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Soluble CD40 ligand and PCOS

Soluble CD40 ligand (sCD40L) may be a predictive marker of vascular 
endothelial damage in lean and obese women with PCOS

Abstract
Aim: Soluble CD40 ligand (sCD40L) is a transmembrane protein that leads to endothelial damage and the 
emergence of vascular diseases. This study was designed to detect the change in serum sCD40L levels in 
women with PCOS without obvious cardiac pathology.
Material and Methods: A total of 60 patients, including 40 PCOS patients without overt heart disease and 20 non-
PCOS healthy controls, were included in the study. ECG and, if necessary, echocardiography were performed to 
investigate the presence of cardiac pathologies. The PCOS patients were divided into two subgroups according 
to their BMI values. Group 1: normal/lean PCOS (n=20), Group 2: overweight PCOS (n=20). Patients with a BMI of 
18.5-24.9 kg/m2 were considered normal or underweight. Those with a BMI of 25.0-29.9 kg/m2 were considered 
obese. sCD40L levels in venous blood samples were measured with ELISA.
Results: The serum sCD40L values of the obese PCOS group were higher than in both the lean PCOS and the 
control groups. Lean PCOS group had a higher serum sCD40L value than the control group. The serum LH value 
in the obese PCOS group was significantly higher than in the patients in both the lean PCOS and control groups. 
Serum testosterone levels of the participants in the lean and obese PCOS group were significantly higher than 
in the control group. The HOMA-IR value in the obese group was significantly higher than in both the lean PCOS 
and control groups. A positive and significant correlation was found between serum sCD40L, BMI and LH levels 
in both lean and obese PCOS groups. Similarly, a positive and significant correlation was found between serum 
testosterone, HOMA-IR and serum sCD40L values in both lean and obese PCOS groups. 
Discussion: The significant increase in sCD40L in both lean and obese PCOS patients without obvious 
cardiovascular disease suggests that it can be used as a marker of endothelial damage.
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Introduction
Soluble CD40 ligand (sCD40L) is a transmembrane protein that 
participates in the formation of inflammatory reactions, causes 
endothelial damage and paves the way for the emergence of vascular 
diseases. sCD40L is an important member of the tumor necrosis factor 
family responsible for inflammation. In particular, sCD40L contributes 
to the development of systemic vascular inflammation by regulating 
the release of cytokines responsible for inflammation. sCD40L 
mediates endothelial damage by causing the migration of monocytes 
and leukocytes to the site of inflammation [1,2]. The majority of sCD40L 
is secreted by activated platelets. Increased serum sCD40L levels 
have been associated primarily with endothelial damage, followed 
by atherosclerosis, and ultimately with coronary artery disease and 
myocardial damage [3,4].
Polycystic ovary syndrome (PCOS) is the most frequent endocrine 
pathology, presented by chronic low-grade inflammation. The syndrome 
is defined by the presence of at least two criteria for hyperandrogenism: 
oligo-anovulation and polycystic ovarian morphology. As these criteria 
are expressed differently in different phenotypes, at least four PCOS 
phenotypes can be identified. In addition to its acute effects due to 
subfertility, obesity, androgen elevation and insulin resistance, its long-
term sequelae have made PCOS a common disease that requires early 
diagnosis and treatment [5,6]. It is a risk group for PCOS in terms of 
metabolic syndrome. The increase in metabolic syndrome parameters 
such as hypertension, dyslipidemia, endothelial dysfunction and 
vascular thrombosis puts PCOS patients at risk for cardiovascular 
events.
The rise in serum brain natriuretic peptide levels in PCOS patients with 
asymptomatic heart disease compared to healthy controls suggests 
that PCOS accompanies subclinical cardiac pathologies [7]. However, 
a strong serum marker that predicts endothelial damage in PCOS 
patients followed up with subfertility has not yet been discovered. The 
fact that sCD40L is a trigger of inflammatory reactions that initiate 
endothelial damage and atherosclerosis may lead to the emergence 
of long-term sequelae in PCOS patients. This study was designed to 
detect the change in serum sCD40L levels in patients with PCOS and no 
obvious cardiac pathology.

