
Abstract. Background: Glycodelin A levels in fluids of benign
ovarian cysts, borderline tumours and ovarian cancer, as well as
serum-levels of glycodelin A, were analysed in patients with
benign and malignant ovarian tumours. The aim of the study was
to investigate if the level of glycodelin A in body fluids of patients
with malignant ovarian tumours could be a marker for the
disease. Additionally, immunohistochemical investigations of
glycodelin A expression in tissue of ovarian cancer were
performed. Materials and Methods: A total of 158 samples of
fluids from benign ovarian cysts, borderline tumours and ovarian
cancer were collected during surgery in the Department of
Obstetrics and Gynaecology at the University of Rostock,
Germany. Additionally, 69 samples of serum from patients with
benign ovarian cysts and ovarian cancer on the day before
surgery were collected. An ELISA for determination of glycodelin
A was used. Immunohistochemical detection of glycodelin A
expression was performed on ovarian cancer tissue from 38
patients. Results: Malignant cystic fluids showed higher glycodelin
A values (mean: 1814.4 ng/ml) compared to fluids of benign
ovarian cysts (mean: 784.4 ng/ml). The results of glycodelin A
determination were compared using the Mann-Whitney U-test for
comparison of the means. There was a statistically significant
difference between benign ovarian cysts and malignant ovarian
cancer for the fluid (p<0.001). In addition, serum samples of
malignant ovarian tumours also showed significantly higher
glycodelin A values compared to serum levels of benign tumours
(p<0.001). Immunohistochemical staining on ovarian cancer
tissue showed a glycodelin A expression in 25-30% of the
carcinoma cells. Conclusion: High levels of glycodelin A were
found in cystic fluids of ovarian cancer. In addition, we also

found higher levels of glycodelin A in the serum of patients with
ovarian cancer compared to the serum of patients with benign
ovarian cysts. Furthermore, ovarian cancer tissues showed intense
staining with a glycodelin A antibody. Further investigations are
necessary to show if glycodelin A quantification could help to
diagnose ovarian cancer.

Glycodelin, also known as placental protein 14 (1), is a

glycoprotein that is synthesized by a variety of tissues and

cell types. The glycodelin gene is localized on chromosome

9q13 (2). It contains 180 amino acids, 18 of which

correspond to a putative signal peptide (3). Glycodelin is a

glycoprotein containing 17.5% carbohydrates (4). The

glycosylation of glycodelin is gender-specific (5). For this

reason, we distinguish between glycodelin A (isolated from

amniotic fluid) and glycodelin S (isolated from seminal

plasma). Glycodelin A is rich in mannose (5), while

glycodelin S glycans are unusually rich in fructose (6).

Glycodelin A is the major glycoprotein synthesized by late

secretory endometrium and gestational decidua (7). High

levels of glycodelin S are secreteted in seminal plasma from

the seminal vesicle glandular epithelium (8).

Glycodelin A has potent immunosuppressive (9, 10),

contraceptive (11) and morphogenic properties (12, 13).

Studies have shown that glycodelin A suppresses both the

allogenic mixed lymphocyte reaction and lymphocyte

responsiveness to phytoheamagglutinin. Glycodelin A

suppresses the release of IL-2 and IL-2R from stimulated

lymphocytes (14, 15). The cytotoxic activity of NK-cells is

inhibited by glycodelin A in the concentration range of 1 to

50 Ìg/ml (16, 17). During the normal menstrual cycle,

glycodelin synthesis in endometrial glands begins 4-5 days

after ovulation, whereafter its concentration in tissue and

uterine fluid rapidly increases towards the end of the cycle (18,

19). Glycodelin is not present at the time of conception. It has

been suggested that these immunosuppressive properties of

glycodelin could be important for the feto-embryonic defence
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system (20). In vivo studies suggest that the synthesis of

glycodelin A may be induced by two hormones secreted by the

corpus luteum: progesterone (21) and relaxin (22).

Several studies report on the connection between

glycodelin and malignant disease. Glycodelin A was found

in the squamous epithelium of both the histologically

normal and the neoplastic cervix. These results focus on the

possible immunosuppressive effect glycodelin A may have

in the cervix (23). There were high levels of glycodelin in

the uterine flushings of women with endometrial

adenocarcinoma (24) and significant increase in plasma

glycodelin levels in endometrial, ovarian and cervical cancer

patients when compared to those of controls (25).

In this report, we studied glycodelin A levels in fluids of

benign ovarian cysts, borderline tumours and ovarian cancer

as well as serum levels of glycodelin A in patients with

benign and malignant ovarian tumours. Additionally, we

performed immunohistochemistry with rabbit anti-

glycodelin A antibodies on ovarian cancer tissue in order to

demonstrate if elevated levels of glycodelin A in the serum

of cancer patients can be related to glycodelin A expression

in tumour tissue.

