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Abstract  

mRNA expression of indoleamine 2,3-dioxygenase (IDO) and Toll-like receptors (TLR) 1-4 in epithelial cells of  

cervix uteri in 57 patients with early stage miscarriages (6-10 weeks of pregnancy) and 57 patients with artificial 

abortion (control group) was examined using quantitative polymerase chain reaction (PCR). It was determined, that in 

patients with early miscarriages significant increase of  mRNA expression of TLR1, TLR2 and TLR4 , and 3-fold 

increase of IDO.  Expression of IDO had moderate correlation with expression of TLR2, TLR3 and TLR4. Therefore, 

the patients with spontaneous miscarriage at early pregnancy demonstrate positive increase in mRNA expression of 

Toll-like receptors 1, 2 and 4, the ligands of which are bacterial structures, which probably can facilitate 

hyperactivation of innate immunity system and rejection of gestational sac.  Such increase is accompanied by 

activation of indoleamine 2,3-dioxygenase synthesis which can be compensatory or facilitate excessive immune 

suppression of T-cell immunity.   
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Introduction 

Inflammatory diseases are one of the main causes of spontaneous miscarriages (Carp, 2007; Kitaya, 2011; Soloveva 

et al., 2013). The success rate of embryo implantation is statistically significantly lower in women with chronic 

endometritis than in women with normal endometrium (11% and 58%, respectively) (Romero et al., 2004).  In the 

majority of cases, when identifying chronic endometritis that causes spontaneous miscarriages, it is impossible to 

identify a certain agent, which points at the non-specific character of inflammation due to changes in local immune 

reactivity (Cakmak and Taylor, 2011).  
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Therefore, the study of the role of indoleamine-2,3-dioxygenase enzyme (IDO) having immunosuppressive and 

antibacterial effect is of interest in pathogenesis of recurrent pregnancy loss.  IDO is an enzyme that catabolizes 

tryptophane on a kynurenine pathway and thus facilitates suppression of a T-cell component of immune system due 

to formation of toxic catabolism products (Fallarino et al., 2002; Bauer et al., 2005; King and Tomas, 2007). IDO is 

shown to be able to inhibit T-cells proliferation, suppress complement activation and prevent dendritic cell activation 

(Aylamazyan et al., 2010; Mellor et al., 2001; Munn et al., 1999).  

IDO is widely expressed in the majority of organs and tissues, including chorion, placenta and decidua (Curti et al., 

2009; Ligam et al., 2005).  It was established in vitro that IDO activation in trophoblast cells promotes suppression of 

cell immunity and development of immune tolerance to an embryo (Doherty et al., 2011). Cell culture identified that 

IDO expression is stimulated by γ-interferone, with its synthesis depending on Toll-like receptor 3 (Wang et al., 

2011). Besides, IDO is the major intracellular mechanism of protection against some pathogens, including but not 

limited to chlamydia, since it deprives them of their essential amino acid – tryptophan (Entrican G. et al., 2009; 

Roshick C. et al., 2006).   

However, the role of IDO in pathogenesis of recurrent pregnancy loss in vivo, and its interrelation with Toll-like 

receptors expression, has almost never been studied.  

Therefore, the study of peculiarities of IDO expression in patients with spontaneous miscarriage at early stages of 

pregnancy is of much interest.  

Objective:  to study IDO expression in epithelium of cervix uteri in women with spontaneous miscarriage at early 

stages of pregnancy and its interrelation with Toll-like receptors (TLR) 1-4 expression. 

Materials and Methods 

The main group included 57 patients admitted to Belgorod Municipal City Clinical Hospital № 1 with the symptoms 

of spontaneous miscarriage with duration of gestation from 6 to 10 weeks; the control group included 57 women who 

applied for legal abortion at the same stage of pregnancy.   Epithelial cells were obtained from cervix uteri and placed 

into preservative solution RNA later (“Ambion”, USA). Quantitative polymerase chain reaction (PCR) method was 

used to identify mRNA TLR 1-10 and IDO expression. RNA was obtained by phenol-chloroform extraction using 

Trisol agent («Invitrogen», USA).  The obtained RNA was treated with DNAse using a set of DNAse I RNAse free 