Material and Methods
A total of 60 patients, including 40 PCOS patients without overt heart 
disease and 20 non-PCOS healthy controls, were included in the 
study. Participants were chosen from the patients who consulted  
at Gözde Akademi Hospital Gynecology outpatient clinic between 
January 2022 and December 2022. Those who met at least two of 
the following revised Rotterdam criteria were considered PCOS: (i) 
hyperandrogenism, (ii) oligo-anovulation and (iii) polycystic ovarian 
morphology. For the presence of hyperandrogenemia, in addition to the 
clinical findings of hirsutism, elevated serum testosterone levels were 
also examined. For the diagnosis of polycystic ovarian morphology, 
the own of more than 12 follicles between 2-9 mm in ultrasonographic 
evaluation was sought. The presence of polycystic morphology in one 
ovary was considered sufficient. Oligo- or amenorrhea condition was 
sought for ovulatory dysfunction. Patients’ family and medical history 
was collected in terms of cardiovascular disease. ECG and, if necessary, 
echocardiography were performed to investigate whether there were 
cardiac pathologies. PCOS patients were divided into two groups: obese 
and lean according to their BMI values. BMI values of all patients were 
obtained by dividing weight in kilograms by height in centimeters 
(square). The PCOS patients were separated  into two subgroups 
according to their BMI values. Group 1: normal/lean PCOS (n=20), Group 
2: overweight PCOS (n=20). Patients with a BMI of 18.5-24.9 kg/m2 were 

considered normal or underweight. Those with a BMI of 25.0-29.9 kg/
m2 were considered obese.
For the evaluation of basal hormonal and biochemical parameters, 
venous blood samples were taken on the third day of spontaneous 
menstrual cycle from patients in the control group and on the third 
day of progesterone interruption bleeding from anovulatory PCOS 
patients. Serum luteinizing hormone (LH), follicle-stimulating hormone 
(FSH), testosterone and fasting insulin levels were calculated. The 
homeostatic model evaluation [HOMA-IR] formula was used to calculate 
insulin resistance. Non-PCOS pathologies with hyperandrogenemia and 
ovulatory dysfunction were not included in the study. Patients with 
cardiac pathology in clinical and laboratory evaluation were excluded 
from the study. Those with type 2 diabetes, thyroid and pituitary 
diseases, androgen-secreting ovarian or adrenal tumors, Cushing’s 
syndrome and adrenal hyperplasia were excluded from the study. 
Those who used insulin sensitizer, hormonal or lipid-lowering drugs, 
and those who used antiandrogen and oral contraceptives in the last 
year were excluded from the study.
This study was approved by the Ethics Committee of Tinaztepe 
University  (Date: 2022, No: 03)
Statistical analysis
Analysis of serum sCD40L and other laboratory and demographic 
data was performed with the SPSS 21 program (SPSS Inc., Chicago, IL, 
USA). The Shapiro-Wilk test was used to determine data distribution 
patterns. Differences in the demographic and clinical findings  of both 
groups were evaluated by t test or the Mann-Whitney U test according 
to whether the variables were categorical or not. The correlations 
between serum sCD40L and demographic, and laboratory parameters 
were analyzed using Pearson’s correlation analysisi. Results were 
presented as mean ± SD or as the number of cases or percentage. All 
comparisons with p<0.05 were considered significant.
Measurement of serum soluble cluster of differentiation 40 ligand 
with ELISA
Soluble cluster of differentiation 40 ligand (sCD40L) levels in venous 
blood samples were evaluated with the Human sCD40L ELISA kit (Sunred 
Biotechnology Company, catalog number: 201-12-0252 Shanghai, China) 
using the quantitative sandwich enzyme immunoassay principle. The 
main steps of this assay were as follows: frozen serum samples were 
first dissolved in water at a temperature of 37 °C. Each serum sample 
was diluted by adding 0.3 mL of a standard material at a dilution ratio 
of 1:100. One well was left empty. Chromogenic solution was added to 
the wells to allow the reaction to take place. The absorbances of the 
samples studied in accordance with the kit procedure were measured 
in a Bio-Tek ELx800 (BioTek Instruments, USA) device at a wavelength 
of 450 nanometers.  Concentrations corresponding to all absorbances 
were calculated in ng/mL with the formula obtained with the help 
of the standard curve graph. The measurement range of the kit was 
0.1–30 ng/mL, and the minimum measurable value  was 0.075 ng/mL. 
The intra-Assay CV value of the kit was <10%, while the inter-Assay CV 
value was <12%. 
Ethical Approval
Ethics Committee approval for the study was obtained.

