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Objective: Ascites, an accumulation of peritoneal fluid, is associated with poor prognosis of
certain cancers. The potential mechanism that ascites worsens prognosis has not been well
understood. Lipids have been reported to correlate with the prognosis of patients with
epithelial ovarian cancer (EOC). Therefore, we aimed here to investigate whether lipids
mediate the effect of ascites on the recurrence of EOC.

Methods: We collected the demographic and pathological data of 437 previously untreated
patients with EOC to investigate the influence of ascites on recurrence. To identify the
mechanism that mediates the potential influence of ascites on recurrence, we used ultra-
performance liquid chromatography coupled with mass spectrometry (UPLC-MS) to deter-
mine the plasma lipid profiles of 53 patients with EOC. We used mediation analysis to
evaluate if lipids mediated the effects of ascites on the recurrence of EOC.

Results: Patients with ascites had a poorer prognosis, which was associated with higher
levels of carbohydrate antigen-CA125 (CA125) and FIGO stage. We identified six different
lipid metabolites that were associated with ascites and recurrence. Mediation analysis
revealed that the lipids LysoPC(P-15:0), PC(P-34:4), and PC(38:6) may mediate the effects
of ascites on recurrence.

Conclusion: Our findings suggest that LysoPC(P-15:0), PC(P-34:4), and PC(38:6) mediate
the effect of ascites on the prognosis of patients with EOC. We believe therefore that it is
reasonable to consider metabolic interventions targeting the metabolism of LysoPC(P-15:0),
PC(P-34:4), and PC(38:6) as a palliative treatment for patients with EOC with ascites.
Further studies of more patients will be required to validate our findings.
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Introduction

Ascites is an accumulation of peritoneal fluid, which is associated with poor
prognosis of certain cancers.' For example, ascites is associated with shorter
progression-free survival of patients with ovarian cancer.” One study that aimed
to identify biomarkers in ascites fluid to predict prognosis of OC found that tumor
necrosis factor (TNF)-a and interleukin-6 in patients with EOC with ascites are
associated with worse progression-free survival.” However, this study and others
did not attempt to identify the potential mechanism through which ascites influ-
ences prognosis. The pathogenesis and progression of certain cancers is associated
with dysregulated lipid metabolism.” It is of interest to explore whether lipids
mediate the effect of ascites on the prognosis of EOC.
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The use of the methodology of mediation to assess the
importance of signaling pathways and their mechanisms of
action has dramatically expanded over the past decade.’ For
example, we conducted a mediation analysis to identify
Platelet-derived Growth Factor-D expression mediates the
effect of differentiated degree on prognosis in EOC.°
Clinical research typically involves the analysis of numer-
ous variables. However, this standard method fails to dis-
entangle mechanisms underlying the associations between
explanatory variables and outcomes, although investigators
are sometimes interested in identifying the underlying
mechanisms that mediate pathophysiology. For example,
evidence indicates that corticosteroids are effective for
reducing the mortality rate of patients with acute respiratory
distress syndrome (ARDS), which is partly mediated by
suppression of the inflammatory response. In this scenario,
corticosteroids represent the exposure, mortality is the out-
come, and the inflammatory response is the mediator. The
and ARDS are
mediated via the inflammatory response.” Corticosteroids

interactions between corticosteroids

suppress the inflammatory response, which reduces mortal-
ity. These promising findings may explain, at least in part,
the effects of exposure on outcomes.

Lipids, which are major components of cell mem-
branes, are required for cell differentiation, cell signaling,
and energy storage.® Moreover, the pathogenesis of pros-
tate, pancreatic, and ovarian cancers is associated with

dysregulated lipid metabolism”'°

and our previous lipido-
mics studies indicate that lower lipids levels are associated
with worse prognosis.* Therefore, we hypothesized that
the metabolism of plasma lipids mediates the association
between ascites and tumor recurrence. Here we use media-
tion analysis to assess the role and extent of lipid-
metabolite mediation between ascites and the prognosis

of patients with EOC.

Materials and Methods

Study Population

This prospective study was performed at the Affiliated
Tumor Hospital of Harbin Medical University and
approved by the institutional review board at the Ethics
Committee of Harbin Medical University and was con-
ducted in accordance with the Declaration of Helsinki. All
patients provided written informed consent. 437 EOC
patients were enrolled and the data were put in
Supplementary Material. In our study, data on ascites and
blood samples were collected from patients at their first

hospital admission who had not received any treatment.
Among these patients, some had already developed ascites
on arrival. After conventional treatments, all patients were
followed up for their recurrence information. Therefore,
ascites was formed before cancer recurrence in this study.
We prospectively collected the plasma from patients in
2009 and matched age (+ 5 years) according to recurrence
data to determine lipid profiles. Recurrence was defined as
the duration of the period from the first day of treatment to
the detection of tumor progression including distant recur-
rence or pelvic recurrence within 3 years. Ascites was
identified by a clinical imaging specialist using magnetic
resonance imaging or ultrasonography.