Materials and Methods

Glycodelin A ELISA. In this report we used a Sandwich-ELISA,

developed at the University of Rostock, Depertment of Obstetrics

and Gynaecology. The enzyme-linked immunosorbent assay

(ELISA) is based on polyclonal rabbit-anti-glycodelin A antibodies

and monoclonal mouse-anti-glycodelin A antibodies (Figure 1).

The assay showed an inter-assay variation of 15%, while the intra-

assay variation was 7%. The range of the assay was from 15 ng/ml

to 3.7 mg/ml glycodelin A.

Fifty Ìl coating-buffer (10 Ìg/ml polyclonal rabbit-anti-

glycodelin A antibodies in phosphate-buffered saline) was added

in wells of the ELISA plate (Nunc-Immuno Plate, MaxiSorp F96,

Nunc, Denmark) and incubated moistly overnight at 37ÆC. The

next day, the plates were washed three times and incubated for 90

min at 37ÆC with 50 Ìl of fluid from benign, borderline and

malignant ovarian tumours or serum of patients with benign and

malignant ovarian tumours. The wells were washed and incubated

for 90 min at 37ÆC with 50 Ìl monoclonal mouse-anti-glycodelin A

antibodies (1 Ìg/ml). The wells were washed again and incubated

for 60 min with 50 Ìl peroxidase-marked rabbit-anti-mouse

antibodies at a dilution of 1:1000. Finally, 50 Ìl of substrate-

solution (Na2HPO4, citric acid, H2O2 and O-phenylendiamine)

were added and incubated for 15 min in darkness. The optical

density was measured at 450 nm.

Fluid of benign ovarian cysts, borderline tumours and ovarian cancer.
We collected 158 samples of fluids from benign ovarian cysts,

borderline tumours and ovarian cancer during surgery at the

University of Rostock, Department of Obstetrics and Gynaecology.

Specifically, there were 128 samples from benign ovarian cysts, 5

samples from borderline tumours and 23 samples from ovarian

cancer. The samples were stored at –80ÆC.

Serum samples from patients with benign ovarian cysts and ovarian
cancer. We collected 69 samples of serum from patients with

benign ovarian cysts and ovarian cancer on the day before surgery

at the University of Rostock, Department of Obstetrics and

Gynaecology. Specifically, there were 53 samples from benign

ovarian cysts and 16 samples from ovarian cancer. The samples

were stored at –80ÆC.

Immunohistochemistry. For immunohistochemistry on ovarian

cancer tissue, we used tissue from 38 patients. Slides were

incubated with polyclonal rabbit-anti-glycodelin A antibodies on

the automatic NexES ICH (Ventana, Strasbourg, France)

immunostainer. Staining was visualized with diaminobenzidine

(DAB) (characteristic brown colour).

Statistical analysis. Statistical analysis was performed using the

Mann-Whitney U-test for comparison of the means. The p<0.05

value was considered statistically significant.
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Figure 1. Glycodelin A Sandwich-ELISA.
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Figure 2. Comparsion of glycodelin A level in fluid of benign ovarian cysts, borderline tumours and ovarian cancer.

Figure 3. Comparsion of glycodelin A level in serum samples of benign ovarian cysts and ovarian cancer.
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Figure 4. A. Tumor tissue of ovarian cancer immunostained with rabbit-anti-glycodelin A antibodies, 40x. B. Tumour tissue of ovarian cancer
immunostained with rabbit-anti-glycodelin A antibodies, cytoplasmatic positive reaction, 40x.



Results

Fluids of benign ovarian cysts, borderline tumours and ovarian
cancer. A total of 158 collected fluids from benign ovarian

cysts, borderline tumours and ovarian cancer were analysed

for glycodelin A levels with the Sandwich-ELISA. The

results are summarized in Figure 2. Glycodelin A levels

showed a  statistically significant difference between benign

ovarian cysts (mean 784.4 ng/ml) and malignant ovarian

cancer (mean 1814.4 ng/ml) (p<0.001).

Serum samples from patients with benign ovarian cysts and
ovarian cancer. A total of 69 collected serum samples from

benign ovarian cysts and ovarian cancer were analysed for

glycodelin A levels with the Sandwich-ELISA. The results

are summarized in Figure 3. Glycodelin A levels showed a

statistically significant difference between benign ovarian

cysts (middle 20.0 ng/ml) and malignant ovarian cancer

(middle 47.0 ng/ml) (p<0.001).

Immunohistochemistry. In order to demonstrate whether

elevated levels of glycodelin A in fluids and serum samples

of ovarian cancer patients are endogenously produced, we

looked for the glycodelin A expression in ovarian cancer

tissues. A total of 38 tumour tissues were immunostained

for glycodelin A with rabbit-anti-glycodelin A antibodies.

