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Introduction 

The clinical features of  polycystic ovary syndrome (PCOS) are 
comprised of  obesity, hirsutism and amenorrhea, with the pres-
ence of  pearly-appearing enlarged ovaries with multiple follicular 
cysts [1-2]. Both the initial description of  this syndrome and the 
diagnosis have continuously evolved; therefore, the pathogenesis 
is a source of  contradictions and theories [3-4]. These changes 

are due to the incorporation of  continuous improvements in the 
methods and techniques of  hormonal measurements as well as 
imaging methods, particularly vaginal ultrasound [5-7]. There is 
no consistent hormonal profile because the measurement of  cir-
culating hormones with the current analytical methods yields var-
ying results, which in many cases are difficult to interpret [8-10].

PCOS has multiple endocrine and metabolic implications that 
have created a multicausal approach in its pathophysiology. 
Among the multiple causes is the reported central nervous sys-
tem (CNS) involvement, with the control regulation center of  
gonadotropin-releasing hormone (GnRH), the pituitary with the 
gonadotrope and the portal system connected to the hypothala-
mus, the participation of  the insulin resistance complex and hy-
perinsulinemia with consequent hyperandrogenism status, degree 
of  obesity, the genetic component along the endocrine system 
and the involvement of  adrenal glands with late-onset congenital 
adrenal hyperplasia [11-14]. Because we are dealing with gonado-
tropins in this study, it is important to note the regulatory links 
between the CNS and the ovaries with their estrogen hormone 
production [15,16]. Gonadotropins are synthesized and secreted 
by specialized cells called gonadotropes, which are found in the 
anterior pituitary and synthesize both FSH and LH [17,18]. It is 
known that the molecular forms of  gonadotropins can vary in 
relation to hormonal status that predominates at each stage of  
life and typically correspond to changes in estrogen levels during 
physiological conditions such as puberty and the ovarian cycle, 
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indicating that the FSH pleomorphism is a hormonally regulated 
phenomenon [19]. The clinical manifestation of  this is that cir-
culating FSH and LH have greater biological activity when they 
have incorporated a smaller amount of  sialic acid. On the other 
hand, they have a longer half-life when they have incorporated a 
larger amount of  sialic acid due to the protection offered to the 
molecule and thus have a prolonged biological effect. Thus, iso-
forms with less sialization are more potent than strongly sialized 
forms to induce proliferation of  granulose cells and to prevent 
follicular atresia [20,21], this could have some participation in the 
formation of  the ovarian cysts for regression lack due to a bigger 
sialization of  the gonadotropins. The aim of  this study was to as-
sess whether the presence of  ovarian cysts is related to changes in 
glycosylation of  pituitary gonadotropins.

Materials and Methods

We included women of  reproductive age (between 18 and 35 
years) who were seen at the Obstetrics and Gynecology Hospi-
tal 3-A of  the IMSS. We performed a nested case-control cohort 
study with a total of  40 patients. The case group was comprised 
of  20 patients who received combination therapy of  chlormadi-
none at doses of  2 mg daily and metformin 850 mg at day [22,23]
for a 6-month period, and there was no regression or disappear-
ance of  the cyst, with final resolution using the surgical approach 
for risk of  torsion, pelvic pain or pelvic inflammatory disease. 
The other group consisted of  20 patients who also received the 
treatment regimen established in the first group but who showed 
regression of  the ovarian cyst. A blood sample was taken from all 
patients to determine hormone levels and percentage of  glyco-
sylation of  gonadotropins during the period of  opsomenorrhea 
and again to the sixth cycles of  treatment with PCOS. Transvagi-
nal ultrasound was performed under established ultrasonographic 
criteria to determine the likelihood of  benign ovarian cyst. This 
study was repeated every month to measure the speed of  regres-
sion or growth or to stage size and characteristics of  the cyst. 
In this manner, the data allowed for definition of  satisfactory or 
unsatisfactory treatment response. When surgical intervention 
was necessary, preoperative examinations were performed along 
with surgical case review and cardiovascular and anesthesiology 
preoperative evaluation. All patients in this group were operated 
on by the same team from the gynecological endocrinology ser-
vice. This was done in order to standardize laparoscopic excision 
procedure to reduce surgical damage and to obtain completely 
the cyst for intraoperative histopathological diagnosis to verify the 
nature of  the cyst in each surgery, with subsequent follow-up care 
until resolution of  their surgical procedure. All patients received 
a letter of  informed consent explaining the motives for the study, 
its objectives, scope, benefits and risks, making resolution of  the 
pathology a priority for medical treatment.

