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Abstract 
Background: Endometrial secretion analysis is a non-invasive and promising 
method in evaluation of endometrial receptivity. 
Objective: The aim of the present study was to assess the relationship between the 
success rate of IVF procedures and some endometrial secretion cytokines, including 
interleukin-1β (IL-1β), tumor necrosis factor (TNF-α), interferon gamma-induced 
protein 10 (IP-10), and monocyte chemoattractant protein (MCP). 
 Materials and Methods: In a prospective cohort study, 50 women selected for IVF 
met the study inclusion criteria. All the patients underwent endometrial secretion 
aspiration prior to embryo transfer. The level of IL-1β, TNF-α, IP-10 and MCP were 
analyzed by enzyme-linked immunosorbent assay method using special standard 
kits. To detect successful implantation and pregnancy patients underwent serum 
human chorionic gonadotropin measurements and ultrasound evaluation. 
Results: Five samples were excluded. Nine women (20%) had successful clinical 
pregnancies, which resulted in live birth. Other 36 women (80%) were classified as 
failed pregnancy. Comparison of cytokine levels showed lower concentrations of 
TNF-α, IP-10, and MCP in the group with successful clinical pregnancy compared 
to the group with failed pregnancy (p=0.007, 0.005 and 0.001, respectively). 
However, no significant difference was revealed in IL-1β levels between two groups 
(p=0.614). 
 Conclusion: The current study suggested that lower concentrations of TNF-α, IP-
10, and MCP in endometrial secretions might be associated with improved 
endometrial receptivity and IVF outcome. Regarding IL-1β, no statistically 
significant differences were seen between the groups with and without successful 
pregnancy. 
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Introduction 

 
nfertility is a common condition, affecting 
marital relationship, mental health and 
the couples’ quality of life. Recent 

advances in assisted reproductive 
technologies (ARTs) such as In Vitro 
Fertilization (IVF) provide more efficient 
methods for infertility treatment (1-3). Despite 
the increasing prevalence, most infertility 
treatment modalities are very expensive and 
impose a heavy financial burden on families. 
Moreover, a significant number of IVF 
procedures does not result in a live birth (3-5). 

Successful implantation depends on the 
quality of the embryo and the endometrial 
receptivity. (6) Cytokines produced by fetal 
and uterine mucus are responsible for 
regulating interactions between the mother 
and fetus, which improve uterus receptivity by 

controlling the expression of proteins involved 
in the adhesion process (7, 8). The known 
cytokines and growth factors that may have 
contributed to the increased receptivity of 
human endometrial implantation include 
leukemia inhibitory factor, interleukin-1, 
keratinocyte growth factor and colony 
stimulating factor-1. An ideal biomarker for 
increased endometrial receptivity must be 
present in the endometrium, should be close 
to the site of implantation and should appear 
during the implantation period and disappear 
after it (9). 

Identification of such biomarkers may 
provide more information about implantation in 
both normal and ART cycles. Furthermore, the 
identification of these markers might be useful 
in determining the best time for embryo 
transfer. The aim of the present study was to 
assess the relationship between the success 
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rate of IVF procedures and some endometrial 
secretion cytokines, including interleukin-1β 
(IL-1β), tumor necrosis factor (TNF-α), 
interferon gamma-induced protein 10 (IP-10), 
and monocyte chemoattractant protein (MCP). 
These cytokines were chosen based on 
controversial results of previous studies 
focused on describing the immunological 
dialogue between a vital embryo and a 
receptive endometrium in implantation (1, 6-
8). 
 

Materials and methods 
 
Study design 

This prospective non-randomized study 
were perfomed at Fatemieh Women’s Hospital 
from September 2011 to March 2013. Fifty 
women less than 35 years of age who were 
candidates for IVF due to tubal factor infertility 
were enrolled after providing sufficient 
explanation and obtaining informed 
consent.The study protocol was approved by 
the Research Ethics Committee of Hamadan 
University of Medical Sciences. To confine the 
effects of factors which affect IVF outcome, all 
women met the study inclusion criteria, 
including a) normal menstrual cycles between 
25 to 35 days, b) female aged less than 35 
years old, c) BMI less than 30, d) TSH <10 on 
the third day of the cycle and the number of 
antral follicles more than 6 on the third day 
ultrasound, and e) normal semen analysis. 
Also, exclusion criteria were as follows: a) 
metabolic and/or endocrine disorders 
(diabetes, metabolic syndrome, PCOS and 
Thyroid Disorders) b) previous 
gynecological/pelvic surgery except for 
salpingectomy, c) more than once previous 
failed IVF cycle, and d) smoking. 

