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Abstract 32 
The successful implantation of the embryo into a receptive endometrium is essential for the establishment o f  a 33 

viable pregnancy while recurrent implantation failure (RIF) is a real challenge in assisted  reproduct ion . The 34 

maternal innate immune system, specifically the Toll-like receptors (TLRs), are involved in ma intaining 35 

immunity in the female reproductive tract (FRT) required for fertility. In this study, we aimed to investigate the 36 

importance of innate immunity-related gene expression in the regulation of human fertility and as a prediction of 37 

potential outcome of in vitro fertilization - embryo transfer (IVF-ET), thus, we assessed the gene expression 38 

levels of TLR signalling molecules using quantitative real-time PCR between endometrial biopsies o f healthy 39 

fertile women, and the patients experiencing RIF. Interestingly, our results showed that, TRIB2 and TLR9 genes 40 

were differentially expressed between the endometrial biopsies of healthy women and those with RIF. However, 41 

comparing expression levels of same genes between pre-receptive and receptive healthy endometrial b iopsies 42 

showed different genes (ICAM1, NFKBIA, VCAM1, LIF, VEGFB, TLR5) had significantly altered expression, 43 

suggesting their involvement in endometrial receptivity. Thus, further investigations will ena b le us to  better 44 

understand the role of these genes in the biology of FRT and as a possible target for the  improvement of 45 

infertility treatments and/or development of non-hormonal contraception.  46 

Key words: innate immune system, embryo implantation, recurrent implantation failure, toll-like recep tors, 47 

endometrial receptivity. 48 
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1. Introduction 85 
Recurrent implantation failure (RIF) is a significant problem during in vitro fertilization- embryo transfer (I VF-86 

ET) [1]. RIF is defined as the lack of embryo implantation after transferring at least three high quality embryos 87 

[2]. Poor endometrial receptivity, insufficient endometrial thickness, advanced maternal age, hormonal 88 

imbalances, implantation-related gene mutations and genetic or developmental abnormalities of the embryo a re 89 

associated with implantation failure  [3-6]. The causes of RIF can either be immunological o r in f la mmatory 90 

factors since maternal innate immune system plays a major role during embryo-maternal communication [7 ]. 91 

Accordingly, investigating immunity factors that influence endometrial receptivity and embryo implantation are 92 

significant in improving pregnancy success rates for IVF-ET. 93 

The maternal innate immune system has an important function during  pregnancy by   p ro tect ing the f emale 94 

reproductive tract (FRT) against infections while providing a tolerance towards the semi-allogenic f oetus [8 ]. 95 

Toll-like receptors (TLRs) are the most documented family of pattern recognition receptors, playing a key  ro le 96 

in innate immune system. Once stimulated by their specific ligands, they commence an intracellular cascade o f 97 

signals through various adaptor proteins that end up in the expression of  an ti-in f lammatory  cy tok ines and 98 

chemokines [9, 10]. Innate immune cells such as natural killer (NK) cells, macrophages, a nd  dendrit ic  cells 99 

which express TLRs, are abundant at the site of embryo implantation [11-15].  100 

Earlier investigations, have revealed that stimulation of TLRs with their specific ligands at the time o f em bryo  101 

implantation undesirably affects the outcome of embryo implantation in vivo [16, 17], a nd  in vi tro [17 -20]. 102 

While different mechanisms were used to explain this failure of embryo implantation, all hypotheses identified a 103 

disruption of endometrial receptivity, due to the involvement of abnormal activation of innate immunity.  104 

In order to address the role of innate immunity in endometrial receptivity and RIF, we firstly compared the gene 105 

expression profile of innate immunity-related molecules in endometrial biopsies obtained from healthy/ fert ile  106 

women during endometrial transition between the non/pre-receptive to the recep tive stages; and  secondly , 107 

between the endometrial biopsies from healthy/fertile women, and the RIF patients both with the endometrial 108 

biopsies representing the receptive stages. 109 

Candidate genes were coding for receptors, adaptor molecules, cytokines and regulatory proteins selected  f rom 110 

the KEGG pathway https://www.kegg.jp/ (Kyoto Encyclopaedia for Gene and Genome).  o f  TLR signa lling 111 

cascade including both MAPK signalling and NFKB signalling arms https://www.genome.jp/pathway/hsa04620 112 

and based on their potential to influence endometrial receptivity and/or embryo implantation. These included 113 

https://www.kegg.jp/
https://www.genome.jp/pathway/hsa04620
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Tribbles-2 (TRIB2) https://www.genome.jp/entry/hsa:28951, Toll-like receptor 5(TLR5) 114 

https://www.genome.jp/entry/hsa:7100, Toll-like receptor 9 (TLR9) https://www.genome.jp/en try/hsa:54106, 115 

Myeloid differentiation primary response gene 88 (MyD88) https://www.genome.jp/en try/K04729, Mucin1 116 

(MUC1), Mucin16 (MUC16), Leukemia inhibitory factor (LIF) https://www.genome.jp/entry/K05419, nuclear 117 

factor of kappa light polypeptide gene enhancer in B-cells inhibitor alpha  (NFKBIA) 118 

https://www.genome.jp/entry/K04734, Intracellular adhesion molecule 1 (ICAM1) 119 

https://www.genome.jp/entry/K04734, Vascular cell adhesion molecule 1 (VCAM1) 120 

https://www.genome.jp/entry/K06527, Vascular endothelial growth factor B (VEGFB) 121 

https://www.genome.jp/entry/K16858 and Interleukin-8 (IL-8) https://www.genome.jp/entry/hsa:3576.  122 

 123 

2. Materials and Methods: 124 

2.1 Ethical approval and sample collection 125 
The study was approved by the Research Ethics Committee of the University of Tartu, Estonia (Ethical 126 

permission: 276/M-15) and written informed consent form was obtained from all pa rticipants . Endometrial 127 

biopsies were obtained from 10 healthy and fertile volunteers of reproductive age (≤35years) with a normal BMI 128 

(within the range 19-25), who had no previous infertility record, and had at least one live-born child. 129 

Endometrial biopsies were obtained using a Pipelle catheter (Laboratoire CCD, Paris, France) on  day  2  a nd 8  130 

after the luteinizing hormone (LH) surge (LH+2 and LH+8, respectively). The LH surge was determined using a 131 

commercial urine LH kit (BabyTime hLH urine cassette, Pharmanova). Endometrial biopsies were also acquired 132 

