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Abstract

Gynecological cancers are in the top 10 of most common cancers in women. Sur-

vival and outcome are strongly related to the stage at diagnosis. Therefore, early

diagnosis is essential in reducing morbidity and mortality. The high mortality rate

of gynecological cancers can mainly be attributed to ovarian cancer (OC). OC is

commonly diagnosed at an advanced stage due to a lack of proper screening tools

allowing early detection. Endometrial cancer (EC) on the contrary, is mostly diag-

nosed at an early stage and has, in general, better outcomes. The incidence of

nonendometrioid EC has increased in the last decade, displaying a shared tumor

biology with OC and consequently significantly worse outcome. New approaches

allowing detection of gynecological cancers in an early stage are therefore

desired. Recent studies on cancer biology have shown the relevance of altered

glycosylation in the occurrence and progression of cancer. The aberrant expres-

sion of sialic acid, a specific carbohydrate terminating glycoproteins and glyco-

lipids on the cell-surface, is frequently correlated with malignancy. We aimed to

determine the current understanding of sialic acid function in different gyneco-

logical cancers to identify the gaps in knowledge and its potential use for new

diagnostic and therapeutic avenues. Therefore we performed a review on current

literature focusing on studies where sialylation was linked to gynecological can-

cers. The identified studies showed elevated levels of sialic acid in serum, tissue

and sialylated antigens in most patients with gynecological cancers, underlining

its potential for diagnosis.
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What's new?

Recent studies have shown the relevance of altered glycosylation in the occurrence and pro-

gression of cancer. In this review, the authors found elevated levels of sialic acid in serum and

tissue and high levels of sialylated antigens in most patients with gynaecological cancers, under-

lining the potential of sialic acid for diagnosis. Elevated levels of sialylation were related with

tumour growth, poor differentiation, inhibition of apoptosis, and chemoresistance. Taken

together, the studies suggest that sialylation levels could be used to discriminate healthy and

benign samples from cancer samples and even early and advanced stages in ovarian, cervical,

and endometrial cancer.

1 | INTRODUCTION

Gynecological cancers are in the top 10 of most common cancers in

women with an annual incidence of 1.3 million cases worldwide in

2018 (Figure 1). Survival and outcome are strongly related to the

stage at diagnosis.2 Although treatment of gynecological cancers is

improving, there is substantial burden of treatment-related side

effects, which impact patients' physical and psychological quality of

life and daily activities.3-5 The overall high mortality rate of gynecolog-

ical cancers can mainly be attributed to ovarian cancer (OC), com-

monly diagnosed at an advanced stage, due to a lack of complaints

and screening tools that facilitate early detection. Endometrial cancer

(EC), on the contrary, is mostly diagnosed at an early stage and has, in

general, a good outcome. In the last decades the incidence of

nonendometrioid EC, that have shared tumor biology with OC and

worse outcome, has increased substantially.6,7 Early detection thus

plays a pivotal role in reducing cancer related mortality as well as

treatment associated morbidity.

Recent studies on cancer biology have shown the relevance of

altered glycosylation in the occurrence and progression of cancer. Gly-

cosylation is the attachment of carbohydrates to proteins and lipids car-

riers that are mostly expressed at the outside of the cellular membrane.8

These complex carbohydrate structures or sugar chains are called gly-

cans which are often likened to trees as they share a highly branched

structure (Figure 2). The lipid or protein carrier serves as the membrane

anchor and represents the roots. The following branching string of

monosaccharides make up the stem and branches and finally, the outer-

most monosaccharides constitute the leaves. Glycosylated proteins and
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lipids are involved in several physiological processes, such as cell recog-

