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The Roles of Glycodelin in Cancer
Development and Progression

Juan Cui, Yanguo Liu* and Xiuwen Wang*

Qilu Hospital of Shandong University, Jinan, Shandong, China

Glycodelin is a kind of glycoprotein expressed in secretory endometrium, pregnancy
deciduas, and amniotic fluid originally, which is vital for the maintenance of normal
human reproductive activities. Recent researches have reported that glycodelin is spe-
cifically expressed in various malignancies, including female-specific cancers such as
endometrial cancer, ovarian cancer and breast cancer, and non-gender specific cancers
including lung cancer, and colon cancer, and glycodelin expression correlates with the
diagnosis and prognosis of cancer patients. This review focuses on the expression
of glycodelin in different cancers and its role in cancer development and progression.
Glycodelin possesses the abilities to regulate cancer cell proliferation, differentiation, and
invasion, promote cancer angiogenesis, and modulate the differentiation and function
of immune cells including T cells, dendritic cells, monocyte-macrophages, natural killer
cells and B cells participating in cancer development. The expression of glycodelin can
be regulated by stromal cells, lysophosphatidic acid, histone deacetylase inhibitors, and
relaxin. In summary, glycodelin is a promising biomarker for the diagnosis and prognosis
of cancer patients, and depending on its distinct immunoregulatory effects, glycodelin
can be a prospective target for cancer immunotherapy.
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INTRODUCTION OF GLYCODELIN

Glycodelin, also known as pregnancy-associated a2-globulin, placental protein 14, or proges-
terone associated endometrial protein, is a kind of glycoprotein mainly derived from secretory
endometrium, pregnancy deciduas, and amniotic fluid (1, 2). With its distinct glycans and
characteristic carbohydrate structure, glycodelin mediates various biological activities in human
reproduction and fetomaternal immunity (2, 3). To date, there are four different isoforms of gly-
codelin identified according to their differences in glycosylation, which are glycodelin A (GdA)
mainly from amniotic fluid and pregnancy decidua (4, 5), glycodelin S (GdS) from seminal plasma
(6), glycodelin F (GdF) from ovarian follicles (7) and glycodelin C (GdC) from cumulus oophorus
(8). The four isoforms of glycodelin exert their distinctive biological functions mainly relying on
the protein backbone as well as the glycosylation (3) (Table 1).

THE EXPRESSION OF GLYCODELIN IN CANCERS

In earlier researches, glycodelin was found mainly from secretory endometrium, pregnancy
decidua and amniotic fluid and played an immunoregulatory role in the fetomaternal interface
(4). The expression of glycodelin in females is related to some reproductive system diseases such
as premature ovarian failure (9), recurrent spontaneous abortion (10), and unexplained infertility
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TABLE 1 | Different isoforms of glycodelin.

Isofrom Source Glycosylation Reproductive functions Reference

GdA Amniotic fluid, pregnancy High sialylation, more fucosylation Immunoprotection for implantation and placentation, 4,5)
decidua antifertilizing, inhibiting spermatozoa—zona pellucida binding

GdS Seminal plasma, seminal No sialylated glycans, rich in fucose Preventing premature capacitation 6)
vesicles and mannose

GdF Ovarian follicles, oviduct Fucosylated Lewis-x and Lewis-y, Inhibiting spermatozoa-zona pellucida, preventing (7)

more N-acetylglucosamine premature acrosome reaction

GdC Cumulus oophorus, converted Reacting with specific agglutinins Stimulating spermatozoa-zona pellucida binding 8)
from GdA and GdF in lectin-binding manner

Gd, glycodelin.

TABLE 2 | Glycodelin expression in endometrial cancer.

Source Expression of Prognostic relevance of Reference

glycodelin glycodelin expression

Normal premenopausal endometrium + (12)

Normal postmenopausal endometrium (12)

Adenomatous endometrial cancer tissues ++ Poorer overall survival (17, 18)

Endometrioid endometrial cancer tissues + (18)

Papillary mucinous endometrial cancer tissues + (18)

MFE-280 endometrial cancer cells + (13)

Ishikawa endometrial cancer cells - (12,14)

Plasma of endometrial adenocarcinoma patients (postmenopausal) High (19)

Plasma of postmenopausal healthy women Moderate (19)

Uterine flushing of endometrial adenocarcinoma patients (postmenopausal) High (19

Uterine flushing of postmenopausal healthy women Moderate (19)

Tissue samples: —, no expression; +, moderate expression; ++, strong expression.
Liquid samples: moderate, moderate expression; high, high expression.

(11). To date, more and more studies have reported that gly-
codelin is expressed in various cancers from female-specific
malignancies, such as endometrial cancer, ovarian cancer, and
breast cancer, to non-gender specific cancers including lung
cancer and colon cancer. And the glycodelin expression in
cancers is shown to be associated with diagnosis and prognosis
of cancer patients.