 
IVF technique 

To stimulate ovulation, recombinant 
follicular stimulating hormone (rFSH) 
(Puregon, Organon, Germany) was injected 
daily from the third day of the menstrual cycle 
with an appropriate dosage. In order to 
prevent premature luteinization, daily injection 
of gonadotropin-releasing hormone (GnRH) 
antagonist (Ganirelix acetate, Organon, 
Netherland) (450 IU once daily) was 
considered from the fifth day of the IVF cycle. 
In order to stimulate final oocyte maturation, 
an intramuscular dose (10000 IU) of human 
chorionic gonadotropin (hCG) (Pregnyle, 

Organon, Germany) was injected. A maximum 
of three embryos were transferred, 4-5 days 
after the ovarian puncture. Embryo transfer 
was performed in the luteal phase. An embryo 
with stage-specific cell size, <10% of 
fragmentation and no multinucleation was 
considered as grade A. Embryos with stage-
specific cell size for the majority of cells, 10–
25% of fragmentation and no evidence of 
multinucleation considered as grade B and 
embryos with cell size not stage-specific, 
severe fragmentation (more than 25%) and 
evidence of multinucleation counted as grade 
C (10). 

During the first 5 days after embryo 
transfer, three hCG injections (each 
containing 5000 IU) and intramuscular 
progesterone (Progestan, Organon, Germany) 
injection (100 mg/day) were administered for 
luteal phase support. 

Serum β-hCG was measured 10 days after 
embryo transfer in order to detect 
implantation. In case of a positive test result, 
the test was repeated 48 hours later. A double 
increase in β-hCG level was considered as 
successful implantation. Women with 
successful implantation underwent ultrasound 
evaluation of the pregnancy from four weeks 
after oocyte retrieval. Pregnancy was defined 
by visualization of an embryonic sac at vaginal 
ultrasound examination at 5 weeks after 
embryo transfer. Losing pregnancy products 
diagnosed by ultrasound any time after 
pregnancy detection was considered as a 
failed IVF cycle. 

 
Aspiration and analysis of endometrial 
secretions 

Aspiration of endometrial secretion was 
performed by the method described by 
Boomsma (1). Endometrial secretions were 
aspirated by insertion a trans-cervical catheter 
and gentle suction with a 2-mL syringe prior to 
embryo transfer. In previous studies, the 
safety of the uterine secretions aspirated prior 
to embryo transfer have shown [11]. All the 
samples were stored in liquid nitrogen at a 
temperature of -80°C. The level of cytokines 
including interleukin-1β (IL-1β), tumor necrosis 
factor (TNF-α), interferon gamma-induced 
protein 10 (IP-10), and monocyte 
chemoattractant protein (MCP) in the 
aspirated fluid were analyzed by enzyme-
linked immunosorbent assay (ELISA) method 
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using special standard kits. (R&D Systems, 
Minneapolis, Minnesota). 
 
Statistical analysis 

Values were mean±SD/median (25; 75th 
percentiles) and data were analyzed 
statistically by χ2 test or Mann–Whitney U-test. 
Statistical Package for the Social Sciences, 
version 19.0, SPSS Inc, Chicago, Illinois, USA 
(SPSS software) was used for statistical 
analysis. P<0.05 was considered statistically 
significant. 

 
Results 

 
Fifty patients were recruited for this study. 

