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Abstract

Introduction: The aim of the study was to compare serum concentration of soluble L- and P-selectins in
women with ovarian cancer (OC) and healthy controls, and to investigate sL- and sP-selectin levels with regard
to clinical and pathological parameters. Correlation analysis was used to measure the following: sL- and sP-
selectin concentration and Cal25; sP-selectin and platelet concentrations; and sL-selectin and serum leukocyte

levels in women with OC.

Material and methods: The study included 29 patients with OC and 23 healthy controls. Serum concentra-
tions of sL- and sP-selectins were measured in all subjects. Routine diagnostic tests: CBC and USG (both groups)

and Cal25 (study group) were performed.

Results: Significantly higher serum concentrations of sL- and sP-selectins were found in the study group as
compared to controls. Lower levels of serum sL-selectin were observed in women with poorly-differentiated OC
(G3) and advanced stages of the disease (FIGO I, IV), but the results were statistically insignificant. No statisti-
cally significant relationship was detected between sP-selectin serum concentration in women with OC and
tumour differentiation, histological type, and stage of the disease. No significant correlation was found between
sL- and sP-selectins and Cal25 levels. A weak correlation was found between serum concentration of sP-selectin
in women with OC and platelet count. No statistically significant correlation was observed between sL-selectin
concentration and serum leukocyte levels in women with OC.

Conclusions: The analysis of sL- and sP-selectin concentrations may be a useful tool in the diagnosis of OC.
The levels of sL-selectin decrease with disease progression.
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Introduction

Ovarian cancer (OC), due to its hidden and/or atypi-
cal symptoms, and ineffective diagnostic and screen-
ing tools, is most commonly diagnosed in the advanced
stages of the disease, when the five-year survival rate
is 28% and 16% for stages Il and IV, respectively. In
contrast, the 5-year survival rate for stage | is approxi-
mately 80% [1]. Thus, it is vital to find new parameters
and effective diagnostic methods to detect OC early be-
cause it might improve the prognosis and survival rates
of the affected patients.

L- and P-selectins (CD62) belong to the family of
calcium-dependent cell adhesion molecules that medi-
ate the specific reaction between endothelial cells, leu-
kocytes, and blood platelets [2-4]. L-selectin is present
on the surface of all leukocyte types, and it partakes in
the recruitment and rolling of leukocytes. P-selectin is
found in the endothelium, as well as alpha granules and

Weibel-Palade bodies of platelets after activation and
degranulation. It mediates neutrophil and monocyte
adhesion in inflammation and coagulation. Selectins
may take two different forms: cytoplasmic membrane-
bound and soluble, released into the circulation and
found in body fluids [2-4].

Studies on the role of L- and P-selectins in the bi-
ology of malignant neoplasms indicate that molecules
may take part in the process of carcinogenesis main-
ly at the stage of distant metastases. The process of
haematogenous metastases may depend on the inter-
action between tumour cells and thrombocytes. The
ability of the circulating tumour cells to interact with
platelets assures their survival in the circulation and
may facilitate and promote the formation of metastatic
foci [5]. Interactions of tumour cells with thrombocytes
protect the tumour from the attacking phagocytes and
enable tumour escape from immune surveillance. Ad-
ditionally, as a result of degranulation, angiogenic and
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growth factors are released, and they might also stimu-
late the process of carcinogenesis. According to some
authors, sP-selectin may be an indicator of platelet acti-
vation [5]. Also, studies point to the role of leukocytes in
the formation of platelet or tumour embolisms, i.e. their
role in the process of distant metastases. Leukocyte re-
cruitment to metastatic sites depends of the activity of
L-selectin, whose absence weakens the process of me-
tastasis [6]. Elevated levels of soluble forms of P- and
L-selectins have been demonstrated in sera of patients
with various malignancies: colorectal and lung cancer,
lymphoma, malignant melanoma, bladder cancer, mul-
tiple myeloma, breast cancer, and acute myeloid leu-
kaemia [2-3, 6-17]. However, to the best of our knowl-
edge, the literature offers no reports on serum sL- and
sP-selectin concentrations in women with OC.