Female-Specific Cancers

Endometrial Cancer

Normal secretory endometrium and pregnancy decidua are the
main secretory sites for glycodelin in physiological conditions
(1), and glycodelin is expressed in normal premenopausal endo-
metrial epithelium tissues but not in postmenopausal epithelium
(12). So whether there is an alteration of glycodelin expression
in malignant endometrium becomes an early appealing concern
for researchers. Glycodelin is detected in cancer tissues of
patients with endometrial cancer and MFE-280 cells (13), a cell
line derived from a recurrent, poorly differentiated endometrial
carcinoma. Moreover, Chatzaki et al. found glycodelin was not
present in well-differentiated endometrial adenocarcinoma
tissues, and their derived primary malignant cells (12) as well
as Ishikawa cells (12, 14), a well-differentiated endometrial
adenocarcinoma cell line. It can be speculated that the expres-
sion of glycodelin may be correlated with differentiated degree
of endometrial carcinoma. Most patients with endometrial
cancer are diagnosed at postmenopausal age (15). Compared to

normal endometrium, glycodelin mRNA and protein are both
overexpressed in endometrial cancer tissues (16, 17). Evaluating
glycodelin expression in postmenopausal patients and controls
may avoid the disturbance of physiological glycodelin produc-
tion. As for different histological types, glycodelin is strongly
expressed in adenomatous endometrial cancer tissues as wells as
moderately expressed in endometrioid endometrial cancer and
papillary mucinous endometrial cancer tissues (18). Moreover,
higher expression of immunosuppressive isoform GdA is an
independent prognostic marker for poorer overall survival in
endometrial cancer patients (17) (Table 2).

In the plasma of endometrial cancer patients, glycodelin
expression is elevated by comparison with healthy controls and
also higher than that in ovarian and cervical cancers (16). For the
postmenopausal cohort, a higher level of glycodelin is found both
in plasma and in uterine flushing of endometrial adenocarcinoma
patients than healthy controls without any postmenopausal bleed-
ing (19), which further hints the intimate correlation between
glycodelin and endometrial malignant behaviors.

Ovarian Cancer

The serum level of glycodelin is reduced in the pregnant women
diagnosed as premature ovarian failure than those with normal
ovarian functions (9), which implies ovary may play a role in
glycodelin production. Glycodelin protein is found both in nor-
mal ovary and in ovarian malignant lesions, but when it comes
to mRNA detection, ovarian malignant tumors especially serous

Frontiers in Immunology | www.frontiersin.org

November 2017 | Volume 8 | Article 1685


http://www.frontiersin.org/Immunology/
http://www.frontiersin.org
http://www.frontiersin.org/Immunology/archive

Cui et al.

Roles of Glycodelin in Cancer

cystadenocarcinoma and endometrioid adenocarcinoma exhibit
strong expression while normal ovary is glycodelin-negative
(20), indicating that ovarian cancer abnormally produces gly-
codelin whereas normal ovary may absorb glycodelin or just
offer a site for function. It could be concluded that glycodelin
would participate in the malignant transformation in normal
tissue environment.

Glycodelin expression varies with different histopathological
subtypes of ovarian cancers, which may involve variant malig-
nant evolution processes. Glycodelin is expressed in epithelial
ovarian cancer tissues including serous, mucinous, endometri-
oid, and clear cell cancer types and non-epithelial granulose cell
ovarian cancer (18, 21, 22). Among the above histopathological
subtypes, glycodelin expression in serous ovarian carcinoma
and GdA in mucinous ovarian carcinoma are the intensest
(21, 22) (Table 3).

In virtue of its specific expression in ovarian cancer, gly-
codelin is expected to be a useful biomarker for the diagnosis
of ovarian cancer. The expression of glycodelin increases
significantly in serum, cystic fluids and tissues of patients with
ovarian cancer in comparison with benign ovarian lesions and
healthy controls (16, 18, 21, 24-26). In contrast with CA125,
the well-applied clinical serum biomarker for ovarian cancer,
glycodelin also performs highly diagnostic sensitivity for early
ovarian cancer (27). Along with other biomarkers such as
CA125, MMP7, or HE4, glycodelin prominently improves the
sensitivity and specificity for early stage ovarian cancer diag-
nosis and recurrence monitoring (25). Others seem to provide
controversial results to query the biomarker role of glycodelin.
Richter et al. investigated GdA expression in tissues of ovarian
cancer patients and control patients and no significant differ-
ence was found. There were only 27 cases in the ovarian cancer
group and the controls included 48 patients with uterus myoma-
tosus, endometriosis, cervical, endometrial carcinoma, breast
cancer, bladder carcinoma, or ovarian metastases of a colon
carcinoma. Samples from neither normal ovary nor benign
ovarian lesions were investigated in the study (28). Riittinen
et al. did not find any significant dissimilarity of glycodelin
expression in cysts fluids among benign, borderline and malig-
nant ovarian lesions (29). Scholz et al. revealed glycodelin level
in patients’ serum was higher in benign ovarian tumors than
in ovarian cancers (22). Benign or borderline ovarian tumors
can be considered as precursor lesions of ovarian cancer and
the inflammation of ovarian epithelium can increase the risk
of malignant transformation (30, 31). Glycodelin can mediate
the immunosuppression to various inflammatory cells and also
participates in inflammation regulation in precursor lesions of
ovarian cancer, which may subsequently fluctuate the expres-
sion of glycodelin (32).