Five samples were excluded because of 
contact bleeding in the course of sampling. 
Thus, aspirated endometrial secretions of 45 

enrolled women were analyzed to assess 
levels of IL-1β, TNF-α, IP-10, and MCP. 
According to serum β-hCG levels and 
ultrasound studies, 9 women (20%) had 
successful clinical pregnancies which resulted 
in live birth. Other 36 women (80%) were 
classified as the group with failed pregnancy. 
There was no significant difference between 
women with successful pregnancy and failed 
pregnancy in terms of baseline and clinical 
characteristics (Table I). The concentrations of 
TNF-α, IP-10, and MCP in the group with 
successful clinical pregnancy were 
significantly different compared to the group 
with failed pregnancy (p-values 0.007, 0.005 
and 0.001, respectively) (Table II). However, 
no significant difference was revealed in IL-1β 
levels between two groups.  

 

 
 
Table I. Baseline and clinical characteristics in groups with successful pregnancy and failed pregnancy 
 

Characteristics Successful pregnancy (n = 9) Failed pregnancy (n = 36) p-value 

Age, yr (Mean±SD) 
 

28.0 ± 3.3 29.7 ± 3.5 0.13 

Duration of infertility, yr 
 (Mean±SD) 
 

5.7 ± 2.2 5.9 ± 2.6 0.69 

Number of transferred embryos 
(Mean±SD) 
 

2.2 ± 0.8 2.2 ± 0.9 1.00 

Grade of transferred embryo  

A* 
 

9 (100%) 29 (80.6%) 0.06 

B∆ 
 

0 6 (16.7%) - 

C┼ 
 

0 1 (2.7%) - 

* Embryo with stage-specific cell size, <10% fragmentation and no multinucleation 
∆ Embryo with stage-specific cell size for the majority of cells, 10–25% fragmentation and no evidence of multinucleation 
┼ Embryo with cell size not stage-specific, severe fragmentation (25%) and evidence of multinucleation 
 
 
Table II. Comparison of cytokine levels in aspirated endometrial secretions in with successful pregnancy and failed pregnancy 
 

Cytokine Successful pregnancy (n = 9) Failed pregnancy (n = 36) p-value 

TNF-α* 
 

13.5(10.3;230.45) ■  25.1(17.9;32.7) <0.01 

IL-1β∆ 
  

363.7(102.3;636.4) 49.2(35.3;887.2) 0.61 

MCP┼ 
 

250.5(134.2;372.5) 1050.3(106.3;1995.6) <0.01 

IP-10○ 
 

298.2(267.6;407.4) 634.7(290.7;996.3) <0.01 

* Tumor necrosis factor-α                                                       ∆ Interleukin-1β                                                        ┼ Monocyte chemoattractant protein 
○ Interferon gamma-induced protein 10                                        ■ All levels were measured in pg/mL and represents median (25; 75th percentiles)  

 
Discussion 

 
The current study suggested that lower 

concentrations of TNF-α, IP-10, and MCP in 
endometrial secretions were associated with 
improved uterine receptivity and IVF outcome. 
Regarding IL-1β, no statistically significant 

difference was seen between the groups with 
and without successful pregnancy. 

The interactions between maternal immune 
system and conceptus tissues at implantation 
are necessary for successful implantation and 
progression to pregnancy (12). It seemed that 
these interactions at the level of endometrium 
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regulated cytokines concentrations and 
Th1/Th2 ratio. Recent studies have shown 
that some of the secreted inflammatory 
cytokines not only make no disturbance in 
implantation, but also are necessary for 
endometrial reconstruction and modulate the 
events subsequent to implantation by 
recruiting the macrophages and dendritic cells 
(13-16). Some studies hypothesized that slight 
damage to the endometrium in women with 
repeated IVF failure leaded to a greater 
clinical pregnancy rate by modifying 
endometrial secreted cytokines (17-20). 

Previous studies reported some 
controversial results on the role of different 
cytokines in providing a proper physiological 
function for implantation (1, 6-8). TNF-α is not 
only a key regulator in interactions prior to the 
implantation, but also higher levels of it plays 
a crucial role in some reproductive diseases 
such as endometrial infections and recurrent 
spontaneous abortions (21-24). Boomsma et 
al study revealed a positive relationship 
between successful pregnancy and higher 
levels of TNF-α in endometrial secretions. 
Similar to earlier animal studies, we found that 
TNF-α concentrations in pregnant women with 
successful pregnancy were significantly lower 
than those with IVF failure (25). 