Ovarian cancer tissues showed intense staining with the

glycodelin A antibody (Figure 4A, 4B).

Discussion

The biological function of glycodelin A is still unclear.

Glycodelin has immunosuppressive, contraceptive and

morphogenic activities. Especially the immunosuppressive

effects are of great interest, as they suggest a role of

glycodelin in tumour biology. Glycodelin A suppresses the

release of IL-2 and IL-2R from stimulated lymphocytes (14,

15). Also, the cytotoxic activity of NK-cells is inhibited by

glycodelin A (16, 17). Transfection of glycodelin in MCF-7

breast carcinoma cells inhibits cell proliferation and induces

apoptosis as well as differentiation (26)

There were low serum glycodelin levels in pregnant

women with absent ovarian function. These observations

support the concept that the ovaries might be involved in

glycodelin synthesis (27). However, there are reports that

show no synthesis of glycodelin from the ovaries (27). On the

other hand, studies indicated elevated levels of glycodelin

mRNA and protein in the ovarian and endometrial cancer

tissue when compared to the normal ovary and

endometrium. Increased serum levels of glycodelin have also

been found in patients with ovarian cancer (25).

In this report, we collected fluids from benign ovarian

cysts and ovarian cancer for glycodelin A quantification.

There were statistically higher glycodelin A levels in fluids

of ovarian cancer compared with fluids from benign ovarian

cysts (p<0.001). In addition, we measured glycodelin A

levels in serum of patients with benign ovarian cysts and

ovarian cancer. The serum levels were statistically higher in

patients with ovarian cancer.

Immunohistochemistry with polyclonal rabbit-anti-

glycodelin A antibodies showed elevated glycodelin A

expression in ovarian cancer tissues. The epithelial cells of

the ovarian tumour tissue showed intensive staining with

glycodelin A antibody.

The differentiation between ovarian cyst and ovarian

cancer is still difficult and requires surgery. At the time of

diagnosis, 50% of all patients have already developed

peritoneal carcinosis. More women die of ovarian cancer

than of any other genital tumour, although it makes up only

20% of genital tumours. Since there is no useful tumour

marker for the early diagnosis of ovarian cancer, it would

be helpful to further study if glycodelin A quantification in

serum and/or cystic fluids could be helpful in the early

diagnosis of ovarian cancer.

References

1 Julkunen M, Wahlström T, Seppälä M, Koistinen R,

Koskimies A, Stenman UH and Bohn H: Detection and

localization of placental protein 14-like protein in human

seminal plasma and in the male genital tract. Arch Androl

12(Suppl): 59-67, 1984.

2 Cong NV, Vaisse C, Gross MS, Slim R, Milgrom E and

Bernheim A: The human placental protein 14 (PP14) gene is

localized on chromosome 9q34. Hum Genet 86: 515-518, 1991.

3 Julkunen M, Seppälä M and Jänne OA: Complete amino acid

sequence of human placental protein 14: a progesterone-

regulated uterine protein homologous to ‚-lactoglobulins. Proc

Natl Acad Sci USA 85: 8845-8849, 1988.

4 Bohn H, Kraus W and Winckler W: New soluble placental

tissue proteins: their isolation, characterization, localization and

quantification. In: Immunology of Human Placental Proteins,

Placenta (Suppl 4), Klopper A (Ed), Eastbourne: Praeger, pp.

67-81, 1982.

5 Dell A, Morris HR, Easton RL, Panico M, Patankar M,

Oehninger S, Koistinen R, Koistinen H, Seppälä M and Clark GF:

Structural analysis of the oligosaccharides derived from glycodelin,

a human glycoprotein with potent immunosuppressive and

contraceptive activities. J Biol Chem 270(41): 24116-24126, 1995.

6 Morris HR, Dell A, Easton RL, Panico M, Koistinen R,

Oehninger S, Patankar MS, Seppälä M and Clark GF: Gender

specific glycosylation of human glycodelin dictates contraceptive

activity. J Biol Chem 271: 32159-32167, 1996.

7 Julkunen M, Koistinen R, Sjoberg J, Rutanen EM, Wahlström

T and Seppälä M: Secretory endometrium synthesizes placental

protein 14. Endocrinology 118(5): 1782-1786, 1986.

8 Petrunin DD, Kozlayaeva GA, Mesnyankina NV and

Shevchenko OP: Detection of chorionic alpha2-microglobulin in

the endometrium in the secretory phase of the menstrual cycle

and in the male sperm. Akush Ginekol (Sofia) 3: 22-23, 1980.