Apart from diagnostic significance, glycodelin is revealed to
have potent correlation with survival of ovarian cancer patients.
Positive expression of GdA in epithelial ovarian cancer tissues
is demonstrated to independently predict poorer prognosis of
advanced stage (FIGO stage IIland I'V) patients who have shorter
overallsurvival, 5-year survivaland recurrence free survival (22).
However, in others’ findings, glycodelin expression hints better
cancer differentiation and earlier disease stage in ovarian serous

TABLE 3 | Glycodelin expression in ovarian cancer.

Source Expression Prognostic relevance Reference
of glycodelin of glycodelin
expression
Normal ovary tissues - (20)
(preimplantation or
postmenopausal)
Advanced stage ++ Shorter overall survival, (22)

epithelial ovarian cancer
tissues (stage Ill and V)

5-year survival and
recurrence-free survival

Serous ovarian cancer ++ (18, 21, 23)
tissues

Grade 1 ++ Longer 5- and 10-year

overall survival

Grade 2 +

Grade 3

Stage | ++

Stage Il ++

Stage Il + Longer 5-year and

10-year overall survival

Stage IV +
Mucinous ovarian ++ (18, 21)
cancer tissues
Endometrioid ovarian + (18, 21)
cancer tissues
Clear cell ovarian + (18, 21)
cancer tissues
Granulose cell ovarian + 21)
cancer tissues
Cystic fluids, serum of High (16, 21,
ovarian cancer patients 24, 25)
Cystic fluids, serum of Moderate
benign ovarian lesion
patients
Cystic fluids, serum Low

of healthy women

Tissue samples: —, no expression; +, moderate expression; ++ , strong expression.
Liquid samples: low, low expression; moderate, moderate expression; high, high
expression.

carcinoma, one of the most common epithelial ovarian cancer
subtypes. Glycodelin is expressed in the cytoplasm of ovarian
serous carcinoma with intenser staining in grade 1 (well dif-
ferentiation) than grade 2 or 3 (poor-differentiation) carcinoma
and in FIGO stage I (early-stage) than stage IIT or IV (advanced-
stage) carcinoma (23). Patients with positive glycodelin expres-
sion possess longer 5- and 10-year overall survival than those
without glycodelin expression, especially notable for the cohort
of grade 1 carcinoma or stage III disease in spite of glycodelin
not as an independent variable (23). Tsviliana et al. presented
GdA expression was elevated in grade 1 than grade 2 tissues and
in FIGO stages I-1I than stages III-IV ovarian cancer. Although
the eligible samples cover serous, endometrioid, mucinous, and
clear cell ovarian cancers, the grading and staging relevance to
different histopathological subtypes is not further investigated
(33) (Table 3). The controversial results of glycodelin expression
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pointing to diverse differentiation grades, stages and survival of
ovarian cancer patients, may be attributed to the heterogeneity
of ovarian cancers. The heterogeneity results in discrepancies
in the search for biomarkers and targeted treatments of ovarian
cancers, which varies with the histological types, stages, grades
of ovarian cancer, patient’s age, or genetic background. Aberrant
epithelial differentiation leads to the malignant transformation
of ovarian cancer which is regulated by multiple genes and
mechanisms in cancer microenvironment. Whether glycodelin
interacts with cancer microenvironment in ovarian cancer
progression is worthy of exploration.