Inclusion and Exclusion Criteria

Inclusion criteria were as follows: newly diagnosed,
untreated patients with primary EOC; measurable malig-
nant ascites with recovery from any toxicity; age >18
years; no active infection; and no serious damage to liver
or kidneys. Exclusion criteria were as follows: uncorrect-
able obstruction or intestinal dysfunction, free flow of fluid
prevented by significant adhesions, significant medical or
psychiatric disorders or both.

Lipidomics and Treatment

Anticoagulant dipotassium EDTA tubes were used to collect
venous blood samples acquired from fasting patients. These
samples were maintained at room temperature within 30
mins and then centrifuged at 1000 g for 10 mins within 1
hr of collection. The supernatants were extracted and then
stored at—80°C. Samples (5uL) were injected into a Kinetex
Core-shell Silica C18 (2.1 mmx50 mm), 1.3 pL column
(40°C) and analyzed using a UPLC system (Waters,
Milford, USA). Solvent A, acetonitrile/isopropanol 10/90
(v/v), and solvent B, acetonitrile/deionized water 60/40
(v/v), served as the mobile phase delivered at 0.26 mL/
min. A linear mobile phase gradient was as follows: 10%
A, held for 1 min, 1-8 mins, 818 mins, and 18-20 mins;
increased to 30% A, 75% A and 97% A, respectively; 2024
mins, maintained at 97% A; 24-25 mins, decreased to 10%
A, 25-26.4 mins, maintained at 10% A. After each analy-
tical running, we used 1% A as the mobile phase for 0.1 min
with equilibration for 1 min. Samples were randomly
sampled to minimize analytical variation. Data acquisition
was performed using an Agilent 6520-QTOF equipped with
an electrospray ionization source. Conditions were as fol-
lows: capillary voltage 4.0 kV; desolvation gas flow,10 L/
min; 330°C, and nitrogen gas. We collected the centroid data
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from 50 m/z to 1000 m/z in full-scan mode. The raw data
were converted into mz data format using MassHunter
Qualitative Analysis Software (Agilent Technologies), and
the XCMS package of the R platform was used to process
these files. Parameters are described in our previous
studies.*!" We used the R package CAMERA for annotating
isotope peaks, adducts, and fragments in the peak lists and
excluded the isotopic peaks before conducting statistical
analysis.

Mediation Analysis

We performed a mediation analysis using a hypothetical
model (Figure 1). Total effect (TE) was defined as the
effect of ascites on recurrence; direct effect (DE) as the
effect of ascites on recurrence after removing the effects of
lipids on recurrence; and indirect effect (IE) as ascites on
recurrence associated with by lipids. We utilized causal
mediation analysis to estimate the mediation effect of
lipids according to the Cox proportional hazard model.'?
The proportion of each lipid mediating the effect of ascites

3
on recurrence was calculated by'>.

Prop. Mediated (average) = log(IE)/(log(IE) + log(DE))

Statistical Analysis and Clinical

Correlation

Patients’ demographic and pathological characteristics are
presented as counts and percentages. We use the chi-
square test to evaluate the significant of differences
between clinical characteristics of between patients with
or without ascites. We further identified the biomarkers
associated with both ascites and recurrence according to
partial least squares discriminant analysis (PLS-DA) and
univariate p value with the cutoff values of variable impor-
tant in projection (VIP) >1 and p <0.05. The mediation
analysis of the model parameter estimation was performed

Lipid metabolite

Recurrence

Ascites | >

Figure | Directed acyclic graph (DAG) illustrating mediation process.

according to Vanderweele et al.'? Statistical analysis was
performed using the R platform.

Results
The flow chart of the study was shown in Figure S3.

Demographic and Clinic Pathological

Characteristics of Patients

Among the 437 patients with EOC treated from July 2005 to
April 2013, 249 (57.0%) had ascites and 188 (43.0%) did not.
Patients” demographic and pathological characteristics are
displayed in Table 1. There were no significant differences
between the two sets of patients with respect to age and degree
of tumor differentiation. The CA125 levels of 99.2% patients
with ascites were >35 U/mL, which were significantly higher
compared with those without ascites. Moreover, the prognoses
of the two groups were significantly different.

