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The aim was to explore the mechanism of the gene expression of caudal-related homeobox transcription 
factor 1 (CDX1) in recurrent spontaneous abortion (RSA) based on the extracellular regulatory protein 
kinase 1/2(ERK1/2) signaling pathway. In this study, 25 non-pregnant female patients were grouped into 
the experimental group (group B), who were admitted to the Binzhou Medical University Hospital from 
August 15, 2022 to June 10, 2023. Besides, 25 non-pregnant healthy female employees were selected 
as the control group (group A). The DNA was extracted from venous blood, which was amplified by 
polymerase chain reaction (PCR). Besides, the uterine tissue samples were processed and subjected to 
immunohistochemistry to monitor the phosphorylation level of ERK1/2, so as to analyze the expression 
of decidua and villous tissue cells in cytoplasm from group A and B. The results showed that the decidua 
and villous tissue cells of patients with RSA were almost not expressed in the cytoplasm. Through the 
χ2 test, the frequency of CC genotype in patients from group B was sharply lower than that of group A 
(χ2=13.9 and P<0.05). However, the frequency of TT genotype in patients from group B was markedly 
higher than that of group A (χ2=9.1 and P<0.05), and the frequency of TT genotype in patients with 3 or 
more than 3 abortions was higher than that of patients with less than3 abortions. Therefore, it proved that 
there was a damage in the ERK1/2 signaling pathway in the cytoplasm of decidua and villous tissue cells 
of patients with RSA. RSA was also closely related to homocysteine, folic acid and vitamin B12 levels in 
serum. Moreover, the level of homocysteine in serum is associated with mutations of CDX1.In addition, 
patients with more than 3 abortions indicated a greater probability of CDX1 abnormalities.

INTRODUCTION

Recurrent spontaneous abortion (RSA) refers to three 
or more spontaneous abortions in a row, with the 

incidence of about 1% among pregnant women at present  
(Pereza et al., 2017). The causes of RSA are complex and 
diverse, mainly including chromosomal abnormalities 
or gene defects, structural abnormalities of female 
reproductive system, cervical orifice relaxation, endocrine
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disorders, and immune dysfunction (Li et al., 2018). The 
risk factors for clinical onset mainly include age increase, 
increased number of abortions, drug abuse and obesity 
(Zhao et al., 2019). Hyper-homocysteine sepsis is one of 
the independent risk factors for blood hyper-coagulable 
diseases. Methylene tetrahydrofolate reductase plays a 
crucial role in the metabolism process of homocysteine, 
which is mainly related to the level of homocysteine and 
folic acid in serum.

CDX1 gene is a transcriptional regulator (Yang 
et al., 2017). Studies have pointed out that E7.5 starts 
to be expressed in the primitive streak area during the 
development of rat embryos and regulates the formation of 
multiple organs during the early embryonic development 
(Gaunt, 2018). CDX1 gene mutation is a common type 
mutation in humans, which can decrease the activity of 
methyl-tetrahydrofolate reductase in the cell, and is the 
main reason for different folic acid levels in the population 
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(Jin et al., 2020). The main function of ERK is to transmit 
signals from surface receptors to the nucleus (Najafi et al., 
2019). When other signal pathways are greatly activated, 
the ERK signaling pathway can be activated, and other 
signal pathways can also be activated when the ERK signal 
pathway is obviously activated (Wu et al., 2019). Studies 
have found that ERK signaling pathway is associated 
with the invasion of trophoblast cells in early pregnancy, 
including the proliferation, differentiation, apoptosis, and 
other biological functions of trophoblast stem cells (Tusa 
et al., 2018). Some scholars have pointed out that the 
embryo ectoderm and blastoderm cone of rats with ERK 
mutation were poorly formed, and the embryos will die 
early after implantation (Dawid et al., 2019). However, 
the ERK gene shifting into normalitycan diagnose and 
treat the abnormal development of the placenta of the rats 
with ERK mutation, suggesting that ERK has the function 
of maintaining normal development of pregnancy and 
supporting trophoblast cells. In this study, considering that 
the ERK1/2 signaling pathway might be involved in the 
emerging of RSA, and then, the mechanism of action of 
CDX1 gene expression was further explored.

In this study, the expression of uterine decidua and 
villous tissue cells in cytoplasm was analyzed by detecting 
the phosphorylation level of ERK1/2, and the mechanism 
of CDX1 expression in RSA was explored, so as to provide 
reliable reference for the etiology of RSA in medicine.

MATERIALS AND METHODS

Subjects
Twenty-five non-pregnant female patients aged 25-

38 years were selected as group B, who visited Binzhou 
Medical University Hospital from August 15, 2020 to June 
10, 2023. Besides that, 25 healthy non-pregnant female 
workers were selected as group A with an age of 26-37 
years and had a normal birth history. 

