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Abstract: The purpose of this study was to compare autotaxin expression level and ultrasonic characteristics in 
patients with ovarian epithelial carcinoma and ovarian epithelial benign tumor. Twenty-six cases of ovarian epi-
thelial benign tumor, 38 cases of epithelial ovarian carcinoma, and 18 cases of normal ovarian tissues were ex-
amined. The expression of ATX mRNA and protein were analyzed by western blot and immunohistochemistry. The 
results showed that ATX protein and mRNA expression was detected in three types of tissues. ATX mRNA expres-
sion was higher in ovarian epithelial carcinoma than that in normal ovarian tissues and ovarian epithelial benign 
tumor (P<0.05). Western blot showed clear ladders of ATX protein at around 55 kDa in ovrian carcinoma tissues. 
Immunohistochemistry results also demonstrated that ATX protein expression in ovarian epithelial carcinoma was 
higher than that in ovarian epithelial benign tumor. In ovarian epithelial benign tumor groups, majority appearance 
of tumor location showed middle to low (84.6%), uniformity (80.8%) and sharpness of boundary of enhanced le-
sions (88.5%), while minority of tumor showed middle to low (18.4%), uniformity (23.7%) and sharpness of bound-
ary of enhanced lesions in ovarian epithelial carcinoma groups. In conclusion, the differences in expression of ATX 
and ultrasonic characteristics in ovarian epithelial carcinoma and ovarian epithelial benign tumor can be used to 
estimate early diagnosis, therapeutic regimen and prognosis in ovarian neoplasm.
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Introduction

Ovarian cancer is the most deadly type of can-
cer worldwide in women [1, 2]. The Patients 
with ovarian cancer have high mortality and 
poor prognosis. This is obviously related to the 
occult incidence of ovarian cancer, the difficulty 
of early diagnosis, and the limitations of exist-
ing treatment measures [3]. It is urgent to find 
simple, rapid, and highly sensitive methods for 
ovarian cancer diagnosis.

Autotaxin (ATX) is an ecto-nucleotide pyrophos-
phatase/phosphodiesterase-2 enzyme [5]. It 
played an important role in hydrolyzing extra-
cellular lysophospholipids into lysophosphatid-
ic acid (LPA) [6, 7]. LPA enhances lymphocyte 
invasion and cytokine production, as well as 
increasing VEGF production to stimulate angio-
genesis, which is required for tumor growth and 
metastasis and decreased response to chemo-
therapy. Increased expressions of ATX and 
LPA1-3 receptors were related to the occur-

rence and development of cancer in mice or 
women. The results suggested that the ATX-LPA 
signal pathway was physiologically correlated 
[8, 9]. Imbalance of ATX-LPA signaling pathway 
is correlated with neuropathic pain, fibrosis, 
and cancers and rheumatoid arthritis [10, 11]. 
There is growing evidence that ATX played a 
benefit for clinical application in cancer [12]. 

At present, ultrasound has been extensively 
used in clinic and is still an important tool for 
diagnosing cancers. There are several disad-
vantages that exist, for example, it can easily 
miss diagnosis in cavity organs, the results can 
be easily interfered by gases or technological 
level of doctor [13-15]. So it is urgent to find the 
new clinical index to diagnose cancers. Although 
ATX is important, the role of ATX in cancer diag-
nosis and therapy remained to be studied. 

The purpose of this study was to compare auto-
taxin expression level and ultrasonic character-
istics in patients with ovarian epithelial carci-
noma and ovarian epithelial benign tumor.
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Table 1. General clinical data [n (%)]

Categories Normal ovarian 
group (n=18)

Ovarian epithelial benign 
tumor group (n=26)

Ovarian epitheiial  
carcinoma group (n=38) P value

Age 53.75±1.26 53.48±1.33 53.95±1.74 >0.05
Body weight (kg/m2) 23.42±2.05 23.77±2.19 23.86±2.78 >0.05
Place of residence >0.05
    City  10 (55.56) 14 (53.85) 21 (55.26)
    Countryside 8 (44.44) 12 (46.15) 17 (44.74)
Nationality >0.05
    Han 12 (66.67) 17 (65.38) 25 (65.79)
    National minorities 6 (33.33) 9 (34.62) 13 (34.21)
Educational history >0.05
    ≥ Senior high school 11 (61.11) 16 (61.54) 24 (63.16)
    < Senior high school 7 (38.89) 10 (38.46) 14 (36.84)

cy of imaging probe was 4-7 MHz, and mecha-
nism index was 0.08-0.11. Shadowgraph tech-
nique was used (SonoVue, Braceo, Italy) [16].