(“Fermentas”, USA).  In order to perform reverse transcription, a reverse transcriptase Mint kit and oligoDT 

(“Evrogen”, Russia) were used.  500 ng of RNA were added to the mixture for reaction. Reverse transcription was 
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made according manufacturer’s instruction in amplifier “Tercyc” (“DNA-technology”, Russia). Specific primers for 

PCR were selected in real-time mode from the database Blast (www.ncbi.nlm.nih.gov) (table 1). As housekeeping 

genes β-actin and peptidyl prolyl isomerase А (PPIA) were used. Amplification was carried out by CFX96 (“Bio-

Rad”, USA) device using qPCR-mix HS SYBR (“Evrogen”, Russia). Amplification was performed using the 

following cycling conditions: 5 minutes at 95°С, and 45 three-step cycles of 15 seconds at 95°С, 30 seconds of 

appropriate gene annealing according to the table 1 and 30 seconds at 68°C. 

The obtained results were expressed in relative units, which were calculated by the formula:  

R= 2
-(Cq target – (Cq ref

1
+ Cq ref

2
)/2)       

,  

where R is a normalized mRNA expression of genes under investigation; Cq ref1, and Cq ref2 – Cq housekeeping 

genes; Cq target – Cq of the gene under investigation (Pffafl, 2006).  

Table 1: Primers for quantative PCR. 

Gene  Forward primer 

5’-3’ 

Reverse primer 

5’-3’ 

Annealing 

temperature

, ºC 

TLR1 CAGGCACCAGGGCGTGATGG GATGGAGGGGCCGGACTCGT 57 

TLR2 ATCCTGCTCACGGGGGTCCTG TGCTGGGAGCTTTCCTGGGC 57 

TLR3 ACTGATGCTCCGAAGGGTGGC TGCGTGTTTCCAGAGCCGTGC 56 

TLR4 GGAGCCCTGCGTGGAGGTGGT

T 

GTTGAGAAGGGGAGGTTGTCGGG

GA 

57 

IDO TGCTAAACATCTGCCTGATC GGAGCAATTGACTCAAATCA 61 

β-actin CAGGCACCAGGGCGTGATGG GATGGAGGGGCCGGACTCGT 64 

PPIA CCGCCGAGGAAAACCGTGTAC

T 

TGGACAAGATGCCAGGACCCGT 64 

 

Statistical processing of the data obtained was carried out using Statistica 10.0 program (Statsoft, license number 

№AXXR505C705306FAN12).  Reliability of differences was evaluated according to Mann-Whitney test, the results 

of which were represented as a median (lower quartile; upper quartile).  The Spearman’s rank criterion was used for 

the correlation analysis.   

Results and Discussion 

It was established, that IDO mRNA expression level in patients with spontaneous miscarriage was positively higher 

than that in the control group (33.61 (0.69; 314.08) and 11.47 (0.39; 1230.47), respectively) (p=0.001) (Table 2).  

http://www.ncbi/
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TLR3 mRNA expression in the main group had also the tendency for increase – 0.2483 (0.0828; 0.7196) versus 

0.1472 (0.0502; 0.3763) in the control group, but was unreliable (p=0.28).   

Table 2: Expression of Toll-like receptors and indoleamine-2,3-dioxygenases in patients with spontaneous 

miscarriages and in the control group. 

 Gene Group with miscarriages 

(n=57) 

Control group 

(n=57) 

1. TLR1 0.00051 (0.000005; 0.00130)** 0.00001 (0.000001; 0.000005) 

2. TLR2 0.00266 (0.00061; 0.00923)** 0.00024 (0.00005; 0.00123) 

3. TLR3 0.2483 (0.0828; 0.7196) 0.1472 (0.0502; 0.3763) 

4. TLR4 0.000021(0.000002; 0.000078)* 0.000003(0.000001; 0.000046) 

5. IDO 33.61 (0.69; 314.08)** 11.47 (0.39; 1230.47) 

*- p<0.05; ** - p<0.01 

According to special literature, the IDO level increase facilitates the development of immune tolerance to gestational 

sac antigens.  Therefore, the IDO level increase in patients with spontaneous miscarriage is likely to be a protective 

mechanism aimed at fighting with intracellular pathogens and promoting suppression of cell component of immune 

system.  

