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Introduction
Endometrium receptivity is crucial for successful blastocyst 

implantation and occurs at a specific time called the window of 
implantation.1–3 Which is regulated by multiple factors which include: 
ovarian steroid hormones; estrogen (E2) and progesterone (P4),4,5 
adhesion molecules,6 and maternal immune system.7 Noncoding 
ribonucleic acids (RNAs) have been shown to be important epigenetic 
regulators in gene expression during endometrial receptivity.8 
Noncoding regulatory RNA included: Long noncoding RNA 
(lncRNA) and long RNA pseudogenes, Enhancer RNAs, Telomerase 
RNA, microRNAs (miRNAs), RNA interference (RNAi), small 
interfering RNA (siRNA), and piwi-interacting RNA (piRNA).9–11 
The miRbase database has reported over 2,500 miRNAs precursors, 
with diverse functions.12

 Human miRNAs are regulate in gestational tissues, cell 
differentiation and proliferation,13 apoptosis,14 endometrial 
receptivity,15 and decidualization.16 Recently, Acuña-González et al.,17 
demonstrated the increase of hsa-miR-191-5p in human blastocyst 
culture medium corresponding to woman with clinical pregnancy, 
compared to those without sonographic evidence of gestational sac.17

 Chen et al.,18 demonstrated that endometrial tissue of patients with 
repeated implantation failure showed important changes of hsa-miR-
155-5p, hsa-miR20b-5p, and hsa-miR-330-5p. In addition, Raj et al.,19 
demonstrated that the expression of the proteins associated with the 
endometrial receptivity (E-cadherin, and N-cadherine) are regulated 
by has-miR-149.19,20

Research statement

RL95-2 human endometrial cell line was transfected with three 
different concentrations of agomiR-191 15, 30 and 60 pmol for 6 

hours. The cell viability and the transfection efficiency were analyzed 
at 3, 6, and 24. The main hypothesis in this study was that transfection 
will not affect the viability of RL95-2 cell line, and second; there 
will be no changes in the transfection efficiency of miR-191 with the 
different doses used. 

Material and methods
Cell culture 

Human RL95-2 endometrial epithelium cell line (American Type 
Culture Collections, CRL-1671; Manassas, VA, USA) was cultured 
at a density 8x104 cells/well in 12 well plates (Conrning, Darmstadt, 
Germany) in a Dulbecco modified Eagle F-12 medium (DMEM-F12; 
ATCC, 302006; Manassas, VA, USA), supplemented with 10% 
fetal bovine serum (Gibco, Bethesda, MD, USA) an 1% penicillin-
streptomycin (100 U/mL:100µg; Gibco) and incubated at 37°C in 5% 
CO2. After reaching 95% of confluence, the medium was removed 
and RL95-2 cells were washed twice with sterile saline solution. 
Subsequently, the tests for transfection were carried out which are 
described below. 

RL95-2 cells miRNA transfection

For transfection the following groups were considered: 1) control 
(cells were incubated only with DMEM-F12), 2) negative control (cells 
were incubated with 100 nM Lipofectamine 2000 Kit (Invitrogen, 
Carlsbad, CA, USA)), 3) low expression (cells were incubated with 
15 pmol agomiR-191-5p (Creative Biogene Biotechnology; USA) 
and 100 nM Lipofectamine), 4) moderated expression (cells were 
incubated with 30 pmol agomiR-191-5p and 100 nM Lipofectamine), 
and 5) overexpression (cells were incubated with 60 pmol agomiR-
191-5p and 100 nM Lipofectamine). At 6 hours after transfection, 
the culture medium was removed and the cells were washed twice 
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Abstract

Background: Human endometrial cells are important in blastocyst recognition and 
implantation. We have recently shown that miR-191-5p secreted into culture medium by 
human embryos cultured and transferred to woman on the fifth day of development was 
associated with the percentage of pregnant vs. non-pregnant patients. Little is known about 
the regulation and expression of endometrial miRNAs induced by embryonic miRNAs in 
endometrial tissue. Therefore, in the present work we explored the viability and transfection 
of RL95-2 endometrial cell line with agomiR-191.

Results: The main results obtained in this study were: First, transfection of RL95-2 cell 
line with 100nM of lipofectamine in combination with 15, 30, and 60 pmol of agomiR-191 
for 3, 6 and 24 hours does not affect the viability of RL95-2 cells. Second, we observed 
expression of miR-191 with 60 pmol of agomiR-191 in a time dependent transfection. 

Conclusion: Stimulation of RL95-2 endometrial cell line with lipofectamine does not 
modify their viability. The transfected RL95-2 endometrial cells showed increased the 
expression of hsa-miR-191-5p.

Keywords: endometrial epithelium cells, lipofectamine, miRNA, transfection, cell 
viability
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with sterile saline solution. Finally, the RL95-2 cells were incubated 
for 3, 6 and 24 hours post-transfection and in each case the culture 
medium and cells were recovered. Four independent experiments 
each performed, in duplicate.

RNA isolation, cDNA synthesis, and PCR-reaction

Culture medium was recovered from all different transfection 
conditions and stored at -70C. 

RL95-2 cells were washed three times with sterile saline 
solution. Total RNA was extracted by TRIzol reagent (InvitroGen, 
Carlsbad, CA, USA) as previously reported,17 and the concentration 
of RNA was measured as the A260/280 ration on a NanoDrop One 
spectrophotometer (Thermo Scientific, Waltham, MA, USA). 