Identification of Lipids Associated with

Ascites and Recurrence

The PLS-DA score revealed a significant difference between
non-recurrence without ascites and recurrence with ascites
(Figure 2). PLS and univariate analysis were used to select
the lipids potentially associated with ascites and recurrence.
We detected 14 lipid species that were considered candidate
biomarkers of the diagnosis of ascites and 10 for predicting
recurrence. The detailed properties of these lipids are pre-
sented in Tables S1 and S2 and in Figures S1 and S2.

Lipids Mediate the Effects of Ascites on

Recurrence

We identified six lipids that correlated with ascites and recur-
rence to test for the mediating effect of the association
between malignant ascites and prognosis (Table 2). For
each lipid metabolite, we fitted mediator models and found
that three lipid metabolites mediated the relationship between
ascites and prognosis when the IE confidence interval did not
include the value 1 (Table 3). The three metabolites, respec-
tively, explained 34.9%, 39.5%, and 52.9% of the prognosis
of EOC associated with malignant ascites. The data for
LysoPC(P-15:0) serve as an example that explains the
results. The risk ratio of ascites upon recurrence TE was
2.04; the effect of ascites on survival was significantly
mediated through LysoPC(P-15:0); and IE was 1.32,
accounting for 39.5% of TE. The risk ratio of ascites on
recurrence DE, without considering LysoPC(P-15:0), was
1.54. We found that the three lipids metabolites identified
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Table | Patients’ Demographic and Pathological Characteristics
Characteristics Without Ascites (%) With Ascites (%) Total (%) P
N=188 N=249 N=437
Age, y <50 58 (30.9) 80 (32.1) 138 (31.6) 0.8568
250 130 (69.1) 169 (67.9) 299 (68.4)
FIGO stage [+l 48 (25.5) 22 (8.8) 70 (16.0) <0.001
n+v 140 (74.5) 227 (91.2) 367 (84.0)
Differentiated degree Gl/G2 52 (27.7) 58 (23.3) 110(25.2) 0.3642
G3 133 (70.7) 186 (74.7) 319 (73.0)
unknown 3 (1.6) 5 (2.0 8(1.8)
Histological type serous 92 (48.9) 151 (60.6) 243 (55.6) 0.0259
other 92 (48.9) 90 (36.1) 182 (41.6)
unknown 4 (2.1) 8 (3.2)
CAI25, U/mL <35 15 (8.0) 2 (0.8) 17 (3.9) 0.0003
235 173 (92.0) 247 (99.2) 420 (96.1)
Recurrence No 128 (68.1) 137 (55.0) 265 (60.6) 0.0076
Yes 60 (31.9) 112 (45.0) 172 (39.4)

Abbreviations: GI, well differentiated; G2, moderately differentiated; G3, poorly differentiated.

above mediated the effect of ascites on patients’ prognoses
when CI did not include 1. Thus, the lipid metabolites asso-
ciated with ascites influenced patients’ prognoses.

Discussion

EOC is the most lethal gynecologic malignancy. Ascites, an
accumulation of peritoneal fluid that is present in one-third of
patients with EOC, is linked to poor prognosis,14 which is

o N W >

Components 2

-10 0 10
Components 1

Figure 2 PLS-DA score plot for ascites and recurrence. (A) non-recurrence with-
out ascites; (B) recurrence with ascites; (C) non-recurrence with ascites; (D)
recurrence without ascites.

consistent with our present findings (Table 1). Ascites corre-
lates with the immune system'* and numerous studies show
that the status of the host immune system correlates with
improved prognosis of EOC through tumor-infiltrating lym-
phocytes that control the growth of cancers.'>'® Ascites of
patients with EOC inhibits the immune system by suppres-
sing local T cell proliferation, which is mediated by dysre-
gulated lipid metabolism in malignant ascites. Lipid
mediators modulate the immune response to cancers.'”'®
Disorders of lipid metabolism occur in certain cancers,
leading to different ratios of intermediates.'® For example,
unsaturated lipids serve as a metabolic marker as well as
a target of therapy to kill OC stem cells.” LysoPC regulates
the invasiveness of cancer cells, inflammation, cell prolifera-
tion, and serves as a substrate of lysophospholipase D that
converts LysoPC to LPA during cancer progression.”’ The
level of LPC, which is reduced in the peripheral circulation