While previous studies have shown that 
inappropriate expression of IL-1β was 
associated with repeated abortions and 
pregnancy failure, the current study failed to 
find any statistically significant difference 
between the study groups (25-28). 

In a study by Boomsma et al. MPC1 and 
IP10 levels had significant negative and 
positive association with initial implantation of 
embryos, respectively (25). Some studies 
showed that the embryo expressed some 
receptors for MPC1 and IP10 (29-35). 
Furthermore, it was suggested that MPC1 was 
a strong absorber and activator of uterine 
natural killer cells, which were associated with 
abortion and infertility (32-33). Given the 
relationship between higher rates of 
implantation with lower levels of these 
cytokines, these findings were probably 
consistent with the results of the current study. 

Comparing to other studies, the chance to 
achieve a successful IVF in this study was low 
(10, 36). We determined the concentrations of 
the endometrial secretions by ELISA because 
of its feasibility and regarding the results of 
previous studies, which demonstrated the 

similar results of endometrial cytokine 
measurements by immunohistochemistry, 
ELISA and semiquantitative reversed 
transcription-polymerase chain reaction 
(semiquantitative RT-PCR) (37). In addition to 
theoretical uncertainties, some factors such as 
technical differences between this study and 
previous ones in secretions aspiration or 
timing of aspiration as well as lower volume of 
samples could be possible reasons for this 
difference. 

Considerable evidence suggests that 
pregnancy is a complex event related to 
complex immunological processes. While 
infertility and failed ART cycles are tied to 
emotional distress, further understanding of 
this phenomenon might lead to more control 
on factors contributing to the success and 
failure of pregnancy process and maximize 
the estimation of success rate (38). The non-
invasive nature of analysis of uterine secretion 
aspiration enabled the researchers of this 
study to evaluate the uterine receptivity before 
the embryo transfer in IVF process without 
inflicting any damage comparing to alternative 
methods such as endometrial dating.  
 

Conclusion 
 

The current study suggests that lower 
concentrations of TNF-α, IP-10, and MCP in 
endometrial secretions might be associated 
with improved endometrial receptivity and IVF 
outcome. This non-invasive approach may 
improve understanding of immunological 
events, which embryo experiences during its 
early days. 
 

Acknowledgements 
 

This study was supported by a grant from 
Vice Chancellor of Research of Hamadan 
University of Medical Sciences. 
 

Conflict of interest 
 

The authors declare that they have no 
conflict of interest. 
 

References 
 
1. Boomsma CM, Kavelaars A, Eijkemans MJ, Fauser 

BC, Heijnen CJ, Macklon NS. Ovarian stimulation for 
in vitro fertilization alters the intrauterine cytokine, 
chemokine, and growth factor milieu encountered by 
the embryo. Fertil Steril 2009; 94: 1764-1768. 



Endometrial secretion cytokines and In Vitro Fertilization outcome 

Iranian Journal of Reproductive Medicine Vol. 13. No. 9. pp: 557-562, September 2015                                              561 

2. Campbell KL, Rockett JC. Biomarkers of ovulation, 
endometrial receptivity, fertilization, implantation and 
early pregnancy progression. Paediatr Perinat 
Epidemiol 2006; 20: 13-25. 

3. Cavagna M, Mantese JC. Biomarkers of endometrial 
receptivity-a review. Placenta 2003; 24: 39-47. 

4. Dikareva LV, Shvarev EG, Shvarev GE, Teplyi DL. 
Age, structural and biochemical characteristics of 
endometrial secretion in patients with hysteromyoma. 
Adv Gerontol 2008; 21: 596-601. 

5. Florio P, Bruni L, Galleri L, Reis FM, Borges LE, 
Bocchi C, et al. Evaluation of endometrial activin A 
secretion for prediction of pregnancy after 
intrauterine insemination. Fertil Steril 2009; 93: 2316-
2320. 

6. Haouzi D, Mahmoud K, Fourar M, Bendhaou K, 
Dechaud H, De Vos J, et al. Identification of new 
biomarkers of human endometrial receptivity in the 
natural cycle. Hum Reprod 2009; 24: 198-205. 