Aim of the study

The aim of the study was to compare serum concen-
trations of soluble sL- and sP-selectins in women with
OC vs. healthy controls, and to investigate sL-selectin
and sP-selectin levels with regard to clinical and patho-
logical parameters. Also, correlation analysis was used
to measure the following: i) sL- and sP-selectin concen-
tration and Cal25; ii) sP-selectin and platelet concentra-
tions; and iii) sL-selectin and serum leukocyte levels in
women with OC.

Patient characteristics and inclusion
criteria

A total of 52 patients from the Clinic of Surgical, En-
doscopic and Oncologic Gynaecology, Polish Mother’s
Memorial Hospital in £6dz, constituted the study pop-
ulation, including 29 women with OC and 23 controls
with no malignancies.

The local Ethics Committee approved of the study
(nr: 71/2012). Serum sL- and sP-selectin levels were
measured in all subjects, followed by routine diagnos-
tic tests: CBC and USG (both groups), and Cal25 (study
group). All patients gave their informed consent to par-
ticipate in the study. All subjects from the study group
were treated in accordance with the oncological proto-
col. The exclusion criteria were: history of chemotherapy
or radiotherapy due to malignant neoplasms, history of
any malignancy, recurrent OC (the study included only
patients with primary OC with no previous treatment),
and hormonal therapy (contraceptives, HRT, etc.).

Immunoenzymatic analysis of serum
sL- and sP-selectin concentration

In the morning, 5 ml of fasting blood samples were
drawn into serum gel tubes and transported to the lab-
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oratory within one hour of collection. Next, the samples
were centrifuged at 1500 x g for 10 min., and serum was
gently separated and stored at —80°C until used. The
sL- and sP-selectin concentrations were tested with im-
munoenzymatic ELISA using commercially available kits
(R&D): Human sL-Selectin Immunoassay (sensitivity:
0.3 ng/m), Human sP-Selectin Immunoassay (sensitiv-
ity: 0.5 ng/ml), according to the manufacturer’s proto-
col. Absorbance was measured at 450 nm in an ELx 808
reader. The results are expressed as ng/ml.

Statistical analyses

Statistical analyses were carried out using the fol-
lowing tests:

e the Shapiro-Wilk W to test the distribution for nor-
mality,

e U Mann-Whitney to test quantitative parameters be-
tween two groups with non-normal distribution or
groups with statistically significantly different sample
size (2 test was used to check equality of group pro-
portions),

* ANOVA rang Kruskal-Wallis to test quantitative pa-
rameters between more than two groups with non-
normal distribution or groups with statistically sig-
nificantly different sample size (32 test was used to
check equality of group proportions),

* Pearson’s correlation coefficient for normally distrib-
uted variables and Spearman’s rank correlation for
non-normally distributed quantitative variables,

* Independent Pearson’s x? to compare qualitative var-
iables between two groups.

Statistical analysis was performed using STATISTICA

6.0, and a p-value < 0.05 was considered as statistically

significant.

Results

Mean patient age in the group of women with OC
was approximately 50 years. Mean BMI was 26.80 kg/m?.
Twenty (68.97%) patients from the study group had
normal menstruation and 9 (31.03%) were postmeno-
pausal. There were 6 (20.69%) primiparas, 19 (65.52%)
multiparas, and 4 (13.79%) nulliparas in the study
group. BRCA 1 gene mutation was found in one patient
(Table 1).

No statistically significant differences were found
with regard to basic patient characteristics (age, BMI,
parity, menopausal status, and concomitant diseases)
between the study group and controls (Table 1).

