
Introduction

Ovarian carcinoma (OC), is one of the most lethal tumors

of the female reproductive organ and remains the fifth major

cause of death related to gynecologic malignancy throughout

the world [1, 2]. The fatality rate in OC ranks third after cer-

vical and uterine cancer. However, mortality rates in epithe-

lial OC, which is the most frequent type of OC, is at the

highest rate among all types of gynecological tumors [3, 4].

OC affects 22,240 women each year and approximately

14,000 women died of this disease in 2013 according to Sur-

veillance, Epidemiology and End Results data [5]. The prog-

nosis in OC may easily be the poorest among gynecological

cancer with an overall five-year survival rate of 45%, steeply

dropping down to 20-25% for Stages III and IV due to lack

of effective therapies for advance-stage OC [6, 7]. Although

the etiology of OC is not well-understood, potential risk of

being diagnosed with this disease is inversely proportional to

the quantity of lifetime ovulations [8]. Thus, greater lifetime

ovulations, low parity, nulliparity, nulligravity, infertility,

early menarche, and late menopause appear to be leading risk

factors for OC [9]. Furthermore, breast cancer susceptibility

genes significantly enhance the lifetime risk of OC to 27%-

44%, and the age and onset of OC is significantly earlier in

women carrying breast cancer susceptibility gene mutations

[9, 10]. Approximately, 75% of OC patients present with an

advanced stage at diagnosis when the disease has already un-

dergone metastasis. There is an urgent need for serum bio-

markers that could accurately identify in early stage of OC to

improve OC diagnosis and treatment outcomes [11-13].

Lysophosphatidic acid (LPA) is a water-soluble phospho-

lipid signaling molecule. LPA has gained much attention in

recent years for its wide-ranging effects in different target

tissues [14, 15]. LPA is a multifunctional lipid mediator

known for its ability to stimulate cell proliferation, cell mi-

gration and survival, smooth muscle cell contraction, platelet

aggregation, and tumor cell invasion [16, 17]. Not surpris-
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ingly, LPA increased cell proliferation in various carcinoma

cell lines, including OC and prostate cancer cells [18, 19].

LPA is found at relatively low concentrations in plasma but

higher concentrations are seen in ascites fluid from OC pa-

tients [20]. LPA also plays an important role in metastatic ca-

pacity and reduced susceptibility to apoptosis in OC cell lines

treated with cisplatin. Recent studies suggest LPA is pro-

duced by malignant ovarian epithelium and exerts its influ-

ence by interacting with G-protein-coupled receptors,

including all six LPA receptors (LPA1-6) [21, 22]. Aberrant

expressions of LPA receptors (LPA1, LPA2, and LPA3) have

been found in human ovarian tumors. LPA1 is mainly ex-

pressed in normal ovarian tissues, whereas LPA2 and LPA3

shows high expression in OC [23, 24]. Therefore, the pres-

ent study is aimed to investigate the expression status and

levels of LPA 1-3 receptor mRNA and protein in epithelial

OC, normal ovarian, benign, and borderline ovarian tumors.

Further, the authors intend to identify new targets for treat-

ment of OC within the pathways they investigated.

Materials and Methods

Ethics statement
The study was carried out with the approval of the Institutional

Review Board of Zhongnan Hospital of Wuhan University. Tissue

samples were collected after written informed consent. 

Study subjects and tissue samples
Total resected specimens were collected from patients who re-

ceived surgery at the Department of Oncology, Zhongnan Hospital

of Wuhan University between February 2012 to May 2013. After

postoperative pathological confirmation, a total of 77 cases of ep-

ithelial OC were collected: 53 samples were serous OC, 16 were

endometrioid OC, three were mucinous OC, and the remaining five

were ovarian clear cell carcinoma and others. Additionally, there

were 42 patients with well-differentiated to moderately differenti-

ated OC, 35 with poorly differentiated OC, 17 cases of recurrent

OC, 60 cases of non-recurrent, and 17 cases of borderline tumors.