Results
Demographic and laboratory characteristics of the lean and obese 
PCOS groups as well as the control group are presentated in Table 1. 
There was no difference between the mean ages of all three groups. 
The BMI values in the obese PCOS group were higher than in both the 
lean PCOS group and the control group. The BMI values of the Lean 
PCOS group and the control group were the same. The serum LH value 
in the obese PCOS group was significantly higher than in the patients 
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in both the lean PCOS and control groups. The LH value in the Lean 
PCOS group was also significantly higher than in the control group. 
Serum FSH levels of the lean and obese PCOS and control groups were 
similar. The serum testosterone levels of the participants in the lean 
and obese PCOS group were significantly higher than in the control 
group. There was no significant difference between the PCOS groups 
in terms of androgen levels. The HOMA-IR value in the obese group 
was significantly higher than in both the lean PCOS and control groups. 
The HOMA-IR value in lean PCOS patients was significantly higher than 
in the control group. The serum sCD40L value in the obese group was 
higher than in both the lean PCOS group and the control group. Lean 
PCOS group had higher serum sCD40L value than controls.
Pearson’s correlation analysis results of PCOS groups are presented 
in Table 2. There was no significant relationship between age and 
serum scD40L levels in the lean and obese PCOS groups. A positive 
and significant correlation was established between serum sCD40L 
levels, BMI and serum LH levels in both lean PCOS and obese PCOS 
groups. Similarly, a positive and significant correlation was established 
between serum testosterone levels and serum sCD40L levels  in both 
lean and obese PCOS groups. A positive and significant correlation was 
established between HOMA-IR values and serum sCD40L levels in both 
PCOS groups.

Discussion
PCOS is an endocrine pathology with multifactorial and polyenic 
etiology that includes diabetes mellitus, endometrial carcinoma and 
cardiovascular events as a long-term sequelae [5,7]. Insulin resistance, 
hyperandrogenemia, chronic inflammation and hyperlipidemia, which 
are the main components of PCOS, trigger endothelial damage, 
putting PCOS patients in the risk group for cardiovascular diseases 
[8,9]. sCD40L from platelets mediates thrombotic and inflammatory 
processes, contributing to inflammation associated with increased 
cardiovascular disease risk [10]. However, we do not know exactly which 
PCOS patient will develop endothelial damage, atherosclerosis and 
subsequent cardiovascular disease. Phenotypic variables play a critical 
role in the formation of adverse effects related to PCOS. In this context, 
it is obvious that androgen elevation, polycystic ovarian morphology 
and ovulatory dysfunction contribute to the formation of long-term 
complications of PCOS [11]. The presence of high androgens increases 
the susceptibility to endothelial damage, similar to men, and paves 
the way for the emergence of cardiac and cerebro-vascular diseases. 
Apart from phenotypic variables, BMI of PCOS patient contributes 
to the development of cardiovascular disease. Most PCOS patients, 
regardless of their phenotype, are obese or overweight and have a high 
BMI [12]. The presence of a high BMI is an evidence that the individual 
is more exposed to the adverse metabolic effects of PCOS [5]. On the 
other hand, in lean phenotypes, the metabolic effects of the syndrome 
show a milder course [5]. Sometimes, a PCOS patient with an obese 
phenotype can turn into a lean form and a different phenotype with 
life style changes. This is the initial  clinical search designed to examine 
the levels of sCD40L, an inflammatory marker of endothelial damage, 
in lean and obese PCOS patients without obvious cardiac pathology. 
sCD40L showed a significant increase in obese PCOS patients checked 
to lean PCOS and healthy controls. This finding is important in terms 
of showing that PCOS alone causes endothelial damage. Higher serum 
sCD40L levels in the case of high BMI are further evidence that obesity 
makes an extra contribution to endothelial damage in addition to PCOS.
In the correlation analysis we conducted to investigate the effect of 
BMI on sCD40L production in lean and obese PCOS patients, we found 
that BMI values have a significant effect on sCD40L production. There 
was a positive and significant correlation between BMI and sCD40L in 
both lean and obese PCOS patients. The correlation between sCD40L 
and BMI was more pronounced in the obese group. These findings are 
important evidence that obese PCOS cases are more exposed to the 
adverse metabolic effects of the syndrome. Significantly increased 
levels of sCD40L in obese PCOS patients support that endothelial 
damage is more pronounced than in the lean PCOS group. However, 
the markedly higher sCD40L levels in lean PCOS patients compared to 
controls suggest that PCOS causes endothelial damage independent of 
BMI. The increase in sCD40L levels in both BMI groups may be evidence 
of very early onset of endothelial damage in PCOS patients without 
overt cardiovascular disease.
Insulin resistance is the most blamed mechanism in the development 
of cardiovascular disease related to PCOS. The presence of metabolic 
syndrome components such as dyslipidemia, hypertension and 
diabetes also contributes to the improvement of vascular disease [13]. 
The presence of a positive and significant correlation between sCD40L 
and HOMA-IR in both the obese and lean PCOS groups is a finding that 
supports the role of insulin resistance in the occurrence of endothelial 
damage. The stronger correlation between sCD40L and HOMA-IR in 
the obese group may be due to the inducing effect of obesity on the 
development of insulin resistance. On the other hand, the positive and 
significant correlation between serum testosterone levels and sCD40L 
in lean and obese PCOS patients supports the fact that factors other 