Out of 29 patients with OC, 16 (55.17%) were diag-
nosed with serous adenocarcinoma, three (10.34%) with
undifferentiated adenocarcinoma, two (6.90%) with
clear-cell adenocarcinoma, two (6.90%) with anaplastic
carcinoma, two (6.90%) with mucinous adenocarcino-
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Table 1. Statistical analysis of patient characteristics in the study and control groups

Parameter Study group Control group Test P
(n=29) (n=23)
Age Cochran and Cox = -1.22547 > 0.05
Mean 50 years 53.61 years
Min. = max. 26-85 years 45-70 years
Median 49 years 52 years
SD +10.80 +6.47 years
BMI T=-0.861637 > 0.05
Mean 26.80 kg/m? 28.12 kg/m?
Min. — max. 17.94-36.72 kg/m? 20.55-40.04 kg/m?
Median 26.88 kg/m? 26.04 kg/m?
SD +5.62 kg/m? +5.33 kg/m?
Menopausal status %? Pearson = 0.856577 > 0.05
Post-menopausal 9 (31.03%) 10 (43.48%)
Menstruating 20 (68.97%) 13 (56.52%)
Parity ¥’ Pearson = 2.213351 > 0.05
Nulliparas 4 (13.79%) 3 (13.04%)
Primiparas 6 (20.69%) 9 (39.13%)
Multiparas 19 (65.52%) 11 (47.83%)
Comorbidities: x? Pearson = 0.2963878 > 0.05

None

Cardiovascular diseases
Cardiovascular diseases & DM
DM

16 (55.17%)

9 (31.03%)

4 (13.79%)
0 (0%)

11 (47.83%)

8 (34.78%)

4 (17.39%)
0 (0%)

ma, and four (13.79%) with endometrioid adenocarcino-
ma (Table 2). The tumour was well-differentiated (G1) in
three (10.34%), moderately-differentiated (G2) in eight
(27.59%), and poorly-differentiated (G3) in 18 (62.02%)
women. As a result, three (10.34%) patients were di-
agnosed with stage |, 12 (41.38%) with stage IlI, and
14 (48.28%) with stage IV FIGO OC. No grade Il FIGO can-
cer cases were found in the studied population (Table 2).

Serum sL- and sP-selectin concentrations were sta-
tistically significantly higher in women with OC as com-
pared to controls (Table 3). Lower serum sL-selectin lev-
els were detected in women with poorly-differentiated
(G3) OC and advanced stages of the disease (FIGO IlI
and IV), but the results were not statistically significant.
No statistical significance was found between serum
sP-selectin levels in the study group and histological
tumour type and differentiation, disease stage, and sL-
and sP-selectins/Cal25 correlation (Tables 4-7). A weak
correlation between serum sP-selectin level and plate-
let count was observed in OC patients (Table 7). The re-
sults almost reached statistical significance. No statisti-
cally significant correlation between serum sL-selectin
and leukocyte levels was detected in the study group
(Table 7).

Discussion

To the best of our knowledge, our study has been
the first to evaluate serum sP- and sL-selectin levels in

Table 2. Clinical and pathological characteristics of the study
group (supplemental)

Characteristics Study group IV

(n=29)

Histological type

16 (55.17%)
3 (10.34%)

Adenocarcinoma serosum
Adenocarcinoma male differentiatum

Adenocarcinoma clarocellulare 2 (6.90%)
Carcinoma anaplasticum 2 (6.90%)
Adenocarcinoma mucinosum 2 (6.90%)

Adenocarcinoma endometrioides 4 (13.79%)

Grading
Gl 3 (10.34%)
G2 8 (27.59%)
G3 18 (62.02%)
FIGO stage
I 3 (10.34%)
I 0 (0.00%)
I 12 (41.38%)
% 14 (48.28%)

OC and to find a statistically significant relationship be-
tween OC patients and healthy controls. The literature
offers a limited number of publications about the role
of L- and P-selectins in the pathogenesis of OC. Also,
the available reports analysed only the transmembrane
forms of these molecules, the effect of pharmacologic
agents on their expression, and the presence of their
ligands. Thrombocytosis and thrombosis are common
complications of malignant neoplasms, including OC
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Table 3. Statistical analysis of serum sL/sP-selectin concentra-
tions in patients with OC and controls

Table 4. Statistical analysis of serum sL/sP-selectin concentra-
tions in patients with OC with regard to histological tumour type

sL-selectin [ng/ml]