Twenty-eight patient specimens with benign ovarian epithelial

tumor were used as benign tumor control tissue and 17 cases of bor-

derline tumors. As normal controls, ovarian epithelium (thickness:

2~3 mm) samples from eight patients with hysteromyoma were col-

lected, and significant care was taken to exclude patients with other

gynecologic tumors, pelvic inflammatory, vascular occlusive dis-

eases, diabetes mellitus, hypertension and coronary disease, etc. All

experimental subjects were confirmed with no pathogen reduction

of platelets or other blood diseases, non-reproductive system can-

cers, stroke, paralysis, and other neurological diseases. The col-

lected tissue samples were snap-frozen in liquid nitrogen stored at

-80°C within two hours until further use.

RT-PCR for LPA(1-3) receptors
Tissue samples were immersed in Trizol reagent (100 mg/ml)

and were then pulverized by mortar and pestle under ice-bath. Tis-

sue samples were subsequently maintained in 1.5 ml EP tube for

5~10 minutes for the extraction of total RNA. The integrity of

RNA was identified by 1.5% agarose gel electrophoresis. The ab-

sorbance (OD value) at 260 nm and 280 nm were read with ultra-

violet (UV) spectrophotometer for measuring the purity and

concentration of total RNA. The RNA samples with OD260/280

ratio (protein contamination) of 1.8 to 2.0 was used to determine

a higher purity of those samples. The transcriptional levels of

LPA1, LPA2, LPA3 were detected by applying real-time detector.

Complementary DNA (cDNA) was synthesized using RT-PCR

amplification kit. The total volume of PCR reaction was 50 μL:

SYBR Green Mix (32.5 μL), ddH

2

O (14.5 μL), cDNA template (2

μL), as well as the forward and reverse primers (both 0.5 μL). Liq-

uid paraffin (30 μL) was covered on the surface of PCR reaction

system. The amplification was adopted under the following con-

dition: predenaturation at 95°C for ten minutes, followed by de-

naturation at 95°C for 15 seconds, annealing at 60°C for 45

seconds; then underwent the stage of dissolution after 40 cycle:

95°C for 15 seconds, 60°C for one minute, 95°C for 15 seconds,

and 60°C for 15 seconds. The relative expression levels of LPA re-

ceptors mRNA used the ABI Prism 7500 SDS Software for sta-

tistical analysis. Expression levels of LPA receptors in each

sample was calculated and quantified by using the 2-ΔΔCt method

(ΔCt = Ct

target gene

- Ct 

GAPDH

, ΔΔCt = Ct

test samples

- Ct 

control

samples

).The primers utilized in the PCR reaction synthesized are

shown in Table 1. 

Immunohistochemical staining
For detection of LPA1, LPA2, and LPA3 protein expressions,

immunohistochemical staining was performed on conventional

sections of paraffin-embedded tissue. After heat treatment at 60°C

for ten minutes, the tissue sections were daparaffinized in xylene

(2×10 minutes), hydrated in descending grades of ethanol (100%,

90%, 80%, and 70%, per five minutes), immersed in distilled

water for five minutes and rinsed with phosphate-buffered saline

(PBS) solution (3×5 minutes). After antigen denaturation using

microwave oven, the sections were incubated with 3% H

2

O

2

deionized water for 40 minutes at room temperature to quench en-

dogenous peroxidase activity, and washed again with PBS solu-

tion (2×5 minutes). With the addition of normal goat serum (NGS)

as blocking agent, the sections were incubated further at 37°C for

30 minutes, followed by the primary antibody staining at 4°C

overnight. Further incubation was performed at room temperature

for 60 minutes and then rinsed using PBS (3×5 minutes). After

addition of secondary antibody, the sections were incubated at

37°C for 40 minutes in dark enclosure and washed with PBS (3×5

minutes). Negative control samples were incubated with PBS in-

stead of primary antibody. After incubation at 37°C for 40 minutes

with streptavidin-horseradish peroxidase (HRP), diaminobenzi-

dine (DAB) color liquid was added and the sections were ob-

served under the microscope to appropriately terminate the

reaction. Finally, the sections were rinsed with tap water, coun-

terstained using hematoxylin, dehydrated by gradient ethanol, and

mounted with neutral gum. The protein expression of LAP was

observed under the light microscope. Brownish yellow staining

of cytoplasm were recorded positive. The negative control was

treated with PBS. Ten high-power fields in each section were ran-

domly selected (n = 100 per field), and the percentage of positive

cells were calculated: ≤ 5%, 0 point; 6%-25%, 1 point; 26%-50%,

2 points; 51%-75%, 3 points; > 75%, 4 points. Based on staining

intensity, the expression level of LAP was classified into: non-

staning (0 point); pale yellow (1 point); yellow (2 points); brown

yellow (3 points), and the 0 point (-); 1~4 points (+); 5~8 points

(++); 9~12 points (+++) were predefined. The “+”, “++”, ‘+++”