8 days after the LH surge, from an additional group of 10 individuals of fertile age (≤42years) with  a  normal 133 

BMI (within a range of 19-25), who had undergone at least 3 unsuccessful IVF-ET or 3 ICSI (intracytoplasmic 134 

sperm injection)-ET cycles. This RIF group consisted of women diagnosed with primary or secondary 135 

infertility. All women selected for the study had regular menstruation and were clin ica lly  examined f o r the 136 

absence of hormonal aberrations and/or uterine pathologies. All the 20 women were non-smokers and d id  no t 137 

take any hormonal treatments for three months prior to sample collection. The endometrial tissue recovered  at  138 

LH+8 from both groups, was histologically validated according to the Noyes’criteria [21] in order to  confirm  139 

the receptive status of endometrial maturation. Endometrial tissue was frozen after biopsy at-80°C in RNAla ter 140 

(Ambion Inc., Austin, TX) for further analysis.  141 
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2.2 RNA extraction, cDNA synthesis and quantitative real-time PCR analysis 142 
Endometrial total RNA was isolated using the Qiagen All Prep DNA/RNA/miRNA Universal Kit (Qiagen, 143 

Hilden, Germany) according to the manufacturer’s instructions. RNA quality and concentration were a ssessed  144 

using the Agilent 2100 Bioanalyzer, (Agilent Technologies, Santa Clara, California, USA) and the RNAs with  145 

an RNA Integrity Number (RIN) values ≥7 was used for subsequent complementary DNA (cDNA) rea ct ions. 146 

The first-strand cDNA was synthesized from 2μg of DNase treated RNA using the RNA to cDNA kit (Applied  147 

Biosystems, Life Technologies; Paisley, UK) according to the manufacturer’s instruction. 148 

The forward (fwd) and reverse (rev) primers (Integrated DNA Technology Company, Leuven, Belgium) f o r all 149 

the genes investigated in this study, were created with the Primer-Blast tool (National Centre for Biotechnology  150 

Information website; NCBI) (Table 1). According to the MIQE guidelines (minimum information for 151 

publication of quantitative real-time PCR experiments) [22] three housekeeping genes were used a s ref erence 152 

genes for normalization. These genes were human β-Actin (BACT), succinate dehydrogenase subunit A (SDHA) 153 

and mitochondrial ribosomal protein L19 (MRPL19).                                                          154 

The quantitative real-time PCR (qPCR) reaction was performed using SYBR Green  Jump Start  Taq Ready 155 

mix® (Sigma, UK). Quantitative real-time PCR products were compared to a MiniSizer ladder (Norgen Biotek; 156 

Ontario, Canada) to confirm the expected size according to Table 1. The experimental design for the comparison 157 

of gene expression in endometrial biopsies is summarised in Figure 1.  158 

 159 

 160 

 161 

 162 

 163 

 164 

 165 

 166 

 167 

 168 
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Table 1. Sequence of Forward and reverse primers  169 

GENE  FORWARD  

5’—3’ 

REVERSE  

5’ –3’  

PRODUCT 

SIZE 

ACCESSION 

NUMBER 

 Β -ACTIN* CAAGATCATTGCTCCTCCTG 

 

ATCCACATCTGCTGGAAGG 

 

90 bp NM_001101.3 

 

SD HA* ACTGTTGCAGCACAGCTAGAA 

 

TCCAAACTTGAGGCTCTGTCC 102 bp NM_001294332.1 

 
MRP L19* ATCGAAGGACAAGGTGTCGAG 

 

TAGCAAGCTATCATCCACCG 121 bp NM_014763.3 

 

TRI B2 GAGCTGGTGTGCAAGGTGTT 

 

CCCAGGATAATTTCAGTGATTTGGT 

 

110 bp NM_021643.3 

 
TL R5 CCTCATGACCATCCTCAC AGTCAC 

 

GGCTTCAAGGCACCAGCCATCTC 

 

355 bp NM_003268 

 

MUC1 CCGCCGAAAGAACTACGG 
 

CCTGCAGAAACCTTCTCATAG 179 bp NM_001204296.1 

MUC16 GCCTCTACCTTAACGGTTACAATGAA 

 

GGTACCCCATGGCTGTTGTG 114 bp NM_024690.2 

I L -8 GAACTGAGAGTGATTGAGAGTGGA 
 

CTCTTCAAAAACTTCTCCACAACC 134 bp NM-000584.3 
 

I K B Α CCCTACACCTTGCCTGTGAG 

 

CGTGTGGCCATTGTAGTTGG 

 

116 bp NM_020529.2  

 

TL R9 CTGGAAGGCCTTGGTTTTAGT 
 

CGTCTTGAAGGCCTGGTGTTG 141 bp NM_017442.3 

L I F CCACCCATGTCACAACAACC 

 

CCCTGGGCTGTGTAATAGAGAA 

 

102 bp NM_002309.4 

 

VCAM1 TGTTTGCAGCTTCTCAAGCTTTT 
 

GATGTGGTCCCCTCATTCGT 
 

181 bp NM_001078.3 
 

I CAM1 ATGGCAACGACTCCTTCTCG 

 

GCCGGAAAGCTGTAGATGGT 

 

142 bp NM_000201.2 

 
MYD 88 GACCCAGCATTGAGGAGGAT 

 

CTGCACAAACTGGATGTCGC 

 

212 bp NM_001172567.1 

 

VEGF B CCACCAGAGGAAAGTGGTGT 

 

ATCTGCATCCGGACTTGGTG 

 

213 bp NM_001243733.1 

 

 170 

 *Housekeeping genes used as a reference gene in normalisation for calculation of relative mRNA expression 171 

level 172 

 173 

 174 

 175 

 176 

 177 

 178 

http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=168480144
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=661567359
https://www.ncbi.nlm.nih.gov/nucleotide/94557304?report=gbwithparts
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=187607349
http://www.ncbi.nlm.nih.gov/nucleotide/168693660?report=gbwithparts
http://www.ncbi.nlm.nih.gov/nucleotide/168693660?report=gbwithparts
https://www.ncbi.nlm.nih.gov/nucleotide/380418322?report=gbwithparts
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=315434269
https://www.ncbi.nlm.nih.gov/nucleotide/167466197?report=gbwithparts
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=289546502
https://www.ncbi.nlm.nih.gov/nucleotide/344179102?report=gbwithparts
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 179 

