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Abstract 

We aimed to prospectively investigate the paternal antigen-induced cytokine secretion by 

peripheral blood mononuclear cells (PBMC) in response to hormone treatment in women 

undergoing in vitro fertilization (IVF) and to examine the predictive value of the cytokine 

secretion in the outcome of IVF treatment in a pilot study. Twenty-five women were included 

and IVF treatment was successful for six and unsuccessful for 19 women. Blood samples 

were collected before IVF treatment, on four occasions during IVF and 4 weeks after embryo 

transfer. The numbers of Th1-, Th2- and Th17-associated cytokine secreting cells and 

cytokine levels in cell supernatants were analyzed by enzyme linked immunospot-forming 

(ELISpot), enzyme-linked immune-sorbent (ELISA) or Luminex assay. None of the cytokines 

(IFN-γ, IL-4, IL-5, IL-10, IL-12, IL-13, IL-17, TNF and GM-CSF) had any predictive value 

regarding IVF outcome. The majority of the cytokines reached their peak levels at ovum pick-

up, suggesting an enhancing influence of the hormonal stimulation. Pregnancy was associated 

with a high number of IL-4-, IL-5- and IL-13-secreting cells four weeks after ET. In 

conclusion, the results do not support our hypothesis of a more pronounced peripheral Th1 

and Th17 deviation towards paternal antigens in infertile women with an unsuccessful IVF 

outcome, although this is based on a small number of observations. Thus, a larger study 

should be conducted to confirm this conclusion. Higher numbers of Th2-associated cytokine-

secreting cells in pregnant women four weeks after ET do corroborate the hypothesis of a Th2 

deviation during pregnancy.  

 

 

Key Words: IVF, Th1, Th2, Th17, immune regulation 
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1. Introduction 

 The immune system plays a role in the aetiology of infertility and in successful 

implantation (Simon et al., 1998; Sanchez-Cuenca et al., 1999; Ng et al., 2002; Inagaki et al., 

2003; Kwak-Kim et al., 2003; Ledee-Bataille et al., 2004a; Ledee-Bataille et al., 2004b; 

Boomsma et al., 2009). T helper (Th) cells regulate and deviate immune responses through 

cytokine production. Th1 cells produce interferon-gamma (IFN-) and lymphotoxin, while the 

Th2 subset is the source of interleukin (IL) 4, IL-5, IL-13, IL-25 and IL-31. Both subsets 

produce granulocyte macrophage colony-stimulating factor (GM-CSF), TNF, IL-2 and IL-3 

(Commins et al., 2010).  

 A Th2 bias has been observed during normal pregnancy (Lin et al., 1993; Wegmann et 

al., 1993; Ekerfelt et al., 1997; Sacks et al., 2003). Serum IFN- levels were increased in 

women with unexplained recurrent spontaneous miscarriages (Raghupathy et al., 1999). 

Several similar studies indicate a Th1 bias among women with pregnancy losses, whereas 

successful pregnancies are associated with increased Th2 responses (Piccinni et al., 1998; 

Makhseed et al., 2001; Kwak-Kim et al., 2003; Kalu et al., 2008; Hudic and Fatusic, 2009). 

High levels of the anti-inflammatory cytokine IL-10 are also associated with improved 

pregnancy outcomes (Wu et al., 2001; Ginsburg et al., 2005).  

 The Th1/Th2 paradigm has now been expanded into the Th1/Th2/Th17 and regulatory T 

(Treg) cell paradigm. Th17 cells are pro-inflammatory IL-17 secreting cells (Milner, 2011). 

Tregs induce tolerance by several mechanisms (Peterson, 2012), including IL-10 production. 

Unexplained recurrent miscarriage has been associated with decreased Treg and increased 

Th17 frequencies (Wang et al., 2010b; Ernerudh et al., 2011), as well as a decreased 

suppressive ability by Tregs on IL-17 secretion (Wang et al., 2010a). 