were regarded as positive signals with observable increase in

staining intensity with naked eye. 

Statistics analysis
Data was analyzed using SPSS software 18.0 and was presented

with mean ± standard deviation (SD). The comparisons of meas-

urement data were carried out using t-test and variance analysis,

and  count data comparisons used the Chi-square test. The results
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with p < 0.05 were considered statistically significant. 

Results

Expression of LPA receptors in normal ovarian, benign
ovarian tumor, and epithelial OC

As shown in Table 2, LPA1 receptor mRNA and protein

expression profile in normal ovarian epithelium, benign

ovarian tumor, borderline tumor, and epithelial OC was ob-

tained by RT-PCR and IHC detection, respectively. The au-

thors found significant differences in expression levels of

LPA1, LPA2, and LPA3 mRNA and protein in normal ovar-

ian epithelium, benign ovarian tumor, and epithelial OC.

LPA1 mRNA and protein level were higher in normal ovar-

ian epithelium (8.26 ± 1.25), benign ovarian tumor (8.13 ±

1.68), and borderline tumor (7.16 ± 1.12) compared to ep-

ithelial OC (4.44 ± 1.28), which was statistically signifi-

cant (p = 0.00). Conversely, LPA2 and LPA3 protein

expression levels in normal ovarian epithelium, benign

ovarian tumor, and borderline tumor were significantly low

when compared to epithelial OC (LPA2: 3.06 ± 0.31/3.01

± 1.29/3.80 ± 1.29 vs. 6.73 ± 1.89, p = 0.00; LPA3: 3.72 ±

0.39/4.20 ± 1.16/5.13 ± 0.91 vs. 8.51 ± 1.78, p = 0.00, re-

spectively) (Table 2). In the comparison of normal ovarian

epithelium, benign ovarian tumor, and borderline tumor,

LPA2 and LPA3 mRNA did not match the protein results,

and no significantly differences was detected among the

three groups (all p > 0.05).

LPA 1-3 receptor mRNA expression of different tissue types
of OC

Table 3 shows the difference of LPA receptors mRNA ex-

pression in different histological types of epithelial OC

based on the results of IHC analysis. As shown in Table 3,

there was no significant difference of LPA 1-3 mRNA ex-

pression levels among serous cystadenocarcinoma of ovary,

ovarian mucinous cystadenoma, endometrioid carcinomas,

and ovarian clear cell carcinoma and others (all p > 0.05). 

LPA receptor mRNA levels and the differentiation and re-
currence of OC

Interestingly, no obvious differences in LPA 1-3 mRNA

expression were found among patients with varying degrees

of differentiation of epithelial OC (all p > 0.05), which are

shown in Table 4. LPA1 mRNA expression levels in patients

with recurrent OC were significantly lower than that in the

non-recurrent OC (3.21 ± 0.77 vs. 4.79 ± 1.18), with statis-

tical difference (p = 0.000). In contrast, LPA2 mRNA in the

recurrent OC were higher compared to the non-recurrent OC

7.79 ± 1.40 vs. 6.43 ± 1.91, with no statistical difference (p
= 0.042); similar results were also observed when compar-

ing the mRNA levels of LPA3 between the recurrent and

non-recurrent OC (9.629 ± 1.20 vs. 8.21 ± 1.81, p = 0.042).