Figure 1. The endometrial biopsies used for this study were obtained from 20 individuals div ided into  3  180 
groups. The endometrial Biopsies were obtained from 10 healthy women at day LH+2 (yellow dolls with purple 181 
heart) and day LH+8 (yellow dolls with pink heart) representing the pre-receptive and receptive endometrium 182 
respectively. Endometrial biopsies were collected at day LH+8 from 10 other women who experienced at least 3 183 
rounds of unsuccessful IVF/ICSI (purple dolls with pink heart) considered as RIF women.  Relative expression 184 
level of 12 selected genes was compared between pre-receptive and recep tive endometrium f rom healthy 185 
woman to investigate gene expression alterations during endometrial receptivity. Relative expression level of 12 186 
selected genes was compared between healthy woman and RIF patients both at day LH+8 to investigates gene 187 
expression changes at embryo implantation.  188 

 189 

 190 

 191 

 192 

 193 

 194 

 195 

 196 

 197 

 198 
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2.3 Statistical analysis 199 
The ΔΔCt method was used to analyse the relative gene expression data. The C t value of the gene of interest (ΔCt 200 

sample) was normalized to the standard sample (pool of the cDNA of all the samples) and to the C t of the reference 201 

genes (ΔCt reference). The ΔΔCt is calculated as:  202 

                                               ΔΔCt = ΔCt sample - ΔCt reference 203 

The relative expression of a particular gene, for each sample, was calculated as 2 (-ΔΔCt). 204 

 The results are shown as mean ± SEM. Statistical analysis was performed using GraphPad Prism software (V6, 205 

San Diego, California). Paired two-tailed Wilcoxon test was used to compare gene expression levels between 206 

biopsies from day LH+2 and biopsies from day LH+8 of healthy woman a nd unpaired two-tailed  Mann-207 

Whitney test was used to compare gene expression analysis between biopsies from day LH+8 of healthy women 208 

and biopsies from day LH+8 of RIF patients. P value ≤ 0.05 was considered to be significant.  209 

To compare between the differentiation ability of each gene in fertile woman and RIF patients, a  logistic 210 

regression was carried out using forwards stepwise selection. This would take the most significant  terms f irst  211 

and add it to the model and then the next most significant term. 212 

 213 

 214 

 215 

 216 

 217 

 218 

 219 

 220 

 221 
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3. Results 222 

3.1 Expression patterns of selected genes differed with the phase of endometrial receptivity in 223 
fertile woman 224 
To investigate the difference in gene expression level of selected genes at the time of endometrial recep tiv ity, 225 

their expression level was compared between pre-receptive (LH+2) and receptive (LH+8) endometrial biopsies 226 

of healthy women. Quantitative real-time PCR analysis of gene expression demonstrated that LIF a nd VCAM1 227 

genes were significantly up regulated in biopsies obtained at LH+8 days compared to biopsies f rom the sa me 228 

women at LH+2 (Figure 2). Conversely, analysis of gene expression levels identified a sign if icant  decline in  229 

ICAM1, TLR5, IKB alpha and VEGFβ in the receptive endometrial biopsies (LH+8) as compared to  samples 230 

collected from the pre-receptive endometrial biopsies (LH+2) (Figure 2).  231 

 232 

 233 

 234 

 235 

 236 

 237 

 238 

 239 

 240 

 241 

 242 

 243 

 244 

 245 

 246 

 247 
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 248 

 249 

 250 

 251 

 252 

 253 

 254 

 255 

 256 

 257 

 258 

 259 

 260 

 261 

 262 

 263 

Figure 2. Different gene expression levels from biopsies of healthy women compared at two di f f erent 264 
stages of their menstrual cycles. Biopsies from day LH+2 represent the pre-receptive endometrium a nd f rom 265 
day LH+8 represent the receptive endometrium. Relative expression of ICAM1, NFKBIA , IL-8 , LIF, MUC1, 266 
MUC16, MyD88, TLR5, TLR9, TRIB2 , VCAM1 and VEGFB was analysed using qPCR. Paired two -tailed  test 267 
(Wilcoxon) was used to analyse the difference between the two groups and P  ≤ 0 .05  wa s considered to  be 268 
significant. The p value of genes with significantly different expression levels are shown in red. 269 

 270 

 271 

 272 

 273 

 274 

 275 

 276 
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3.2 TRIB2 and TLR9 genes were significantly upregulated in the endometrial biopsies from RIF 277 
women compared with biopsies from healthy women 278 
To understand which of the selected genes could be important during failed embryo implantat ion, expression  279 

level of these genes was compared between healthy and RIF endometrial biopsies both obtained at supposedly  280 

receptive stage of endometrium (LH+8). Quantitative real-time PCR analysis of gene expression demonstrated 281 

that TRIB2 and TLR9 genes were with significantly increased expression in the endometrial samples co llected 282 

from RIF patients compared with their healthy endometrial biopsies’ counterparts (Figure 3). Other investigated 283 

genes did not show any remarkable expression differences between RIF patients and healthy women (Figure 3).  284 

 285 

 286 

 287 

 288 

 289 

 290 

 291 

 292 

 293 

 294 

 295 

 296 

 297 

 298 

 299 

 300 

 301 
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 302 

 303 

 304 

 305 

 306 

 307 

 308 

 309 

 310 

 311 

 312 

 313 

 314 

 315 

 316 

 317 

 318 

 319 

 320 

 321 

 322 

 323 

Figure 3. Different gene expression levels from biopsies of healthy women compared to the biopsies f rom 324 
IVF-failed patients. Biopsies from both groups were collected on day LH+8 representing the receptive 325 
endometrium. Relative expression of ICAM1, NFKBIA, IL-8, LIF, MUC1, MUC16, MyD88, TLR5, TLR9, 326 
TRIB2, VCAM1 and VEGFB was analysed using qPCR between the two types of samples. Unpaired two-tailed 327 
test (Mann- Whitney) was used to analyse the difference between the two groups and P ≤ 0.05 was considered 328 
to be significant. The p value of genes with significantly different expression levels are shown in red. 329 