Table 2 Lipids Associated with Ascites and Recurrence

ID Lipid MZ rt (min) ppm
| LysoPC(P-15:0) 466.3296 4.54 0.77
2 LysoPC(O-16:0) 482.3592 291 26

3 LysoPC(22:6) 568.3387 2.08 1.96
4 PC(P-34:4) 7385461 13.25 39

5 PE(P-40:6) 776.5617 16.16 3.55
6 PC(38:6) 806.5688 13.98 0.87

Abbreviations: MZ, mass-to-charge ratio; rt (min), retention time; VIP, variable
important in projection.
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Table 3 Direct, Indirect, and Total Effects of Ascites on Recurrence Incidence Mediated Through Lipid Metabolites

Lipids P IE [95% CI] DE[95% CI] TE[95% CI] Proportion Mediated (%)
LysoPC(P-15:0) 0.0102 1.32[1.07 1.64] 1.54[0.68 3.50] 2.04[0.92 4.53] 39.5
PC(P-34:4) 0.0041 1.65[1.17 2.33] 1.56[0.71 3.43] 2.58[1.14 5.83] 52.9
PC(38:6) 0.0039 1.28[1.08 1.51] 1.58[0.70 3.53] 2.01[0.91 4.44] 34.9

of patients with liver cirrhosis,”' regulates inflammatory
pathways.”>** The levels of LPCs 16:0, 18:0, and 15:0 are
significantly lower compared with those of patients without
ascites.”* Here we show that LPCs 16:0, 15:0, 22:6 were
reduced in patients with ascites compared with those without.
Mediation analysis shows that LPC15:0 mediated the relation-
ship between ascites and recurrence of EOC. Ascites may lead
to recurrence through variations in the levels of LPCs.
Mediation analysis shows further that LysoPC(P-15:0), PC
(P-34:4), and PC(38:6) mediated the relationship between
ascites and prognosis.

Here we show that the levels of PCs were lower in
EOC patients who experienced recurrence and those with
ascites. Altered PC metabolism occurs in breast and pros-
tate cancer cell lines, which may provide choline-based
imaging approaches to improve diagnosis and identify new
therapeutic targets of EOC.>’ Further, individual surfactant
PC species modify macrophage differentiation, suggesting
their differential effects on innate and adaptive immune
functions.®

We believe it is reasonable to consider the use of inter-
ventions targeting the metabolism of LysoPC(P-15:0), PC
(P-34:4), and PC(38:6) as a palliative treatment for patients
with ascites. There is evidence in support of the use of similar
strategies. For example, lipid metabolism has been suggested
to serve as a target for treating brain cancer,”’ and targeting
lipid metabolism using a cocktail of metabolic inhibitors has
been shown to eradicate peritoneal metastases formed by
ovarian cancer cells.”® In addition, PC metabolism in cancer
cells may allow the identification of novel biomarkers of
tumor progression and the discovery of new targeted antic-
ancer therapies. Phosphatidylcholine-specific phospholipase
C (PC-PLC) deactivation could serve as a means to promote
breast cancer cell differentiation and possibly enhance the
effectiveness of antitumor treatments.”’ Up-regulation of
PC-PLC has been seen in EOC compared with non-cancer
counterparts. Use of a PC-PLC inhibitor, alone or combined
with other cancer therapeutics, may, therefore, provide
a powerful method to selectively interfere with aberrant
pathways responsible for the proliferation and invasiveness

of EOC cells.*® Phospholipase D that catalyzes the hydro-
lysis of lysophosphatidyl choline (LPC) to generate the
bioactive lipid lysophosphatidic acid (LPA). Autotaxin, an
extracellular phospholipase D, has been implicated in many
pathological processes relevant to cancer development.
Intraperitoneal administration of an autotaxin inhibitor has
been shown to benefit patients with ovarian cancer.”'

In conclusion, our study indicates that poor prognosis,
higher levels of CA125 and FIGO stage were significantly
associated with ascites of patients with EOC. We identified
metabolites that were related to ascites or prognosis. We
used a causal inference method to explore the mechanism
of the effect of ascites to worsen prognosis and to identify
lipid metabolites that mediated these interactions. We show
further that ascites may induce changes in lipid metabolites
in vivo associated with poor prognosis. We believe it is
reasonable to conclude, therefore, that the use of metabolic
intervention will serve as an effective palliative treatment for
patients with ascites. However, further studies are required
to support this possibility. Most patients with cancer have
ascites before they exhibit symptoms. Therefore, the detec-
tion of ascites may provide useful information for the diag-
nosis of EOC. Moreover, the potential role of ascites in the
outcomes of patients with EOC requires further research.
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