Study group Control group

No. of patients 29 23
Min. 557.00 284
Max. 1560.00 1000.00
Median 881.00 640
Arithmetical mean 983.48 589.65
Standard deviation 314.24 206.81
Asymmetry coefficient 0.70 0.34
Statistical analysis U Mann-Whitney test = —4.42210;
p < 0.05
sP-selectin [ng/ml] Study group Control group
No. of patients 29 23
Min. 31.60 10.40
Max. 311.00 132
Median 107.40 60.20
Arithmetical mean 128.78 63.44
Standard deviation 71.95 34.19
Asymmetry coefficient 0.89 0.39
Statistical analysis U Mann-Whitney test = —3.60209;
p < 0.05

Table 5. Statistical analysis of serum sL/sP-selectin concentra-
tions in patients with OC with regard to tumour grade

sL-selectin [ng/ml]

Tumour grade

sL-selectin [ng/ml]

Histological tumour type

Adenocarcinoma Others
serosum ovarii
No. of patients 16 13
Min. 557.00 617.00
Max. 1560.00 1530.00
Median 826.50 949.00
Arithmetical mean 931.63 1047.95
Standard deviation 318.24 309.55
Asymmetry coefficient 0.96 0.60
Statistical analysis U Mann-Whitney test = -1.18432;
p > 0.05

sP-selectin [ng/ml] Histological tumour type

Adenocarcinoma Others

serosum ovarii
No. of patients 16 13
Min. 49.20 31.60
Max. 265.00 363.60
Median 98.30 124.20
Arithmetical mean 125.58 140.42
Standard deviation 65.57 98.11
Asymmetry coefficient 0.67 1.38
Statistical analysis U Mann-Whitney test = -0.087706;
p>0.05

Table 6. Statistical analysis of serum sL/sP-selectin concentra-
tions in patients with OC with regard to FIGO stage

Gl G2 G3 l [ m
sL-selectin [ng/m Figo stage
No. of patients 3 8 18 8 g g
| 1l 1] \%
Min. 788.00 730.00 557.00
n No. of patients 3 0 12 14
Max. 153000 152600  1560.00 Min. 69600 -  609.00 557.00
Median 90200 98450  855.00 Max. 153000 - 152600 1560.00
Arithmetical mean 1073.33 1055.50 936.50 Median 902.00 _ 83950  966.00
Standard deviation 399.57 331.68 303.91 Arithmetical mean 1042.67 - 972.08  980.57
Asymmetry coefficient 1.57 0.55 0.86 Standard deviation 434.43 - 327.01  303.70
Statistical analysis Kruskal-Wallis ANOVA = 0.849461; Asymmetry coefficient 130 - 0.90 0.62
p>0.05 Statistical analysis Kruskal-Wallis ANOVA = 0.118942;
sP-selectin [ng/ml] Tumour grade p >0.05
Gl G2 G3 sP-selectin [ng/ml] FIGO stage
No. of patients 3 8 18 ! I i v
- No. of patients 3 0 12 14
Min. 72.80 59.40 31.60
Min. 72.80 - 53.20 31.60
Max. 125.60 209.80 363.60
Max. 192.40 - 363.60 311.00
Medi 124.2 134.4 4.1
edian 0 3440 9410 Median 12420 - 13590 9620
Arithmetical mean 107.53 137.53 133.99 Arithmetic mean 129.80 _ 15320 11477
Standard deviation 30.09 54.47 96.07 Standard deviation 60.00 _ 9325 72.94
Asymmetry coefficient -173 -0.04 122 Asymmetry coefficient ~ 0.42 - 1.08 1.58
Statistical analysis Kruskal-Wallis ANOVA = 0.868391; Statistical analysis Kruskal-Wallis ANOVA = 1.196223;
p > 0.05 p > 0.05
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[5, 18]. Studies on the role of platelets in the origin of OC
metastases revealed that the ability of cancerous cells
to activate platelets was related to increased expression
of P-selectin as a result of thrombocyte degranulation
[5, 18]. P-selectin overexpression was found to be higher
in metastatic as compared to non-metastatic OC and
normal ovarian surface epithelium [5]. According to the
accumulated body of evidence, P- and L-selectins may
bind to sulphatides present not only on the surface of
granulocytes but also of the tumour cells [19, 20]. A pos-
itive correlation between high concentration of sul-
phatides and poor prognosis in ovarian and colorectal
cancers was found [21]. Also, numerous malignancies,
including OC, were proven to express CD24, a ligand for
P-selectin. P-selectin binds to CD24 present on the sur-
face of the tumour cells, causing tumour cell adhesion
and, consequently, metastatic spread [22, 23]. CD24
shows no expression on normal ovarian surface epithe-
lium, whereas cytoplasmic CD24 activity significantly
correlates with poor prognosis in the affected women in
cases of invasive forms of ovarian cancer [24, 25].