 Although increased Th1 and Th17 responses in women with recurrent pregnancy loss 

have been observed, paternal PBMC have, to our knowledge, not been used as a stimulus to 
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examine the maternal immune responses toward fetal antigens before. Strong mitogenic 

stimuli such as PMA/ionomycin (Piccinni et al., 1998; Kwak-Kim et al., 2003; Sacks et al., 

2003; Kalu et al., 2008) or PHA (Makhseed et al., 2001), as well as trophoblast cell line 

extracts (Raghupathy et al., 1999; Ginsburg et al., 2005) have previously been used as stimuli, 

whereas we here wanted to investigate paternal antigen-induced responses during in vitro 

fertilization (IVF) treatment. 

 We hypothesized that an unsuccessful outcome of IVF treatment in infertile women 

would be related to a paternal antigen specific Th1 and Th17 bias and that differences in the 

cytokine responses would predict the IVF outcome. The aim of this pilot study was to analyze 

the spontaneous and paternal antigen-induced cytokine responses from peripheral blood 

mononuclear cells (PBMC) of women undergoing IVF and to examine the predictive value of 

the cytokine secretion in the outcome of IVF. Cytokines associated with Th1 (IFN- and IL-

12), Th2 (IL-4, IL-5 and IL-13) and Th17 (IL-17) responses, as well as the pro-inflammatory 

cytokines TNF and GM-CSF and the anti-inflammatory cytokine IL-10 were studied. 

 

2. Materials and methods 

2.1. Subjects  

 Twenty-five IVF patients with unexplained infertility (age 25-37 years, median 32.5 

years) were enrolled prospectively. Infertility was defined as the failure to conceive after 

twelve months of regular unprotected sexual intercourse. All couples underwent standard 

investigations aimed to evaluate infertility including laboratory assessment of ovulation (the 

measurement of mid-luteal progesterone concentration in plasma), evaluation of tubal patency 

(by hysterosalpingography and/or laparoscopy) and semen analysis. Only couples with no 

apparent reason for their infertility (suffering from unexplained infertility) were included in 

the study. The women were all undergoing IVF treatment at the Reproductive Medicine 



5 

 

Centre, Department of Obstetrics and Gynecology at The University Hospital in Linköping, 

Sweden. Informed consent was obtained and the study was approved by the Regional Ethics 

Committee at Linköping University. 

 

2.2. Ovarian stimulation protocol 

 The women were desensitized with the GnRH agonists busereline acetate (Suprecur; 

sanofi-aventis AB, Bromma, Sweden), 900 g daily, or nafareline acetate (Synarela; Pfizer, 

Sollentuna, Sweden), 800 g daily, started on cycle day 21 until the day of HCG injection. 

Ovarian stimulation was carried out using the recombinant FSH follitrophin alpha (Gonal F; 

Serono Nordic AB, Stockholm, Sweden), 150 IU daily, or follitrophin beta (Puregon; 

Organon AB, Göteborg, Sweden), 150 IU daily, administered at approximately 10-12 days in 

combination with a lower dosage of GnRHa (450 g of busereline acetate or 400 g of 

nafareline acetate daily). HCG was administered (10 000 IU) (Profasi; Serono Nordic AB, 

Stockholm, Sweden) when a minimum of two follicles had reached at least 18 mm in 

diameter. 36 h after HCG administration, ovum pick up (OPU) was performed by transvaginal 

ultrasound-guided puncture. Luteal support was given using progesterone vaginally 

(Progesteron MIC; Apoteket AB, Stockholm, Sweden), 1 200 mg daily for 20 days, starting 

on the day of OPU. High quality embryos were defined by their morphologic features and 

cleavage rate and included embryos with less than 20 % fragmentation and 4 to 6 cells at day 

2, 6 to 10 cells at day 3. Embryo transfer was only performed two or three days after oocyte 

retrieval. 

 

2.3. Collection of samples 

 Blood samples from the women were obtained on six different occasions in the 

stimulatory cycle protocol: a) prior to hormonal stimulation on cycle day 1-5; b) two weeks 

after GnRHa administration; c) approximately day 10 during FSH stimulation; d) at the time 
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of OPU; e) at the time of ET; and f) four weeks after ET (Fig. 1). Blood samples from the 

women’s partners were collected on the first occasion. 