Moderate, highly-reliable, positive correlation (R=0.31; p=0.009) was observed between expression of mRNA IDO 

and TLR3.  This correlates with the data provided for in the special literature, according to which the IDO expression 

in the trophoblast cells in vitro depends on activation of Toll-like receptor 3, leads to increase in γ-interferon 

production being the IDO synthesis inducer [14].    Since dsRNA of viruses is a ligand for TLR3, the IDO activation 

mechanism described above is specific for virus infections (Adams et al., 2004; Mao et al., 2011).    However, since 

no significant differences in TLR3 mRNA expression in the main and the control group were observed, one may 

suppose that the specified above mechanism of IDO activation during pregnancy is not the main one.  

For this reason, the influence of TLR on IDO expression, with bacterial ligands TLR1, TLR2 and TLR4 being 

stimulators was studied.    Patients with spontaneous miscarriage had positively higher expreR1 mRNA (0.00051 

(0.000005; 0.00130) versus 0.00001 (0.000001; 0.000005) in the control group (p<0.01)), as well as TLR2 (0.00266 

(0.00061; 0.00923) compared to 0.00024 (0.00005; 0.00123) in the control group (p<0.01)).  Besides, the positive 

increase in expression level of mRNA TLR4 (0.000021(0.000002; 0.000078) versus 0.000003(0.000001; 0.000046) 

in the control group (p<0.05) was revealed.  
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The positive strong correlation was distinguished between the expression level of TLR1 mRNA and TLR2 (R=0.76; 

p=0.000028) (Table 3). This correlates with the data provided for in the special literature, according to which TLR1 

and TLR2 form the heterodimeric complex necessary for identification of triacetylated lipopeptides (Sandor et al., 

2003). 

Table 3: Correlation between expression of Toll-like receptors and IDO(Spearman criterion). 

Item Description Spearman 

criterion 

p 

1.  IDO/TLR1 0.36 0.080 

2.  IDO/TLR2 0.39 0.002 

3.  IDO/TLR3 0.31 0.009 

4.  IDO/TLR4 0.30 0.013 

5.  TLR1/TLR2 0.76 0.000028 

 

The IDO expression was reliably correlated with levels of TLR2 (R=0.39; p=0.002) and TLR4 (R=0.30; p=0.013).  

In some works with the cell culture it was shown that IDO depends on stimulation of TLR2 and TLR4.  So, the 

possibility of IDO expression stimulation by means of ligands TLR2 and TLR4 was demonstrated in the cell culture 

during the experiment with the human gingival fibroblasts (Mahanonda et al., 2007).  During the work with 

fibroblasts, M. Park et al. (2011) demonstrated the possibility of IDO synthesis stimulation by activation of not only 

TLR3, but also TLR4. At that, TLR4 activation is carried out in a MyD88-dependent pathway that does not lead to γ-

interferon synthesis (Park et al., 2011).  

However, the correlation between IDO mRNA expression and expression of TLR activated by bacterial ligands can 

be explained not only by direct stimulation of IDO expression through TLR2 and TLR4.  Described was the 

mechanism of TLR3 stimulation by viral ligands, which leads to improvement of IDO expression, which, in its turn, 

facilitates decrease in IL-10 and TNF-α levels. During the experiments with mice, the improvement of IDO 

expression induced by influenza virus has led to development of the secondary bacterial pneumonia due to immune 

suppression (Siljuis et al., 2006).  That is why the increase in TLR2 and TLR4 expression can be secondary, in 

response to the bacterial number increase.  

Conclusion 

Therefore, the patients with spontaneous miscarriage at early pregnancy demonstrate positive increase in mRNA 

expression of Toll-like receptors 1, 2 and 4, the ligands of which are bacterial structures, which probably can 
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facilitate hyperactivation of innate immunity system and rejection of gestational sac.  Such increase is accompanied 

by activation of indoleamine 2,3-dioxygenase synthesis which can be compensatory or facilitate excessive immune 

suppression of T-cell immunity.  However, the mechanism of secondary hyperactivation of Toll-like receptors in 

response to the increase in bacterial flora growth due to immune suppression induced by excessive IDO synthesis is 

not improbable.  