After platelet activation and degranulation, the ex-
pression of P-selectin on the surface thrombocytes is
temporary, while its soluble form is released and may
be detected in the serum. Elevated levels of sP-selectin
in cancer patients are believed to be the sign of throm-
bocyte activation, resulting from their interaction with
cancer cells, and might indirectly signal the induction of
metastatic spread. Various authors suggest that evalu-
ation of soluble P-selectin concentration is a better in-
dicator of thrombocyte activation than the expression
of its transmembrane form [9]. Therefore, we analysed
the correlation between sP-selectin concentration and
thrombocyte levels in patients with OC. A weak positive
correlation between sP-selectin level and platelet count
was detected. Our results almost reached statistical
significance. Increased sP-selectin concentration was
noted also in other malignant neoplasms [2, 3, 7-12].
Moreover, a positive correlation between sP-selectin
concentration and thrombocyte levels was also con-
firmed [7, 9]. Also, sP-selectin concentration was found
to be an independent prognostic factor of disease re-
currence and death in colorectal cancer [7]. Evaluation
of the sP-selectin level is believed to be a sensitive
marker of disease progression in patients with malig-
nant melanoma [10]. Also, a correlation between serum
sP-selectin and disease advancement as well as distant
metastases was observed in patients with colorectal
and lung cancers, lymphoma, and melanoma [7-10],
which might confirm the hypothesis about the effect of
the interaction between cancer-cells and thrombocytes
in metastatic spread [9].

In our study, we found no relationship between se-
rum sP-selectin concentration in women with OC and
either clinical and pathological parameters or Cal25
levels. Other authors, despite having detected elevated

Table 7. Statistical analysis of the correlation (Spearman’s
rank — R): between serum sL- and sP-selectin concentration
and chosen parameters in patients with OC

Parameter Cal25

R p
sL-selectin -0.127125 > 0.05
sP-selectin 0.055665 > 0.05
Parameter WBC

R P
sL-selectin -0.033013 > 0.05
Parameter PLT

R p
sP-selectin 0.366010 > 0.05 (p = 0.050857)

serum sP-selectin levels in patients with various ma-
lignancies (colorectal and bladder cancers), also failed
to observe the existence of a correlation between sP-
selectin levels and clinical and pathological parameters
[2-3]. In our study, the lack of statistically significant dif-
ferences with regard to the clinical and pathological pa-
rameters is probably connected with the small sample
size. Further studies with larger samples might clarify
the matter.

L-selectin not only takes part in the metastatic
spread, participating in leukocyte recruitment to meta-
static foci, but also, through activation of the inflam-
matory process, creates a favourable microenvironment
for metastatic cells [26]. Various studies confirm that
L-selectin promotes the survival of the tumour cells as
soon as 12-24 hours after their migration into the cir-
culation. Leukocytes that express L-selectin may assist
tumour cells in their penetration of the endothelium
and facilitate the metastatic spread [27]. Additionally,
heparin was shown to block L- and P-selectin activity,
impeding the process of distant metastases in malig-
nant tumours, including OC [28, 29].