Table 1. — Primers sequences for LPA1, LPA2, LPA3, and
GAPDH.
Genes Primers sequences

LPA1 For 5’- TGGTGGTCATTGTGGTCATC -3’ 

Rev 5’- CATAGTCCTCTGGCGAACATAG -3’

LPA2 For 5’- TTCCACCAGCCCATCTACTAC -3’ 

Rev 5’- ACCAGCCCTCAAGTGAAAGTC -3’

LPA3 For 5’- GGGCGTTTGTGGTATGCTG -3’ 

Rev 5’- GGTTCACGACGGAGTTGAG -3’

GAPDH For 5’- CACCCACTCCTCCACCTTTG -3’

Rev 5’- CCACCACCCTGTTGCTGTAG -3’

Table 2. — Expression of LPA1, LPA2, and LPA3 mRNA in
normal ovarian epithelium, benign ovarian tumor, border-
line tumor, and epithelial OC.
Type Case LPA1 LPA2 LPA3

Normal ovarian

epithelium

8 8.26 ± 1.25

*

3.06 ± 0.31

*

3.72 ± 0.39

*

Benign ovarian

tumor

28 8.13 ± 1.68

*

3.01 ± 1.29

*

4.20 ± 1.16

*

Borderline tumor 17 7.16 ± 1.12

*

3.80 ± 1.29

*

5.13 ± 0.91

*

Epithelial OC 42 4.44 ± 1.28 6.73 ± 1.89 8.51 ± 1.78

* compared to normal ovarian epithelium, p < 0.05;

#

compared to benign ovarian tumor, p < 0.05.

Table 3. — LPA 1-3 receptor mRNA expression of different
tissue types of OC.
Type Case LPA1 LPA2 LPA3

Serous ovarian

carcinoma

53 4.34 ± 1.41 6.4 ± 1.74 8.37 ± 1.92

Mucinous ovarian

carcinoma

3 5.41 ± 0.95 6.45 ± 1.30 7.58 ± 0.46

Endometrioid

ovarian carcinoma

16 4.70 ± 0.82 7.75 ± 2.30 9.27 ± 1.51

Ovarian clear

cell carcinoma 5 4.11 ± 0.93 7.01 ± 1.54 8.33 ± 0.98

and others

p - 0.386 0.092 0.256

Table 4. — Expression of LPA receptors 1-3 mRNA and the
differentiation and recurrence of epithelial OC.
Type Cases LPA1 LPA2 LPA3

Degree of differentiation
Well-to moderately

differentiated

42 4.84 ± 1.09 6.53 ± 1.94 8.39 ± 1.79

Poorly

differentiated

35 5.41 ± 0.95 6.45 ± 1.31 8.68 ± 1.80

P - 0.282 0.420 0.797

Tumor recurrence
Recurrent 17 3.21 ± 0.77 7.79 ± 1.40 9.629 ± 1.20

Non-recurrent 60 4.79 ± 1.18 6.43 ± 1.91 8.21 ± 1.81

p - 0.000 0.042 0.048
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LPA receptor 1-3 expression in different ovarian tissue
To further explore the difference of LPA receptor ex-

pression in different epithelial ovarian tissues, LPA1-3 pro-

tein expressions were detected in normal ovarian

epithelium, borderline tumors, benign and epithelial OC.

The protein expression level of LPA1 in normal ovarian ep-

ithelium, borderline tumors, benign and epithelial OC were

83.33%, 67.86%, 58.82% and 19.48%, respectively, and

expression levels in the epithelial OC was significantly

higher than that in the previous three types (all p < 0.05). In

addition, protein expression levels of LPA2 in the epithelial

OC were apparently higher than that in the normal ovarian

epithelium, borderline tumors, and benign OC (59.74% vs.

16.67% vs. 17.86% vs. 29.41%). Similar results were also

detected with respect to the protein expression of LPA3

(61.04% vs. 29.41% vs. 21.43% vs. 16.67%), with statisti-

cal significance (all p < 0.05). No statistically difference

was observed regarding the protein expression of LPA 1-3

in the normal ovarian epithelium, borderline tumors and

benign OC (all p > 0.05) (Table 5).

