
Introduction

During the menstrual cycle, both the breast epithelium and

stroma undergo morphologic, biochemical, and functional

changes under the influence of sex hormones. Both tissues

are more active during the luteal phase of the menstrual cycle

[1-6]. Interlobular edema and ductal and acinar proliferation

in this phase of the cycle are responsible for the increase in

breast volume related to cyclical mastalgia (breast pain). The

cyclical changes at the cellular level in the breast are associ-

ated with hormonal changes during the follicular and luteal

phases of the menstrual cycle and are largely the result of

changes in the extracellular matrix [7].

The extracellular matrix is a complex structure that sur-

rounds and supports the cells to maintain an organized tis-

sue structure. The extracellular matrix is closely related to

cell growth, movement, and differentiation, and it controls

the shape and function of tissues through receptors in cell

surface [8]. Among several components of the extracellular

matrix, proteoglycans (PGs), and glycosaminoglycans

(GAGs) form a hydrophilic semi-fluid gel that allows the

circulation of nutrients, hormones, and several chemical

messengers [9]. Proteoglycans are macromolecules com-

posed of a protein axis to which one or more GAG chains

are covalently bound. Due to the presence of its sulfate and

carboxyl groups, GAGs possess many negative charges that

determine their functional properties, dictating the selective

permeability of the basal membrane and the hydration of the

extracellular matrix [10,11]. The objective of the study was

to assess the PGs and GAGs in the extracellular matrix of

breast tissue in different phases of the menstrual cycle.

Materials and Methods

Selection of patients, tissue samples, metabolic labeling of PGs
with 35S-sulfate, and extraction of PGs and GAGs

Thirty-one eumenorrheic women between the ages of 15 and

35 years were prospectively selected for the study. The partici-

pants had not used any hormonal contraceptives during the past

six months and exhibited benign breast nodules confirmed by fine

needle aspiration. Patients with endocrinopathies and those who

were pregnant were excluded from the study.

During the surgical procedure to remove the nodules, fragments

of adjacent breast tissue were removed for the study. The regu-

larity of both the breast tissue and nodules were confirmed by

histopathological testing. Two patients were excluded due to

histopathological changes, and one patient was excluded due to

difficulty in characterizing the menstrual cycle phase of the pa-

tient. Therefore, 28 patients were divided into two groups ac-

cording their menstrual cycle phase. Dates of the previous period,
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subsequent period, and serum dosage of progesterone determined

the cycle phase. Levels of serum progesterone equal or higher

than three ng/ml defined the luteal phase [12]. Group A, which

had 15 patients, represented samples collected during the follicu-

lar phase, and group B, with 13 patients, represented samples col-

lected during the luteal phase.

Samples of regular breast tissue from follicular and luteal

phases of the menstrual cycle obtained immediately after surgery

were washed with five ml of PBS containing gentamicin (four

mg/ml)and subsequently placed in culture bottles containing ten

ml of F12 culture medium with no fetal bovine serum in the pres-

ence of 35S-sulfate (50 µCi/ml of medium), 100 µl of penicillin

(10,000 U) and streptomycin (100 mg) antibiotic solution.The tis-

sues were maintained in primary culture for 24 hours at 37°C in

a CO2 incubator. After this period, the medium was removed, and

two volumes of methanol were added under agitation and main-

tained for 18 hours at -20ºC. The resulting precipitate was col-

lected by centrifugation (1,300 X g, 15 minutes), dried, and

resuspended in one ml of distilled water for further analysis. Pro-

teoglycans and glycosaminoglycans were extracted from two

pieces of removed tissue. 

Characterization of PGs and GAGs
The extracted PGs and GAGs (labeled or not with 35S-sulfate)

were characterized by a combination of agarose gel electrophore-

sis, polyacrylamide gel electrophoresis, immunoblotting, and

degradation with specific mucopolysaccharides. 

PGs and GAGs were analyzed by agarose gel electrophoresis in

a 1,3-diaminopropane acetate buffer 0.05 M, pH 9.0 (PDA), de-

veloped by Jaques et al. [13] and modified by Dietrich and Diet-

rich [14]. 

Enzyme degradation with specific mucopolysaccharides (con-

droitinases AC, B) [15, 16] and heparitinase II [17] from

Flavobacterium heparinum) were performed according to estab-

lished methods [18, 19]. 