7. Lieberman JA, Moscicki AB, Sumerel JL, Ma Y, Scott 
ME. Determination of cytokine protein levels in 
cervical mucus samples from young women by a 
multiplex immunoassay method and assessment of 
correlates. Clin Vaccine Immunol 2008; 15: 49-54. 

8. Nieuwenhuizen L, Khalil MK, Venkatesh N, Othman 
NH. Endometrial and endocervical secretion: the 
search for histochemical differentiation. Anal Quant 
Cytol Histol 2006; 28: 87-96. 

9. van der Gaast MH, Macklon NS, Beier-Hellwig K, 
Krusche CA, Fauser BC, Beier HM, et al. The 
feasibility of a less invasive method to assess 
endometrial maturation--comparison of 
simultaneously obtained uterine secretion and tissue 
biopsy. BJOG 2009; 116: 304-312. 

10. Alpha Scientists in Reproductive Medicine and 
ESHRE Special Interest Group of Embryology. The 
Istanbul consensus workshop on embryo 
assessment: proceedings of an expert meeting. Hum 
Reprod 2011; 26: 1270-1283. 

11. van der Gaast MH, Beier-Hellwig K, Fauser BC, 
Beier HM, Macklon NS. Endometrial secretion 
aspiration prior to embryo transfer does not reduce 
implantation rates. Reprod Biomed Online 2003; 7: 
105-109. 

12. Robertson SA, Moldenhauer LM. Immunological 
determinants of implantation success. Int J Dev Biol 
2014; 58: 205-217. 

13. Rajaei S, Zarnani AH, Jeddi-Tehrani M, Tavakoli M, 
Mohammadzadeh A, Dabbagh A, et al. Cytokine 
profile in the endometrium of normal fertile and 
women with repeated implantation failure. Iran J 
Immunol 2011;8:201-208. 

14. Wegmann TG, Lin H, Guilbert L, Mosmann TR. 
Bidirectional cytokine interactions in the maternal-
fetal relationship: is successful pregnancy a TH2 
phenomenon. Immunol Today 1993; 14: 353-356. 

15. Chaouat G, Ledee-Bataille N, Dubanchet S, Zourbas 
S, Sandra O, Martal J. TH1/TH2 paradigm in 
pregnancy: paradigm lost? Cytokines in 
pregnancy/early abortion: reexamining the TH1/TH2 
paradigm. Int Arch Allergy Immunol 2004; 134: 93-
119. 

16. Chaouat G. The Th1/Th2 paradigm: still important in 
pregnancy? Semin Immunopathol 2007; 29: 95-113. 

17. Granot I, Gnainsky Y, Dekel N. Endometrial 
inflammation and effect on implantation improvement 

and pregnancy outcome. Reproduction 2012; 144: 
661-668. 

18. Karimzadeh MA, Ayazi Rozbahani M, Tabibnejad N. 
Endometrial local injury improves the pregnancy rate 
among recurrent implantation failure patients 
undergoing in vitro fertilisation/intra cytoplasmic 
sperm injection: a randomised clinical trial. Aust N Z 
J Obstet Gynaecol 2009; 49: 677-680.  

19. Zhou L, Li R, Wang R, Huang HX, Zhong K. Local 
injury to the endometrium in controlled ovarian 
hyperstimulation cycles improves implantation rates. 
Fertil Steril 2008; 89: 1166–1176. 

20. El-Toukhy T, Sunkara S, Khalaf Y. Local endometrial 
injury and IVF outcome: a systematic review and 
meta-analysis. Reprod Biomed Online 2012; 25: 345-
354. 

21. Toder V, Fein A, Carp H, Torchinsky A. TNF-alpha in 
pregnancy loss and embryo maldevelopment: a 
mediator of detrimental stimuli or a protector of the 
fetoplacental unit. J Assist Reprod Genet 2003; 20: 
73-81. 

22. Meisser A, Chardonnens D, Campana A, Bischof P. 
Effects of tumour necrosis factor-alpha, interleukin-1 
alpha, macrophage colony stimulating factor and 
transforming growth factor on trophoblastic matrix 
metalloproteinases. Mol Hum Reprod 1999; 5: 252-
260. 