 330 

 331 

 332 

 333 
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 334 

 335 

 336 

 337 

 338 

 339 

Interestingly, binary logistic regression analysis of gene expression patterns demonstrated that the TLR9 gene 340 

expression can be utilized as a reliable marker/predictor of whether an endometrial tissue sample was originated 341 

from a healthy woman or RIF individual (Table2). Hence, binary logistic regression a nalysis o f  TRIB2 gene 342 

expression patterns did not show that this gene can be utilized as a reliable predictor of an endometria l t issue 343 

origin. Although, TRIB2 expression was significantly different between the endometrial tissue of healthy women 344 

and RIF patients, its inclusion along with TLR9, did not add any value to the discriminatory power o f  TLR9  to  345 

identify healthy women and RIF individuals (Table 2). It is important to note that this a nalysis is ba sed on a  346 

sample size of 10 individuals per group (10 healthy women and 10 RIF patients). 347 

 348 

 349 

 350 

 351 

 352 

 353 

 354 

 355 

 356 

 357 
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 358 

 359 

 360 

 361 

 362 

 363 

 364 

 365 

Table 2. Binary logistic regression analysis of dependent variables (healthy and IVF failed/ RIF women) 366 

and independent variables (TLR9 and TRIB2 different gene expression levels) The classification table is a  367 

method to evaluate the logistic regression model. In this table the observed values for the dependent  outcome 368 

(Healthy or RIF women) and the predicted values are cross classified. The Model 1  (TLR9  on ly) shows the 369 

prediction of the dependent variable based on the differential expression level of TLR9. Binary logistic 370 

regression analysis of gene expression patterns demonstrated that TLR9 expression can be utilized as a relia b le 371 

marker/predictor of whether an endometrial tissue samples originates from a healthy o r RI F ind iv idual. The 372 

prediction of the dependent variable based on the differential expression of TLR9 and TRIB2 combined (Model 373 

2) shows there is no difference between the percentage of correct predictions when one gene or both genes are 374 

considered. 375 

 376 

 377 

 378 

 379 

 380 

 
 

Term Odds Ratio 
Confidence 

Intervals 

Healthy Percentage 

Correct 

RIF Percentage 

Correct 

Overall Percentage 

Correct 

Base Model Constant 1 NA 100% 0% 50% 

       

Model 1 Constant 0.155     

 TLR9 8.633 (0.929, 80.266) 80% 70% 75% 

       

Model 2 Constant 0.018     

 TLR9  9.699 (0.688, 136.6370) 70% 80% 75% 

 TRIB2 5.579 (0.538, 57.866)    
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 381 

 382 

 383 

 384 

 385 

3.3 Age distribution of healthy controls and RIF patients: 386 
The age distribution of healthy controls (32.3 ±3.0, years ± SD) and patients with RIF (34.4±4.0) was 387 

statistically significantly different (p value: 0.0058) however, the BMI of healthy group and women with  RI F 388 

was not statistically different (p value: 0.121). The age and BMI of our control and patients are shown in table 3. 389 

Also, we performed regression analysis to see whether gene expression values of specific genes were influenced 390 

by the age, but there was no significant effect of age observed for any of the 12 genes analysed in  th is study . 391 

The graphs for linear regression analysis are shown in Figure 4.  392 

 393 

 394 

 395 

 396 

 397 

 398 

 399 

 400 

 401 

 402 

 403 

 404 



17 
 

 405 

Patient code Group 
 

Age Hight Weight BMI 

NOTNV25  Healthy     33  1.63  66  24.84098  

NOTNV15  Healthy     27  1.68  72  25.5102  

NOTNV40  Healthy     30  1.67  57  20.43817  

NOTNV48  Healthy     33  1.7  68  23.52941  

NOT12013  Healthy     32  1.69  80  28.01022  

NOTNV09  Healthy     29  1.63  51.6  19.42113  

NOTNV01  Healthy     30  1.67  104  37.29069  

NOTNV03  Healthy     23  1.62  60  22.86237  

NOTNV04  Healthy     32  1.65  48  17.63085  

NOTNV06  Healthy     33  1.76  75.3  24.30914  

                     

NOTNV27  IVF    32  1.74  72  23.78121  

NOTNV29  IVF    39  1.6  62  24.21875  

NOTNV30  IVF    35  1.61  53  20.44674  

NOTNV32  IVF    30  1.7  52  17.99308  

NOTNV35  IVF    32  1.67  62  22.23099  

NOTNV36  IVF    37  1.68  59  20.9042  

NOTNV38  IVF    35  1.64  54  20.07733  

NOTNV39  IVF    37  1.76  62  20.0155  

NOTNV43  IVF    33  1.7  70  24.22145  

NOTNV44  IVF    34  1.64  53  19.70553  

                     

      Healthy average 32.3        22.8719  

      STDEV 3.059412        5.19678  

                     

      RIF average 34.4        21.35948  

      STDEV 3.975232        5.303306  

                     

                     

      Unpaired 

T-test between 
healthy vs. RIF 

P value: 

0.0058 

      P value: 

0.121414 

 406 

Table 3: Age and BMI distribution of healthy controls and RIF patients. The age, BMI, and sample type 407 
(Healthy or IVF patient groups) for each woman recruited in this study was shown in this ta ble. The a ge a nd  408 
BMI distribution has been compared between both groups using unpaired T-test.  The age distribution of healthy 409 
controls (32.3 ±3.0, years ± SD) and patients with RIF (34.4±4.0) was statistically sign if icant ly d iff erent  (p  410 
value: 0.0058) however, the BMI of healthy group and women with RIF was not statistically different (p value: 411 
0.121). 412 

 413 
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 414 

 415 

 416 

 417 

 418 

 419 

 420 

 421 

 422 

 423 

 424 

 425 

 426 

 427 

 428 

 429 

 430 

 431 

 432 

 433 

 434 

 435 

 436 

 437 

 438 

 439 

 440 

 441 

 442 

 443 

 444 

 445 

  446 

 447 
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 448 

 449 

 450 

 451 

 452 

 453 

 454 

 455 

 456 

 457 

 458 

 459 

 460 

 461 

 462 

 463 

 464 

Figure 4. Linear Regression analysis. Linear regression analysis for age-dependant gene expression for all 12  465 
genes analysed in this study showed no significant correlation between individual’s age (both healthy controls 466 
and RIF patients) and the level of gene expression.  467 

 468 

 469 

 470 

 471 

 472 

 473 

 474 

 475 

 476 

 477 

 478 

 479 
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 480 

 481 

4. Discussion 482 
Human fecundity rate as compared to other mammalian species is quite low. In spite of  being f ert ile , healthy 483 

couples would only have 25-30% chance of becoming pregnant during one menstrual cycle. Desp ite the fact 484 

that, assisted reproductive techniques (ART) are helping infertile couples to carry their own babies, the ra te o f  485 

successful pregnancy through these techniques are still poor mainly due to embryo implantat ion  f ailu re [23]. 486 