Table 2. Correlations of serum sCD40L, demographic and laboratory 
parameters.

Lean PCOS Obese PCOS

sCD40L sCD40L

R P r p

Age 0.340 0.53 0.211 0.29

BMI 0.591 0.01 0.877 0.01

LH 0.523 0.02 0.667 0.01

Testosterone 0.677 0.02 0.710 0.03

HOMA-IR 0.498 0.03 0.601 0.02

BMI: body mass index, HOMA-IR: assessment of insulin resistance, LH: luteinizing hormone 

Table 1. Demographic and clinical parameters of the PCOS and control 
groups.

Lean women with 
PCOS (n=20)

Obese women with 
PCOS (n=20)

Healthy control
 (n=20)

Age (years) 26.1±3.22 25.4±2.33 26.4±3.40

BMI (kg/m2) 19.8±2.09 26.7±4.09* 19.1±2.21

LH (mIU/mL) 7.30±2.01 10.3±1.29ß 5.13±2.11

FSH (mIU/mL) 5.32±1.90 5.11±1.08 4.97±2.08

Testosterone (ng/dL) 38.3±3.67 41.2±4.30$ 29.3±4.39

HOMA-IR 2.66±0.20 3.11±0.21# 1.33±0.10

sCD40L (ng/mL) 3.63±1.09 5.12±2.09x 2.65±0.45

*: Statistically significant compared to both groups (p<0.01 and p<0.01), ß: Statistically significant 
compared to both groups (p<0.03 and p<0.01), $:Statistically significant compared to control group 
(p<0.02), #: Statistically significant compared to both groups (p<0.02, p<0.02), x: Statistically significant 
compared to both groups (p<0.03, p<0.01).
BMI: body mass index, FSH: follicle stimulating hormone LH: luteinizing hormone, HOMA-IR: assessment 
of insulin resistance, Scd40L: Soluble CD40 ligand
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than insulin resistance play a role in the formation of endothelial 
damage. The frequent occurrence of cardiovascular disease and 
other long-term sequelae in PCOS patients with metabolic syndrome 
components supports this idea [12,13]. The more significant increase in 
cardiovascular risk parameters in hyperandrogenic women with PCOS 
suggests that androgens also predispose to endothelial damage. The 
higher risk of coronary artery disease in men is a finding that supports 
the endothelial damaging effect of androgen elevation [12]. In the asset 
of high androgen, an increase in at least one of the endothelial damage 
markers such as C-reactive protein, homocysteine or D-dimer suggests 
that metabolic syndrome parameters and androgens act together in 
the development of cardiovascular disease [14].
Many parameters such as coronary artery calcification, increase 
in D-dimer or C-reactive protein, increase in carotid intima-media 
thickness have been used as subclinical cardiovascular disease 
markers in PCOS patients [11]. However, no marker was found to be 
specific to PCOS. The significant increase in sCD40L in both lean and 
obese PCOS patients without obvious cardiovascular disease suggests 
that it can be used as a marker of endothelial damage. Comprehensive 
predictive studies investigating serum sCD40L levels according to PCOS 
phenotypes are required to reach a clearer conclusion.
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