Breast Cancer

Glycodelin expression in breast cancer and its correlation with
patient characteristics are extensively investigated. In the fami-
lial non-BRCA1/2 mutated breast cancer patients with strong
family history, glycodelin is more frequently expressed in the
tissues with malignant features including lymph node metas-
tasis, positive HER2, and negative ER, and PR status. Besides,
glycodelin positive-expression independently predicts an
increased metastasis risk and indicates poorer 10-year cancer-
specific and 5-year metastasis-free survival (34), which suggests
that glycodelin can be a potent factor to predict incremental
mortality risk for these patients. In the subgroup analysis for
stage II and III breast adenocarcinomas mostly with lymph
node metastasis, glycodelin is overexpressed in cancer tissues
of patients characterized by younger age, premenopausal status
and positive HER2 expression. No statistical correlation is
observed between glycodelin and survivin expression and gly-
codelin cannot predict overall survival and disease free survival
for these patients (35). For sporadic breast cancer patients,
glycodelin manifests denser staining in the cancer tissues with
less aggressive features including low proliferation rate, well-
differentiated histological grade and high cyclin D1 expression,
while no relation is found between glycodelin expression and
patient survival (34). Besides, glycodelin is expressed more in
the tissues of breast cancer in situ and invasive breast cancer
without lymph node metastases than those with lymph node
metastases (18, 36, 37), but more samples should be recruited
into further studies. While in the 121 invasive cancer specimens
from lobular and ductal breast cancers glycodelin expression
specifically reduces upon dedifferentiation grading (Gl to
G3) of cancer tissues, it does not correlate with axillary lymph
node metastasis and steroid receptor (ER and PR) status (38)
(Table 4).

Based on the above, it can be speculated that the expression
level or predictive effect of glycodelin for breast cancer may vary
with eligible subjects, sample size, relevant experimental methods
and operating conditions, and whether glycodelin is involved in
the progression of different subtypes of breast cancer deserves
further validation.

Cervical Cancer

In comparison with healthy adult control group, there is an
elevated plasma level of glycodelin in cervical cancer patients
(16). Besides, the immunosuppressive isoform GdA is expressed
in all histologically normal, dysplastic and malignant squamous

TABLE 4 | Glycodelin expression in breast cancer.

Source Expression  Prognostic Reference
of glycodelin relevance of
glycodelin
expression
Normal breast tissues - (39)
Familial non-BRCA1/2 + Poorer 10-year (34)
breast cancer tissues with cancer-specific and
strong family history 5-year metastasis-
free survival
Positive HER2 ++
Negative ER and PR status ++
Lymph node metastasis ++
Stage |-l breast cancer + (35)
tissues
(mostly with lymph node
metastasis)
Younger age ++
Premenopausal status ++
Positive HER2 expression ++
Sporadic breast cancer + (34)
tissues
Low proliferation rate ++
Well-differentiated ++
histological grade
High cyclin D1 expression ++
Breast cancer in situ tissues ++ (18, 36, 37)
Invasive breast cancer ++
tissues without lymph
node metastases
Invasive breast cancer +
tissues with lymph
node metastases
Invasive breast cancer +
tissues with recurrence
and metastases
Lobular and ductal + (38)

breast cancer tissues

Grade 1 +++
Grade 2 ++
Grade 3 +

Tissue samples: —, no expression; +, moderate expression; ++, strong expression;
+++, extra strong expression.

epithelium from 14 uterine cervical sections (40). A larger sample
size is needed to explore cervical cancer-related specific expres-
sion of glycodelin.

Non-Gender Specific Cancers

Lung Cancer

Both mRNA transcripts examination and protein immuno-
histochemical staining demonstrate increased glycodelin expres-
sion in lung adenocarcinoma and lung squamous carcinoma
over normal lung tissues and its expression in lung adenocarci-
noma is higher than that in lung squamous carcinoma (41, 42).
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Kunert-Keil et al. also found glycodelin was overexpressed in
lung adenocarcinoma and lung squamous carcinoma as well as
lung metastases of colon cancer compared to normal lung tissues
(43) (Table 5).

As a kind of secretory protein, glycodelin detected in the sera
of non-small cell lung cancer (NSCLC) patients presents obvi-
ously a higher level than in the cohort of benign lung diseases.
Female NSCLC patients with lymph node metastasis secrete
more glycodelin than those without lymph node metastasis.
When the limited cancer is excised completely by surgery, the
serum glycodelin reduces significantly, and it increases following
the recurrence or metastasis (41). Higher glycodelin expression
in female NSCLC patients indicates a poorer overall survival rate
(41). In the case report from the above included patients, the

TABLE 5 | Glycodelin expression in other cancers.

Source Expression Prognostic relevance Reference
of glycodelin of glycodelin
expression
Normal lung tissues - (41, 43)
Lung adenocarcinoma ++/+
tissues
Lung squamous +
carcinoma tissues
Lung metastases of +
colonic adenocarcinoma
tissues
Serum of female NSCLC High Poorer overall survival (41)
patients
Serum of women with Moderate
benign lung diseases
Serum of metastatic High (44)
colorectal cancer
Effective therapy 50% drop or
more
In stable status 50% drop or
more
Serum of healthy adults Moderate
Serum of MPM patients High Poorer overall (45)
survival
Serum of patients with Moderate
benign lung diseases
Male MPM tissues + Improved overall (45)
survival
Male benign lung -
disease tissues
Melanoma tissues + (42, 46, 47)
Normal human skin -
tissues
Biphasic synovial +++ (48)
sarcomas tissues(11/11)
Monophasic sarcomas +

tissues (1/7)

Tissue samples: —, no expression; +, moderate expression; ++, strong expression;
+++, extra strong expression.
Liquid samples: moderate, moderate expression; high, high expression.

expression of glycodelin in a 65-year-old male patient diagnosed
as lung adenocarcinoma is elevated significantly along with
cancer progression of recurrence and metastasis, presenting a
concomitant change with the serial cancer status from initial
diagnosis, lobectomy, chemotherapy, cancer progression to cancer
death (49). The evidence implies that glycodelin can be a potent
biomarker for NSCLC diagnosis, monitoring, and prognosis.