This demands more investigation being conducted to increase our knowledge of embryo implantat ion  p rocess 487 

and different molecules determining its accomplishment.  488 

The conceptus as a  non-self-entity to the mother, is expected to be repelled by the maternal im mune system. 489 

However, during a healthy pregnancy, the embryo is protected from the maternal immune response and allowed 490 

to thrive. This protective mechanism denotes the fundamental importance of the maternal innate immune system 491 

in allowing embryo development, implantation, and parturition [24]. Since, alterations in gene expression result  492 

in differences in the cell function [25], in this study, we aimed to investigate the transcription level o f  innate 493 

immune-related genes during the endometrial receptivity and window of implantation in  human endometrial 494 

biopsies using quantitative real-time PCR. Transcriptomic studies could help to recognise the important markers 495 

of endometrial receptivity and embryo implantation. Recent publication by Bastu and his team, reported that 496 

innate immune system is one of the key pathways in the pathogenesis of RIF [25].   497 

All the genes selected for our study except for TRIB2 are part of the TLR signalling pa thway  according to  498 

KEGG https://www.kegg.jp/ (Kyoto Encyclopaedia for Gene and Genome). The role of some of t he selected 499 

genes in RIF and implantation failure was previously studied by others. For instance, IL-8 [26-28], MUC1 [29],  500 

MUC16 [30], VEGF [31]  and LIF [32, 33] while other genes were firstly investigated here. Desp ite the  m ean 501 

age values between the healthy controls and the RIF patients recruited to our investigation being different , our 502 

analysis showed that the expression of these selected genes was not age-dependent.  503 

At the implantation site, several cytokines, chemokines, and adhesion molecules form part of the innate immune 504 

system and are differentially expressed to facilitate communication between the m other a nd  the im plan ting 505 

embryo [34, 35]. Hence, any unwelcome modifications to the gene expression levels of these molecules m igh t 506 

lead to implantation failure or pregnancy loss [36]. It is possible that these molecules can be utilized as potential 507 

biomarkers of endometrial receptivity and embryo implantation. Thus, studying the pattern of gene expression  508 

https://www.kegg.jp/
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in order to identify those endometrial receptivity biomarkers, and further discovering their role during 509 

implantation would be advantageous for the diagnosis and treatment of infertility [37]. An optimal endometria l 510 

biomarker of embryo implantation, would be localised at the site of embryo implantation, exhib it  d if ferent ial 511 

expression across the menstrual cycle and would be present during the window of  im pla ntation bu t a bsent 512 

before and thereafter [38].  513 

It is noteworthy to consider the fact that, immune system is rather steady in one ind ividual over the t im e a s 514 

compared to being variable between individuals. Since the immune response is a collection of immune 515 

stimulators and immune regulators, which are both dependent on the different immune cell population. 516 

Accordingly, the response to a single stimulation is dissimilar between diverse persons [39] a nd th is would  517 

explain the observed inter-individual difference in gene expression level, which is a well-acknowledged 518 

weakness of transcriptomic studies. Here, we tried to overcome this limitation by including the paired 519 

endometrial samples from the same fertile women from pre-receptive and receptive stages.  520 

TLR5 and TLR9 were selected for this investigation  as TLR5 signalling pathway is under the control o f  the 521 

TRIB2 gene [40] and its stimulation by Flagellin would have negative effect on outcome of embryo implantation 522 

in vitro [18]. TLR9, as a ligand for the recognition of Chlamydia trachomatis [41, 42] is linked  to  in f ect ion -523 

related infertility [43].  In the current study, significant downregulation of TLR5 gene expression in LH+8-day  524 

receptive endometrial samples were observed compared to LH+2-day pre-receptive samples in healthy women. 525 

In contrast, TLR9 expression did not show any difference between pre-receptive a nd recep tive endometria l 526 

samples in fertile women. However, TLR9 expression was significantly higher in the endometrial samples f rom 527 

RIF patients compared to healthy individuals. Earlier investigations from our laboratory, using different 528 

endometrial biopsies, have shown that both TLR5 and TLR9 genes have significantly higher expression during 529 

the secretory phase of the menstrual cycles in healthy samples. [44, 45].   530 

There are limited studies investigating the pattern of TLR gene expression in  the f emale reproduct ive t ract 531 

during the menstrual cycles. Investigation of TLR 1-6 expression, in the human fallop ian tube cell line (OE -532 

E6/E7), showed that TLR5 expression is higher in response to a combination of oestrogen a nd progesterone 533 

treatment during the window of implantation, compared to other stages of the menstrual cycle [46]. The window 534 

of implantation corresponds to the LH+8-day receptive endometrium in our study, and  so  surprisingly , both 535 

studies by Aflatoonian [44] (in human endometrial tissue) and Zandieh [46] (in human fallopian tube cell line), 536 

contradicted our findings regarding TLR5 expression in the receptive endometrium. The reason for these 537 
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opposite results could be the use of different primers for TLR9 gene analysis and size of the samples f or ea ch  538 

study. 539 

 TRIB2 gene expression, showed no significant variation related to the stage of endometrial receptivity analysis 540 

but its expression was significantly higher in samples collected from RIF patients compared to healthy 541 

individuals. One may conclude that the TRIB2 gene is not affected by hormonal changes during the f emale 542 

menstrual cycle as its expression was not significantly altered between the pre-receptive and receptive 543 

endometrial biopsies in fertile women in the current study. However, TRIB2 expression is known to be an 544 

essential factor in the establishment of the receptive endometrium. Previous data from Trib2 knockout m ice, 545 

showed that an absence of Trib2 gene expression, resulted in a prevention of embryo implantation (Unpublished 546 

data from our lab). Given that, we observed higher expression levels of the TRIB2 gene, in IVF-f ailed  women 547 

we can suggest that, as a scaffold protein [47] a delicately controlled expression of TRIB2 is essen t ial f o r the 548 

success of embryo implantation [48].  549 

NFᴋβI α (IKB alpha), is the main inhibitor of members of the NFᴋβ transcription factor family. Here, we 550 

observed a significant decrease in NFᴋβIα mRNA expression in the receptive endometrial (LH+8) b iopsies a s 551 

compared to the biopsies from the pre-receptive (LH+2) endometrium. We might speculate that, p roge sterone 552 

dominancy in the LH+8 samples may have influenced the expression of NFᴋβIα. Ross et al [49] have 553 

investigated the regulation of NFᴋβ subunits and NFᴋβI α mRNA expression in the endometrium during 554 

oestrous cycle in pig. Consistent with our observations, Ross et al. observed that, the expression of NF ᴋβI α is 555 

high in the oestrous state and is downregulated during the rest of the cycle (associated with the h igh  levels o f  556 

progesterone). This lower level of NFᴋβIα mRNA expression was also observed in pregnant gilts [49] 557 