23. Cohen M, Meisser A, Haenggeli L, Bischof P. 
Involvement of MAPK pathway in TNF-alpha induced 
MMP-9 expression in human trophoblastic cells. Mol 
Hum Reprod 2006; 12: 225-232. 

24. Lockwood CJ, Oner C, Uz YH, Kayisli UA, Huang SJ, 
Buchwalder LF, et al. Matrix metalloproteinase 9 
expression in preeclamptic decidua and MMP9 
induction by tumor necrosis factor alpha and 
interleukin 1 beta in human first trimester decidual 
cells. Biol Reprod 2008; 78: 1064–1072.  

25. Boomsma CM, Kavelaars A, Eijkemans MJ, Lentjes 
EG, Fauser BC, Heijnen CJ, et al. Endometrial 
secretion analysis identifies a cytokine profile 
predictive of pregnancy in IVF. Hum Reprod 2009; 
24: 1427-1435. 

26. Inagaki N, Stern C, McBain J, Lopata A, Kornman L, 
Wilkinson D. Analysis of intra-uterine cytokine 
concentration and matrix-metalloproteinase activity in 
women with recurrent failed embryo transfer. Hum 
Reprod 2003; 18: 608-615. 

27. von Wolff M, Thaler CJ, Strowitzki T, Broome J, Stolz 
W, Tabibzadeh S. Regulated expression of cytokines 
in human endometrium throughout the menstrual 
cycle: dysregulation in habitual abortion. Mol Hum 
Reprod 2000; 6: 627-634. 

28. Jones RL, Hannan NJ, Kaitu'u TJ, Zhang J, 
Salamonsen LA. Identification of chemokines 
important for leukocyte recruitment to the human 
endometrium at the times of embryo implantation 
and menstruation. J Clin Endocrinol Metab 2004; 89: 
6155-6167. 

29. Inngjerdingen M, Damaj B, Mghazachi AA. 
Expression and regulation of chemokine receptors in 
human natural killer cells. Blood 2001; 97: 367-375. 

30. Dominguez F, Pellicer A, Simon C. The chemokine 
connection: hormonal and embryonic regulation at 
the human maternal-embryonic interface-a review. 
Placenta 2003; 24: 48-55. 

31. Caballero-Campo P, Domínguez F, Coloma J, 
Meseguer M, Remohí J, Pellicer A, et al. Hormonal 

http://www.ncbi.nlm.nih.gov/pubmed?term=Rajaei%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22201617
http://www.ncbi.nlm.nih.gov/pubmed?term=Zarnani%20AH%5BAuthor%5D&cauthor=true&cauthor_uid=22201617
http://www.ncbi.nlm.nih.gov/pubmed?term=Jeddi-Tehrani%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22201617
http://www.ncbi.nlm.nih.gov/pubmed?term=Tavakoli%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22201617
http://www.ncbi.nlm.nih.gov/pubmed?term=Mohammadzadeh%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22201617
http://www.ncbi.nlm.nih.gov/pubmed?term=Dabbagh%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22201617
http://www.ncbi.nlm.nih.gov/pubmed?term=Cytokine%20Profile%20in%20the%20Endometrium%20of%20Normal%20Fertile%20and%20Women%20with%20Repeated%20Implantation%20Failure
http://www.ncbi.nlm.nih.gov/pubmed?term=Cytokine%20Profile%20in%20the%20Endometrium%20of%20Normal%20Fertile%20and%20Women%20with%20Repeated%20Implantation%20Failure
http://www.sciencedirect.com/science/article/pii/016756999390235D
http://www.sciencedirect.com/science/article/pii/016756999390235D
http://www.sciencedirect.com/science/article/pii/016756999390235D
http://www.sciencedirect.com/science/article/pii/016756999390235D
http://www.ncbi.nlm.nih.gov/pubmed?term=von%20Wolff%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10871650
http://www.ncbi.nlm.nih.gov/pubmed?term=Thaler%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=10871650
http://www.ncbi.nlm.nih.gov/pubmed?term=Strowitzki%20T%5BAuthor%5D&cauthor=true&cauthor_uid=10871650
http://www.ncbi.nlm.nih.gov/pubmed?term=Broome%20J%5BAuthor%5D&cauthor=true&cauthor_uid=10871650
http://www.ncbi.nlm.nih.gov/pubmed?term=Stolz%20W%5BAuthor%5D&cauthor=true&cauthor_uid=10871650
http://www.ncbi.nlm.nih.gov/pubmed?term=Stolz%20W%5BAuthor%5D&cauthor=true&cauthor_uid=10871650
http://www.ncbi.nlm.nih.gov/pubmed?term=Tabibzadeh%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10871650
http://www.ncbi.nlm.nih.gov/pubmed?term=Caballero-Campo%20P%5BAuthor%5D&cauthor=true&cauthor_uid=11912286
http://www.ncbi.nlm.nih.gov/pubmed?term=Dom%C3%ADnguez%20F%5BAuthor%5D&cauthor=true&cauthor_uid=11912286
http://www.ncbi.nlm.nih.gov/pubmed?term=Coloma%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11912286
http://www.ncbi.nlm.nih.gov/pubmed?term=Meseguer%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11912286


