel bioactivity. 
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