Therefore, it can be argued that NFᴋβIα is downregulated by progesterone during the receptive state to facilitate 558 

the activation of the NFKβ signalling pathway, whose end products are involved in the im plantat ion  p rocess 559 

[50]. 560 

In our analysis of gene expression during endometrial receptivity, ICAM-1 expression was signif icant ly  down 561 

regulated in the receptive endometrium (LH+8) compared to the pre-receptive endometrium (LH+2). Thomson 562 

et al have stated that ICAM-1 expression is up regulated at the time of menstruation in endometrial stromal cells 563 

[51]  and Wu et al. have reported that ICAM-1 is involved in the pathology of the endometrium, exhib it ing 564 

increased expression in women with endometriosis [52]. Considering these findings, it  is no t  unexpected to  565 

observe a down-regulation of ICAM-1 during the transition from a pre-receptive to a receptive endometrium. 566 
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We also, observed a significant up-regulation of VCAM-1 gene expression in the receptive endometrial biopsies 567 

compared with the pre-receptive endometrial samples. Interestingly, Bai et al.  have also proposed that 568 

endometrial expression of VCAM-1 is crucial for the attachment of the bovine conceptus [53]. Indeed, Konac et  569 

al. have observed that a decline in the expression of VCAM-1 mRNA is associated with unexplained infertility  570 

[54]. Even though, we did not observe any significant difference in endometrial VCAM-1 expression between 571 

healthy and RIF patients, the remarkably higher VCAM-1 expression in the receptive endometrium compared to  572 

its pre-receptive counterpart, indicates a significant role for VCAM-1 in endometrial receptivity. 573 

Vascular endothelial growth factor (VEGF) is a necessary cytokine for embryonic development, f o rmat ion  of 574 

the placenta, vascularization and angiogenesis [55] during the invasion of the embryonic cells into the 575 

endometrial stromal cells [56, 57]. Measuring the concentrations of VEFG-α in human uterine fluids, Hannan et  576 

al. have found significantly higher levels of VEGF-α in uterine fluids collected from the mid-secretory phase. In 577 

addition, Hannan et al. have used these mid-secretory phase human uterine secretions to significantly  increase 578 

mouse embryo outgrowth in vitro [58]. Further studies of the VEFG-α isoform in mouse embryo implantation, 579 

have verified that this cytokine, significantly increases the blastocyst cell number a nd  outgrowth, a s well a s 580 

improving the rate of embryo implantation [59]. In contrast to these published data, during our investigations o f  581 

VEGF-β isoform, we observed a significant decline in VEGF-β expression in endometrial biopsies in the 582 

receptive state as compared with the pre-receptive endometrial samples. In add it ion , we d id  no t  detect  any  583 

significant differences in VEGF-β expression between endometrial samples obtained from healthy women or 584 

IVF-failed individuals. It is possible that the VEGF α and β isoforms have a variable influence on endometria l 585 

receptivity and blastocyst implantation, however, it is more likely that the absence of a v iab le em bryo  in  our 586 

receptive state endometrial samples is the cause of our contradictory findings.  587 

Leukemia inhibitory factor (LIF), a  glycoprotein member of IL-6 cytokine family  has a key ro le in  em bryo 588 

implantation by preparing endometrial receptivity, embryo-endometrium interaction [60], decidualizat ion  o f 589 

stromal cell [61], trophoblast invasion, uterine leukocyte infiltration, blastocyst growth and the development and 590 

modulation of prostaglandin synthesis. We have observed an up regulation in LIF mRNA expression in 591 

endometrial biopsies obtained from the receptive endometrium in comparison with  b iopsies f rom the p re -592 

receptive endometrium in healthy women. However, unlike previous investigations reporting significantly lower 593 

concentrations of LIF in uterine flushing from infertile women compared to their fertile counterparts [62 , 63], 594 
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we observed no significant changes in LIF mRNA between the endometrial biopsies obtained from fertile 595 

women and IVF-failed individuals. 596 

In this investigation, we may conclude that, the establishment of endometrial receptivity in order to  f acilitate 597 

embryo implantation, involves significant changes to the expression of genes rela t ing the maternal inna te 598 

immune system. Furthermore, by comparing the expression patterns of genes between healthy women a nd RIF 599 

patients, we have identified two genes which may have major roles in ensuring successful implantat ion o f the 600 

embryo. Further research with larger sample size would establish the predictive values of these genes in 601 

identifying if the endometrium is of optimal condition to support embryo implantation and a subsequent v iab le 602 

pregnancy, as well as identifying additional factors that are involved in  the rejection o r a cceptance o f the  603 

embryo by the female reproductive tract.  604 

 605 

References 606 
1. Kupka, M.S., et al., Assisted reproductive technology in Europe, 2010: results generated from 607 

European registers by ESHREdagger.  Hum Reprod, 2014. 29(10): p. 2099-113. 608 
2. Koot, Y.E., et al., Molecular aspects of implantation failure.  Biochim Biophys Acta, 2012. 609 

1822(12): p. 1943-50. 610 
3. Achache, H. and A. Revel, Endometrial receptivity markers, the journey to successful embryo 611 

implantation. Hum Reprod Update, 2006. 12(6): p. 731-46. 612 
4. Sharkey, A.M. and S.K. Smith, The endometrium as a cause of implantation failure.  Best Pract 613 

Res Clin Obstet Gynaecol, 2003. 17(2): p. 289-307. 614 
5. Tersoglio, A.E., et al., Regenerative therapy by endometrial mesenchymal stem cells in thin 615 

endometrium with repeated implantation failure. A novel strategy.  JBRA Assist Reprod, 2020. 616 
24(2): p. 118-127. 617 