We transcribed using a Reverse Transcription System (Promega 
A3500, Madison WI, USA) and amplification using a PCR kit 
(Promega GoTaq Flexi DNA Polymerase M8295, Madison WI, USA), 
with the following forward (F) and reverse (R) primers (integrated 
DNA Technologies IDT, Coralville, IA, USA), and specific universal 
sequence (GTGCAGGGTCCGAGGT) was included. The primer 
sequence and expected size of the product were hsa-miR-191-5p(GT
CGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACG), 
TM=56°C, 73 pb.

Cycling parameters were as follows: denaturalization at 94°C 
for 30s, annealing 56°C for 30 s and elongation at 72°C for 30 s. 
Final extension lasted 10 min at 72°C and was terminated by rapid 
cooling to 4°C. We analyzed PCR products in a 4.0% agarose gel and 
determined their size by comparison with molecular weight standard 
after GelRed (Biotium, Hayward, CA, USA) using Gel Capture 
Acquisition software (DNA Bio-Imaging System). 

Cell viability assay 

To determine the effect of transfection Lipofectamine-miR-191p 
on RL95-2 cells the viability was determined at 3, 6, and 24 hours 
by colorimetric assay of 3-(4,5-di-methylathiazol-2-yl)-2,5-diphenyl-

2H-tetrazolium bromide (MMT) as previously reported by Fuentes-
Zacarias et al.,21 RL95-2 cells line were washed twice with sterile 
saline solution, and then cultured for 3 hours in the presence of 20 
µL (5 mg/mL) of MMT in 5% CO2 at 37°C. Subsequently, 150 μL 
of Dimethyl sulfoxide (DMSO; Merck KGaA, Darmstadt, Germany) 
was added into each well. Negative control, a mitochondrial 
uncoupler carbonyl cyanide m-chlorophenylhydrazone (CCCP) 
was dissolved in dimethylsulfoxide at a concentration of 80 μM22 
and added to cells before the incubation at 37°C with 5% CO2, 95 
% air. Blue formazan product in culture medium from RL95-2 cells 
was analyzed by spectrophotometric absorbance reading at 570 nm 
in Benchmark microplate (model 550; BioRad. Hercules, CA, USA). 
Three independent experiments each performed in duplicate.

Statistical analysis

All data were analyzed by one-way ANOVA with multiple 
comparison followed by Tukey´s tests using GraphPad Prism version 
8.0 (GraphPad Software, San Diego, CA, USA). All values are 
presented as the mean ± standard deviation. P-values below 0.05 were 
considered as a statistically significant difference. 

Results
Figure 1 shows the viability of RL95-2 cell line after 3, 6, and 

24 hours of treatment with 100 nM Lipofectamine alone or in 
combination with 15, 30, and 60 pmol of agomiR-191-5p the three 
independent experiments. 

The viability in control RL95-2 cells after 3, 6, and 24 hours of 
stimulation was 0.219±0.015, 0.2513±0.014, and 0.2703±0.009 
respectively. We did not observe statistically significant differences 
between the transfected with respect to the control group (Figure 1A). 
CCCP, a mitochondrial uncoupler decreases RL95-2 cell line viability 
vs control group (Figure 1A; p<0.05).The amplification product 
of hsa-miR-191-5p by PCR was visualized in all the transfection 
conditions, increasing after 24 hours post-transfection (Figure 1B). 

Figure 1 Viability of RL95-2 cells, and expression of hsa-miR-191-5p in the different transfection treatments. Control group (C), negative control (LIPO, 
Lipofectamine), and Lipofectamine in combination with 15, 30, and 60 pmol of hsa-miR-191-5p. Representative image of the post-transfection at 3, 6, and 24 
hours. (A) The viability was carried out in 3 independent experiments and in none of the cases were statistically significant differences obtained between the 
treatments (p=0.593). In this set of experiments was included the negative control, a mitochondrial uncoupler carbonyl cyanide m-chlorophenylhydrazone 
(CCCP; yellow bar). Statistically significant difference with respect to the control group (C; p <0.05). Data are shown as the mean ± standard deviation. (B) 
Amplification of hsa-miR-191-5p produced fragment of 73 bp. DNA ladder marker 100 bp (M, InvitroGene).
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 Discussion 

Transfection assays by different methods might generate cell 
damage, for example damage to the cell membrane mediated by 
lipotoxicity,23 which depends fundamentally on the method used to 
introduce genetic material,24 as well as the biological characteristics 
of the cells under study.25 In our work we selected the lipofectamine 
transfection method based on previous studies,26–28 that demonstrated 
a transfection efficiency of 35-50%,29,30 and viability of 50-70% of the 
cells when treated with transfection of single string oligonucleotides.30

Although there is information regarding the transfection of RL95-
2 endometrial cells with Lipofectamine31 in our study, we performed 
the viability assay with the MMT method and it was established that 
the percentage of viable cells that remain in culture is greater than 
90%, comparing such percentage between control vs. treated cells, 
either with treatment lipofectamine or lipofectamine in conjunction 
with three doses of synthetic agomiRNA (Figure 1B). We consider 
of utmost importance to be able to demonstrate the safety of these 
compounds to have a high degree of certainty that the changes in the 
expression profile are due to the intervention under study and not to 
a toxicity effect on the cells. Subsequently, the massive expression 
of miRNome in human RL95-2 endometrial cells will be evaluated. 

Conclusion
Lipofectamine transfection procedure does not reduce the 

viability in the RL95-2 endometrial cells at the different conditions of 
incubations and allows the incorporation of agomiR-191-5p. 
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