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Article. 
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Abstract: The immune response is crucial in Pregnancy Loss (RPL), which affects 1-2% of women. In RPL, 
peripheral blood lymphocytes and local immune cells are activated with a concomitant decrease in the 
leukocyte tolerogenic response in the uterus and decidua. IL-17 plays an essential role in T cell activation, 
weakening tolerogenic responses of the T cells. The report aims to analyze the IL-17 genetic polymorphism, 
circulating IL-17 lymphocyte populations, the reaction upon lymphocyte priming, the amount of cytokine in 
serum, and the number of T-reg cells in a group of 50 RPL and 50 normal women from the admixed Venezuelan 
population. No differences were observed in the genetic polymorphisms rs2275913 and rs763780. A significant 
decrease (P<0.001) was observed in RPL patients compared to controls in the IL-17+ cell populations CD3+, 
CD8+, CD56+, and CD4CD25 FoxP3, but not in the CD4IL17+ cells. The response upon cell priming was 
significantly decreased (P<0.001) in all subpopulations of RPL as compared to controls. It is concluded that 
despite the increase in IL-17A in the serum of patients, the number of circulating IL-17 cells and the lymphocyte 
response to stimulation was significantly decreased (p<0.001). No differences in the genetic polymorphism 
compared to controls suggest that biological factors influence IL-17 levels in RPL patients, which must be 
carefully studied. 
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1. Introduction 

Recurrent pregnancy loss (RPL) is defined as experiencing 2 or more miscarriages before 
reaching 20 weeks of gestation [1]. The prevalence of RPL among women of childbearing age around 
the world is around 2% [1–3]. Among the causes include genetic, anatomical, endocrine, infectious 
factors, and immune abnormalities such as increased levels of antibodies and increased circulating 
NK cell cytotoxicity [1–4]. Compared to normal pregnancies, high Interleukin-17 (IL-17) circulating 
levels were found in RPL patients [5–7]. The cytokine is involved in the endometrium's extravasation 
and accumulation of neutrophils. It worsens local inflammation and damage and thereby increases 
the risk of miscarriage [5–7]. This suggests that IL-17 may play a crucial role in the occurrence and 
progression of RPL [7]. The cell types usually involved in IL-17 production are CD3CD4 and Th17 
cell subpopulations; however, CD8, NK cells, and T γδ cells are also known to produce IL-17 [8,9]. 
There are mixed reports on NKT cells, although this cell subpopulation could also be involved in RPL 
[9].  

Over the past decade, many studies have explored the connection between IL-17 gene 
polymorphism and RPL [10–17]. Variations in the IL-17A and IL-17F genes have been associated with 
the development of various human diseases [18]. Specifically, polymorphic loci known as rs2275913 
and rs763780 in the coding regions of IL-17A and IL-17F are closely linked to IL-17 secretion [19]. 
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However, these findings have been conflicting and have sparked controversy based on the possible 
impact of ethnic and population differences on genetic polymorphisms and backgrounds [18–20].  

There is no specific data on Venezuela concerning the risk of RPL; however, there is a general 
consensus that the rates may be similar to other populations. Part of the Venezuelan population is 
genetically admixed with the prevalence of Caucasian genes but mixed with African and Amerindian 
groups [21,22]. This admixed population differs from other Latin American countries, probably due 
to gene segregation among Eastern African and Amerindian populations [21–23].   

Most reports regarding RPL and IL-17 refer to the local production of the cytokine by stimulated 
cells [12,13], and only a few have dealt with the circulating number of Th17 cells [24]. Moreover, no 
reports have addressed the relationship between genetic IL-17 SNP, circulating lymphocytes, and the 
response to cell activation. 

The present report aims to analyze the relationship between genetic polymorphism, circulating 
IL-17 cells, the effect of stimulation on intracellular IL-17, and the circulating levels of IL-17A using 
two groups with identical genetically admix conditions: controls and patients with RPL. 

