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ABSTRACT

CA125 has been used extensively to screen for neoplasms, especially in ovarian
cancer. The serum CA125 level can be used as a better prognosis evaluation and it may
dynamic monitoring the disease progression. We explored the effect of CA125 on ovarian
cancer cell migration and its underlying mechanism. Transwell assays showed that
exposure to 0.2 pg/ml or 0.4 pg/ml CA125 for 48 h increased migration of A2780 and
OVCAR-3 ovarian cancer cells. This effect of CA125 was blocked addition of 200 ng/ml
DKK-1, a Wnt pathway inhibitor. Conversely, addition of CA125 reversed the inhibitory
effect of Wnt inhibition in A2780 cells pretreated with DKK-1. Examination of CA125
levels in serum from 97 ovarian cancer patients revealed no relationship between a
patient’s age or CA125 level currently used clinically for ovarian cancer diagnosis and
metastasis. However, using receiver operating characteristic (ROC) curves, we identified
a new cut-off value for the serum CA125 concentration (82.9 U/ml) that is predictive of
metastasis. The area under the curve is 0.632. This new cut-off value has the potential
to serve as a clinically useful indicator of metastasis in ovarian cancer patients.

INTRODUCTION

In 2012, ovarian cancer was as seventh leading
tumor in women, but the leading cause of cancer-related
death due to its late diagnosis [1, 2]. Many reports
have focused on the diagnostic value of CA125 in
ovarian cancer, and have advocated for increased use
of serum CA125 in primary care as means of increasing
detection of ovarian cancer [3, 4]. CA125 is member
of the tethered human mucus (MUC) family of large,
heavily glycosylated transmembrane proteins that
have a diverse range of functions [5]. The extracellular
region of MUC16, which is over-expressed in epithelial

ovarian carcinoma, is cleaved from the cell surface and
circulates in the blood. Known as CA125, this protein
is a well-established ovarian cancer marker used for
clinical diagnosis [6]. CA125 levels higher than 35 U/
mL are considered abnormal and are associated with
90% of ovarian carcinomas, and are strongly associated
with a poor prognosis [7]. Serum CA125 levels are
routinely monitored in patients with ovarian cancer, and
an increase from an individualized nadir concentration
is a prognostic indicator of cancer recurrence. More than
that, CA125 levels are useful indicators of the response
to chemotherapy and disease relapse and progression
[10, 11].
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In the present study, we examined the relationship
between serum CA125 levels and ovarian cancer
metastasis, and evaluated the mechanism underlying that
relationship. We also discuss whether serum CA125 levels
could serve as a clinically useful predictor of metastasis.

RESULTS

CA125 has no remarkable effect on ovarian
cancer cell proliferation

MTT assays were used to evaluate the proliferation
of A2780 or OVCAR-3 ovarian cancer cells. We observed
no significant effect of CA125 on cell proliferation. It
is obvious that the proliferative capacity of A2780 and
OVCAR-3 cells was unaffected by incubation with 0.2 pg/
ml or 0.4 pg/ml CA125 (Figure 1A and 1B).

CA125 promotes ovarian cancer cell migration

Transwell migration assays showed that incubation
for 48 h in medium containing 0.2 pg/ml or 0.4 pg/
ml CAI125 significantly increased the numbers of
migrated A2780 cells (Figure 2A), and that the effect
was concentration-dependent (Figure 2B). CA125 (0.2
pg/ml or 0.4 pg/ml) had a similar effect on OVCAR-3
cells (Figure 2C), though the elicited response was not
concentration-dependent. When the OVCAR-3 cells were
incubated with CA 125, similar significant increases in the
number of migrated cells were detected at both CA125
concentrations (Figure 2D).
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CA125-induced cell migration may depend on
the Wnt signaling pathway

The Wnt signaling pathway is involved in various
malignant tumors, including ovarian cancer [6, 12—
14]. We therefore assessed the contribution made by
Wnt signaling to CA125-induced ovarian cancer cell
migration. We discovered that the capacity of CA125
to increase A2780 cell migration was reduced when the
cells were incubated for 48 h with DKK-1 (200 ng/ml),
a Wnt signaling inhibitor (Figure 3A). The numbers of
cells migrating in the presence of 0.4 pg/ml CA125 were
significant decreasing in the presence of 200 ng/ml DKK-1
(Figure 3B).

A somewhat different response to DKK-1 was
observed with OVCAR- 3 cells. Incubating the cells with
CA125 (0.2 pg/ml) plus DKK-1 (200 ng/ml) actually
increased the number of migrated cells, as compared to
migration in response to the CA125 alone. By contrast,
as with A2780 cells, DKK-1 exerted an inhibitory effect
on the migration of OVCAR- 3 cells incubated with the
higher dose of CA125 (0.4 pg/ml) (Figure 3C and 3D).