RNA Isolation and real-time PCR

Reported methods were used to extract total 
RNA from tumor tissues [17]. A cDNA synthesis 
kit was used to cDNA synthesis. Relative tran-
script levels of ATX were determined by RT-PCR. 
Primers for ATX gene (GenBank Accession ID: 
NC_000008.11) were signed depended on the 
sequence of cDNA for human ovarian tumor 
cell. The GAPDH (ID: NM_001289746.1) was 
also designed.

Primers are as follows: ATX FP 5’-TAAAAC- 
AGTACGTGAAGGCAGTT-3’ and RP 5’-GTGTGCA-
TCTTCATGAGTTCTTCT-3’. GAPDH: FP 5’GACACC- 
CACTCCTCCACCTTT3’ and RP 5’TGTTGCTGTA- 
GCCAAATTCGTT3’. 

Western blot

Tissues were disrupted with cold (-10°C) RIPA 
buffer and BCA kit, and the protein concentra-
tion was determined. Total protein was sepa-
rated and transferred to a preactivated polyvi-
nylidene fluoride membrane. The membranes 
were blocked using 4% dried skim milk in TBS 
at 4°C for 1.5 hours and incubated with prima-
ry antibodies (diluted 1:3000) at 4°C for 12 
hours. Then membranes were washed five 
times by TBST and compressed with secondary 
antibodies (diluted 1:5000) at room tempera-
ture for 1.5 hours. At last, the membrane was 
wash extensively and hatched using ECL chemi-
luminescent kit (Thermo Scientific, USA). 

Materials and methods

Materials

SYBR, FBS, L-glutamine and β-mercaptoethanol, 
minimum essential amino acids, goat anti-
mouse IgGs, anti-ATX-4 and anti-GAPDH were 
all purchased from commercial corporation.  
The other reagents were commercially avail-
able. Real-time color Doppler ultrasonography 
(Parkson, Italy) was used for contrast-enhanced 
ultrasonography.

Patients and tissue samples

Tissues were obtained from 64 female patients 
who underwent initial oophorectomy at the hos-
pital (China) between May 2013 and June 2017. 
In these patients, 26 suffered from benign 
ovarian tumor and 38 were diagnosed with 
ovarian cancer. All patients were not treated 
with radiation, chemotherapy and immunother-
apy. The inclusion criteria were: Subjects could 
provide the signature to the informed consent 
form (ICF); female at more than 20 years of 
age; the histopathological specimens could be 
submitted to the central pathological labs. 
Another 18 normal ovarian tissues were taken 
from female patients who underwent hystero-
myomectomy. All fresh tissues removed from 
operation were preserved in liquid nitrogen 
after extirpated necrotic areas and then stored 
at -80°C.

Ultrasound contrast

The ultrasound contrast was made by real-time 
color Doppler ultrasonography (Parkson, Italy). 
Frequency of array test was 5-13 MHz, frequen-
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Immunofluorescence 

All tissues were fixed with 10% unbuffered for-
malin, followed by paraffin imbedding and sec-
tion. The expression of ATX was analyzed by 
immunofluorescence staining with ATX. The 
3.5% paraformaldehyde was used to fix. After 
fixed, PBS was used to wash the cells, and then 
they were incubated with blocking buffer. The 
primary antibody was diluted. After incubation 
with secondary antibodies conjugated with SP 
for 1.5 hour at 37°C, followed by wash 3 times 

In ovarian epithelial benign tumor group, the 
majority appearance of tumor location showed 
middle to low (84.6%), uniformity (80.8%) and 
sharpness of boundary of enhanced lesions 
(88.5%), while minority of tumor showed middle 
to low (18.4%), uniformity (23.7%) and sharp-
ness of boundary of enhanced lesions in ovari-
an epithelial carcinoma group (13.2%). The dif-
ference of the above ultrasonic features be- 
tween ovarian epithelial carcinoma and ovarian 
epithelial benign tumor was statistically signifi-
cant (P<0.05) (Figure 1 and Table 2). 