LPA receptor expression correlated with different histolog-
ical types, degree of differentiation and recurrence of ep-
ithelial OC

The protein expression levels of LPA receptors in serous,

mucinous, endometrioid OC, and ovarian clear cell carci-

noma and others are listed in Table 6. No statistically dif-

ference was observed between different histological types

of ovarian carcinoma and LPA receptor expression (all p >

0.05). Furthermore, there was also no significant difference

of LPA1 protein expression levels between the recurrent

and non-recurrent OC (all p > 0.05). Yet LPA2 protein ex-

pression level was significant higher than that in the non-

recurrent OC (82.35% vs. 53.33%), with statistical

significance (all p < 0.05). There was also higher protein

expression level of LPA3 in the recurrent OC when com-

pared to that in the non-recurrent OC (82.35% vs. 55.00%),

presented statistical analysis (p < 0.05).

Discussion

In the present study, the authors suspected that LPA1 had

negative regulatory role in OC progression and that upreg-

ulated LPA1 expression might inhibit growth and survival

of OC, implying that LPA1 may be an important therapeu-

tic target for treatment of OC. The biological function me-

diated by LPA in various cancer via LPA receptors such as

the LPA1-3 receptors is involved in cellular processes, for

example, LPA binding to LPA receptors leads to down-

stream signaling leading to cell proliferation, differentia-

tion, migration, and morphogenesis [12]. These LPA

receptors themselves may have different biological mech-

anisms that are context and tissue dependent, since LPA re-

ceptor expression and tissue distribution is diverse [25].

Table 5. — Expression of LPA1-3 protein in normal ovarian epithelium, borderline tumors, benign, and epithelial OC.
Groups Cases LPA1 LPA2 LPA3

Low High Low High Low High 

expression expression expression expression expression expression

Normal ovarian epithelium 6 1 (16.67) 5 (83.33) 5 (83.33) 1 (16.67) 5(83.33) 1 (16.67)

Benign ovarian cancer 28 9 (32.14) 19 (67.86) 23 (82.14) 5 (17.86) 22 (78.57) 6 (21.43)

Borderline tumors 17 7 (41.18) 10 (58.82) 12 (70.59) 5 (29.41) 12 (70.59) 5 (29.41)

Epithelial ovarian cancer 77 62 (80.52) 15 (19.48) 31 (40.26) 46 (59.74) 30 (38.96) 47 (61.04)

Total 128 79 (61.72) 49 (38.28) 71 (55.47) 57 (44.53) 69 (53.91) 59 (46.09)

Table 6. — Expression of LPA1-3 mRNA in different histological stages of epithelial OC, and in the degree of differentia-
tion and recurrence of epithelial OC (cases, %)
Groups Cases LPA1 LPA2 LPA3

Low High Low High Low High 

expression expression expression expression expression expression

Histological stages

Serous ovarian carcinoma 53 44 (83.02) 9 (16.98) 20 (37.74) 33 (62.26) 17 (32.08) 36 (67.92)

Mucinous ovarian carcinoma 3 2 (66.67) 1 (33.33) 1 (33.33) 2 (66,67) 1 (33.33) 2 (66.67)

Endometrioid ovarian carcinoma 16 13 (81.25) 3 (18.75) 8 (50.00) 8 (50.00) 7 (43.75) 9 (56.25)

Ovarian clear cell carcinoma and others 5 3 (60.00) 2 (40.00) 2 (40.00) 3 (60.00) 2 (40.00) 3 (60.00)

Degree of differentiation

Well- to moderately differentiated 42 34 (80.95) 8 (19.05) 22 (52.38) 20 (47.62) 15 (35.71) 27(64.29) 

Poorly differentiated 35 28 (80.00) 7 (20.00) 11 (31.43) 24 (68.27) 13 (37.14) 22 (62.86) 

Tumor recurrence

Recurrent 17 16 (94.12) 1 (5.88) 3 (17.65) 14 (82.35) 3 (17.65) 14(82.35) 

Non-recurrent 60 46 (76.67) 14 (23.33) 28 (46.67) 32 (53.33) 27 (45.00) 33 (55.00)
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With respect to those, the functions mediated through each

LPA receptors vary, indicating that LPA receptors may have

positive or negative effects on tumor development and pro-

gression [26]. LPA1 is generally regarded as negative reg-

ulator compared to LPA2 or LPA3 [27]; stabilized

expression level of LPA1 can be regularly detected in nor-

mal and immortalized ovarian cells, whereas there were

significantly differences when compared to epithelial OC,

which were shown from the present results. Hence they

support  the observed inhibitory effects of LPA1 on prolif-

eration and invasion through apoptosis and anoikis in OC

[28]. LPA signaling pathway, via LPA1, inhibits cell motil-

ity and higher level of LPA1 was associated with decreased

ability of cell proliferation, which consequently led to the

acquisition of malignant potential of OC [29] and thereby

blocking a series cascade of LPA1 may be a new target for

treating ovarian cancer in future.