We suggest their different genetic backgrounds are
responsible for the different responses of the two cell lines
to CA125 and DKK-1. Whereas A2780 is considered a
CA125 cell line, OVCAR-3 is a CA125" cell line. Using
western blotting, we confirmed that OVCAR-3 cells
express higher levels of CA125 than A2780 cells (Figure
3E). In both cell types, however, Wnt pathway appears to
play an important role in mediating the positive effect of
CA125 on ovarian cancer cell migration.
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Figure 1: CA125 has little effect on ovarian cancer cell proliferation. MTT assays were performed after incubating A2780 (A)
and OVCAR-3 (B) cells for 48 h in the presence of 0.2 ng/ml or 0.4 ug/ml CA125. Data were analyzed using one-way ANOVA (n = 3).
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CAI125 reverses the effect Wnt pathway
inhibition on cancer cell migration

To further examination of the relationship between
CA125, the Wnt pathway, and ovarian cancer cell
migration, we next performed a rescue experiment.
Adding DKK-1 (200 ng/ml) to the culture medium elicited
a marked decline in A2780 cell migration. Notably,
subsequent addition of the CA125 (0.2 pg/ml or 0.4 pg/ml)
to the same medium reversed the decline in cell migration
(Figure 4A and 4B). Apparently, CA125 can reverse the
suppressive effect of Wnt pathway inhibition on cancer
cell migration.

Serum CA12S5 levels may indicate ovarian cancer
metastasis

Our observation that CA125 increases A2780 and
OVCAR-3 cell migration suggests that CA125 may play
a key role in ovarian cancer metastasis and that its level
in serum may be predictive of metastasis. To test that
idea, we collected the clinical data for 97 ovarian cancer
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patients (Supplementary Table 1) from the Laboratory
Science Department of Tianjin Cancer Hospital of
Tianjin Medical University. The ethics committee of the
Tianjin Medical University Cancer Hospital approved
the use of human samples for this study, and each patient
signed an informed consent form for participation.
Thirty-three of the patients were under 50 years old,
while 64 were patients are more than 50 years old.
Among the 97 patients, 58 showed tumor metastasis. The
median values for serum CA125 in metastatic and non-
metastatic patients were 187.9 and 408.25, respectively.
The clinically diagnostic level of CA125 in ovarian
cancer is 35 U/ml [15-17]. Analysis using McNemar's
test revealed there is no significant correlation between
35 U/ml or age and ovarian cancer metastasis (Table 1).
After dividing the data into metastasis and no-metastasis
groups, a receiver operating characteristic (ROC) curve
was used to determine the CA125 concentration most
predictive of ovarian cancer metastasis. According
to the ROC results, a new cut-off value of 82.9 U/ml
was identified, and the area under the curve was 0.632
(Figure 5).
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Figure 2: CA12S increases ovarian cancer cell migration. Transwell migration assays were performed to assess migration of
A2780 (A, B) and OVCAR-3 (C, D) cells exposed to 0.2 pg/ml or 0.4 ng/ml CA125 for 48 h. The cell number was counted by counting
black spot in the high magnification image (red arrow pointed). All the data were normally distributed, and one-way ANOVA was used to

analyze them. (n=3). *P < 0.05; **P < 0.01.
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DISCUSSION

Ovarian cancer is the leading cause of death
among gynecological cancers primarily due to its late
detection and peritoneal dissemination [18-22]. Patients
with ovarian cancer are often diagnosed at an advanced
stage, after tumors have spread into the peritoneal cavity.

And although the standard therapy involves aggressive
surgery followed by platinum/taxane-based chemotherapy,
the majority of patients experience relapse with
chemoresistant disease [23]. It is therefore important to
identify factors associated with ovarian cancer metastasis
or recurrence. There is reportedly a strong positive
relationship between recurrence and serum CA125 levels
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Figure 3: CA125 increases cell migration via the Wnt signaling pathway. Transwell migration assays were performed to assess
the effect the DKK-1 (200 ng/ml), a Wnt pathway inhibitor, on migration of A2780 (A, B) and OVCAR-3 (C, D) cells exposed to 0.2 pg/
ml or 0.4 pg/ml CA125 for 48 h. The cell number was counted by counting black spot in the high magnification image (red arrow pointed).
(E) Western blot analysis of CA125 levels in A2780 and 0OVCAR3 cells. The data were normally distributed, and they were analyzed using

one-way ANOVA (n=3). *P < 0.05; **P < 0.01.
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after surgery. In our study, we focused on the role of serum
CA125 in ovarian cancer metastasis and established a
new CA125 cut-off concentration to use for predication of
ovarian cancer metastasis.