Colorectal Cancer

In contrast with healthy controls, serum level of glycodelin
increases significantly in the patients with metastatic colorectal
cancer before any treatment, and when the patients experience
effective therapy or are in stable status, the serum glycodelin also
shows a more than 50% drop (44) (Table 5).

Malignant Pleural Mesothelioma (MPM)

Glycodelin is revealed to be an available serum biomarker for
MPM. The serum level of glycodelin is found increased in patients
with MPM in comparison to those with benign lung diseases.
Higher serum level of glycodelin is related to worse therapeutic
sensitivity and poorer overall survival in MPM patients. Together
with soluble mesothelin-related peptide, a useful biomarker for
MPM, serum glycodelin improves the prognostic efficiency for
MPM. Both total glycodelin and the immunoregulatory isoform
GdA are strongly expressed in MPM tumor tissues, but in survival
analyzes, overexpressed GdA in males not females indicates an
improved overall survival, which may be related to the inflamma-
tory status between the pleural layers (45) (Table 5).

Melanoma

Glycodelin is overexpressed in melanoma than normal skin tis-
sues (42), especially in thick primary and metastatic melanomas
and their derived cell lines with great invasive properties (46).
In melanoma and derived daughter cell lines, overexpressed
glycodelin also shows a strongly positive correlation with micro-
phthalmia-associated transcription factor (MITF) expression, a
key regulatory gene in melanoma oncogenesis and progression
(47). Whether the melanoma-specific expression of glycodelin
has diagnostic and prognostic values for the patients would be a
valuable research point (Table 5).

Biphasic Synovia Sarcomas

Glycodelin is highly expressed in all biphasic synovial sarcomas
(11/11) with epithelial glandular differentiation but slightly
expressed in monophasic sarcomas (1/7) (48), regarding the
monoclonal origin of synovial sarcomas, which hints that
glycodelin may play a role in the malignant transformation in
synovial sarcomas (Table 5).

THE EFFECTS OF GLYCODELIN IN
CANCER DEVELOPMENT AND
PROGRESSION

Cell Proliferation, Differentiation,

and Invasion
Glycodelin is implicated owning the potential to facilitate
malignant behaviors of cancer cells. When glycodelin is silenced
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by siRNA, melanoma and NSCLC cells exhibit a weaker ability
to proliferate, invade, and metastasize and shows attenuated
tumorigenesis in mice xenograft model (41, 46, 47). MITF
promotes glycodelin expression of melanoma cells and the
crosstalk between MITF and glycodelin may regulate melanoma
progression (47).

However, in other cancers glycodelin may have opposite
roles in cancer progression. When glycodelin is overexpressed
by cDNA transfection, the cell proliferation is subdued in
endometrial cancer HEC-1B and Ishikawa cells and breast
cancer MCEF-7 cells (50-52). Overexpressed glycodelin is
also accompanied by other alterations in the cells. The mor-
phology of HEC-1B cells is changed to compact spherical
structures without acini as well as downregulated expression
of cancer-related genes MUCI1 and Bcl-X; (50). The cell cycle
of Ishikawa cells is hindered to S phase with increased expres-
sion of cyclin-dependent kinase (CDK) inhibitors p21, p27,
and p16 (51). MCF-7 cells show better differentiation features
with well-organized glandular structures and smaller tumor
formation in the mice tumor xenograft. The gene expression
profile is also altered in MCF-7 cells in vitro. Oncogenes like
CDK2 and MMP1 are downregulated and suppressive genes
such as caveolin-1 and FGF2 are upregulated. E-cadherin and
cytokeratins 8 and 18 are also increased as well as more mem-
branous p-catenin expression (52, 53). When the transfected
MCEF-7 cells are treated by PMA, which can activate the PKCd
activity to induce cell migration and invasion, the control cells
show twofold increase of migration ability than transfected
cells (54).

The roles of glycodelin in cell proliferation, differentiation,
and invasion seem to be contradictory among different cancers.
It may be explained partially by that glycodelin may participate
in multiple carcinogenesis processes in different cancers with
diverse malignant degrees. Besides, different antigenic epitopes
of glycodelin applied in the experiments comprise liner, confor-
mational, or specific glycosylation patterns (46), so the detection
of intact wild-type glycodelin would be more convincing.