Hormonal blood determinations were carried out in the Unit of  
Endocrine Diabetes and Metabolism Research of  the National 
Medical Center, Specialty Hospital in Mexico City. We used the 
technique previously described [24-26], using concanavalin-A 
(Con-A) in glass columns (0.6 x 15 cm) containing 2.5 ml of  im-
mobilized lectin gel (ConA conjugated to Sepharose 4B, Sigma, 
St. Louis, MO) equilibrated with Con-A buffer (Tris-HCl 50 mM, 
pH 7.4, containing NaCl 0.5 M, MgCl2 1 mM, CaCl2 1 mM, MnCl2 
1 mM). Con-A allows separation of  gonadotropin molecular 
forms into three fractions according to their degree of  glycosyla-
tion: 1) forms that bind firmly to the lectin (FB), 2) forms that 
bind weakly to lectin (WB) and 3) molecular forms unbound to 

lectin (UB).
The elusions containing FB, WB and UB gonadotropin isoforms 
were concentrated using Centriprep membranes (Amicon, Bev-
erly, MA). In each were determined FSH and LH concentrations 
by chemiluminescence assay using an automated system (Immu-
lite, Diagnostic Products, Los Angeles, CA). The whole procedure 
was conducted at 4°C [27-28]. This method has a sensitivity of  0.7 
mIU/mL for LH and 0.1 mIU/mL for FSH with an intra- and 
inter-assay coefficient of  variation of  2.7 and 6.7% for LH, 2.8 
and 3.7% for FSH, respectively.

Statistical Analysis

Simple frequencies and measures of  central tendency and disper-
sion were used to describe the molecular isoforms of  the gon-
adotropins. For between-group comparisons, two-way analysis 
of  variance (ANOVA) was used, where way one represented the 
study group and way two represented changes in molecular iso-
forms. Data are expressed as mean±SD. Differences were consid-
ered statistically significant if  p < 0.05.

Results

Characteristics of  women enrolled at the moment of  PCOS di-
agnosis, and at the end of  the treatment are shown in table 1 as 
responder and no-responders. The molecular isoforms of  FSH 
determined at time of  diagnosis of  PCOS (basal) showed a dis-
tribution pattern described as normal in young women [29], with 
predominance of  molecular forms UB to lectin by its low content 
of  glycosylation with a decline in the rest of  the glycoforms WB 
and FB. In women who persisted with ovarian cysts despite medi-
cal treatment, there was an increase in the FB fraction, with forms 
with a high content of  glycosylation that showed a statistically 
significant difference (p <0.05) when compared with women who 
responded to the administered treatment. In these women, the 
distribution profile of  glycoforms was observed to be similar to 
that obtained in the baseline measurement, albeit with different 
percentages of  distribution. This may be interpreted as a lack of  
progression in abnormal changes in glycosylation of  gonadotro-
pins (Figure 1).

Baseline determination of  LH showed an ascending distribu-
tion profile with a predominance of  isoform FB bound to lectin, 
which is also considered as a normal distribution in women with 
regular menstrual cycles. When comparing the distribution of  iso-
forms in women who persisted with ovarian cysts, there was a 
lower percentage observed of  WB forms (p <0.05), which have 
an intermediate amount of  glycosylation. This was consequently 
reflected in an increase in the FB forms compared with baseline 
measurements and in women who responded to the administered 
treatment because both profiles show a similar distribution but 
with different isoforms percentages (Figure 2).

Discussion

In the determination of  both gonadotropins, minimal changes 
were observed in the distribution profile, which may be based on 
a process of  hormonal dysregulation. It was seen only in women 
with persistence of  ovarian cysts and may be interpreted as a lack 
of  progress towards the changes in the distribution of  glycoforms 
observed in women who responded to treatment.