We found that ovarian cancer cells proliferation
was not greatly affected by CA125, but migration was

strongly increasing by two concentrations of CA125. It
appears the stimulatory effect of CA125 on cell migration
is mediated via the Wnt signaling pathway: migration
was inhibited by the Wnt antagonist DKK-1, and DKK-
1-mediated suppression of cell migration was revised by
CA125. Interesting, we observed small differences in the
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Figure 4: CA12S5 reverses the effect Wnt pathway inhibition on cancer cell migration. (A) Transwell migration assays were
performed to assess the ability of CA125 (0.2 pg/ml or 0.4 pg/ml) to reverse DKK-1 (200 ng/ml)-induced suppression of migration. After
incubation, the photos were taken with an inverted phase contrast microscope. (B) High magnification image of the cells used for the
assay. The cell number was counted by counting black spot in the high magnification image (red arrow pointed). The data were normally
distributed, and they were analyzed using one-way ANOVA (n=3). *P < 0.05; **P < 0.01; ***P < 0.001, **** P <(0.0001

0.8

0.4

0.2+

Sensltivity

oo
00

T
02

04

06 08 10

100%-Specificity %

Figure 5: Serum CA125 level predictive of metastasis in ovarian cancer. Graph showing the ROC curve used to determine the
cut-off serum CA125 level for prediction of ovarian cancer metastasis. The area under the ROC curve = 0.632, p-value is 0.043.
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Table 1: Factors associated with ovarian cancer metastasis

Metastasis
Number P
Y N
CA125 Level (U/ml)
<35 12 4 8 0.203
>35 85 54 31
Age
<50 33 19 14 0.032
>50 64 39 25
responses of A2780 and OVCAR-3 cells to CA125 and instruction and as previously described. Briefly, 5x10*
DKK-1. We think this reflects the fact that A2780 cells cells per well were incubated for 48 h in medium with or
are CA125, while OVCAR-3 is CA125" and secretes without CA125 (0.2 pg/ml or 0.4 ng/ml). For colorimetric
CA125 spontaneously. In both cell types, however, the analysis, absorbance was read at 490 nm using a
Wnt pathway appears to play will important role in the microplate reader (Biotek, USA). Each experiment was
CA125 effect on ovarian cancer migration. repeated at least 3 times.
To determine whether our in vitro observations
have a potential clinical application, serum CA125 levels Transwell migration assay
from ovarian cancer 97 patients with were collected and .
analyzed. We found that metastasis has no relationship A2780 or OVCARS cells were seeded to density of
with a patient’s age or the serum CA125 level currently 5x10% cells per well in transwell inserts (polycarbonate
used clinically for diagnosis (35 U/ml). However, ROC filters with 8 pm pores, Costor) filled with medium
curve analysis suggested a level of 82.9 U/ml was containing 0.2 pg/ml or 0.4 pg/ml CA125 ?f}d/ or 200
predictive of ovarian cancer tumor metastasis. This new ng/ml DKK-1(the classical Wnt pathway inhibitor, from
cut-off value for serum CA125 level could potentially Peprotech). The bottom chamber contained 600 pl of
serve as an effective indicator of ovarian cancer metastasis. medium. After incubation for 48 h, cells remaining in
In summary, we have shown that CA125 stimulates the upper chamber were gently removed using a cotton
ovarian cancer cell migration, and that this effect is swap. Cells that migrated to the lower surface of the
mediated via the Wnt signaling pathway. More than filter membrane were fixed with anhydrous methanol and
that, we have established a new cut-off value for serum stained with 0.1% crystal violet. The filters were then
CA125 (82.9 U/ml) that may be predictive of metastasis air-dried, and photos were taken using an inverted phase
in patients with ovarian cancer. contrast microscope (leon ECLIPSE TI-U)
MATERIALS AND METHODS Western blot
. A standard protocol was used for western blotting.
Cell lines Cell lysis was carried out as previously described [6,
The A2780 and OVCAR-3 ovarian cancer cell 25]. Protein coqcentratloqs were determined using BCA
lin - rchased from the American T Cultur assays. The primary antibodies used were goat anti-
¢S WETE purchasec from the American 1ype LU ture CA125 (dilution, 1:1000; Abcam) and rabbit anti-B-actin
Collection (ATCC) and cultured in our laboratory. A2780 o ) . oo
. . (dilution, 1:1000; Abcam). The secondary antibodies
cells were cultured in RPMI 1640 medium supplemented . I . . .
. . were mouse anti-goat IgG (dilution, 1:1000; Affinity) and
with 10% fetal bovine serum (FBS). OVCAR-3 cells were . . oo . . .
. . goat anti-rabbit IgG (dilution, 1:1000; Affinity). To detect
cultured in 1640 RPMI supplemented with 10% FBS and . . .
. . . . . differences in CA125 levels, proteins in total cell lysates
1% insulin (all from Sigma Chemical, St. Louis, MO). were analvzed on separate oels
Both lines were incubated at 37°C under 5% CO.,. ¥ P £eis.
. . Statistical analysis
Cell proliferation assay
) ] SPSS software was used for statistical analyses.
~ The cell proliferation was assayed was performe,d Results are expressed as the mean + SD or mean + SEM.
using MTT assays according to the manufacturer’s The significance of differences of variables between two
www.impactjournals.com/oncotarget 50020 Oncotarget



groups was determined using the two-tailed unpaired
Student’s t tests. One-way ANOVA was applied to
compare variables among three samples groups. Values of
P < 0.05 were considered significant.
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