The release of soluble L-selectin from the surface of
the leukocytes is believed to be the regulatory mecha-
nism of expression and function of its transmembrane
form. As a result of the sL-selectin release, its expres-
sion on the surface of the leukocytes decreases. Conse-
quently, the ability of neutrophil migration to the site of
inflammatory process, and binding to the endothelium
of microvessels of the lymph nodes, is significantly low-
ered. A release of soluble L-selectin from the surface
of leukocytes regulates their activity, and modulates
the inflammatory response [4]. Serum sL-selectin levels
have rarely been investigated in patients with malig-
nant tumours. The exact role of sL-selectin in the pro-
cess of carcinogenesis remains to be fully elucidated.

The results of other authors who also detected in-
creased serum sl-selectin concentrations in patients
with various malignant neoplasms are consistent with
our findings [11, 13-17]. Czygier et al. observed elevated
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serum sL-selectin levels in women with early-stage breast
cancer (grade | and Il) as compared to healthy controls
[13]. However, the same authors found lowered serum
concentrations of sL-selectin in subjects with advanced
breast cancer (grade Ill and IV), and reported a further
decrease after chemotherapy. They hypothesised that it
resulted from a lower number of granulocytes and their
deteriorated function caused by the advanced-stage tu-
mour and chemotherapy [30]. Elevated serum sL-selectin
levels were also observed in patients with acute myeloid
and lymphoblastic leukaemia before treatment and dur-
ing disease recurrence, as well as an increase in sL-se-
lectin concentrations with tumour progression and a de-
crease in patients with remission [14, 17]. Interestingly,
Czygier et al. found lower sL-selectin concentrations in
patients with endometrial cancer and cervical cancer as
compared to controls. These authors concluded it was
the consequence of disrupted rolling of neutrophils [31].
However, it is a well-known fact that lowered expression
of the transmembrane form and decreased ability of leu-
kocytes to migrate are the results of sL-selectin release,
so that explanation is not satisfactory.

In our study, we detected decreased concentrations
of serum sL-selectin in women with poorly-differentiat-
ed OC (G3), and with advanced stages of the disease
(FIGO 111, IV), but the results were not statistically sig-
nificant. Our findings might suggest that intensified
release of sL-selectin from leukocyte surface occurs at
the beginning of OC carcinogenesis, leading to lowered
expression of its transmembrane form and hindered
ability of neutrophils to migrate to the tumour site.
Possibly, that is how the tumour escapes from immune
surveillance and avoids destruction. Regardless, the tu-
mour has the ability of modulating leukocyte proper-
ties, and WBC play a role in the process of metastases.
Thus, it seems plausible that, together with disease
progression, the degree of sL-selectin release is lowered
to increase the expression of its transmembrane form
and restore migration ability in leukocytes. In that way,
leukocytes might promote tumour-cell survival, assist
them in the process of penetrating the endothelial bar-
rier, and facilitate metastatic spread. L-selectin expres-
sion on the surface of WBC, through activation of the
inflammatory process, might create a favourable micro-
environment for metastatic cells. That hypothesis might
be supported by the findings of Czygier et al., who de-
tected increased levels of serum sL-selectin in women
with early-stage breast cancer and decreased levels of
serum slL-selectin in subjects with advanced stages of
the disease (grade Ill and V) [13, 30]. However, further
studies with a large sample size are necessary. In our
study, lack of statistical significance was most probably
the result of a small sample size.

In our study, no statistically significant correlation
between serum sl-selectin in women with OC and
leukocyte levels was found. It might indicate that the
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amount of soluble sL-selectin depends on the expres-
sion intensity of its transmembrane form, rather that
WBC count, especially that the process of releasing sL-
selectin constitutes a regulatory mechanism of its ac-
tivity on leukocytes [4].

Conclusions

The analysis of soluble L- and P-selectin concentra-
tions may be a useful tool in OC diagnosis. Evaluation
of soluble P-selectin concentration could be a good
indicator of thrombocyte activation in cancer progres-
sion. The levels of sL-selectin decrease with disease
progression.
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