These results provide the characteristics of  a clinical profile asso-
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Figure 1. Fractions of  each of  the FSH isoforms are shown, where the baseline measurement shows the profile found in the 
total of  patients with predominance of  the isoform UB to lectin. After 6 months of  treatment of  patients who persisted with 

polycystic ovary syndrome (PCOS), an increase of  the FB isoform (p <0.05) was observed. In patients who responded to 
treatment, the profile of  isoforms had a similar distribution to that observed at baseline.

UB unbound; WB weakly bound, FB firmly bound.
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Table 1. Demographic features and hormonal changes of  the women enrolled at baseline and at the sixth cycles of  treat-
ment with polycystic ovary syndrome (mean ± SD)

No Responders (n=20) Responders (n=20)
   p

    Baseline 6th cycle     Baseline 6th cycle
Age (years) 24.6±5.9     ---- 26.5±5.2     ---- NS
Menarche (years) 12.6±0.9     ---- 11.9±0.6     ---- NA
BMI (Kg/m2) 27.2±6.3 27.2±2.1 26.9±6.8 26.2±3.4 NS
Ovarian follicles 11.1±1.1 11.4±0.1 12.1±2.1 4.2±2.3 <0.01
FSH (mIU/ml) 6.9±2.4 6.8±2.2 6.1±4.2 5.2±2.1 <0.05
LH (mIU/ml) 8.3±6.1 7.9±5.2 7.3±5.2 5.6±3.2 <0.05
Estradiol (pmol/L) 105.8±58.2 115.7±46.5 122.9±46.4 162.8±62.3 <0.05
Testosterone (ng/dl) 79.8±28.6 73.1±22.3 57.4±22.1 37.6±12.5 <0.05
Prolactin (ng/ml) 14.6±8.2 13.6±6.1 12.2±4.6 11.6±6.3 NS
DHEA-S (ng/ml) 3236±647.3 3086±826.7 2546±866.2 1672±548.2 <0.05
SHBG (nmol/ml) 49.3±23.2 53.8±36.4 40.6±24.1 36.8±21.6 NS
TC (mg/dl) 190.2±28.6 184.9±33.2 190.7±29.8 172.5±23.6 <0.05
HDL-C (mg/dl) 40.3±4.3 47.3±3.7 51.4±4.8 54.7±4.1 <0.05
LDL-C (mg/dl) 121.2±32.2 122.4±34.9 120.6±23.4 118.6±26.2 NS
TG (mg/dl) 208.1±18.2 183.8±22.3 212.7±14.8 124.5±10.8 <0.05

BMI, body mass index. FSH, follicle stimulating hormone.  LH, luteinizing hormone. DHEA-S, dehydroepiandrosterone-sulphate.  
SHBG, sex hormone-binding globulin.  TC: total cholesterol.  HDL-C: high-density lipoprotein cholesterol. LDL-C: low-density lipo-

protein cholesterol.  TG: triglycerides.  NS, not significant.  NA, not applicable.

Figure 2. Distribution of  LH glycoforms shows that women who persisted with PCOS had a decrease in the WB isoform (p 
<0.05) to lectin and thus an increase in the FB fraction, causing a different distribution pattern than observed in the base-

line compared to the sixth cycles of  treatment with PCOS.
UB unbound, WB weakly bound, FB firmly bound.
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ciated with a hormonal profile in blood serum showing involve-
ment of  the isoforms of  gonadotropin on ovarian functional 
changes. This affords the opportunity to establish new diagnostic 
criteria for intervention and medical hormonal management, in-
cluding expectant management. 

Knowledge of  the degree of  involvement of  glycosylation al-
lows us to provide additional insights into the pathophysiology of  
PCOS and useful results to initiate other lines of  research on cell 
bioactivity and hormonal expression at the systemic level to pro-
vide insights into the inhibin-activin-follistatin way, leading to a 
better understanding of  the causation of  PCOS. It is well known 
that these qualitative changes are regulated by estrogen and oligo-
saccharides incorporated into the glycoprotein hormones, impor-
tant to some unique aspects of  hormonal function [30].