Figure 1. Original figures of ultrasonic of ovarian epithelial benign tumor (A) 
and ovarian epitheiial carcinoma (B).

in PBS, fluorescence micro-
scope was used to obtain 
pictures [18]. 

Statistical analysis

Data were analyzed with 
SPSS 25.0 software (SPSS, 
Chicago, IL, USA). The enu-
meration data was expre- 
ssed in n (%), and chi-square 
test was performed. The 
measurement data was rep-
resented by mean ± SD. 
Group comparisons of age, 
body weight, expression of 
ATX mRNA and protein were 
performed using one-way 
ANOVA. The p-values less 
than 0.05 indicate statistical 
significance.

Results

Comparison of general infor-
mation 

There was no significant dif-
ference among the three 
groups (normal ovarian gr- 
oup, ovarian epithelial beni- 
gn tumor group, ovarian epi-
thelial carcinoma group) in 
the age, body weight, pla- 
ce of residence, nationality, 
and educational history (P> 
0.05) (Table 1).

Ultrasonic features dis-
played complete difference 
in two tissues
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Table 2. Comparison of ultrasonic characteristics

Group
Enhanced degree Uniformity Boundary

Middle to low High Uniformity Inhomogeneity Sharpness Unsharpness
n % n % n % n % n % n %

Ovarian epithelial benign tumor group(n=26) 22 84.6 4 15.4 21 80.8 5 19.2 3 11.5 23 88.5 

Ovarian epitheiial carcinoma group (n=38) 7 8.4* 31* 81.6* 9 23.7 29 76.3* 33 86.8* 5 13.2*
*, represents a comparison with the ovarian epithelial benign tumor group, P<0.05.

Figure 2. The levels of ATX protein in all groups. A: 
Detection of proteins. B: Quantitative analysis. The 
expression levels of ATX protein and GADPH pro-
tein were detected by mouse anti-ATX monoclonal 
antibody or mouse anti-GADPH lysine monoclonal 
antibody. 1: normal ovarian group (n=18). 2: ovar-
ian epithelial benign tumor group (n=26). 3:ovarian 
epitheiial carcinoma group (n=38). #, represents a 
comparison with the normal ovarian group, P<0.05. 
*, represents a comparison with the ovarian epithe-
lial benign tumor group, P<0.05.

Figure 3. The expression of ATX mRNA in normal 
ovarian groups, epithelial benign tumor group and 
ovarian epithelial carcinoma group. #, represents a 
comparison with the normal ovarian group, P<0.05. 
*, represents a comparison with the ovarian epithe-
lial benign tumor group, P<0.05.

Comparison of expression levels of ATX mRNA 
in different tissues

The relative expressions of ATX mRNA were nor-
malized in tumor tissues. Amplification efficien-
cy of ATX mRNA and GAPDH mRNA was obtained 
by standard curve (data not shown). The ATX 
mRNA was expressed in all groups. The expres-
sion levels in ovarian epithelial carcinoma 
group were nearly 1.91-fold compared with the 
ovarian epithelial benign tumor group and 

3.23-fold compared with normal ovarian group 
(Figure 2). The statistical analysis showed sig-
nificant improvements of ATX mRNA (P<0.01) in 
ovarian epithelial carcinoma group.

Comparison of expression levels of ATX protein 
in different tissues using western blot

ATX protein in tumor tissues was analyzed by 
western blot with GADPH as internal reference 
[19]. The results showed that ATX protein was 
expressed in almost all tumor tissues. Results 
showed that ATX protein in ovarian epithelial 
carcinoma group was much higher than ovarian 
epithelial benign tumor group and normal ovar-
ian group (Figure 3). The statistical analysis 
showed significant improvements of ATX pro-
tein expression (P<0.01) in ovarian epithelial 
carcinoma group.
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Comparison of expression levels of ATX protein 
in different tissues using immunofluorescence 

ATX protein in all tissues was also analyzed by 
immunofluorescence after SP immunohisto-
chemical staining (Figure 4). ATX protein was 
observed in majority tissues in ovarian epithe-
lial carcinoma group by staining with an anti-
ATX tag antibody, so the tissues showed tawny 
after staining. The ATX protein was unstained in 
majority of tissues in normal ovarian group and 
ovarian epithelial benign tumor group and the 
tissues turned yellow after staining. The tissues 
in ovarian epithelial carcinoma group almost 
appeared in yellow (16/38) and tawny (22/38). 
Most of the tissues in ovarian epithelial benign 
tumor group were yellow (14/26) or tawny 
(12/26). Most of the tissues in normal ovarian 
group were yellow (14/18) or tawny (4/18) 
(Table 3). The results indicated that the ATX 
protein was significant observed (P<0.01) in 
ovarian epithelial carcinoma group and ovarian 
epithelial benign tumor group, but not in normal 
ovarian group and the levels of ATX protein in 
ovarian epithelial carcinoma group significantly 
increased (P<0.05) compared with the ovarian 
epithelial benign tumor group.