References 

1. Adams, O., Besken, C., Oberdörfer, C., MacKenzie, R., Takikawa, O., Däubener W., 2004.  Role of 

indoleamine-2,3-dioxygenase in alpha/beta and gamma interferon-mediated antiviral effects against herpes 

simplex virus infections, Journal of virology, 78(5): 2632-2636.  

2. Aylamazyan, E.K., Polyakova, V.O., Linkova, N.S., Kvetnoy, I.M., Durnova, A.O., 2010. The role of resident 

immune cells in the development of placenta in norm and pathology, Z. Akus. Zen. Bolezn, T. LIX, 6: 8-14 (in 

Russian). 

3. Bauer, T. M., Jiga, L. P., Chuang, J. J., Randazzo, M., Opelz, G., Terness, P., 2005. Studying the 

immunosuppressive role of indoleamine 2,3-dioxygenase: Tryptophan metabolites suppress rat allogeneic T-cell 

responses in vitro and in vivo, Transplant International, 18(1): 95-100.  

4. Cakmak, H., Taylor, H.S., 2011. Implantation failure: Molecular mechanisms and clinical treatment, Human 

Reproduction Update, 17(2): 242-253.  

5. Carp, H., 2007. Recurrent pregnancy loss: causes, controversies and treatment.  London : UK, 2007: 290 p. 

6. Curti,  A., Trabanelli, S., Salvestrini, V., Baccarani, M., Lemoli, R., 2009. The role of indoleamine 2,3-

dioxygenase in the induction of immune tolerance, Focus on hematology. Blood, 113(11): 2394-2401.  

7. Doherty, L.F., Kwon, H.E., Taylor, H.S., 2011. Regulation of tryptophan 2,3-dioxygenase by HOXA10 enhances 

embryo viability through serotonin signaling, American journal of physiology, Endocrinology and metabolism, 

300(1): E86-E93.  

8. Entrican, G., Wattegedera, S., Rocchi, M., Wheelhouse, N., 2009. Pregnancy, indoleamine 2,3-dioxygenase 

(IDO) and chlamydial abortion: An unresolved paradox, Veterinary Microbiology, 135 (1-2): P. 98. 

9. Fallarino, F., Grohmann, U., Vacca, C., Bianchi, R., Orabona, C., Spreca, A., Fioretti, M. C., Puccetti, P., 2002. 

10. King, N.J.C., Thomas, S.R., 2007. Molecules in focus: Indoleamine 2,3-dioxygenase, International Journal of 

Biochemistry and Cell Biology, 39(12): 2167-2172.  

http://bloodjournal.hematologylibrary.org/search?author1=Antonio+Curti&sortspec=date&submit=Submit
http://bloodjournal.hematologylibrary.org/search?author1=Sara+Trabanelli&sortspec=date&submit=Submit
http://bloodjournal.hematologylibrary.org/search?author1=Valentina+Salvestrini&sortspec=date&submit=Submit
http://bloodjournal.hematologylibrary.org/search?author1=Michele+Baccarani&sortspec=date&submit=Submit
http://bloodjournal.hematologylibrary.org/search?author1=Roberto+M.+Lemoli&sortspec=date&submit=Submit


Olga P. Lebedeva* et al. International Journal Of Pharmacy & Technology 

 

IJPT| June-2016 | Vol. 8 | Issue No.2 | 14157-14164                                                                                      Page 14163 

11. T cell apoptosis by tryptophan catabolism, Cell death and differentiation, 9(10): 1069-1077.  

12. Kitaya, K., 2011. Prevalence of chronic endometritis in recurrent miscarriages, Fertility and Sterility, 95(3): 

1156-1158.  

13. Ligam, P., Manuelpillai, U., Wallace, E. M., and Walker, D., 2005. Localisation of indoleamine 2,3-dioxygenase 

and kynurenine hydroxylase in the human placenta and decidua: Implications for role of the kynurenine pathway 

in pregnancy, Placenta, 26(6): 498-504.  