Quantification of 35S-sulfate labeled PGs and GAGs
Quantification of the radioactive compounds was performed by

radioactivity count with scintillation cocktail. The electrophoresis

gel bands in agarose or the radioactive chromatograms, identified

by radioautogram, were removed, immersed in the scintillation

cocktail, and radioactivity was quantified in the scintillation

counter. Radioactivity in each sample was expressed as counts per

minute (cpm). 

Immunofluorescence
To understand tissue architectural changes, it is necessary to

understand the location, distribution, and interaction with other

extracellular matrix components. Thus, to analyze the distribution

of PGs, the authors used immunofluorescence with anti-decorin

and anti-versican monoclonal antibodies.

Statistical analysis
Student’s t-test (software JMP 8 Statistical Discovery) was used

to analyze the variables, with a level of significance of 5% (p <

0.05).

Results

Patients were between 16 and 35 years of age. The aver-

age age of patients in group A (first phase of the cycle) was

22.27 ± 1.35 years of age, and the average age in group B

(second phase of the cycle) was 24.69 ± 1.63 years of age,

demonstrating homogeneity between the groups. To evalu-

ate PGs and GAGs in normal breast tissue, PGs and GAGs

were extracted at greater than 90% yield, which was possi-

ble in only 12 cases due to the lack of material obtained for

analysis without use of metabolic labeling. The quantifica-

tion of PGs and GAGs was performed by slide densitome-

try. The average PG concentration in the follicular phase

was 27.2 (± 3.6) μg/g of dry tissue and 43.6 (± 3.7) μg/g of

dry tissue in the luteal phase. The average concentration of

GAG in the first phase of the cycle was 1.2 (± 0.3) μg/g of

dry tissue and 3.2 (± 0.9) μg/g of dry tissue in the second

phase of the menstrual cycle. Student’s t-test demonstrated

that the differences observed between concentrations of

PGs in normal breast tissue in follicular and luteal phases

were statistically significant (p < 0.01). PG concentrations

exhibited a mild initial increase during the proliferative

phase, a decrease around the 14th day, a new increase dur-

ing the luteal phase, and a decrease at the end of the men-

strual cycle (Figure 1).

The GAGs identified by agarose gel electrophoresis in-

cluded dermatan sulfate and heparan sulfate. Immunoblot-

ting identified the PG decorin. Figure 2 shows the

immunolocation of decorin (green) and versican (red) in

normal breast tissue during the follicular and luteal phases.

The cells nuclei are marked in blue. Only decorin staining

was positive in both phases of the menstrual cycle, with

higher concentrations in the breast lobes. Specifically, con-

centrations were highest in the intralobular stroma, where

there is higher concentration of cells, and concentrations

were lowest in the interlobular stroma.

Discussion

Several studies in literature consistently describe paral-

lel changes in the menstrual cycle and breast lobular ki-

netics, reporting relative inactivity during the follicular

phase and more intense cell proliferation during the luteal

Figure 1. — Individual data of PG concentrations in regular breast

tissue during the menstrual cycle.
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Figure 3. — Proposed explanatory model for the origination of cyclical mastalgia (breast pain).

Figure 2. — Immunofluorescence microscopy of the PGs decorin and versican from normal breast tissue in the proliferative and luteal

phases of the menstrual cycle. (A) DAPI (nucleus); (B) decorin; (C) versican; (D) image superposition. Scale bar: five μm.
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phase. Proliferative activity reaches its peak around the

25th day of the cycle, simultaneous with the progesterone

peak and the second increase in estrogen [1-4]. Thus,

changes in the proliferative activity of the breast lobe cor-

respond perfectly to the hormonal curve of estradiol and

progesterone. 

Few studies in the literature describe the effect of sex hor-

mones on the extracellular matrix of female breast tissue,

and the understanding and importance of extracellular ma-

trix changes has only recently been appreciated.

Some animal studies report a possible synergistic effect

between sex hormones and GAG synthesis [20]. Further, the

breast stroma rich in extracellular matrix expresses hor-

monal receptors. These findings have motivated the present

authors to study the effect of female sex hormones on the

synthesis of PGs and GAGs in female breast tissue. More-

over, the pathophysiology of mastalgia, a frequent complaint

in the clinical practice, is likely affected by its relationship

with hormonal changes during the menstrual cycle, although

the relationship remains to be fully elucidated.

Data obtained from the present study demonstrate a sig-

nificant increase in the concentration of the PG decorin in

the intralobular stroma during the luteal phase. The GAGs

dermatan and heparan sulfate were also observed and

tended to be elevated during the second phase of the cycle.