6. Moustafa, S. and S.L. Young, Diagnostic and therapeutic options in recurrent implantation 618 
failure. F1000Res, 2020. 9. 619 

7. Comins-Boo A, G.-S.Á., Núñez del Prado N, de la Fuente L, and A.J.a.S.-R. S, Evidence-based 620 
update: Immunological evaluation of recurrent implantation failure.  Reproductive 621 
Immunology, 2016. 1(4). 622 

8. Zenclussen, A.C., et al., Immunology of pregnancy: cellular mechanisms allowing fetal 623 
survival within the maternal uterus. Expert Rev Mol Med, 2007. 9(10): p. 1-14. 624 

9. Newton, K. and V.M. Dixit, Signaling in Innate Immunity and Inflammation.  Cold Spring 625 
Harbor Perspectives in Biology, 2012. 4(3). 626 

10. Janeway, C.A., Jr. and R. Medzhitov, Innate immune recognition. Annu Rev Immunol, 2002. 627 
20: p. 197-216. 628 

11. Bulmer, J.N., et al., Granulated lymphocytes in human endometrium: histochemical and 629 
immunohistochemical studies. Hum Reprod, 1991. 6(6): p. 791-8. 630 

12. Bulmer, J.N., D. Pace, and A. Ritson, Immunoregulatory cells in human decidua: morphology,  631 
immunohistochemistry and function. Reprod Nutr Dev, 1988. 28(6B): p. 1599-613. 632 

13. Ratsep, M.T., et al., Uterine natural killer cells: supervisors of vasculature construction in 633 
early decidua basalis. Reproduction, 2015. 149(2): p. R91-102. 634 

14. Canavan, T.P. and H.N. Simhan, Innate immune function of the human decidual cell at the 635 
maternal-fetal interface. J Reprod Immunol, 2007. 74(1-2): p. 46-52. 636 



25 
 

15. Krikun, G., et al., Expression of Toll-like receptors in the human decidua.  Histol Histopathol, 637 
2007. 22(8): p. 847-54. 638 

16. Chin, P.Y.T., J. G. Roberston, S. A. , A modest inflammatory insult in the pre-implantation 639 
period alters oviduct cytokine expression and programs fetal development Reproduction, 640 
Fertility and Development, 2010. 22(9): p. 90. 641 

17. Sanchez-Lopez, J.A., et al., Local activation of uterine Toll-like receptor 2 and 2/6 decreases 642 
embryo implantation and affects uterine receptivity in mice.  Biol Reprod, 2014. 90(4): p. 87. 643 

18. Aboussahoud, W., et al., Activation of Toll-like receptor 5 decreases the attachment of 644 
human trophoblast cells to endometrial cells in vitro.  Hum Reprod, 2010. 25(9): p. 2217-28. 645 

19. Montazeri, M., et al., Interleukin-1 receptor antagonist mediates toll-like receptor 3-induced 646 
inhibition of trophoblast adhesion to endometrial cells in vitro.  Hum Reprod, 2016. 31(9): p. 647 
2098-107. 648 

20. Montazeri, M., et al., Activation of Toll-like receptor 3 reduces actin polymerization and 649 
adhesion molecule expression in endometrial cells, a potential mechanism for viral-induced 650 
implantation failure. Hum Reprod, 2015. 30(4): p. 893-905. 651 

21. Noyes, R.W., A.T. Hertig, and J. Rock, Dating the endometrial biopsy. Am J Obstet Gynecol, 652 
1975. 122(2): p. 262-3. 653 

22. Bustin, S.A., et al., The MIQE guidelines: minimum information for publication of quantitative 654 
real-time PCR experiments. Clin Chem, 2009. 55(4): p. 611-22. 655 

23. Weimar, C.H., et al., In-vitro model systems for the study of human embryo-endometrium 656 
interactions. Reprod Biomed Online, 2013. 27(5): p. 461-76. 657 

24. Mor, G., Inflammation and pregnancy: the role of toll-like receptors in trophoblast-immune 658 
interaction. Ann N Y Acad Sci, 2008. 1127: p. 121-8. 659 

25. Bastu, E., et al., Potential Marker Pathways in the Endometrium That May Cause Recurrent 660 
Implantation Failure. Reprod Sci, 2018: p. 1933719118792104. 661 

26. Arici, A., et al., Interleukin-8 in the human endometrium. J Clin Endocrinol Metab, 1998. 662 
83(5): p. 1783-7. 663 

27. Arici, A., et al., Interleukin-8 induces proliferation of endometrial stromal cells: a potential 664 
autocrine growth factor. J Clin Endocrinol Metab, 1998. 83(4): p. 1201-5. 665 

28. Rajaei, S., et al., Cytokine profile in the endometrium of normal fertile and women with 666 
repeated implantation failure. Iran J Immunol, 2011. 8(4): p. 201-8. 667 

29. Wu, F., et al., Decreased MUC1 in endometrium is an independent receptivity marker in 668 
recurrent implantation failure during implantation window. Reprod Biol Endocrinol, 2018. 669 
16(1): p. 60. 670 

30. Constantinou, P.E., M. Morgado, and D.D. Carson, Transmembrane Mucin Expression and 671 
Function in Embryo Implantation and Placentation.  Adv Anat Embryol Cell Biol, 2015. 216: p. 672 
51-68. 673 

31. Shim, S.H., et al., Association between vascular endothelial growth factor promoter 674 
polymorphisms and the risk of recurrent implantation failure.  Exp Ther Med, 2018. 15(2): p. 675 
2109-2119. 676 

32. Mariee, N., T.C. Li, and S.M. Laird, Expression of leukaemia inhibitory factor and interleukin 677 
15 in endometrium of women with recurrent implantation failure after IVF; correlation with 678 
the number of endometrial natural killer cells.  Hum Reprod, 2012. 27(7): p. 1946-54. 679 

33. Aghajanova, L., Leukemia inhibitory factor and human embryo implantation. Ann N Y Acad 680 
Sci, 2004. 1034: p. 176-83. 681 

34. Paria, B.C., et al., Deciphering the cross-talk of implantation: advances and challenges.  682 
Science, 2002. 296(5576): p. 2185-8. 683 

35. van Mourik, M.S., N.S. Macklon, and C.J. Heijnen, Embryonic implantation: cytokines, 684 
adhesion molecules, and immune cells in establishing an implantation environment.  J Leukoc 685 
Biol, 2009. 85(1): p. 4-19. 686 