Importantly, the present results also demonstrate that el-

evated expression of LPA2 and LPA3 might be strongly as-

sociated with disease progression in OC. LPA-LPA

receptors signaling promotes proliferation, migration and

invasion, suggesting that increased LPA2 and LPA3 ex-

pression, may pose a significant risk in OC [30]. LPA2 and

LPA3 overexpression had the increased tumor size and

metastatic potential, correlating with the aggressiveness in

ovarian carcinogenesis, which could be regarded as the po-

tential biomarkers in predicting the progression of OC [31].

Mechanically, overexpression of LPA and LPA receptors

activates Rho/Rho-associated kinase via the activation of

G12/13 proteins, which function significantly in cy-

toskeletal remodeling, construction of actin stress fibers, as

well as cell rounding, and stimulate the production of ma-

trix metallopeptidase-9, which in-turn stimulates the inva-

sion of OC cells [32]. Besides the above intracellular

signaling regulations, LPA may also enrol the other pro-

tein-mediated signal transduction process, like the GTP

binding proteins, that is not necessarily involved in cell sig-

nal transduction, activating mitogen-activated protein ki-

nase kinase 1 (MEKK1), and is consequently responsible

for various physiological and pathological events [33, 34].

Additionally, previous studies have shown that increased

expression of LPA2 and LPA3 in OC tissues caused over-

production of vascular endothelial growth factor (VEGF),

accelerating angiogenesis and providing microenvironment

for tumor cell proliferation, metastasis, and invasion [35,

36]. 

Similarly, in different pathological grades of OC, the ex-

pressions of LPA2 and LPA3 in poorly differentiated stage

were higher than those in the well to high differentiation

group. Poorly differentiated stage play an important role in

cell-cell adhesion, and exactly, adhesion and invasion of

tumor cells is an important step in tumor metastasis,

thereby hinting an aggressive process of epithelial OC [37].

In the present analysis of lipid composition of benign ovar-

ian tissues and OC tumors, LPA receptors mRNA and pro-

tein levels were significantly lower in epithelial OC than

in normal ovarian epithelium, benign ovarian tumor, and

borderline tumors, and the converse was true for LPA2 and

LPA3, indicating that LPA 2-3 can serve as prognostic

markers for benign, borderline, and malignant tumors.

Through LPA2 and LPA3 signaling, LPA can upregulate

the expression of several angiogenic factors, such as inter-

leukin-6, interleukin-8, growth regulated oncogene, and

VEGF, thereby promoting the growth and metastasis of

tumor as well [7]. LPA can also enhance the activity of ma-

trix metalloproteinase in OC cells, to promote tumor inva-

sion and metastasis [38]. This study also shows that the

mRNA and protein expression levels of LPA2 and LPA3

were both apparently higher in patients with recurrent OC

than those with non-recurrent OC, indicating that LPA2 and

LPA3 may have potential role in predicting the develop-

ment of OC. However, the mRNA and protein levels of

LPA receptors showed no statistical significant differences

among those OC patients in different histological tumor

subtypes and in those cases of different degrees of differ-

entiation. The present authors believe that with larger sam-

ple size it will be possible to clarify the issue. The present

combined results indicate that LPA2 and LPA3 might be

intimately associated with OC cell proliferation, migration,

invasion, metastasis, and prognosis.

In summary, LPA and its receptors may play important

roles in OC. LPA1 appears to play a negative role in the

growth and metastasis of OC, therefore strategies to en-

hance LPA1 pathway may inhibit growth of OC and lead to

novel treatments in OC. On the other hand, LPA2 and LPA3

appears to promote metastasis and therefore could be use-

ful prognostic markers in OC.
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