Angiogenesis

In addition to its expression in cancer cells, glycodelin also pre-
sents in the endothelium of cancer blood vessels (16, 55). Human
umbilical cord vein endothelial cells (HUVECs) can accumulate
glycodelin in vitro (56). Treatment with glycodelin promotes
proliferation, migration, and tube formation of HUVECs and
facilitates angiogenesis, which is mediated by the angiogenic
factor VEGE. Moreover, glycodelin increases VEGF expression
in various cancers including endometrial cancer (RL-95 cells),
ovarian adenocarcinoma (OVCAR-3 cells), and breast cancer
(MCEF-7 and MDA-MB-231 cells) (57). In the process to promote
angiogenesis, glycodelin induces more expression of -catenin in
the perimembrane areas of HUVECs in a dose-dependent man-
ner (58), and upregulated p-catenin can reinforce the intercellular
adhesion of HUVECs to facilitate angiogenesis. Solid tumors
relies on angiogenesis to spread, invade and metastasize, facili-
tated by various angiogenic activators like VEGF and bFGF (59).
Thus combined with glycodelin-blocking therapy, the efficacy of
antiangiogenic agents might be improved.

The Immunoregulatory Effects of
Glycodelin

Glycodelin has been illustrated to exert immunoregulatory effects
to multiple immune cells including T cells, dendritic cells (DCs),
monocyte-macrophages, natural killer (NK) cells, and B cells
(Figure 1).

T cells

In early researches, the significant immunosuppressive effects of
glycodelin were reflected in proliferation inhibition and apop-
tosis induction of stimulated lymphocytes (60-63) and as the
researches moving on, the interaction between glycodelin and
specific subtypes of lymphocytes is further refined. Glycodelin
exerts different effects on T helper type 1 (Th1) and Th2 subsets.
Glycodelin can inhibit activities of both Th1 and Th2 cells, but
the inhibition to Th1 cells is more significant (64). Moreover,
glycodelin skews the polarization of naive CD4+ T cells toward
Th2 subsets during T cell priming, via suppressing Th1 cytokines
(IFN-y and IL-2) secretion and chemokine receptor CXCR3
expression and impairing downregulation of GATA-3 expres-
sion, which are all vital for the development and activation of
Thl cells (64). Glycodelin exhibits equal adhesion activity to
Thl and Th2 cells, but increases the cell death rate, upregulates
Fas expression, enhances caspase-3 and -9 activities and inhibits
activation of phosphorylated ERK in Th1 cells, not in Th2 cells
(65). With regard to CD8+ T cells, glycodelin impairs the cyto-
toxic effects of alloactivated CD8+ T cells toward target cells,
involving attenuated expression of granzyme B and perforin, two
important cytolytic effector molecules, and subdued degranula-
tion of cytolytic vesicles. Despite inhibiting the proliferation of
CD8+ T cells, glycodelin does not affect the apoptosis of CD8+
T cells (66), which may be attributed to the different regulatory
mechanisms between proliferation and apoptosis in CD8+
T cells (Figure 1).

The immunoregulatory functions of glycodelin may rely
on various molecules and signal transduction pathways. Gly-
codelin engages in the early TCR-CD3 signal transduction
for the activation and responses of T cells, mainly including
several mechanisms as follows. (a) Glycodelin abrogates TCR-
induced Ca** fluxes for the early TCR-CD3 signal events (67).
(b) Different from other T-cell inhibitors such as CSA, which
inhibits Ca?*-dependent phosphatase (calcineurin) to weaken
the activation signaling pathway independent of TCR engage-
ment, glycodelin works as a “rheostat” to elevate the threshold
of TCR activation with higher intensity of stimulus and change
corresponding cytokine expression profile, but not to block T-cell
signal transduction directly (68). (c) Glycodelin can localize in
the APC-T cell contact sites of TCR triggering to impede T cell
activation (69), instead of indirectly inhibiting costimulation of
accessory cells such as activated monocytes (67). (d) Glycodelin
binding to intact CD45 of T cells dampens TCR-CD3 signaling
transduction (70, 71).

By addition of glycodelin, IL-2/IL-2R signaling in T cells
is disturbed owing to decreased expression of IL-2R on cell
surface, which subsequently arrests proliferation of T cells and
impairs immune responses including attenuated cytotoxicity of
CD8+ T cells and proapoptosis in CD4+ “helper” cells (72).
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dendritic cells (DCs), B cells, natural killer (NK) cells and T cells. (A) Glycodelin suppresses the monocyte chemotaxis and facilitates its apoptosis, and reduces
TNF-a secretion by macrophages, which further influences innate immunity. (B) Glycodelin impairs the maturation of DCs and inhibits their immunogenic T-cell
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Glycodelin also triggers mitochondrial stress directly leading
to the apoptosis of T cells independent of TCR and CD45
signaling (73). As a kind of glycoprotein, glycodelin acceler-
ates the apoptosis of T cells by selectively combining N-linked
glycans on T cell surface glycoproteins (74). Activated T cells
expose more galactose compared to naive T cells (74) and only
activated T cells can be induced apoptosis by glycodelin (63).
On the contrary, Ish-Shalom et al. stressed N-glycosylation and
oligosaccharide side chains of glycodelin were not indispensa-
ble for the binding to T cell surface (71). Glycodelin exerts its
proapoptotic role dependent on the protein backbone rather