14. Mahanonda, R., Sa-Ard-Iam, N., Montreekachon, P., Pimkhaokham, A., Yongvanichit, K., Fukuda, M. M., 

Pichyangkul, S., 2007. IL-8 and IDO expression by human gingival fibroblasts via TLRs, Journal of 

immunology, 178: 1151-1157.  

15. Mao, R., Zhang, J., Jiang, D., Cai, D., Levy, J. M., Cuconati, A., Block, T. M., Guo, J.-T., and Guo, H., 2011. 

Indoleamine 2,3-dioxygenase mediates the antiviral effect of gamma interferon against hepatitis B virus in 

human hepatocyte-derived cells, Journal of virology 85 : 1048-1057.  

16. Mellor, A. L., Sivakumar, J., Chandler, P., Smith, K., Molina, H., Mao, D., Munn, D. H., 2001. Prevention of T 

cell-driven complement activation and inflammation by tryptophan catabolism during pregnancy, Nature 

immunology, 2(1): 64-68.  

17. Munn, D. H., Shafizadeh, E., Attwood, J. T., Bondarev, I., Pashine, A., Mellor, A. L., 1999. Inhibition of T cell 

proliferation by macrophage tryptophan catabolism, The Journal of experimental medicine, 189(9): 1363-1372.  

18. Park, M. K., Oh, H. J., Heo, Y. M., Park, E. M., Cho, M. L., Kim, H. Y., Park, S. H., 2011. Myeloid 

differentiation primary response protein 88 blockade upregulates indoleamine 2,3-dioxygenase expression in 

rheumatoid synovial fibroblasts, Experimental and molecular medicine, 43: 446-454. 

19. Pfaffl,  M.V., 2006. Relative quantification/ in book: Real Time PCR/ edited by  D. Dorak. Int. University Line: 

P. 63 – 82. 

20. Romero, R., Espinoza, J., Mazor, M., 2004. Can endometrial infection/inflammation explain implantation failure, 

spontaneous abortion, and preterm birth after in vitro fertilization? Fertility and Sterility, 82(4), p.799-804.  

21. Roshick, C., Wood, H., Caldwell, H.D., McClarty, G., 2006. Comparison of gamma interferon-mediated 

antichlamydial defense mechanisms in human and mouse cells, Infect. Immun. 74: 225-238. 

22. Soloveva A.V., Olenev S.A., Kuznetsova O.A., Khapova T.V., 2013. Miscarriages and preterm birth: 

controversial and unsolved problems, Doctor.ru, 7: 70-73 (in Russian).  



Olga P. Lebedeva* et al. International Journal Of Pharmacy & Technology 

 

IJPT| June-2016 | Vol. 8 | Issue No.2 | 14157-14164                                                                                      Page 14164 

23. Sandor, F., Latz, E., Re, F., Mandell, L., Repik, G., Golenbock, D. T., Espevik, T., Kurt-Jones, E. A., Finberg, R. 

W., 2003. Importance of extra- and intracellular domains of TLR1 and TLR2 in NF-kB signaling, Journal of Cell 

Biology, 162: 1099-1110.  

24. Sluijs, K. F. van der, Nijhuis, M., Levels, J. H. M., Florquin, S., Mellor, A. L., Jansen, H. M., Poll, T. van der, 

Lutter, R., 2006. Influenza-induced expression of indoleamine 2,3-dioxygenase enhances interleukin-10 

production and bacterial outgrowth during secondary pneumococcal pneumonia, The Journal of infectious 

diseases, 193: 214-222. 

25. Wang, B., Koga, K., Osuga, Y., Cardenas, I., Izumi, G., Takamura, M., Hirata, T., Yoshino, O., Hirota, Y., 

Harada, M., Mor, G., Taketani, Y., 2011. Toll-like receptor-3 ligation-induced indoleamine 2, 3-dioxygenase 

expression in human trophoblasts. Endocrinology, 152(12): 4984-4992.  

Corresponding Author: 

Olga P. Lebedeva*,  

Email: russia@prescopus.com 

 

mailto:anrietta25@mail.ru