Thus, sex hormones may influence PGs and GAGs, given

that their concentrations and rate of synthesis change dur-

ing the menstrual cycle.

The GAGs present in PGs exhibit a large anionic charge

due to their sulfate and carboxyl groups. Therefore, these

molecules attract a cloud of cations, mainly sodium. By os-

mosis, water is brought into the extracellular matrix, form-

ing a gel. This mechanism could explain the common breast

edema in the pre-menstrual phase and the consequent breast

pain during this period.

The prevalence of breast pain is variable, according to

different studies, and affects approximately 70% of women

[21]. In less severe cases, the initial clinical approach in-

volves verbal instructions to differentiate this pain from that

of breast cancer, and the problem is resolved in approxi-

mately 85% of cases [22].

Drug treatment is only used in severe and incapacitating

cases of breast pain. The literature reports a large number

of drug treatment options, and placebo treatment itself ex-

hibits a response rate of 19% in clinical trials [23]. Tamox-

ifen and danazol are highly effective, but their numerous

side effects lead to low treatment compliance. 

The present study proposes an explanatory model for

cyclical mastalgia pathophysiology, as shown in the algo-

rithm in Figure 3. Furthermore, these results may initiate a

line of research to identify effective drugs to treat mastal-

gia, including dinoprostone (prostaglandin E2) and miso-

prostol (synthetic prostaglandin E1 analog), which exhibit

proven activity on the extracellular matrix of other sites,

such as the cervix [24-30].

References

[1] Nazário A.C., De Lima G.R., Simões M.J., Novo N.F.: “Cell ki-

netics of the mammary lobule during the proliferative and secre-

tory phase of the menstrual cycle”. Bull Assoc. Anat. (Nancy),
1995, 79, 23. 

[2] Fanger H., Ree H.J.: “Cyclic changes of human mammary gland

epithelium in relation to the menstrual cycle - an ultrastructural

study”. Cancer, 1974, 34, 574.

[3] Ferguson D.J.P., Anderson T.J.: “Morphological evaluation of cell

turnover in relation to the menstrual cycle in “resting” human

breast”. Br. J. Cancer, 1981, 44, 177.

[4] Going J.J., Anderson T.J., Battersby S., MacIntyre C.C.: “Prolif-

erative and secretory activity in human breast during natural and

artificial menstrual cycles”. Am. J. Pathol., 1988, 130, 193.

[5] Navarrete M.A., Nazário A.C.P., Simões M.J., Baracate E.C., De

Lima G.R.: “Morphometric analysis of fibroblasts of the mam-

mary lobular stroma during the follicular and luteal phases of the

menstrual cycle”. Morphologie, 1998, 82, 7. 

[6] Zeppa R.: “Vascular response of the breast to estrogen”. J. Clin.
Endocrinol. Metab., 1969, 29, 695. 

[7] Vogel P.M., Georgiade N.G., Fetter B.F., Vogel F.S., McCarty K.S.

Jr.: “The correlation of histologic changes in the human breast

with the menstrual cycle”. Am. J. Pathol., 1981, 104, 23. 

[8] Horwitz A.F., Thiery J.P.: “Cell-to-cell contact and extracellular

matrix”.Curr. Opin. Cell. Biol., 1994, 6, 645.

[9] Gumbiner B.M.: “Cell adhesion: the molecular basis of tissue ar-

chitecture and morphogenesis”. Cell, 1996, 84, 345.

[10] Jackson R.L., Busch S.J., Cardin A.D.: “Glycosaminoglycans: mo-

lecular properties, protein interactions, and role in physiological

processes”. Physiol. Rev., 1991, 71, 481. 

[11] Kjellén L., Lindahl U.: “Proteoglycans: structures and interac-

tions”. Ann. Rev. Biochem., 1991, 60, 443. 

[12] Israel R., Mishell D.R. Jr., Stone S.C., Thorneycroft I.H., Moyer

D.L.: “Single luteal phase serum progesterone assay as an indica-

tor of ovulation”. Am. J. Obstet. Gynecol., 1972, 112, 1043. 

[13] Jaques L.B., Ballieux R.E., Dietrich C.P., Kavanagh L.W.: “A mi-

croelectrophoresis method for heparin”. Can. J. Physiol. Phar-
macol., 1968, 46, 351. 

[14] Dietrich C.P., Dietrich S.M.: “Electrophoretic behaviour of acidic

mucopolysaccharides in diamine buffers”. Anal. Biochem., 1976,

70, 645.