than the oligosaccharides of glycosylation (75). It is mapped
that the stretch of amino acid sequence of glycodelin between
Met24 and LeulO5 is necessary to inhibit proliferation and
induce apoptosis of T cells (76).

Diverse isoforms of glycodelin have different immunomodu-
lating effects on T cells (77-79). Among the four isoforms, both
GdA and GdF inhibit the immunocompetence of T cells through
proliferation arrest, apoptosis induction and IL-2 downregula-
tion, while GdS and GdC do not exhibit any immunosuppressive
effects (79). Different from the GdA with proapoptosis property,
GdS dose not perform any apoptosis-induced ability in T cells,
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which is due to the glycans of glycosylation presented in GdA
and sialic acid residues absent in GdS (77, 78). GdS and GdC, as
well as deglycosylated glycodelin, cannot influence the Th1/Th2
polarization from CD4+ T cells (65).

The glycodelin derived from ovarian cancerous ascites (80)
and melanoma cells (81) shows the distinct negative regulation
of T lymphocytes with diminished secretion of IL-2 and IFN-y,
arrested proliferation or cytotoxic ability and elevated apoptosis
(81). Glycodelin also shows a potent immunomodulatory effect
in NSCLC. When glycodelin is silenced in NSCLC cells, several
immune system modulators such as programmed death-1 ligand
(PD-L1) as well as chemokines CXCL5 and CXCL16 are remark-
ably upregulated (41). From the above, glycodelin reveals vital
immunoregulatory effects in T cell proliferation, differentiation,
and functions, which can be inferred that glycodelin could act as
the mediator between cancer progression and T cell immunity.

Dendritic Cells

Glycodelin A impairs the maturation of DCs from peripheral
blood mononuclear cells (PBMCs) (82). When pretreated with
GdA, immature DCs cannot shift into complete mature phe-
notype. In comparison with fully matured DCs, the tolerogenic
effects of immature DCs consist of discriminated expression of
costimulatory molecules CD83 and CD86, unchanged expression
of MCH-II and DC-SIGN, persisted endopinocytotic activity,
increased IL-10 production and reduced lymphoproliferative
activity (82). The glycodelin protein purified from the malignant
ascites of ovarian cancer patients, also hinders the maturation
of DCs with the tolerogenic phenotype and functionality (80),
which suggests glycodelin can form an immunosuppressive
microenvironment in cancer progression (Figure 1).

Monocyte-Macrophages

Glycodelin suppresses the chemotaxis ability of human mono-
cytes (U937 cells) in a dose-dependent manner (83). Unlike the
interaction of glycodelin with T cells, neither glycosylation nor
sialylation of glycodelin plays a part in impairing chemotaxis
ability for monocytes (83, 84). Recombinant glycodelin distinctly
binds with a specific protein receptor in CD14+ monocytes, but
the corresponding receptor does not exist in the surface of CD3+
T cells or CD20+ B cells (85).

In the mechanism exploration that glycodelin facilitates
monocytes to apoptosis, glycodelin regulates the expression of
apoptosis-related genes in monocytes including decreasing antia-
poptotic genes Bcl-2A1 and APRIL and increasing proapoptotic
genes TNF-R1, Bad, and Bax. Glycodelin treatment in monocytes
also arrests transcription factor NF-xB and activates caspase-8,
-2, and -3 and the involved signaling directs the mitochondrial
apoptotic pathway independent of MAP kinases (JNK and p38)
and caspase 2 (84, 86). In the comparison of effects by glycodelin
between T lymphocytes and monocytes, glycodelin inhibits the
proliferation both in T cell lines (Jurkat cells) and monocytic
cell line (U937 cells), but only T cells are induced apoptosis and
no apoptosis is obtained in monocytes. It may be on account
of caspase 3, an vital enzyme in the apoptosis of mammalian
cells, elevated in T cells but without change in monocytes (63)
(Figure 1).

Glycodelin A reduces TNF-a secretion of macrophages
derived from monocytes (87) but does not influence their
phagocytic ability (86). Despite without changing the viability,
cell death, or phagocytosis of monocytes/macrophages, GdA pro-
motes the secretion of IL-6 (87, 83) by interacting with L-selectin
in monocytes/macrophages to activate phosphorylated ERK.
Subsequently, the induced IL-6 inhibits IFN-y expression of Th
cells, which results in the activating response of CD4+ T cells
skewing toward Th2 subsets (88).