Discussion

It was reported that ovarian cancer showed 
high mortality for development of resistance to 

that in other ovarian tissues. The results sug-
gested that ATX may become an index to diag-
nose metastatic ovarian cancer. The conclu-
sion of this study was basically consistent with 
the previous research report that ATX could 
affect tumor progression in ovarian cancer 
cells [23]. ATX over-expression in ovarian can-
cer cells may be associated with aberrant LPA 
production. However, one study noted that, 
compared with healthy subjects, serum ATX 
antigen levels were not increased in ovarian 
cancer patients, and serum ATX may not be 
useful as a biomarker for ovarian cancer [24]. 

Ultrasound examination has the advantages of 
low cost, simple operation and high repeatabil-
ity. Compared with histopathological examina-
tion, ultrasound examination is non-radiating 
and convenient [25]. So it is widely used in cli- 
nic. The results of this study show that the main 
ultrasound features of ovarian cancer were the 
appearances low (84.6%), uniformity (80.8%) 
and sharpness of boundary of enhanced le- 
sions (88.5%). The minority of tumor showed 
middle to low (18.4%), uniformity (23.7%) and 
sharpness of boundary of enhanced lesions 
(13.2%) in ovarian epithelial carcinoma groups. 
Two groups of patients compared showed sta-
tistically significant difference. This may have 
connections with the growth pattern of malig-

Figure 4. The expression of ATX analyzed by immunostaining analysis.

chemotherapy and relapse 
[20]. ATX, a LPA-producing 
enzyme, is highly secreted 
from ovarian (cancer stem 
cells) CSCs [6, 21]. It is 
important to analyze the 
expression levels of ATX in 
ovarian cancer tissues. A 
study showed a link be- 
tween ATX expression, lyso-
phosphatidic acid and vas-
cular endothelial growth 
factor signaling in ovarian 
cancer cell lines [22]. We 
analyzed the level of ATX 
mRNA and protein in ovari-
an tissues, ovarian epithe-
lial benign tumor tissues 
and ovarian epithelial carci-
noma tissues. The result 
showed that the expres-
sion level of ATX mRNA and 
protein was markedly high-
er in ovarian epithelial be- 
nign tumor tissues than 

Table 3. Comparison of expression levels of ATX protein

Group

Color of tissues after SP 
staining

Light yellow Tawny
n % n %

Normal ovarian group (n=18) 14 77.8 4 22.2
Ovarian epithelial benign tumor group (n=26) 14 53.8**  12 46.2**
Ovarian epitheiial carcinoma group (n=38) 16 42.1**,# 22 57.9**,#

**, represents a comparison with the normal ovarian group, P<0.01.  #, represents a 
comparison with the ovarian epithelial benign tumor group, P<0.05.
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nant neoplasms. The new vessels of malignant 
neoplasms were thick and unevenly distributed 
and resulted in a disordered network. The ves-
sels of focal central areas were smaller. These 
features may cause the lesion locations low, 
uniformity and sharpness of boundary. Alcázar 
et al found that some differences exist between 
type I and type II epithelial ovarian cancer in 
clinical and ultrasound manifestations [26]. We 
believe above research results could provide 
some clues to clinicians faced with the difficulty 
in diagnosis of ovarian cancer. The shortcom-
ings of this study lies in the small sample size, 
which needs further prospective study in clini-
cal application to verify the conclusion of our 
research.

In conclusion, it can be seen the difference of 
expression of ATX and ultrasonic characteris-
tics between ovarian epithelial carcinoma and 
ovarian epithelial benign tumor. This study pro-
vides an idea to use ultrasound features as well 
as ATX expression to diagnosing malignant 
tumor. The study may provide a method for ear-
lier and more accurate to find malignant tumor 
and take action more quickly to kill the cancer.
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