[15] Michelacci Y.M., Dietrich C.P.: “Isolation and partial characteri-

zation of an induced chondroitinase B from Flavobacteriumhep-

arinum”. Biochem. Biophys. Res. Commun., 1974, 56, 973.

[16] Aquiar J.A., Lima C.R., Berto A.G., Michelacci Y.M.: “An im-

proved methodology to produce Flavobacterium heparinum chon-

droitinases, important instruments for diagnosis of diseases”.

Biotech. Appl. Biochem., 2003, 37, 115.

[17] Nader H.B., Porcionatto M.A., Tersariol I.L., Pinhal M.A.,

Oliveira F.W., Moraes C.T., Dietrich C.P.: “Purification and sub-

strate specificity to heparitinase I and heparitinase II from

Flavobacterium heparinum. Analysis of the heparin and heparan

sulfate degradation products by 13C NMR spectroscopy”. J. Biol.
Chem., 1990, 265, 16807.

[18] Cássaro C.M., Dietrich C.P.: “Distribution of sulfated mu-

copolysaccharides in invertebrates”. J. Biol. Chem., 1977, 252,

2254.

[19] Hadad S.J., Michelacci Y.M., Schor N.: “Proteoglycans and gly-

cosaminoglycans synthesized in vitro by mesangial cells from

normal and diabetic rats”. Biochim. Biophys. Acta, 1996, 1290,

18. 

[20] Sunil N., Srinivasan N., Aruldhas M.M., Govindarajulu P.: “Im-

pact of oestradiol and progesterone on the glycosaminoglycans

and their depolymerizing enzymes of the rat mammary gland”.

Acta Physiol. Scand., 2000, 168, 385. 

[21] Leinster S.J., Whitehouse G.H., Walsh P.V.: “Cyclical mastalgia:

clinical and mammographic observations in a screened popula-

tion”. Br. J. Surg., 1987, 74, 220. 



Assessment of quantitative and qualitative changes of proteoglycans and glycosaminoglycans in normal breast tissue during the follicular etc.604

[22] Barros A.C., Mottola J., Ruiz C.A., Borges M.N., Pinotti J.A.: “Re-

assurance in the treatment of mastalgia”. Breast J., 1999, 5, 162.

[23] Gateley C.A., Mansel R.E.: “Management of cyclical breast pain”.

Br. J. Hosp. Med., 1990, 43, 330.

[24] Barrilleaux P.S., Bofill J.A., Terrone D.A., Magann E.F., May W.L.,

Morrison J.C.: “Cervical ripening and induction of labor with miso-

prostol, dinoprostone gel, and a Foley catheter: a randomized trial

of 3 techniques”. Am. J. Obstet. Gynecol., 2002, 186, 1124.

[25] Winkler M., Rath W.: “Changes in the cervical extracellular matrix

during pregnancy and parturition”. J. Perinat. Med., 1999, 27, 45.

[26] Straach K.J., Shelton J.M., Richardson J.A., Hascall V.C., Mahen-

droo M.S.: “Regulation of hyaluronan expression during cervical

ripening”. Glycobiology, 2005, 15, 55.

[27] Shetty A., Martin R., Danielian P., Templeton A.: “A comparison of

two dosage regimens of oral misoprostol for labor induction at term”.

Acta Obstet. Gynecol. Scand., 2002, 81, 337.

[28] Ferguson J.E. 2nd, Head B.H., Frank F.H., Frank M.L., Singer J.S.,

Stefos T., Mari G.: “Misoprostol versus low-dose oxytocin for cer-

vical ripening: a prospective, randomized, double-masked trial”. Am.
J. Obstet. Gynecol., 2002, 187, 273.

[29] Denguezli W., Trimech A., Haddad A., Hajjaji A., Saidani Z., Faleh

R., Sakouhi M.: “Efficacy and safety of six hourly vaginal miso-

prostol versus intracervical dinoprostone: a randomized controlled

trial”. Arch. Gynecol. Obstet., 2007, 276, 119.

[30] Calder A.A., Loughney A.D., Weir C.J., Barber J.W.: “Induction

of labour in nulliparous and multiparous women: a UK, multicen-

ter, open-label study of intravaginal misoprostol in comparison

with dinoprostone”. BJOG, 2008, 115, 1279.

Address reprint requests to:

J.A. DOS SANTOS Jr., M.D.

Rua Governador Joca Pires, 1535

Apto 802 – Bairro Fátima

CEP 64048-210 – Teresina – Piauí

São Paulo (Brazil)

e-mail: Jrari@ig.com.br