 
Fig. 1. Timeline shows the collection of samples (a-f) during the stimulatory cycle protocol 

and the levels of E2 and P at each occasion. 0 – 11 = number of weeks. p<0.05 from 

Mann Whitney U test is indicated (*). 

 

 

2.4. Separation of PBMC 

 PBMC were isolated from heparinized blood and frozen as previously described 

(Persson et al., 2008). PBMC from the fathers-to-be (paternal cells) were isolated according to 

the same protocol as the PBMC from the mothers-to-be (maternal cells). 

 

2.5. Inhibition of stimulator cells 
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 The stimulator cells, i. e. paternal PBMC, were treated with 4% paraformaldehyde 

(PFA; Merck Eurolab AB, Stockholm, Sweden) in phosphate-buffered saline (PBS; EC 

Diagnostics AB, Uppsala, Sweden) for 10 minutes at room temperature (RT) to inhibit 

cytokine secretion (Ekerfelt et al., 1997).  

 

2.6. MLC - ELISpot 

 The alloreactivity and cytokine secrection from responder cells was determined by using 

a one way mixed leukocyte culture (MLC) as previously described (Ekerfelt et al., 1997; 

Persson et al., 2008). Nitrocellulose-bottomed 96-well microtiter plates (Millipore AB, 

Sundbyberg, Sweden) were incubated with 100 L of mouse anti-human IFN- 1-D1K 

monoclonal antibody (mAb), mouse anti-human IL-4-I mAb, mouse anti-human IL-5 TRFK5 

mAb, mouse anti-human IL-12-I mAb or mouse anti-human IL-13-I mAb  (all antibodies 

from MabTech AB, Stockholm, Sweden) at a final concentration of 15 g/mL. 

 For the detection of paternal antigen-induced secretion of IFN-, IL-4 and IL-5, 

responder cells were mixed with PFA-treated paternal stimulator cells. Spontaneous secretion 

of IFN-γ, IL-4, IL-5, IL-12 and IL-13 was determined by mixing responder cells with TCM 

containing 5% FCS. The numbers of paternal antigen-induced IFN--, IL-4- and IL-5-

secreting cells were found to be higher than the number of spontaneously secreting cells. For 

IFN-, this was observed at all occasions, for IL-4 at all times except cycle day 1-5, and for 

IL-5 at all times except cycle day 1-5 and four weeks after ET. 

 For the enumeration of cytokine secreting cells, enzyme-linked immunospot-forming 

assay (ELISpot) was performed as previously described (Persson et al., 2008). The 

biotinylated detection antibodies were anti-human IFN- 7-B6-1 mAb, anti-human IL-4-II 

mAb, anti-human IL-5 5A10 mAb, anti-human IL-12-III mAb or anti-human IL-13-II mAb 

(all antibodies from MabTech AB, Stockholm, Sweden) diluted to 1 g/mL in PBS-Tween. 
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 The spots were counted using the ELISpot reader system Transtec 1300 (Autoimmune 

Diagnostica GmbH, Strasburg, Germany). 

 

2.7. MLC - supernatants 

One-way MLC was performed in polypropylene tubes. Briefly, 0.8 x 10
6
 responder PBMC 

(maternal cells) in 800 L of complete medium was co-cultured with 0.8 x 10
6
 PFA-treated 

paternal PBMC in 800 L of complete medium, in replicates of three. The cultures were 

incubated for 3 days for TNF and 7 days for the remaining cytokines at 37°C in a 5% CO2 

atmosphere. 

 

2.8. Determination of cytokine concentrations 

 Supernatants were analyzed by Milliplex™ MAP kits (Millipore Corporation, Billerica, 

USA) according to the manufacturer’s instructions using the Luminex 100 instrument 

(Biosource, Nivelles, Belgium). StarStation software (version 2.3; Applied Cytometry 

Systems, Sheffield, UK) was used for acquisition and analysis of data. The range of the 

standard curves was 3.2-10000 pg/mL for IFN-γ; 3.2-2000 pg/mL for IL-10; and 0.64-2000 

pg/mL for IL-4, IL-12, IL-17 and GM-CSF, with a dilution factor of 5. The levels of TNF 

were determined using enzyme-linked immunosorbent assay (ELISA) as previously described 

(Böttcher et al., 2003) and the range of the standard curve was 1.9-125.0 pg/mL. Values 

below the detection limit were given half the value of the detection limit.  