NK Cells

In spite of little or absent expression in peripheral blood NK cells,
glycodelin is selectively expressed in decidual NK cells (89).
When exposed to glycodelin in considerable concentration
range, the cytotoxicity of NK cells against target cells is impaired
directly although the binding ability of NK cells to target cells
is retained, without need for prostaglandin induction (90). Lee
et al. indicated (91) GdA did not have modulatory roles in the
viability, cell death, cytotoxicity and phenotype of NK cells from
the peripheral blood, but their cytokine secretion of IL-6, IL-13,
and GM-CSF was upregulated by GdA treatment (Figure 1).

B Cells

Glycodelin also regulates humoral immunity. Glycodelin sup-
presses the proliferation, IgM secretion and MHC class II expres-
sion of stimulated B cells, without influencing other surface
molecules, such as CD69 and CD86. And the inhibition is not
related to BCR triggering (26). In a carbohydrate-dependent
manner (26), the oligosaccharide chains in the N-glycosylation
of glycodelin specifically combine with CD22 in B cells to exert
its immunosuppressive functions (92) (Figure 1).

THE REGULATORS OF GLYCODELIN IN
CANCERS

Glycodelin expression in cancers is regulated by diverse cells
and molecules. Stromal paracrine signals may play a role in the
regulation of glycodelin expression. The stromal cells in endome-
trium induce the production of glycodelin both in endometrial
cancer cells (Ishikawa cells) (14) and in normal endometrial
epithelial cells (93). It can be postulated that glycodelin may
interact with cancer microenvironment to modulate cancer
development.

Lysophosphatidic acid (LPA) is overexpressed in many
malignancies especially gynecologic cancers (94, 95). LPA
can increase glycodelin expression in cervical cancer (Hela
cells), endometrial cancer (RL-95 cells), and ovarian cancer
(OVCAR-3 cells) but not in breast cancer (MDA-MB-231 cells)
(96), which further implies that glycodelin may be involved in
LPA-induced signaling to participate in cancer development
and progression.

As a kind of promising anticancer drug, histone dea-
cetylase inhibitors (HDACIs) regulate cancer development
and the expression of cancer-related genes (97). Glycodelin is
upregulated by HDACIS, trichostatin A, and suberoyl anilide
hydroxamic acid, which further speeds the migration of
Ishikawa endometrial adenocarcinoma cells (98) but promotes
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cell differentiation to the normal epithelium characteristics (99),
which generates a dilemma in the clinical use of HDACIs for
anticancer treatment.

Relaxin, a mediator to promote the progression of various
cancers such as endometrial cancer and breast cancer, activates
glycodelin expression in endometrial glandular epithelial cells
in vitro. The serum expression profiles of glycodelin and
relaxin are closely correlative and glycodelin expression in
human serum also increases following relaxin administration
in vivo (100, 101). Taylor et al. further elucidated that relaxin
inhibited progestin-stimulated activation of glycodelin in
Ishikawa cells rather than regulating glycodelin production
directly (102).

CONCLUSION

Glycodelin is extensively known as a kind of glycoprotein
whose glycans and protein structures mediate various actions in
human reproductive activities. There are four known isoforms
of glycodelin to date, GdA, GdS, GdE, and GdC. Due to the
specific glycosylation, GdA rather than other isoforms occupies
the majority of glycodelin, and in early researches it is proved to
play an indispensable role in fetomaternal immunity. Thus recent
researches pay more attention to the role of GdA in cancer devel-
opment and progression. Whether other isoforms of glycodelin
also participate in cancer development and progression need
further investigations.

Glycodelin expression is closely related to the diagnosis and
prognosis of cancer patients; and therefore, it could be a poten-
tial biomarker for early diagnosis and recurrence monitoring of
cancer patients. Dependent on the abilities to regulate cell prolif-
eration, differentiation, and invasion and promote angiogenesis,
glycodelin can remodel the cancer microenvironment and adjust
the expression of cancer-related genes and the presentation of
cell surface molecules. The specific expression of glycodelin in
cancers may provide a general mechanism to facilitate cancer
development and progression.

The present researches have illustrated the immunologic
effects of glycodelin to multiple immune cells, and the investi-
gated immune cells are mostly isolated from PBMC, which can
be extended to the correlation between glycodelin and cancer
immunity. Additionally, glycodelin expressed in the normal
hematopoietic cells, including megakaryocytic lineage and
erythroid precursors (103, 104), indicates that glycodelin is also
involved in the human entire immune activities not just in the
local reproductive immunity.

However, there are some limitations that cannot be ignored.
First, some controversial results are presented about prognostic
value of glycodelin in cancer patients. These discrepancies may
rely on different detection methods or reagents. It would be of
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