2. Materials and Methods 

2.1. Human Samples 

The study is a case-control study involving 50 patients who met the criteria for RPL. The patients 
with RPL underwent screening for immunological and hormonal factors and showed no 
abnormalities in paraclinical analysis, indicating the absence of infectious or genetic diseases. Patients 
with cancer, severe endometriosis, or HPV infection were excluded. The study also enrolled 50 
healthy women with normal pregnancies and no medical conditions such as viral diseases, 
hypertension, diabetes, metabolic syndrome, or hormonal imbalances. The samples were taken when 
patients were attending control medical checkups. 

Written consent was obtained from all individuals interested in participating in the study. The 
genetic admixture of both the patients and controls was previously verified. [21,22]. The study 
received approval from the Ethical Committee of the Institute of Immunology, Faculty of Medicine, 
Caracas, Venezuela (approval number 20052308). 

Twelve ml of blood was taken from each individual and divided into three parts. Two aliquots 
of 1 ml were used, one for assessing cell subpopulations and the other for cell stimulation, and the 
other 10 ml were centrifuged at 90xg. The plasma was stored to assess IL-17A, and the buffy coat was 
used to obtain the cDNA.   

2.2. Antibodies and Reagents 

Anti-human IL-17A/F monoclonal mouse IgG1 Clone # 41802 with PE (R&D systems). The 
following antibodies were from BioLegend:  anti-CD3 (clone UCHT1), CD4 (clone OKT4), CD8 
(clone Leu2), CD25 (clone M-A251), CD56 (QA17A16), CD45RA (clone HI100), CD45RO (clone 
UCHL1), HLA-DR (clone L243), and FoxP3 (clone 206D). Cytofix™ and Cytoperm™ kits from Becton 
Dickinson. Cell Activation Cocktail (with Brefeldin A) ™ from Biolegend.  

2.3. Genetic Polymorphism Analysis 

Venous blood samples of 10 mL were collected in EDTA tubes from all individuals, and the 
cDNA was extracted from the buffy coat on the same day. Genomic DNA isolation was performed 
using the AxyPrep Blood Genomic DNA Miniprep Kit from Axygen Biosciences, Union City, CA, 
USA. This kit can purify up to 12 µg of genomic DNA in 250 µL of non-coagulated blood. DNA 
isolation protocol was performed as described by the manufacturer with minor modifications 
described previously [25].  

The samples' pure DNA (260/280 ratio ≥1.8) was expressed in µg/mL for the assays. The forward 
and reverse primers for IL-17A (rs2275913) are 5’-TCTCCATCTCCATCACCTTTG-3’ and 5’-
GTCCAAATCAGCAAGAGCATC-3’, respectively. For IL-17F (rs763780), the forward and reverse 
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primers are 5’- CACTGGTGCTCTGATGAGGA -3’ and 5’- CATTGTGCTTTGGCTTGCT -3’, 
respectively. 

The primers were obtained from the literature [26,27] along with the protocol, which was slightly 
modified. Briefly, DNA (20 ng) was mixed with a 40 µL reaction mixture containing 1.5 mM MgCl2, 
100 ng of each primer, 500 µM deoxyribonucleoside triphosphate, and 0.6 IU Taq DNA polymerase 
(Promega®). The DNA was amplified via polymerase chain reaction (PCR) using a thermal cycler 
Minicycler™ (MJ Research, Waltham, MA, USA) consisting of an initial single cycle of initial single 
cycle of 10 min at 95 °C, followed by 35 cycles of 30 s at 94 °C, 45 s at 60 °C, and 30 s at 72 °C. Then, 
all PCR products were incubated with endonucleases XmnI (for polymorphism rs2275913) and NIaIII 
(for polymorphism rs763780). The PCR products were incubated at 37°C with the enzyme and 
visualized using ethidium bromide staining after separation by electrophoresis on a 3.0% agarose gel 
at 80 V for 100 minutes. The sequencing service at the Venezuelan Institute for Scientific Research 
(IVIC) sequenced the amplification products. All the results of the RFLP were confirmed. 

2.4. Analysis of Intracellular IL-17 in Different Cell Subpopulations. 

The blood was lysed using the standard protocol, and the lymphocytes were washed and 
adjusted to 250000 cells/tube. Anti-human IL-17A/F-PE was used for intracellular detection of IL-17. 
The detection of IL-17 was performed by flow cytometry using the kits from Becton Dickinson 
according to the protocol provided by the protocol suggested by the supplier. The cells were labeled 
extracellularly with anti-CD4, anti-CD8, or anti-CD56 from BioLegend. The analysis was performed 
using Beckman Coulter's EPICS XL apparatus.  

Intracellular analysis of FoxP3 was also performed in non-stimulated cells. Then, the cells were 
labeled with CD4 and CD25 to determine the cell subpopulation. 

To ascertain the effect of cell stimulation, the cells with 1 ml of blood were incubated with the 
Cell Activation Cocktail for 6 hr according to the manufacturer’s protocol.  The cells were treated for 
12 hr with the optimal concentration of the cocktail and then fixed with cytoplasm, permeabilized, 
and anti-IL17 PE was added to the permeabilized cells. The cells were then washed and labeled with 
CD4, CD8, or CD56 to analyze the different subpopulations. 

2.5. Determination of Il-17A from Serum Samples and Supernatants.   

The Quantikine HS ELISA Kit from R&D Systems was used to analyze IL-17A in the plasma of 
controls and RPL patients. The analysis was performed according to the manufacturer's instructions.  

2.6. Statistical Analysis 

The minimum sample size was set at 45. The calculation was performed using the online 
calculator (www.calculator.net, accessed on 2 April 2024) based on the SNP data of 3% frequency in 
the normal population for rs1051740 (https://opensnp.org, accessed on 2 April 2024). 

The program GraphPad Prism 5 was used for calculations. The results were analyzed using chi-
square with Yate’s correction. Both absolute and relative frequency have been utilized, and 
significance has been attributed to a p-value less than 0.05. 

3. Results 

Table 1 shows the population characteristics. The only significant (P<0.0001) differences were in 
the number of abortions registered.  
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Table 1. Demographic data from patients with RPL and controls. 

 Controls RPL 
N 50 50 

Age (years) 34.3 ± 6.5 34.1 ± 4.5 
# Pregnancies (%) 1 (10%) 2 (50%) 

 2 (60%) 3 (35%) 
 3 (30%) >3 (15%) 

# Abortions (%) 0 2 (40 %) 
  >2 (60 %) 

Duration of pregnancy (weeks) 37.3 ± 2.2 8.1 ± 2.5 

Table 2 shows the analysis of the SNPs rs2275913, which corresponds to IL-17A, and re763780, 
which corresponds to IL-17F.  There are no statistical differences between controls and RPL patients. 

Table 2. The results refer to the number of individuals analyzed in each case. P refers to the statistical 
analysis of both groups and OR the odds ratio. No significant differences were encountered. 

Polymorphism Control  RPL P OR 
rs2275913     
Genotype     
GG 40 41 0.9 1.0 
GA 8  8 0.9  
AA 2  1   
G 48 50 0.8 1.0 
A 10  9 0.8  
rs763780     
Genotype     
AA 47 47 0.9 1.0 
GA 1  2 0.9  
GG 2  1   
A 48 50 0.9 1.0 
G 3  3  0.9  

Table 3 illustrates the difference in total leukocytes, different lymphocyte populations, and 
subpopulations. Most of the analyzed populations were significantly different between the groups. 
Even though the percentage of lymphocytes was higher in the RPL group compared to the controls, 
the rate of T lymphocytes was significantly lower, and the amount of NK cells was considerably 
higher. No general effects were observed in NKT cells or CD3 naive or memory cells, but the total 
number of HLADR+ cells and CD3+/HLADR+ cells was significantly higher. The percentage of Treg 
between both groups was also significantly lower in the RPL group. 

Table 3. Analysis of cell lymphocyte cell populations in %. 

 Control RPL P 
Total Lymphocytes 31.4 ± 2.3 35.0 ± 3.0 > 0.001 
CD3 T lymphocytes 72.6 ± 3.1 68.4 ± 8.8          > 0.001 
NK cells (CD56/CD16) 8.8 ± 1.6 11.1 ± 1.3 > 0.001 
NKT cells (CD3/CD56) 1.6 ± 0.5 1.5 ± 0.6  0.2 
Index T cell/NK cell 8.5 ± 1.6 6.2 ± 0.8           > 0.001 
    
CD3/CD45RA 54.7 ± 3.6 53.7 ± 4.3 0.2 
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CD3/CD45RO  44.2 ± 3.6 45.5 ± 4.3 0.1 
HLA DR+ cells 7.3 ± 2.0 10.5 ± 1.9 > 0.001 
CD3/HLA DR+  1.1 ± 0.4       3.5 ± 2.1 > 0.001 
 
CD4/CD25/FoxP3 

 
2.5 ± 1.4       

 
1.6 ± 0.9       

 
> 0.001 

Figure 1 illustrates the total number of IL-17 positives and the different subpopulations before 
and after stimulation with PMA/ionomycin. Significant differences were recorded in the total T and 
NK cell populations in basal conditions. Interestingly, the number of CD4/CD17 cells in both groups 
was similar; however, upon stimulation, there was a clear difference between both groups in each 
cell population assessed. The number of NK cells that produce IL-17 was almost undetectable in all 
patients.  

. 

Figure 1. The results of flow cytometry assessment of total CD3 cells, CD4, CD8, and NK cells before 
and after stimulation with PMA/ionomycin are illustrated. The significant differences were reported 
*** p<0.0001, n=50. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 August 2024                   doi:10.20944/preprints202408.0299.v1

https://doi.org/10.20944/preprints202408.0299.v1


 6 

 

. 

Figure 2. Illustrates the amount of IL-17A detected in the plasma of controls and RPL patients. There 
is a statistical significance *** p<0.0001, n=50. 

A significant increase in IL17A is observed in the plasma samples of patients as compared to 
controls. This increase does not correlate with how many cells in which IL-17A/F are detected. There 
is also no significant correlation with the amount of total activated HLADR+ cells; however, a mild 
significant correlation (r=0.3, p<0.05) was observed between the number of CD3/HLADR+ cells and 
IL-17A levels in RPL patients, but not in controls (r=0.05, p=0.6). No correlation was observed between 
the number of IL17 cells and Treg cells. No other significant correlations were observed with the other 
parameters. 

3. Discussion 

RPL is a complex medical entity, and it involves two types: primary (no successful pregnancy) 
and secondary, a successful pregnancy followed by recurrent miscarriage. There is no medical 
explanation in most cases; the karyotype of the fetus is normal, and there are no accountable medical 
alterations to explain the miscarriages.  

In the endometrium, tolerogenic NK, macrophages, dendritic cells, and T cells are essential to 
maintain pregnancy [1–5]. However, local exposition to pathogens, vaginal or endometrial bacterial, 
fungal, or viral infections induce the migration of cells, which compromise the tolerogenic milieu and 
consequently attack induce pregnancy termination [1–4]. IL-17 is a marker of the inflammatory 
process for cell migration of neutrophils and other subpopulations [5–7]; Th17 cells are involved in 
the rejection of the fetus or affect the implantation of the zygote [5–8]. There are, however, questions 
referring to the role of circulating proinflammatory cell populations in the bloodstream of RPL 
patients. The migration of these cells in the endometrial compartment has not been well analyzed 
due to the ethical complexity involved. The only available information refers to pregnancy 
termination in normal conditions and compares them to pathological ones. A one-time point may not 
be sufficient for a critical assessment of events. 

The present report shows that IL-17A levels are increased in patients with RPL, but this increase 
does not match the amount of circulating IL-17A/F-positive cells. No difference in genetic 
polymorphism could explain the phenomenon, nor was there a clear indication that the circulating 
CD4/IL-17A/F cells differed between both groups. The remarkable difference was among the CD8 
and NK subpopulations. It is unclear why there is a difference between these subpopulations as 
compared to CD4/IL-17 cells. Moreover, the effect of cell stimulation is also complex to interpret. 
Since we used total blood for stimulation to recreate the physiological conditions and not in purified 
cell types, we cannot define if the secretion of other protein or non-protein intermediates secreted by 
different cell types are responsible for the decrease in IL-17 production. Based on the data recorded 
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on HLA-DR expression, we propose that PMA/ionomycin may have affected the stimulated cell 
subpopulations, which were responsible for producing intermediates that suppress the production 
of IL-17A/F. The amount of IL-17A in the plasma is not accountable for modulating the number of 
IL-17-positive cells, as we could not reproduce the effects (results not shown).  

Unfortunately, we could not quantify the number of CD4/CD25/FoxP3 cells in the stimulated 
samples, which could have been an important point for comparing with IL-17. The significant 
differences recorded in the basal levels suggest that upon higher circulating levels of IL-17, the 
number of T regulatory cells decreases. The other important issue is that some of these RPL patients 
did not continue to go to the fertility clinic for other procedures due to the costs, so we could not do 
a follow-up.  

The association of the two genetic polymorphisms IL-17A rs2275913 and IL-17F rs763780 with 
RPL is debatable [10,11,14–17]. Essentially, the association reports are contradictory; some suggest 
that rs763780 is associated with a decreased risk of RPL in the Iranian population, while others 
suggest that rs2275913 is protective in the same population [10,11,16,20]. Also, contradictory reports 
have been observed in the Chinese population [15–19]. However, in our admix population, there is 
no difference; similar frequencies are observed in both groups. New, well-defined genetic studies are 
required to determine if there is a relationship between these two polymorphisms and RPL. 
Moreover, based on the data reported in this manuscript, it is highly improbable that significant 
changes recorded in the cell populations are due to genetic polymorphisms. The conclusion is based 
on the dichotomy of the number of circulating cells positive for IL-17 and the values recorded in 
plasma. The CD4/CD17 subpopulation is similar in both groups, suggesting that the amount of Th17 
cell subpopulation may be comparable. The decrease in IL-17 in stimulated cells requires attention 
and should be further studied. 

In the present manuscript, our group has tried combining genetic analysis with cell 
subpopulation, cell activation, and cytokine detection in plasma patients with RPL. Indeed, several 
questions remain to be solved. However, the manuscript is one of the few related to the genetic 
analysis of IL-17 SNP polymorphisms with cell subpopulations and their effect on cell stimulation. 
This information is crucial for the admixed, well-defined genetic population that we studied. Even 
though we are unaware of the possible activation of cells in the endometrial cavity or even in the 
early stages of implantation or decidua, we can assume peripheral inflammation in RPL, cell 
activation markers, and IL-17A plasma levels. Eventually, peripheral inflammation affects local 
inflammation. It can be proposed that the assessment of inflammation parameters can be critical in 
RPL and may serve as an initial marker for future studies in evaluating the role of IL-17 in RPL and 
the response of those patients to therapy. 

4. Conclusions 

• There is no association between the two polymorphisms analyzed, IL-17A rs2275913 and IL-
17F rs763780, with RPL. The values of plasma RPL recorded were independent of the genetic 
polymorphisms.  

• The peripheral lymphocytes of RPL patients were activated based on the percentage of HLA-
DR expression. In addition, the number of T regulatory cells decreased. 

• The number of IL-17-positive cells, CD3 and CD56, was significantly lower in RPL patients 
than in controls. However, the differences were in the CD3CD8 subpopulation compared to 
the CD3CD4 subpopulation, which was similar in both control and RPL patients. However, IL-
17 was almost undetectable in NK cells of RPL patients.  

• In stimulated cells, the response of all different cell populations and subpopulations was lower 
in RPL patients than in the controls. The effect of PMA/ionomycin stimulation on whole blood 
may probably be responsible for this effect.  
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The images of the sample electrophoresis for both SNP polymorphisms is shown. 
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