 

2.9. Progesterone and estradiol in serum 

 Thawed serum samples from all occasions were analysed in one batch, for P with 

competitive chemoluminescent immunoassay (Immulite, DPC, Los Angeles, CA) and for E2 

with electrochemiluminescence immunoassay (Elecsys 2010; Modular E170, Roche 

Diagnostics Scandinavia AB, Bromma, Sweden), at the Department of Clinical Chemistry, 
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Center of Laboratory Medicine, Linköping University Hospital, Sweden. The range of the P 

assay was 0.6-127 nmol/L and the sensitivity was 0.3 nmol/L. The range of the E2 assay was 

18-15 780 pmol/L and the sensitivity 44 pmol/L. 

 

2.10. Statistics 

 All data were analyzed with SPSS (SPSS Inc., Chicago, Illinois, USA). Patient’s 

characteristics were analysed using Fisher exact test or Student’s t-test, depending on the type 

of variable (continuous or categorical). 

 Logistic regression was performed, using the independent variables (i. e. the number of 

IFN--, IL-4-, IL-5-, IL-12- and IL-13-secreting cells or the levels of IFN-γ, IL-4, IL-10, IL-

12, IL-17, GM-CSF and TNF) to predict the presence or absence of pregnancy and to estimate 

odds ratios for each of the independent variables in the model.  

 Comparison of the cytokine responses and serum levels of P and E2 between the two 

groups of women (pregnant versus non-pregnant) was done using Mann Whitney U test.  

 Wilcoxon signed ranks test was used to compare the spontaneous and paternal antigen-

induced secretion over time in all subjects, regardless of IVF outcome.   

 Fold change was calculated by comparing the number of cytokine secreting cells or the 

cytokine levels at each sample occasion (down-regulation, up-regulation, OPU, ET and four 

weeks after ET) to the first occasion (cycle day 1-5). Wilcoxon signed ranks test was used to 

compare the changes over time in all subjects, and the comparison between pregnant and non-

pregnant women was made with Mann Whitney U test. 

 

3. Results 

3.1. Patients  
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 The 25 women included in the study were classified as pregnancy failures (n=18), 

clinical pregnancies (successful full term pregnancies) (n=6) and biochemical pregnancies 

(n=1). The women in the pregnancy failure group had a higher mean age than the women in 

the clinical pregnancy group (table 1). Mean number of smokers, length of menstrual cycle, 

gravidity/parity and length of infertility were all comparable in the three different groups, as 

were the mean FSH levels on cycle day 3, initial FSH dose and total FSH dose.  There were 

no differences in the mean number of collected oocytes, fertilized oocytes, high quality 

embryos, transferred embryos and frozen embryos between the groups. Higher levels of both 

P and E2 were observed in the pregnant group than the non-pregnant group four weeks after 

ET (Fig. 1). 

 

3.2. Cytokine secretion in relation to IVF outcome  

 At the time of OPU, the number of spontaneously IL-5-secreting cells was lower in the 

group of women that became pregnant compared with the group that did not. Four weeks after 

ET, on the other hand, the pregnant women showed a higher number of IL-13-secreting cells 

than the non-pregnant women (Fig. 2). The number of spontaneously IFN-γ-, IL-4- and IL-12-

secreting cells was similar in the two groups at all time points. 

 The number of paternal antigen-induced IL-4- and IL-5-secreting cells was higher 

among the pregnant than the non-pregnant women four weeks after ET (Fig. 3). However, at 

the time of OPU the number of paternal antigen-induced IL-5-secreting cells was higher in the 

non-pregnant group. Also, the paternal antigen-induced IL-4 secretion was higher in the non-

pregnant than the pregnant group at cycle day 1-5 (Fig. 3). The number of paternal antigen-

induced IFN-γ-secreting cells and the IFN-γ, IL-10, IL-12, IL-17, GM-CSF and TNF levels 

were similar in the two groups at all occasions.  
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Table 1.     Characteristics of IVF patients 
  Total 

population  
n=24 

Pregnancy 
failure  
n=17 

Clinical 
pregnancy  

n=6 

Biochemical 
pregnancy  

n=1 

  

  p value 

Age (years) 32.3 ± 3.1 33.4 ± 2.3  29.1 ± 2.9 27.5 <.01a 

Body mass index (kg/m2) 23.2 ± 2.9 23.2 ± 2.9 21.9 ± 1.9 28.7     NA 

Smoking (%) 21 17.6 16.7 100 NS 

Menstrual cycle (days) 28.0 ± 2.9 28.2 ± 2.5 27.3 ± 5.0 30.0 NS 

Gravidity (%) 
    

  

0 79 82.4 83.3 0 NS 

1 21 17.6 16.7 100 NS 

Parity (%) 
    

  

0 95.8 100 100 0 NS 

1 4.2 0 0 100 NS 

Duration of infertility (years) 3.6 ± 1.4 3.7 ± 1.4 2.9 ± 0.7 4.0 NS 

FSH level, cycle day 3 (pmol/L) 6.3 ± 1.8 6.4 ± 1.7 5.9 ± 2.1 4.5 NS 

GnRH agonist (%) 
    

  

Synarela 16.7 17.6 16.7 0 NS 

Supcrecur 83.3 82.4 83.3 100 NS 

FSH agonist (%) 
    

  

Puregon 54.2 58.8 50 0 NS 

Gonal F 45.8 41.2 50 100 NS 

FSH, initial dose (IU) 178.6 ± 70.3 176.3 ± 62.2 158.3 ± 20.4 150.0 NS 

FSH, total dose (IU) 1988.2 ± 794.9 1981.0 ± 693.6 1729.2 ± 417.3 1650.0 NS 

Number of oocytes 
    

  

Collected 11.8 ± 4.7 11.6  ± 4.7 12.5  ± 3.7 16.0 NS 

Fertilized 8.8 ± 4.1 8.2  ± 4.5 9.7  ± 3.3 12.0 NS 

Number of embryos 
    

  

High quality 4.0 ± 2.7 3.4  ± 2.5 5.3  ± 3.0 7.0 NS 

Transferred (%) 
    

  

1 83 88 83 0 
NA 

2 17 12 17 100 

Frozen 2.83 ± 2.5 2.2 ± 2.1 4.2  ± 3.2 5.0 NS 

  
    

  

Pregnancy outcome (%) 
    

  

Positive 29 
   

  

Negative 71 
   

  

            

Note: Values are given as mean and standard deviations.   
NS = Not significant 
NA= Not applicable 
a p<0.01 pregnancy failure group compared with the clinical pregnancy group, analyzed with Student's 
T test 
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Fig. 2. The number of spontaneously IFN--, IL-4-, IL-5- and IL-13-secreting cells in 

pregnant and non-pregnant women. Individual and median values are shown. p<0.05 from 

Mann Whitney U test is indicated (*). 

 

 

 None of the variables included in the logistic regression analysis, i. e. the number of 

IFN--, IL-4-, IL-5-, IL-12- and IL-13-secreting cells or the levels of IFN-γ, IL-4, IL-10, IL-

12, IL-17, GM-CSF and TNF, had any significant effect on the probability to become 

pregnant after IVF treatment. In general, the 95% confidence intervals for the odds ratios 

were rather well defined with values close to 1 (data not shown).  
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Fig. 3. The number of paternal antigen induced IFN-- (a), IL-4- (b) and IL-5- (c) secreting 

cells and IL-4 concentrations in supernatants (d) in pregnant and non-pregnant women. 

Individual values, median values and p<0.05 from Mann Whitney U test is indicated (*). 

 

 

3.3. Changes in cytokine secretion during IVF treatment 

 All women, regardless of pregnancy outcome, were investigated for changes caused by 

the hormonal treatment used during IVF (Fig. 4). There was an increase in the fold change of 

spontaneously IFN-γ-, IL-4-, IL-5-, IL-12- and IL-13-secreting cells at the times of up-

regulation, OPU and ET compared with cycle day 1-5 and compared with down-regulation. 
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The number of IL-13-secreting cells was also increased at the time of OPU compared with up-

regulation, and decreased at the time of ET as compared with the time of OPU.   

 

Fig. 4. Fold change in the number of spontaneously IFN--, IL-4-, IL-5- and IL-13-secreting 

cells in all women, regardless of pregnancy outcome. Individual values and the median values 

of all individuals’ fold change compared with cycle day 1-5 are shown. p <0.05 from 

Wilcoxon signed ranks test is indicated (*), p<0.01 is indicated (**), and p<0.001 is indicated 

(***). 
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The statistically significant differences in fold change regarding the number of paternal 

antigen-induced IFN-γ-, IL-4- and IL-5-secreting cells included an increase at the times of up-

regulation, OPU and ET compared with cycle day 1-5 (Fig. 5) and also compared with down-

regulation. A decrease in the number of paternal antigen-induced IFN-γ-secreting cells was 

observed at the time of ET as compared with the time of OPU.  

 

Fig. 5. Fold change in the number of paternal antigen induced IFN-- (a) and IL-4- (b) 

secreting cells and concentrations of IL-10 (c) and IL-17 (d) in cell supernatants in all women, 

regardless of pregnancy outcome. Individual values and median values of all individuals’ fold 

change compared with cycle day 1-5 are shown. p<0.05 from Wilcoxon signed ranks test is 

indicated (*). 
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The fold change of paternal antigen-induced IL-10 and IL-17 secretion in supernatants 

was higher at the times of down-regulation, up-regulation and OPU compared with cycle day 

1-5 (Fig. 5). Regarding IL-10, the secretion was also higher 4 weeks after ET compared with 

cycle day 1-5, and lower at ET compared with OPU (Fig. 5). The fold change of paternal 

antigen-induced IFN-γ secretion was higher at the times of OPU, ET and 4 weeks after ET 

compared with cycle day 1-5 (Fig. 5). The levels of TNF and GM-CSF were similar 

throughout the course of IVF treatment and no differences in fold change were observed. 

 

4. Discussion 

Several observations suggest that Th1 cytokines are harmful to human pregnancy and 

may lead to pregnancy loss as early as at implantation (Kwak-Kim et al., 2003; Kalu et al., 

2008; Hudic and Fatusic, 2009). Furthermore, although less studied, Th17-like immunity has 

been associated with recurrent miscarriage (Wang et al., 2010a; Wang et al., 2010b). We 

therefore examined whether an unsuccessful outcome of IVF in women with unexplained 

infertility was associated with a paternal antigen-specific Th1 and Th17 bias and if differences 

in cytokine responses could predict the IVF outcome. However, neither Th1-, Th2- nor Th17-

associated cytokine responses had any predictive value regarding IVF outcome. Other studies 

have reported factors with a predictive value on IVF outcome, e.g. IL-18 (Ledee-Bataille et 

al., 2004b); IL-10 and TNF (Boomsma et al., 2009); and IL-1β (Bonetti et al., 2010). In these 

studies, cytokine levels were measured in uterine secretions or serum, while we use 

inactivated paternal cells as a proxy for allogeneic fetal cells to investigate the maternal 

peripheral responses toward fetal antigens (Ekerfelt et al., 1997). Furthermore, as the cytokine 

secretion by peripheral cells measured in the current study may not necessarily reflect local 

cytokine patterns (Ekerfelt et al., 2002b), local cytokine responses in the two groups of 

women may still differ. The present study did not investigate endometrial factors, which 
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might be of greater importance than the peripheral immune response since a receptive 

endometrium is required for implantation and mediated by immune cells, cytokines, growth 

factors and adhesions molecules (Dimitriadis et al., 2005; van Mourik et al., 2009). 

Although the present study found that none of the cytokines had any significant effect 

on the probability to become pregnant after IVF treatment, the possibility of using these 

cytokines in a larger study to predict IVF outcome cannot be excluded. The rationale for using 

ELISpot was that it is a sensitive method for IL-4 detection (Ekerfelt et al., 2002a). However, 

although more sensitive, especially regarding the quantification of IL-4, ELISpot would not 

be the method of choice in a larger study. A power analysis based on the results of the present 

pilot study, taking into account the large variability, indicates that a much larger sample size 

would be required. On the other hand, the multiplex assay has far less variability and would 

require more manageable sample sizes (ca 120 women to obtain a power of 80% and a 

detectable difference of three units). These calculations were made by dimensioning the test 

sample based on T test for two test samples, and subsequently correcting the calculations with 

the Pitman Efficiency coefficient of 0.955. 

 We did observe a higher number of spontaneously IL-13- and paternal antigen-induced 

IL-4- and IL-5-secreting cells in the pregnant women than the non-pregnant women four 

weeks after ET. The finding of higher numbers of Th2 cytokine secreting cells in pregnant 

than non-pregnant women is in line with our previous findings (Matthiesen et al., 1998; 

Matthiesen et al., 2003) and in support of pregnancy as a Th2 phenomenon at the systemic 

level (Wegmann et al., 1993). In contrast, we found lower paternal antigen-induced IL-4 and 

IL-5 responses in the pregnant group than the non-pregnant group, at cycle day 1-5 for IL-4 

and at OPU for IL-5. Later pregnancy was also associated with a lower number of 

spontaneously IL-5 secreting cells at the time of OPU. The significance of these findings is 
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unclear and should be interpreted with caution, as the present study did not identify any 

predictive markers.  

 The power of this pilot study may not be statistically valid, considering the small 

number of subjects and the large number of variables tested. However, the well defined 95% 

confidence intervals for the odds ratios suggest that the different variables do not affect the 

probability to become pregnant after IVF treatment. An insufficient number of samples or an 

inadequately designed study would have generated very wide confidence intervals. 

 The study design also allowed us to evaluate the hormonal influence on cytokine 

secretion during IVF treatment, suggesting a general stimulatory influence. The majority of 

the cytokines reached their peak levels at the time of OPU, coinciding with the maximal 

levels of FSH and HCG. In support of our findings, previous studies have found a gradual 

increase of serum macrophage colony-stimulating factor (M-CSF) and granulocyte colony-

stimulating factor (G-CSF) throughout ovarian stimulation in IVF cycles (Nishimura et al., 

1998; Salmassi et al., 2005; Salmassi et al., 2010). IFN-γ, IL-4 and TNF have been studied 

after lymphocyte activation with PMA/ionomycin before and after ovarian stimulation (Kalu 

et al., 2008), and IL-10 has been analyzed in serum during IVF treatment (Wu et al., 2001). 

The influence of IVF hormonal treatment on IL-5, IL-12, IL-13, IL-17 and GM-CSF has, to 

the best of our knowledge, not been studied longitudinally before, however. In contrast to 

these in vivo studies, stimulatory effects of FSH and HCG on lymphocyte cytokine secretion 

have not been found in in vitro studies.  FSH and HCG in combination reduced IFN- 

production and T cell proliferation (Carbone et al., 2010), whereas HCG had no effect on the 

cytokine production of antigen-specific T cell lines and clones (Piccinni et al., 1995). 

  

 In conclusion, the results of the present study do not support our hypothesis of a more 

pronounced peripheral Th1 and Th17 deviation towards paternal antigens in infertile women 

with an unsuccessful as compared with a successful outcome of IVF, although this is based on 
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a small number of observations. Thus, a larger study should be conducted to confirm this 

conclusion. The findings of a higher number of IL-4-, IL-5- and IL-13-secreting cells in 

pregnant than non-pregnant women corroborate the hypothesis of a Th2 deviation occurring 

during normal pregnancy.  
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