nition, cell-cell interaction and communication, migration and adhe-

sion.10 In particular, the capping monosaccharides that represent the

leaves of the glycan tree interact with a variety of receptors. One of the

most abundant capping monosaccharides are sialic acids (SAs)9,11

(Figure 2). Sialic acid (N-acetylneuraminic acid) is a carbohydrate present

at the surface of mammalian cells and is a part of a family of more than

50 carbohydrates that share this nine-carbon backbone.11,12 Sialic acid

is biosynthesized from N-acetyl-mannosamine and transferred to the

termini of glycolipids and glycoproteins by a set of 20 different

sialyltransferases (STs). The sialic acid residue is added to the underlying

sugar via an α2,3-, α2,6- or α2,8-linkage, meaning the C2 position of

sialic acid is attached to the C3, C6 or C8 position of another sugar via a

α-glycosidic bond. This creates an enormous diversity of sialylated gly-

cans (sialoglycans).12 Changes in cellular sialoglycan expression are fre-

quently correlated with malignancy, and therefore could be used as

diagnostic, and prognostic biomarker.13 Elevated levels of serum total

sialic acid have been found in many cancer patients. Hypersialylation

supports tumor cells to grow and metastasize, resulting in a

worse prognosis.14-19 Sialoglycans are recognized by sialic acid specific

receptors on immune cells, such as sialic acid-binding immunoglobulin-

like lectins (Siglecs). The sialoglycan-Siglec interaction results in suppres-

sion of an immune response as sialic acids are considered self-associated

molecular patterns. Many studies have demonstrated that (hyper)

sialylated tumor cells benefit from this mechanism to evade the immune

system.17,20-26 Furthermore, the negative charge of sialic acids results in

enhanced cell-cell adhesion, actomyosin contraction and migration.27

Removal of sialic acids might therefore be an efficient therapeutic

approach in cancer treatment. The proof of principle was studied by

Ono et al who demonstrated that direct blockage of overexpressed sialic

acid by a thin hydrogel barrier inhibits adhesion, motility and growth of

cancer cells and supports apoptosis.28

Many studies have explored the relevance of sialic acid in gyneco-

logical cancers, of which most focused on OC and to a lesser extent

on endometrial and cervical cancer.29-32 Alterations in sialic acid

expression could be supportive for diagnosis or indicative of tumor

progression.33 In OC, aberrant sialylation has been exhibited in early

stage tumors, underl

ining its potential as diagnostic biomarker.34 Within different

gynecological cancers, there is some overlap with the histological sub-

types of different origins, such as high-grade serous ovarian and endo-

metrial cancer. Mechanistic insights in the histological subtypes may

thus be translated to cancers of other origins. At this point, sialic acid

is not used as a biomarker or therapeutic target in gynecological can-

cers. To determine the role of sialic acid in gynecological cancers and

identify the gaps relevant for clinical implications, we performed a

review on sialylation in gynecological cancers.

2 | METHODS

2.1 | Search strategy

The literature search was performed in the databases PubMed and

Medline. Synonyms of sialic acid and sialylation in combination with

synonyms of gynecological cancers were used and the summarized

findings of articles are shown in Table 1.

2.2 | Study selection

In total, 255 studies published between January 2010 and May 2021

were acquired through the database searches and cross referencing.

Searching through Google Scholar did not further supplement the
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database searches. After removal of duplicates, 251 articles remained.

Based on the abstracts, 130 articles were regarded as eligible. Full-text

selection resulted in an additional exclusion of 82 studies resulting in a

total of 4

8 studies for the review (Figure S1; Table S1). The following inclu-

sion criteria were specified: focus on sialic acids in relation to cancer

diagnosis, progress and tumor behavior. Exclusion criteria were: non-

English articles, and nonmalignancy focus. Three independent investi-

gators (A. Y. B., J. F. A. P., J. M. A. P.) selected eligible articles based

upon title and abstract. After this first selection, all remaining articles

underwent full-text screening and it was decided whether these stud-

ies fulfilled the inclusion criteria. In case of disagreement, a fourth

investigator (T. J. B.) was consulted for outcome and a final decision.

2.3 | Data analysis

For structuring the selected papers, both the used techniques were

described classified into: in vitro and in vivo. The studies were then cat-

egorized by study type: cell line, formalin-fixed, paraffin-embedded

(FFPE) tissue, xenograft model, genetic, serum and ascites studies. Cell

lines, FFPE tissue and genetics were grouped under in vitro, and xeno-

graft models, serum, ascites and extracellular vesicle studies were

grouped under in vivo. In addition, the included studies and techniques

were summarized for the different gynecological cancers, that is, ovarian

cancer, endometrial cancer, cervical cancer and vulvar cancer (Table S1).

3 | RESULTS

Our literature search has identified a large number of studies focused on

the impact of sialic acid expression in gynecological cancers. All studies are

listed in Table 1, categorized according to study type and cancer stage and

with more detail in Table S1. No data were available on the relation

between sialic acid and vulvar cancer. The role of sialylation in

gynecological cancers were performed on serum, ascites, human cell sur-

face tissue, cancer cell lines and patient derived xenograft models

(Figure 3). The main approaches involved measuring and modulation of

mRNA levels of sialyltransferases enzymes to establish the diagnostic and

therapeutic potential of tumor sialylation. Second, the expression levels

and type of sialylated glycans were investigated to assay their diagnostic

potential. We categorized the studies according to the gynecological sam-

ple studied.

3.1 | In vitro—Cell lines

Most cell line studies focusing on the sialylation of gynecological

cancers utilized OC cell lines. Wen et al demonstrated the

relation between the level of ST3Gal-1 (beta-galactoside

alpha-2,3-sialyltransferase 1) and cancer progression.31 Advanced

stage OC derived cell lines (ES2 and OVCAR-3) expressed significantly

increased levels of ST3Gal-1 when compared cell lines derived from

early stage mouse ovarian surface epithelial cell line (MOSEC),

suggesting that overexpression of ST3Gal-1 is relevant for tumor pro-

gression, peritoneal seeding, and distant metastasis.31 Other studies

showed similar results with upregulation of ST3Gal-1 and ST6Gal-1

(beta-galactoside alpha-2,6-sialyltransferase 1) in ovarian cell cancer

lines ES2, SK-OV-3 and OVCAR-3.35-37 The energy demand and oxy-

gen consumption of tumors increase as it grows in size. When the

oxygen demand is greater than the oxygen available, the tumor

becomes hypoxic. Greville et al analyzed the influence of hypoxia on

the N-glycosylation profiles of OC cell lines (A2780, PEO1, PEO4). A

significant increase in sialylation on secreted N-glycans was observed

in hypoxic conditions (0.5%-2% O2), when compared to normal condi-

tions (21% O2), except for PEO1.38

Ovarian epithelial cells transduced with a ST6Gal-1 containing

lentiviral vector led to reduced activation of caspases, which are

enzymes involved in the process of apoptosis. This ST6Gal-1 medi-

ated inhibition of apoptosis might contribute to resistance to

TABLE 1 Overview of articles about sialic acid or sialylation in relation to cervical, endometrial and ovarian cancer

Summarized findings of sialic acid analysis

Cell lines mRNA expression Tissue concentration Serum concentration Ascites

Premalignant

Cervical intraepithelial neoplasia (CIN) NF NF N = 4 N = 1 NF

Gynecological cancers, early stage

Cervix NF NF NF NF NF

Endometrial/uterine N = 1 NF NF N = 1 NF

Ovarian N = 2 NF NF N = 5 NF

Gynecological cancers, late-stage

Cervix NF N = 3 N = 2 NF NF

Endometrial/uterine N = 1 NF N = 2 N = 1 NF

Ovarian N = 14 N = 5 N = 7 N = 11 N = 3

Note: Articles containing multiple cancer categories are counted multiple times.

Abbreviation: NF, not found.
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cisplatin-induced caspase activation.39 In addition, knockdown of this

sialyltransferase decreased the resistance to the cytotoxic anti-cancer

drug paclitaxel,37 illustrating the link between ST6Gal-1 upregulation

and chemoresistance.39 Overexpression of ST3Gal-1 in OC cell line

A2780 was related to increased cell growth, migration and inva-

sion.31,37 Additionally, a linear relation between ST3Gal-1 expression

and epidermal growth factor receptor signaling in epithelial OC

patients was detected.31,40

Targeting tumor associated sialoglycans offers the opportunity to

develop therapeutics antibodies with reduced off-target effects. The

glycolipid stage-specific embryonic antigen-4 (SSEA-4) is stabilized by

its terminal sialic acid and is present in the OC cell lines and breast

cancer cell lines. Soliman et al found that mouse-human chimeric anti-

body ch28/11 recognizes this sialic acid of SSEA-4, representing a

promising therapeutic avenue for targeting OC.41

3.2 | In vivo—Cell lines in mice

The effect of increased ST3Gal-1 expression on resistance to the

cytotoxic anticancer drug paclitaxel in vitro, was translated to a nude

mouse xenograft model by Wu et al, demonstrating the contribution

of ST3Gal-1 expression to chemotherapy resistance. Overexpression

of ST3Gal-1 in OC cells (A2780) showed increased tumor volumes in

mice. ST3Gal-1 overexpression reduces the curative effect of pacli-

taxel on tumor growth.37 Comparable results were found in a mouse

xenograft model with cervical cancer cells.42 The level of sialic acid

was also influenced by serine hydroxymethyl transferase 1 (SHMT1).

Sialic acid metabolite levels were reduced as a result of shRNA-

induced knockdown of SHMT1. SHMT1 knockdown in ovarian cell

lines COV504 and COV413B inhibited its colony-forming ability. An

in vivo study where SHMT1 knocked down OC cell lines were

injected in nude mice showed reduced tumor growth and decreased

levels of sialic acid. Besides, sialic acid stimulated the expression of

pro-oncogenic inflammatory cytokines interleukin-6 and -8 (IL-6 and

IL-8). Altogether, this illustrates that SHMT1 controls the expression

of pro-oncologic inflammatory cytokines by regulating the cellular

levels of sialic acid to stimulate OC tumor growth.43

The correlation of hypersialylation with cancer progression and

metastasis has led to studies investigating its potential as therapeutic

target. To reduce cellular sialylation, a sialyltransferase inhibitor was

evaluated on advanced stage serous type epithelial OC.36 Additionally,

the tumor-associated sialyl-Tn antigen (sTn), a truncated O-glycan

containing a sialic acid, has been used for tumor targeting. Eavarone

et al44 investigated the therapeutic effect of an antibody-drug conju-

gate targeting sTn in the SK-OV-3 cell line, resulting in a target-

specific therapeutic effect.45 Subsequently, in vivo testing resulted in

inhibited cancer cell line growth of patient derived ovarian xenograft

models in mice.44

3.3 | In vitro—Tissue

The use of sialylated glycans and N-glycomic changes were explored

as diagnostic biomarkers for OC with enhanced sensitivity and speci-

ficity.46,47 In premalignant and malignant cervical cancer cells, signifi-

cantly increased α2,3- and α2,6-sialylation levels and a higher

percentage of tetrasaccharide sialyl lewisX antigen (sLeX) expressing

cells were observed when compared to normal cervical samples

(Figure 3).48-50 However, contrasting findings were reported by Jin

F IGURE 3 Sialic acid analysis in gynecological cancers on mRNA level, in ovarian cell lines, mice, serum, ascites and cell surface tissue and the
role of aberrant sialic acid expression on gynecological cancers. Created with BioRender
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et al in 2018, where an inverse relationship between the percentage

of sialyl-LewisA antigen (sLeA) positive cells and their extend of cervi-

cal intraepithelial neoplasia was found.51 Lectin Sambucus nigra agglu-

tinin (SNA), which is often used to detect α2,6-sialylation, could not

discriminate between normal and cancer epithelial cells from the cer-

vix.52 In EC, terminal sialic acid levels could be used to predict EC

grading by using the lectins Sambucus sieboldiana agglutinin, SNA and

TJA-I (Trichosanthes japonica agglutinin).53 Pan et al demonstrated a

strong correlation between sialylated glycopeptides and

α2,3-sialyltransferase 1 expression in tumor tissue of high-grade

serous ovarian carcinoma. However, no strong correlation was

observed between α2,6-sialyltransferase 1 and sialylated glycopep-

tides.54 A study of Zahradnikova et al found five N-glycan structures,

including sialoglycans, that may be associated with resistance of

advanced-stage, high-grade nonmucinous OC to platinum/taxane

based chemotherapy in tissue and serum samples.55

Barone et al investigated using sialyl-lactotetra (S-Lc4) as a marker

for epithelial ovarian tumors. S-Lc4 serves as a marker on the cell sur-

face of undifferentiated human pluripotent stem cells, such as human

embryonic stem cells and human induced pluripotent stem cells. The

expression of S-Lc4 is rapidly downregulated upon differentiation.

S-Lc4 was overexpressed in borderline type and malignant ovarian

tumors. The data demonstrated the association of S-Lc4-positivity

with disease-free survival. However, the survival time after progress

was significantly shorter for patients with S-Lc4 positive tumors com-

pared to S-Lc4 negative. The level of S-Lc4 expression is cancer-

related, but the expression of S-Lc4 does not increase over time. Alto-

gether, these results suggest that S-Lc4 could be a potent marker for

serous borderline and type 1 tumors.56

3.4 | In vitro—Genetics

ST3Gal-1 mRNA levels were compared in tumor tissue from patients

with high and low grade OC. In each histopathological cancer type,

ST3Gal-1 protein levels were elevated compared with normal tis-

sue.57 Studies in tissues and cell lines have revealed the relation

between sialyltransferase mRNA expression and cancer progression in

cervical cancer. The mRNA expression of α2,3-sialyltransferase 4 is

transcriptionally regulated using several promotors and was signifi-

cantly enhanced in cervical carcinoma cell lines (HeLa and SiHa) com-

pared to normal tissue. The lectin blot analysis demonstrated that

ST3Gal-4 overexpression enhanced the expression of α2,3-linked

sialic acid while diminishing α2,6-linked sialic acid on the membrane

proteins of cervical cancer cells.58 Qi et al showed a link between loss

of either the ST3Gal-3 or ST3Gal-6 genes and decreased cell prolifer-

ation and colony formation in the HeLa cell line, as opposed to the

effect in ST3Gal-4 knockout (KO) cells. The loss of these genes

significantly suppressed the phosphorylation levels of extracellular

signal-regulated kinase and AKT (serine/threonine kinase), which are

involved in cell proliferation and cell survival. Interestingly, the

α2,3-sialylation levels of β1 integrin were suppressed in the ST3Gal-4

KO cells, whereas these were increased in the ST3Gal-3 and

ST3Gal-6 KO cells. These results indicate that the three

α2,3-sialyltransferases had different functions in cell proliferation and

cell adhesion.59

The mRNA expression levels of ST3Gal-1 and ST6Gal-1 in OC

patients were significantly upregulated, while ST3Gal-3, ST3Gal-4 and

ST3Gal-6 were downregulated in OC tissues when compared to

healthy controls (Figure 3).30 Furthermore, the endocervical adenocar-

cinoma cell lines HO-8910 (HeLa derivative) and HO-8910PM (HeLa

derivative) expressed increased mRNA levels of ST3Gal-3 and were

more frequently resistant to chemotherapy medications cisplatin and

paclitaxel when compared to SK-OV-3 cells, with low mRNA levels of

α2,3-sialyltransferase. High dose cisplatin could downregulate

ST3Gal-3 mRNA expression levels and enhance the number of apo-

ptotic cells in both SK-OV-3 and HO-8910PM cells.42,60,61 A study of

Wichert et al found the correlation between high ST6Gal-1 mRNA

levels and lymphovascular invasion and reduced survival.32

3.5 | In vivo—Serum

Aberrant glycosylation profiles could be found in the serum of OC

patients with different cancer stages.18,33,34,62,63 The bi- and tri-

sialylated highly-branched glycans were significantly elevated in OC

patients' serum, but were barely detectable in healthy controls

(Figure 3).33,62 In contrast, a significant decrease in less branched and

sialylated N-glycan structures was observed in early and late epithelial

OC samples compared to healthy controls.34 The total sialylation level

(α2,3-/α2,6-linked sialic acids) was significantly increased in cancer

samples when compared to healthy controls and could be used for dif-

ferentiating the healthy control, early stages and advanced stages of

OC.18,34 Lin et al observed a higher level of glycosylation and

sialylation of IgG glycans in endometrioid EC, in comparison with non-

endometrioid subtypes. Patients with early stage tumors (FIGO stage

IA) had significantly higher levels of mono-sialylated structures in IgG

glycans and total sialylation, in comparison with patients diagnosed

with advanced stage (FIGO stage IB-IV). Moreover, the proportion of

disialylated IgG glycans also were more abundant in the low-risk

patient group, but the difference was not statistically significant. Alto-

gether, patients with well- and moderately differentiated tumors dis-

played a higher abundance of sialylated structures than patients with

poorly differentiated tumors.64 Reduced levels of sialic acids after

chemotherapy implicates its applicability as response biomarker dur-

ing chemotherapy.19,63,65 A study of Zhao et al demonstrated that

α2,3- and α2,6-linked sialic acid and Lewis type N-glycans could dis-

criminate between patients which were responsive or resistant to

chemotherapy. Thus combination of chemotherapy with reduction of

sialic acid on cancer cell surface could be a potent therapeutic avenue.

The drug sensitive patients showed decreased levels of α2,6-sialic gly-

cans when compared to normal controls, while there was significant

increased expression of α2,3-sialic acid and Lewis type N-glycans

found in drug-resistant patients. Therefore, Lewis type N-glycans and

both sialic acid linkages could have potential utility of chemotherapy

response prediction.66
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Multiple studies of Biskup et al investigated the diagnostic utility

of serum glycome profiling by benchmarking it against cancer antigen

125 (CA125), the current biomarker for OC. The study used the value

GLYCOV, which indicates the amount of upregulated sialylated gly-

cans in patient's serum. GLYCOV was able to distinguish the early

stages of OC and the healthy controls, while CA125 did not. Corre-

spondingly, the receiver operating characteristic curve illustrated the

superiority of GLYCOV over CA125 in sensitivity and specificity.67-69

Furthermore, a study of Pochechueva et al shows that plasma-derived

antibodies bind to sialylated glycans including sTn. This presents an

alternative to CA125 for differentiating benign controls from high-

grade serous ovarian cancer (HGSOC) patients and could function as a

diagnostic biomarker.65,70 Only IgM-isotype anti-glycan antibodies

against the sialylated antigens that contained α2,6-linked sialic acid

discriminated between control and HGSOC, because the discrimina-

tion was lost when α2,6-sTn was replaced by α2,3-sTn.65,70 In EC,

patients with Grade 3 had significantly elevated serum levels of sTn

compared to patients with Grade 1 and Grade 2 EC. Additionally,

patients with lymph node metastasis exhibited increased serum sTn

levels compared to patients without lymph node metastasis.71

Bayoumy et al described the development of a quantitative lateral

flow immunoassay (LFIA) of aberrantly glycosylated CA125 and com-

pared this technique to the conventional CA125 immunoassay

(CA125IA). The developed CA125-sTn-LFIA assay showed in EOC

and endometriosis samples a specificity of 98% and sensitivity of

72%, while the CA125-IA showed specificity of 98% with a sensitivity

of 16%. The superiority of the CIA125-sTn-LFIA test over the conven-

tional CA125 ELISA is linked to the specific and efficient capturing of

the sTn motifs of the cancerous isoforms of macromolecular MUC16/

CA125, which are associated with EOC.72 This was confirmed by

another study that showed similar results with improved identification

of EOC than the conventional CA125-IA.73 No significant differences

in sialylation were found between cervical intraepithelial lesions or

cervical cancer samples and controls in an enzyme-linked lectin assay

using the SNA lectin.74

3.6 | In vivo—Ascites and extracellular vesicles

Changes in the glycome were also detected in ascites, a peritoneal

fluid that is produced when malignant tumor cells escape from the pri-

mary tumor site into the surrounding abdominal cavity. This fluid pro-

motes cell proliferation and enable tumor cells to enter the circulation

and spread to other organs.75 In OC, Biskup et al show that high-

volume ascites contains a significantly increased amount of sialylated

structures when compared to low-volume ascites.75,76 Additionally, a

study of Kuzmanov et al demonstrated an overexpression of only the

sialyltransferase gene ST6Gal-1 across different ovarian tumor sub-

types when compared to fluid from normal and benign ovarian cysts

and peritoneal effusions, while other STs genes were unchanged or

decreased in ascites fluids from OC patients (Figure 3).77 Furthermore,

the Maackia amurensis lectin revealed the enrichment of several

sialoglycoproteins with α2,3-linked sialic acid in extracellular vesicles

from ovarian carcinoma cells, while the level of SNA binding to

α2,6-linked sialic acid in the vesicles was at the same level as the con-

trol after incubation with sialidase.78

4 | DISCUSSION

To improve the knowledge on the role sialic acid in gynecological

cancers, we reviewed the contribution of sialic acid in relation to

diagnosis, prognosis and cancer progression. Sialic acid plays an

important role in tumor progression, invasion and metastasis in

ovarian, endometrial and cervical cancer. Significantly enhanced

total sialylation levels in cancer samples were frequently observed

in both in vivo and in vitro studies. Similar results were found for

sialylated antigens and enhanced mRNA expression of

sialyltransferases. Elevated levels of sialylation were related with

tumor growth, poor differentiation, inhibition of apoptosis and

chemoresistance (Figure 3). Hence, sialylation levels could be used

to discriminate healthy or benign from cancer samples and even dis-

tinguish early and advanced stages in ovarian, cervical and endome-

trial cancer.

These findings are consistent with a growing body of literature

demonstrate the hypersialylation and increased expression of

sialylated antigens in prostate, breast, bladder, and testicular cancer

and malignancies in the bone marrow.79-86 Generally, there were

many similarities between gynecological cancers and other cancers,

whereas the type of sialyltransferases that are overexpressed varied

per cancer type. Using nanotechnology like surface-enhanced Raman

spectroscopy, sialic acid has been found in saliva, blood and cancer

tissue of breast cancer patients, indicating its potential to be a highly

sensitive and specific (noninvasive) biomarker for the screening of

breast cancer in women.87,88 Likewise, biochemical analysis of saliva

and serum revealed enhanced levels of different forms of sialic acid in

patients with oral cancer when compared to healthy controls. Differ-

ent studies have pointed out that sialic acid analysis in saliva could be

used in early detection of oral cancer.89-91 Current diagnosis of pros-

tate cancer relies on prostate-specific antigen (PSA) testing and there

is a clinical need to identify new biomarkers. Glycan analysis represen-

ted a new resource of biomarkers with clinical utility and should be

exploited as tool for prostate cancer diagnosis and patient progno-

sis.92 A study of Michalakis et al referred to sialic acid as an adjunct in

predicting prostate malignancy when PSA values are not clearly

defined.93 Zhang et al confirmed this promising capability of serum

sialic acid as a diagnostic and prognostic biomarker for prostate can-

cer and bone metastasis.94 Elucidation of the role of sialic acid in

gynecological and other cancers illustrate the potential to use sialic

acid as a diagnostic and prognostic biomarker.

Various methods have been used to interfere with hyper-

sialylation. Fluorinated sialic acid analog (P-3F-NeuNAc) and its more

potent carbamate-based analogs block the biosynthesis of sialic acid

and inhibit sialyltransferases.95,96 P-3F-NeuNAc treatment resulted in

reduction of α2,3-/α2,6-linked sialic acids in melanoma cells (B16F10)

for several days and impair cell adhesion, diminish migration, prevents
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cancer metastasis and reduces tumor growth in vivo. This indicates it

to be a potent inhibitor of sialylation and may be used for anticancer

therapy development.97,98 These findings can also be translated to

OC with a study of Gupta et al, demonstrating treatment with P-3F-

NeuNAc blocked tumor growth and migration in OC.43 Alternatively

an alpha human epidermal growth factor receptor 2 (αHER2)

antibody-sialidase conjugate potently and selectively strips sialic acids

from breast cancer cells.99 This work illustrated antibody-sialidases as

a platform technology that might be used to target other cancer types

as well. Techniques for imaging, detecting and targeting sialic acid on

the surface of cancer cells have been reported. For instance, poly-

meric nanocarriers possess the desirable characteristics to be used as

a specific tumor-selective drug delivery system for sialic acid-

targeting. However, there are still many challenges to overcome

before precise and effective methods are developed to facilitate ade-

quate disease diagnosis, prognosis or controlled antitumor drug deliv-

ery in vivo.100

Overall, sialic acids play an important role in the most common

gynecological cancers and could be relevant as diagnostic, prognostic

and predictive biomarkers. The tumor promoting role of sialic acid in

gynecological cancers also defines it as a potential therapeutic target.

To investigate the applicability of integrating sialic acid analysis in the

diagnoses and treatment of gynecological cancers, more in-depth

studies are required as specified for the different cancers.
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