These are transcendent changes because granulose cells are target 
cells for FSH action and are only the type of  cells expressing the 
FSH receptor. In the ovary, FSH regulates the function of  granu-
lose cells including development and selection of  ovarian folli-
cles, oocyte maturation and, together with LH, the ovulatory pro-
cess [31,32]. Activation of  protein receptors initiate a cascade of  
events that are amplified in each of  the relay signals from the way 
of  communication and culminate in a highly sensitive and specific 
cellular response [33]. In addition to steroid hormones, follicular 
fluid also contains a glycoprotein hormone, inhibin, which is pro-
duced by granulose cells. The effect of  inhibin is the suppression 
of  FSH but does not affect LH production. It is believed that the 
suppression of  other follicles is the result of  inhibin produced 
by the active and dominant follicle. In this regard, inhibin may 
also be related with the process of  follicular atresia. Increase in 
circulating estrogens 24 h prior to ovulation initiates the sudden 
increase in LH that causes ovulation. At 40 years of  age, FSH 
levels begin to rise, even in women who ovulate regularly due to 
altered ovarian response or a decreased production of  inhibin 
that inhibits FSH but not LH [33,34]. Aside from the inhibins, 
ovarian follicular fluid also contains substances called activins 
that can stimulate pituitary FSH secretion. In general, the actions 
of  inhibin and activin are opposite to each other. The presence 
of  a protein fraction that specifically suppresses pituitary FSH 
secretion, called follistatin, has also been noted, which probably 
depends on the degree of  glycosylation of  the polypeptide chain 
[35,36]. However, the mechanisms of  action of  activin and fol-
listatin have not yet been well studied. Also, the ability of  different 
isoforms of  FSH to induce accumulation of  cAMP in cultured 
mouse cumulus-oocyte-complexes has been evaluated, were the 
results demonstrate that FSH isoforms more acidic induced sig-
nificant biological responses and that prolonged exposure caused 
attenuated signal transduction, what represents in the context of  
the pulsatile characteristics of  FSH release from the pituitary and 
the half-life of  less acidic isoforms possess important physiologi-
cal functions during the periovulatory period [37]. Recently, has 
been described that in the ovaries of  polycystic ovary syndrome 
patients, epimerase activity is enhanced, leading to a local myo-in-
ositol deficiency which in turn is responsible for the poor oocyte 
quality, caused by the depletion of  this FSH second messenger 
[38], settling down the resistance of  the ovary to respond to FSH, 
that will eventually lead to the disbalance observed in our results.
Using Sephadex-gel chromatography, gonadotropins of  women 
with normal ovulatory cycles were analyzed, noting changes in 
the predominant molecular forms at different stages of  the cycle. 
There is a heterogeneous distribution in women with anovulation, 

demonstrating the importance of  the gonadotropins isoforms to 
trigger the cyclical ovulation process and therefore, maintain an 
ovulatory state [39].

Multiple therapeutic options for the treatment of  ovarian cysts 
have been applied, but with little consistency in most cases. In 
addition, with this present pattern of  glycoforms in our results 
we could have a parameter that indicates which patient with ovar-
ian cyst, should have good answer to the treatment in terms of  
favorable prediction. In many of  these women, total or partial 
resection of  the ovary is carried out as a treatment of  last resort. 
In order to reconcile the different views of  the characteristics of  
PCOS, it has been proposed that the core components are the oc-
currence of  an anovulatory state with a complex clinical features 
of  hyperandrogenism. This establishes a broad construct and 
leaves obesity and morphological characteristics of  the ovaries as 
simple nonspecific aggregates whose absence does not exclude 
this diagnosis [6,7]. Thus, the use of  molecular biology has helped 
establish the characteristics of  the interaction of  FSH with its 
receptor. Therefore, identification of  signal translation is impor-
tant to extend it and apply it to the clinical area. It may enable 
the development and production of  a variety of  potentially useful 
analogues or antagonists to regulate exogenous gonadal function.
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