Bischof et al: Glycodelin A in Ovarian Cancer

1643



9 Bolton AE, Pockley AG, Clough KJ, Mowles EA, Stoker RJ,

Westwood OM and Chapman MG: Identification of placental

protein 14 as an immunosuppressive factor in human

reproduction. Lancet 1(8533): 593-595, 1987.

10 Rachmilewitz J, Riely GJ and Tykocinski ML: Placental protein

14 functions as a direct T-cell inhibitor. Cell Immunol 191(1):

26-33, 1999.

11 Mandelin E, Koistinen H, Koistinen R, Affandi B and Seppälä

M: Levonorgestrel-releasing intrauterine device-wearing women

express contraceptive glycodelin A in endometrium during

midcycle: another contraceptive mechanism? Hum Reprod 12:

2671-2675, 1997.

12 Jeschke U, Briese V, Richter D and Kunkel S:

Stimulierungsversuche von Trophoblastzellen in vitro mit Hilfe

von PP14. Z Geburtsh Neonatol 200: 199-201, 1996.

13 Jeschke U, Briese V, Richter D, Kunkel S, Walzel H and Friese

K: Neue Ergebnisse zur hCG-Regulation in der Plazenta.

Geburtsh u Frauenheilk 57: 681-684, 1997

14 Pockley AG and Bolton AE: Placental protein 14 (glycodelin

A) inhibits the synthesis of interleukin-2 and the release of

soluble interleukin-2 receptors from phytohaemagglutinin-

stimulated lymphocytes. Clin Exp Immunol 77: 252-256, 1989.

15 Pockley AG and Bolton AE: The effect of human placental

protein 14 (glycodelin A) on the production of interleukin-1

mitogenically stimulated mononuclear cell cultures.

Immunology 69: 277-281, 1990.

16 Bohn H, Kraus W and Winckler W: Immunology of Human

Placental Proteins. Placenta Suppl 4: 67-81, 1982.

17 Bolton AE, Pockley AG, Clough KJ, Mowles EA, Stoker PJ,

Westwood OMR and Chapman MG: Identification of placental

protein 14 as an immunosuppressive factor in human

reproduction. Lancet 1: 593-595, 1987.

18 Julkunen M, Apter D, Seppälä M, Stenman U and Bohn H:

Serum levels of placental protein 14 reflect ovulation in

nonconceptional menstrual cycles. Fertil Steril 45(1): 47-50, 1986.

19 Li TC, Ling E, Dalton C, Bolton AE and Cooke ID:

Concentration of endometrial protein PP14 in uterine flushings

throughout the menstrual cycle in normal, fertile women. Br J

Obstet Gynaecol 100(5): 460-464, 1993.

20 Clark GF, Oehninger S, Patankar MS, Koistinen R, Dell A,

Morris HR, Koistinen H and Seppälä M: The role for

glycoconjugates in human development: the human feto-

embryonic defense system hypothesis. Hum Reprod 11: 467-

473, 1996.

21 Vaisse C, Atger M, Potier B and Milgrom E: Human placental

protein 14 gene: sequence and characterization of a short

duplication. DNA Cell Biol 9(6): 401-413, 1990.

22 Tseng L, Zhu HH, Mazella, J, Koistinen H and Seppälä M:

Relaxin stimulates glycodelin mRNA and protein concentrations

in human endometrial glandular epithelial cells. Mol Hum

Reprod 5(4): 372-375, 1999.

23 Connor JP, Brudney A, Ferrer K and Fazleabas AT:

Glycodelin-A expression in the uterine cervix. Gynecol Oncol

79(2): 216-219, 2000.

24 Li TC, Okon MA, Dalton CF, Heatley M and Laird SM: Is

the measurement of placental protein 14 and CA-125 in

plasma and uterine flushings useful in the evaluation of

perimenopausal and postmenopausal bleeding? Hum Reprod

13(10): 2895-2901, 1998.

25 Horowitz IR, Cho C, Song M, Flowers LC, Santanam N,

Parthasarathy S and Ramachandran S: Increased glycodelin

levels in gynecological malignancies. Int J Gynecol Cancer

11(3): 173-179, 2001.

26 Kämäräinen M, Seppälä M, Virtanen I and Andersson LC:

Expression of glycodelin in MCF-7 breast cancer cells induces

differentiation into organized acinar epithelium. Lab Invest 77:

565-573, 1997.

27 Critchley HO, Chard T, Olajide F, Davies MC, Hughes S, Wang

HS, Lieberman BA and Anderson DC: Role of the ovary in the

synthesis of placental protein-14. J Clin Endocrinol Metab

75(1): 97-100, 1992.

Received August 2, 2004
Accepted February 3, 2005

ANTICANCER RESEARCH 25: 1639-1644 (2005)

1644