26 
 

36. Granot, I., Y. Gnainsky, and N. Dekel, Endometrial inflammation and effect on implantation 687 
improvement and pregnancy outcome. Reproduction, 2012. 144(6): p. 661-8. 688 

37. Cavagna, M. and J.C. Mantese, Biomarkers of endometrial receptivity--a review. Placenta, 689 
2003. 24 Suppl B: p. S39-47. 690 

38. Zhu, L.J., et al., Calcitonin is a progesterone-regulated marker that forecasts the receptive 691 
state of endometrium during implantation.  Endocrinology, 1998. 139(9): p. 3923-34. 692 

39. Kaczorowski, K.J., et al., Continuous immunotypes describe human immune variation and 693 
predict diverse responses. Proc Natl Acad Sci U S A, 2017. 114(30): p. E6097-E6106. 694 

40. Wei, S.C., et al., Tribbles 2 (Trib2) is a novel regulator of toll-like receptor 5 signaling. 695 
Inflamm Bowel Dis, 2012. 18(5): p. 877-88. 696 

41. Joyee, A.G. and X. Yang, Role of toll-like receptors in immune responses to chlamydial 697 
infections. Curr Pharm Des, 2008. 14(6): p. 593-600. 698 

42. Ouburg, S., et al., TLR9 KO mice, haplotypes and CPG indices in Chlamydia trachomatis 699 
infection. Drugs Today (Barc), 2009. 45 Suppl B: p. 83-93. 700 

43. den Hartog, J.E., S.A. Morre, and J.A. Land, Chlamydia trachomatis-associated tubal factor 701 
subfertility: Immunogenetic aspects and serological screening.  Hum Reprod Update, 2006. 702 
12(6): p. 719-30. 703 

44. Aflatoonian, R., et al., Menstrual cycle-dependent changes of Toll-like receptors in 704 
endometrium. Hum Reprod, 2007. 22(2): p. 586-93. 705 

45. Aflatoonian, R. and A. Fazeli, Toll-like receptors in female reproductive tract and their 706 
menstrual cycle dependent expression. J Reprod Immunol, 2008. 77(1): p. 7-13. 707 

46. Zandieh, Z., et al., The Effect of Estradiol and Progesterone on Toll Like Receptor Gene 708 
Expression in A Human Fallopian Tube Epithelial Cell Line.  Cell J, 2016. 17(4): p. 678-91. 709 

47. Hegedus, Z., A. Czibula, and E. Kiss-Toth, Tribbles: a family of kinase-like proteins with potent 710 
signalling regulatory function. Cell Signal, 2007. 19(2): p. 238-50. 711 

48. Ferrell, J.E., Jr., What do scaffold proteins really do? Sci STKE, 2000. 2000(52): p. pe1. 712 
49. Ross, J.W., et al., Activation of the transcription factor, nuclear factor kappa-B, during the 713 

estrous cycle and early pregnancy in the pig.  Reprod Biol Endocrinol, 2010. 8: p. 39. 714 
50. Nakamura, H., et al., NF-kappaB activation at implantation window of the mouse uterus.  Am 715 

J Reprod Immunol, 2004. 51(1): p. 16-21. 716 
51. Thomson, A.J., et al., Expression of intercellular adhesion molecules ICAM-1 and ICAM-2 in 717 

human endometrium: regulation by interferon-gamma. Mol Hum Reprod, 1999. 5(1): p. 64-718 
70. 719 

52. Wu, M.H., et al., The differential expression of intercellular adhesion molecule-1 (ICAM-1) 720 
and regulation by interferon-gamma during the pathogenesis of endometriosis.  Am J Reprod 721 
Immunol, 2004. 51(5): p. 373-80. 722 

53. Bai, R., et al., Involvement of VCAM1 in the bovine conceptus adhesion to the uterine 723 
endometrium. Reproduction, 2014. 148(2): p. 119-27. 724 

54. Konac, E., et al., Endometrial mRNA expression of matrix metalloproteinases, their tissue 725 
inhibitors and cell adhesion molecules in unexplained infertility and implantation failure 726 
patients. Reprod Biomed Online, 2009. 19(3): p. 391-7. 727 

55. Torry, D.S., et al., Angiogenesis in implantation. J Assist Reprod Genet, 2007. 24(7): p. 303-728 
15. 729 

56. Cross, J.C., Z. Werb, and S.J. Fisher, Implantation and the placenta: key pieces of the 730 
development puzzle. Science, 1994. 266(5190): p. 1508-18. 731 

57. Huang, H.Y., The cytokine network during embryo implantation.  Chang Gung Med J, 2006. 732 
29(1): p. 25-36. 733 

58. Hannan, N.J., et al., Analysis of fertility-related soluble mediators in human uterine fluid 734 
identifies VEGF as a key regulator of embryo implantation. Endocrinology, 2011. 152(12): p. 735 
4948-56. 736 



27 
 

59. Binder, N.K., et al., Endometrial signals improve embryo outcome: functional role of vascular 737 
endothelial growth factor isoforms on embryo development and implantation in mice.  Hum 738 
Reprod, 2014. 29(10): p. 2278-86. 739 

60. Tapia, A., et al., Leukemia inhibitory factor promotes human first trimester extravillous 740 
trophoblast adhesion to extracellular matrix and secretion of tissue inhibitor of 741 
metalloproteinases-1 and -2. Hum Reprod, 2008. 23(8): p. 1724-32. 742 

61. Shuya, L.L., et al., Leukemia inhibitory factor enhances endometrial stromal cell 743 
decidualization in humans and mice. PLoS One, 2011. 6(9): p. e25288. 744 

62. Laird, S.M., et al., The production of leukaemia inhibitory factor by human endometrium: 745 
presence in uterine flushings and production by cells in culture.  Hum Reprod, 1997. 12(3): p. 746 
569-74. 747 

63. Ledee-Bataille, N., et al., Concentration of leukaemia inhibitory factor (LIF) in uterine flushing 748 
fluid is highly predictive of embryo implantation. Hum Reprod, 2002. 17(1): p. 213-8. 749 

 750 

 751 

 752 

 753 

 754 

 755 

 756 

 757 

 758 

 759 

 760 

 761 

 762 

 763 

 764 

 765 

  766 

 767 

 768 

 769 

 770 



28 
 

 771 

 772 

 773 

 774 

 775 

 776 

 777 

 778 

 779 

 780 