Rahiminejad et al 

562                                              Iranian Journal of Reproductive Medicine Vol. 13. No. 9. pp: 557-562, September 2015 

and embryonic regulation of chemokines IL-8, MCP-
1 and RANTES in the human endometrium during 
the window of implantation. Mol Hum Reprod 2002; 
8: 375-384. 

32. Loetscher P, Seitz M, Clark-Lewis I, Baggiolini M, 
Moser B. Monocyte chemotactic proteins MCP-1, 
MCP-2, and MCP-3 are major attractants for human 
CD4+ and CD8+ T lymphocytes. FASEB J 1994; 8: 
1055-1060. 

33. Moffett A, Regan L, Braude P. Natural killer cells, 
miscarriage, and infertility. BMJ 2004; 329: 1283-
1285. 

34. Sela HY, Goldman-Wohl DS, Haimov-Kochman R, 
Greenfield C, Natanson-Yaron S, Hamani Y, et al. 
Human trophectoderm apposition is regulated by 
interferon gamma-induced protein 10 (IP-10) during 
early implantation. Placenta 2013; 34: 222-230. 

35. Nagaoka K, Nojima H, Watanabe F, Chang KT, 
Christenson R, Sakai S, et al. Regulation of 
blastocyst migration, apposition and initial adhesion 

by a chemokine, IFN-gamma -inducible protein 10 
kDa (IP-10), during early gestation. J Biol Chem 
2003; 278: 29048-29056.  

36. Gianaroli L, Magli MC, Ferraretti AP, Iammarrone E. 
Preimplantation genetic diagnosis increases the 
implantation rate in human in vitro fertilization by 
avoiding the transfer of chromosomally abnormal. 
Fertil Steril 1997; 68: 1128-1131. 

37. Von Wolff M, Classen-Linke I, Heid D, Krusche CA, 
Beier-Hellwig K, Karl C, et al. Tumour necrosis 
factor-alpha (TNF-alpha) in human endometrium and 
uterine secretion: an evaluation by 
immunohistochemistry, ELISA and semiquantitative 
RT-PCR. Mol Hum Reprod 1999; 5: 146-152. 

38. Rahiminejad ME, Moaddab A, Rabiee S, Esna-
Ashari F, Borzouei S, Hosseini SM. The relationship 
between clinicobiochemical markers and depression 
in women with polycystic ovary syndrome. Iran J 
Reprod Med 2014; 12: 811-816. 

 

http://www.researchgate.net/researcher/40013845_P_Loetscher/
http://www.researchgate.net/researcher/47706113_M_Seitz/
http://www.researchgate.net/researcher/38484259_I_Clark-Lewis/
http://www.researchgate.net/researcher/39644716_M_Baggiolini/
http://www.researchgate.net/researcher/60786959_B_Moser/

	37. Von Wolff M, Classen-Linke I, Heid D, Krusche CA, Beier-Hellwig K, Karl C, et al. Tumour necrosis factor-alpha (TNF-alpha) in human endometrium and uterine secretion: an evaluation by immunohistochemistry, ELISA and semiquantitative RT-PCR. Mol Hum Rep�

