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Breast cyst ﬂuid (BCF) contained in gross cists is involved with its many biomolecules in different stages of breast cystic development. Type
I apocrine and type II ﬂattened cysts are classiﬁed based on biochemical, morphological and hormonal differences, and their different patterns
of growth factors and active biocompounds may require different regulation. In a previous paper, hyaluronic acid in a very low content and
chondroitin sulphate/dermatan sulphate were identiﬁed and characterized in BCF. In this new study, various apocrine and ﬂattened BCFs
were analyzed for HS concentration and disaccharide pattern. Apocrine HS was found speciﬁcally constituted of N-acetyl groups contrary
to ﬂattened HS richer in N-sulphate disaccharides with an overall N-acetylated/N-sulphated ratio signiﬁcantly increased in apocrine compared
with ﬂattened (13.5 vs 3.7). Related to this different structural features, the charge density signiﬁcantly decreased (~ 30%) in apocrine versus
ﬂattened BCFs. Finally, no signiﬁcant differences were observed for HS amount (~0.9–1.3 μg ml 1) between the two BCF types even if a
greater content was determined for ﬂattened samples. The speciﬁcally N-sulphated sequences in ﬂattened BCF HS can exert biologic capacity
by regulating growth factors activity. On the other hand, we cannot exclude a peculiar regulation of the activity of biomolecules in apocrine
BCF by HS richer in N-acetylated disaccharides. In fact, the different patterns of growth factors and active biocompounds in the two types of
cysts may require different regulation by speciﬁc sequences in the HS backbone possessing speciﬁc structural characteristics and distinctive
chemical groups. Copyright © 2015 John Wiley & Sons, Ltd.
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INTRODUCTION
Gross cystic breast disease (GCBD) is the most frequent
lesion of the breast, with an incidence of ~7% in the Western
world.1 GCBD is considered an advanced form of ﬁbrocystic lesion in which active molecules present in breast cyst
ﬂuid (BCF) play a role in different stages of cystic development. Different developmental stages may occur in cyst
evolution, and these biologically active compounds may
inﬂuence GCBD evolution and breast cancer (BC) risk.2
The lining of gross cysts (GCs) is a simple layer of
apocrine or ﬂattened epithelium that may disappear during
cyst evolution leaving a bare connective tissue surface.1 In
the early apocrine stage, both myoepithelial and apocrine
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hypertrophic/hyperplastic epithelial cells undergo lysis
releasing proteolytically activated bioactive compounds into
BCFs (type I secretive cysts).3–5 Before the ﬁbrotic disappearance, the ﬁnal stage is characterized by ﬂattened cells
(type II transudative cysts)3–7 lining GCs and containing a
BCF composition similar to plasma. As a consequence, two
main GC types may develop, type I secretive and type II
transudative cysts.1,8,9 Type I cysts, lined by apocrine metabolically active epithelial cells, produce and secrete many
compounds such as growth factors, speciﬁc proteins, proteinases, steroids and peptide hormones. These compounds
accumulate within the cyst compartment, promoting cell proliferation and inducing apocrine cells to atypia, hyperplasia
or preneoplastic alterations related to BC, as suggested by
epidemiological and clinical studies.1,7–10 On the contrary,
type II transudative cysts are mainly characterized by a composition similar to that of plasma in which biomolecules are
derived from plasma drainage and lined by ﬂattened
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epithelium without hypertrophic metabolism and no epidemiological evidence of BC predisposition.
The electrolytic composition of BCF samples has revealed
a wide variation of Na+, K+ and Cl levels ranging from a
proﬁle characteristic of extracellular ﬂuids to one characteristic of the intracellular compartment.1,7–11 This variation is
attributed mainly to changes in Na/K ATPase activity, a key
enzyme in the development of GCBD.1 Type I cysts show a
high level of K+ and a low level of Na+, with a Na+/K+ ratio
generally <3. On the contrary, type II cysts have low K+
and high Na+ concentrations for a Na+/K+ ratio >3.1,10 Different risk proﬁles of BC have been found in GC subtypes
(see1 for review) with type I apocrine GC frequently associated with an increased risk.11 However, several controversial
results have been reported.8
BCFs also contain many biologically active compounds
secreted or derived by the lysis of the apocrine epithelial cells
lining the cysts. In an effort to identify GC at higher BC risk
depending on the two cyst types, several tumour markers
have been evaluated in BCFs.9,10 In particular, growth factors
have been analyzed to elucidate a possible relationship
between GCBD, cyst types and BC.1,9–11 Peculiar differences
were found between apocrine and ﬂattened cysts, the former
being particularly rich in epidermal growth factor (EGF)
while the latter being abundant in transforming growth factor
(TGF)-beta, basic ﬁbroblast growth factor (b-FGF) and
insulin-like growth factor-binding protein-3.1,9–11
Along with other active molecules, glycosaminoglycans
(GAGs), unbranched structurally complex polysaccharides
composed of repeating units of alternating uronic acids
and amino sugars,12 and their macromolecular associations
proteoglycans (PGs) play major roles in multiple cancerrelated processes.13 In fact, GAGs bind to a large variety
of ligands,14 thus regulating growth factor signalling, cellular behaviour, inﬂammation, angiogenesis and the proteolytic environment. Deregulated expression of GAGs, as
well as of enzymes involved in their biosynthesis and degradation.15 contribute to the different steps of tumour progression and correlate with clinical prognosis in several
malignant neoplasms.13
In a previous study,16 we determined the presence of
GAGs in BCF of GCs subdivided into apocrine and ﬂattened
in a cohort of GCBD-affected women. We were able to identify chondroitin sulphate (CS)/dermatan sulphate (DS), heparan sulphate (HS) and a very low content of hyaluronic acid.
Furthermore, the CS/DS species were quantiﬁed and structurally characterized for molecular mass, disaccharide composition and overall charge density. Over the past, no structural
evidence was available for HS. However, over the past decade, HS has been shown to bind and regulate the activities
of many proteins generally by speciﬁc interaction to particular
sequences within polysaccharide chains, thereby underscoring
the importance of its determination in GCBD.17 Because of
its capacity to non-covalently interact with many proteins,
HS has important emerging roles in oncogenesis, and its
(and heparin) derivatives represent potential therapeutic
strategies for human cancers.18,19 This is more important
by considering that BCF contain many polypeptides,
Copyright © 2015 John Wiley & Sons, Ltd.

enzymes and growth factors such as b-FGF, EGF, insulinlike growth factors 1 and 2, platelet-derived growth factor
(PDGF) and various TGFs (see1 for review). In this study,
we report for the ﬁrst time the disaccharide pattern and structural characterization of HS puriﬁed from BCF of apocrine
and ﬂattened GCs with the aim of ﬁnding a correlation
between HS structure and BCF type and composition.
MATERIALS AND METHODS
BCF collection
As described previously,16 BCF samples were collected by
ﬁne needle aspiration from 25 women GCBD-affected after
informed consent. The study was performed according to
the ethical standards of the Helsinki Declaration of 1975 (as
revised in 1983), and the approval of the Ethics Committee
of the University Carlo Bo of Urbino (protocol 18/CE) was
obtained. The patients were recruited after attending the
Senology Center of the Hospital of Urbino and subdivided
according to the menopausal stage (aged 29–52 years). The
size of the GCs varied from 1 to 6.5 cm in diameter, and the
volume of BCFs ranged between 1.5 and 40 ml. Occurrence
of cancer was always excluded by clinical, echographic,
mammographic and cytological examinations.
Women that had taken any hormonal medication for at
least 6 months prior to the study, or reporting pregnancy,
lactation or clinical symptoms concerning the breast within
3 years prior this study, as well as those who had been medically treated for breast diseases within 6 months prior to the
study, were excluded from the recruitment.
The different types of breast GCs were characterized and
classiﬁed as type I secretive apocrine or type II transudative
ﬂattened based on their Na+/K+ ratio, according to previous
classiﬁcation.1,3–5,16 Na+and K+ concentrations in BCFs
were measured by ﬂame photometry (Perkin Elmer), with
and without an internal standard at 589 and 776 nm, respectively.20 Log-normalized Na/K ratio values were employed
throughout the analysis to best separate the populations of
breast cysts.1,20
Heparan sulphate determination
BCFs were centrifuged at 19 000 g for 30 min at 4 °C and the
supernatants stored at 30 °C until assay. HS determination
was carried out by means of high-performance liquid chromatography (HPLC) with on-line ﬂuorescence detector and
electrospray ionization mass spectrometry (ESI-MS) as
described in.21,22 After extraction and puriﬁcation, HS
disaccharide mapping was performed after enzymatic treatment by using a cocktail of heparinases I, II and III.20,21
Released unsaturated disaccharides by the action of lyases
were ﬂuorotagged with 2-aminoacridone (AMAC) and
separated by HPLC-ﬂuorescence detector-ESI-MS.
Statistical analysis
All the assays were carried out in triplicate and the data
expressed as mean ± standard error of the mean. The highest
Cell Biochem Funct 2015; 33: 128–133.
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density interval (HDI) for the mean difference in each measurement on HS between ﬂattened and apocrine samples
was calculated using Bayesian estimation under the following assumptions: measurements are sampled from a
t-distribution of unknown and to be estimated normality
(i.e. degrees of freedom); high uncertainty on the prior distributions; the marginal distribution is well approximated by a
Markov chain Monte Carlo sampling with no thinning and
chain length equal to 100 000. The estimation was performed
using BEST 23 (the previous assumptions are reﬂected by the
default parameters). A difference in a measurement between
ﬂattened and apocrine is deemed signiﬁcant if the HDI for
the difference does not include zero.

RESULTS
A common strategy for the detailed structural analysis of HS
involves exhaustive enzymatic digestion with heparinases
able to reduce these biomolecules to its disaccharide building blocks that are then separated and quantiﬁed by analytical techniques.21,22 HS extracts puriﬁed from BCF samples
were treated with heparinases, heparin lyases, that catalyse
its β-eliminative cleavage, yielding eight main disaccharides
having a 4,5-unsaturated uronic acid residue at their nonreducing ends.21,22 The generated unsaturated disaccharides
by the enzymatic action were ﬂuorotagged with AMAC to
signiﬁcantly increase detection sensitivity and to improve
their resolution in HPLC (Figure 1). HS is generally found
to be constituted of a high percentage of non-sulphated
disaccharide IVA with an overall charge density of
~0.30–0.60 typical for this kind of biopolymers.21 Minor
yet not negligible percentages of other disaccharides,
monosulphated, disulphated and trisulphated in various
positions, are generally present inside the HS backbone.
These minor constituents may play an important role for
HS biological properties and represent speciﬁc markers of
diseases.24
Fifteen samples of type I secretive apocrine BCF and ten
samples of type II transudative ﬂattened BCF were analyzed
for HS concentration and disaccharide pattern (Table 1). No
signiﬁcant differences were observed for HS amount
between apocrine and ﬂattened BCF present in a content
of ~0.9–1.3 μg ml 1 (Table 1) even if we report a trend
towards a greater abundance for ﬂattened samples. The determination of the HS disaccharide pattern in the BCF samples allowed a quantitative evaluation and compositional
analysis of the main non-sulphated and variously sulphated
disaccharides. The percentage of non-sulphated N-acetylated
disaccharide IVA was found signiﬁcantly increased in
apocrine compared with ﬂattened BCF (+21.3%; Figure 2).
On the contrary, the speciﬁcally N-sulphated disaccharides,
species IVS and IIIS, were observed to decrease by ~67%
and ~25%, respectively (Figure 2). The ratio between nonsulphated N-acetylated IVA and N-sulphated IVS disaccharides explains 79% of the variation in the HS disaccharide
pattern between type I secretive apocrine and type II
transudative ﬂattened BCF samples, as revealed by principal
Copyright © 2015 John Wiley & Sons, Ltd.

Figure 1. High-performance liquid chromatography separation and ﬂuorimetric detection of the HS unsaturated disaccharides after derivatization
with 2-aminoacridone. A separation of eight standard disaccharides, a
sample representative of type I apocrine and one for type II ﬂattened BCF
is illustrated. IVA, ΔUA-GlcNAc. IIIA, ΔUA2S-GlcNAc. IIA, ΔUAGlcNAc,6S. IA, ΔUA2S-GlcNAc,6S. IVS, ΔUA-GlcNS. IIIS, ΔUA2SGlcNS. IIS, ΔUA-GlcNS,6S. IS, ΔUA2S-GlcNS,6S. ΔUA: unsaturated
uronic acid. GlcN: glucosamine. Ac: acetyl group. S: sulphate group

component analysis (Figure 1 in the supporting information).
Indeed, this ratio was signiﬁcantly increased in apocrine
compared with ﬂattened BCFs (13.5-fold vs 3.7-fold;
Figure 3). These results conﬁrm that HS in apocrine BCFs
is mainly constituted of non-sulphated N-acetyl groups as
opposed to ﬂattened BCFs, which are rich in N-sulphated
disaccharides. Finally, the charge density signiﬁcantly
decreases by about 30% in type I secretive apocrine vs type
II transudative ﬂattened BCFs (Figure 2), mainly because
of the observed differences in N-acetylated/N-sulphated
disaccharides.
Cell Biochem Funct 2015; 33: 128–133.
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Table 1. Total content and disaccharide composition (in %) of HS from
15 type I secretive apocrine and ten type II transudative ﬂattened

1

μg HS (ml BCF)
IVA (ΔUA-GlcNAc)
IIIA (ΔUA2S-GlcNAc)
IIA (ΔUA-GlcNAc,6S)
IA (ΔUA2S-GlcNAc,6S)
IVS (ΔUA-GlcNS)
IIIS (ΔUA2S-GlcNS)
IIS (ΔUA-GlcNS,6S)
IS (ΔUA2S-GlcNS,6S)
Charge density

Type I secretive
apocrine

Type II transudative
ﬂattened

0.89 ± 0.14
74.1 ± 1.7
3.4 ± 0.3
12.0 ± 1.0
0.1 ± 0.1
5.5 ± 0.5
1.5 ± 0.6
2.7 ± 0.3
0.6 ± 0.1
0.32 ± 0.02

1.32 ± 0.37
61.1 ± 2.3
4.9 ± 1.5
11.4 ± 0.9
0.1 ± 0.1
16.7 ± 1.6
2.0 ± 0.3
3.0 ± 0.4
0.8 ± 0.1
0.46 ± 0.02

Data are illustrated as means ± standard error.
The scheme illustrates the HS unsaturated disaccharides produced by the
action of heparin lyases. R may be an acetyl or sulphate group; R2 and R6
may be a sulphate group or H.
Charge density (the sulphate-to-carboxyl ratio) was calculated considering
the presence and the percentage of carboxyl and sulphate groups for each
disaccharide.
ΔUA = unsaturated uronic acid; GlcN = glucosamine; Ac = acetyl group;
S = sulphate group.
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DISCUSSION
HS and heparin have been shown to bind and regulate the activities of many proteins, such as enzymes, growth factors,
extracellular matrix (ECM) proteins and the cell surface proteins of pathogens.18,19,25 In turn, these interactions control
many biological processes such as cell signalling, morphogenesis in vivo, wound healing, cancer cell proliferation
and metastasis.17,26,27 Many cytokines and growth factors
contain speciﬁc sequences rich in lysine/arginine residues
able to interact with HS mediated by speciﬁc ionic binding.28
The HS macromolecules present in HSPGs bind both growth
factor ligands and receptors to form a ternary complex that
enhances signalling and can promote carcinogenesis.28 On
the contrary, a high local content of cell surface HSPGs can
decrease growth factor signalling complexes. Finally,
HSPGs located at the surface of cells can also be released
to enhance or suppress cell signalling and inﬂuence cancer
cell biology.28
Several studies have focused on the relationship between
HS structure and activity, and speciﬁc recognition required
by deﬁned sequences within the HS chain.17,18,28,29 Compared with type I apocrine BCFs, we observed a more
sulphated HS in type II ﬂattened BCF and in particular a
signiﬁcantly higher percentage of N-sulphate groups. Conversely, we observed a decrease in non-sulphated Nacetylated residues in the HS present in type I apocrine
ﬂuid. A more sulphated HS in ﬂattened BCF with

1

Figure 2. Boxplots of percentage for the eight different HS disaccharides (I-IVS and I-IVA) and total HS charge density and concentration (in μg ml ) in
type I apocrine versus type II ﬂattened BCF samples

Copyright © 2015 John Wiley & Sons, Ltd.
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Figure 3. The ratio between non-sulphated N-acetylated disaccharide
(IVA) and N-sulphated disaccharide (IVS) is signiﬁcantly higher in type I
apocrine BCF compared with type II ﬂattened BCF

speciﬁcally
N-sulphated
disaccharide/oligosaccharide
sequences can exert biologic activity by binding and regulating growth factors activity. On the other hand, we cannot
exclude that a yet unexplored regulation of the activity of
biomolecules present in apocrine BCF may require HS richer
in N-acetylated disaccharides/sequences. In fact, major
differences have been found for the two main subgroups of
gross breast cysts as demonstrated by a wide characterization
of different biochemical, morphological and hormonal
features.1 Type I secretive cysts are lined by apocrine
metabolically active epithelial cells able to produce a variety
of biomolecules, which accumulate within the cyst compartment. Type II transudative cysts are mainly characterized by
a biochemical composition similar to that found in plasma.
The different patterns of growth factors and active
biocompounds in the two types of cysts may therefore
require different regulation by speciﬁc sequences in the HS
backbone possessing speciﬁc structural characteristics and
distinctive chemical groups. In this regard, type I secretive
cysts are rich in EGF contrary to type II transudative showing
Copyright © 2015 John Wiley & Sons, Ltd.
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a high content of b-FGF, TGF and interleukin-4, interleukin6 and interleukin-8.1,9 It is worthy of mention that active HS
sequences able to bind to b-FGF with high afﬁnity are mainly
composed of N-sulphated disaccharides essential for the interaction30,31 and that HS-N-deacetylase/N-sulfotransferase
(NDST) able to catalyse both the HS N-deacetylation and
N-sulfation reactions modulates the activity of b-FGF by mediating its initial binding to HS.32 Additionally, effective
binding of FGF2 to its receptor requires the presence of HS
with N-sulphated domains localized at the cell surface and
ECM.33 On the other hand, N-sulphated HS displays a higher
afﬁnity than other GAGs for interleukin-4,34 and binding of
HS to interleukin-8 correlates with the necessary occurrence
of N-sulphated disaccharides.35 Finally, reduction of Nsulfation has been observed to attenuate PDGF binding
in vitro, leading to impaired PDGF signalling.36
Speciﬁc N-sulfation and total sulfation state of plasma HS
were signiﬁcantly found increased in patients having indirect lung injury,24 showing that the sulfation pattern of circulating HS varies according to inciting pulmonary insult.
In the two different types of cysts, HS may be produced
more N-acetylated (type I apocrine) or N-sulphated (type II
ﬂattened) by the differential tissue-speciﬁc action of NDST
enzymes able to produce and release in BCF HS polysaccharides having different structural microheterogeneity.
The different distributions of several molecules in the related types of GCs suggest that differential mechanisms are
involved in the transport of some biocompounds into the
cystic compartment, perhaps conditioning the evolution or
regression of a gross breast cyst. In this respect, HS with
its different structure and distinctive N-sulfation may act as
a speciﬁc modulator of the active BCF components. Although we were unable to directly demonstrate the effect
of different HS on BCF biomolecules (and growth factors)
because of the limited HS content available for in vitro assays after its extraction and puriﬁcation, our results support
a differential role of HS in regulating important processes
able to induce the onset and/or progression of benign lesions
to malignant transformation or spontaneous regression.1 In
fact, gross cystic disease and BC are hormonally induced
diseases,37 and growth factor proﬁles of BCF may indicate
the presence in breast tissue of a hormonal and proliferative
environment permissive to subsequent cancer growth.38 In
this respect, HS with its distinctive sulfation proﬁle may
play a key role in regulating growth factors activity.
Anyway, further studies are required to demonstrate the
diagnostic and prognostic importance of BCF HS in a relationship with GCBD and BC evolution.
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