The criteria for inclusion were defined to include 
patients who suffered from spontaneous abortion more than 
twice, had normal chromosome karyotype in peripheral 
blood of both husband and wife, had no deformity of the 
genital detected by gynecology and B-ultrasound, and 
had normal endocrine function, normal menstrual cycle, 
normal thyroid function, and no other major diseases.

The criteria for exclusion were defined to include 
patients who suffered from disease caused by genetic 
mutation, had other mental diseases, had a history of fetal 
intrauterine development restriction, and suffered from 
stillbirth due to unnatural causes.

PCR ampljicaliming CDX1 gene
In this study, DNA samples were amplified by DNA 

amplifiers made by Perkin-Elmer, USA. The 2mLof 
venous blood and 2mL of ethylene diamine tetraacetic 
acid (EDTA) anticoagulant blood from the research 
objects were collected under fasting state in the morning. 
The DNA extraction was in strict accordance with the 
instructions of the kit, and then, the DNA concentration 
was adjusted to 100μg/μL. The CDX1 gene fragment 
was amplified by PCR, and the primer sequence of 
CDX1 was as follows. The 5’ end primer sequence was 
5’-GAGCGACGACGTTTGACAAG-3’ and the 3’ end 
primer was 5’-CCGATTGCACGGAATGCGCCGC-3’. 
The PCR system contained 4μL of diethyl-nitrophenyl 
thiophosphate (dNTP), 2μL of upstream primers, 2μL 
of downstream primers, 2.5U of TaqDNA polymerase, 
and 2μL of DNA template, with a total reaction volume 
of 35μL.It was pre-degeneration at 95°C for 5 min, for 
renaturation at 62°C for 30 sec, and for extension at 72°C 
for 60 sec, with 35 cycles in total. Then,it was extended 
at 72°C for 5min again. The PCR amplification results 
were detected by 2% agarose gel electrophoresis. 6% 
polyacrylamide was subjected to vertical electrophoresis 
and stained with silver nitrate, so that the results were 
observed. Homocysteine in serum was determined by 
high performance liquid chromatography (HPLC). Folic 
acid and vitamin B12 were tested by 57Co and 125I double-
standard radioimmunoassay, respectively.

Histopaltvological studies
Firstly, the uterine tissue samples of the research 

objects were selected and fixed with 4% paraformaldehyde. 
Then, the routine histopathological sections were 
embedded with paraffin. Immunohistochemistry was 
applied to monitor the phosphorylation level of ERK1/2, so 
as to analyze the expression of uterine decidua and villous 
tissue cells in cytoplasm. The section tissues were for HE 
staining and immune-histochemical detection. There were 
dewaxing, hydration, and tissue sections first. According 
to the special requirements of the primary antibody applied 
in this study, the tissue sections were pretreated, and then, 
incubated with 3% hydrogen peroxide for 5 min, followed 
by washing with phosphate buffer saline (PBS) for 2 min 
each. Next, universal immunoglobulin G (IgG) antibody-
horseradish peroxidase (HRP) polymers were added by 
drop, the mixture was incubated at room temperature 
for 10-20 min and rinsed with PBS for 3 times (each 
rinsing for 2 min), followed by color development with 
diaminobenzidine (DAB) solution. Finally, it was rinsed 
with distilled water, re-dyed, dehydrated, and sealed.

Statistical analysis
SPSS19.0 version statistical software was employed 

to analyze this research data processing. The measurement 
data conforming to normal distribution were expressed as 
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the mean ± standard deviation (x̅±s), and measurement data 
without conformity to normal distribution were represented 
by the count data percentage (%). What’s more, the χ2 test 
was for correlation comparison of genotype and allele 
frequency between groups with repetitive abortion, and risk 
rate was expressed as a relative risk (RR). The homogeneity 
of variance test was used for mean comparison among 
subjects of group A and B, and the t-test was adopted for 
the homogeneity of variance and the t’-test was employed 
for the heterogeneity of variance. The mean values among 
different genotypes were compared, so that they were 
analyzed by one-way variance (ANOVA). P<0.05 revealed 
there was a statistically obvious difference.

RESULTS

There were 3 genotypes in the CDX1 locus among 
humans. First one was CC genotype with only 132bp 
fragment after enzyme digestion. Second one was CT 
genotype that had not only 132bp fragment, but also 
72bp and 56bp fragment after enzymatic digestion, which 
became heterozygous mutation. Third one was TT genotype 
with only 72bp and 56bp fragments after enzymatic 
digestion, which became homozygous mutation. There 
was a comparison of CDX1 genotypes in subjects from 
the two groups. The frequency of CC genotype in patients 
from group B through the χ2 test was steeply lower than 
that of group A (χ2=13.9 and P<0.05). But TT genotype 
frequency of patients in group B was dramatically higher 
than that of group A (χ2=9.1 and P<0.05). There was no 
huge difference in CT genotype among subjects of the two 
groups (χ2=0.07 and P>0.05 (Fig. 1).
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Fig. 1. Frequency of CDX1 genotypes.
*shows there is a statistically substantial 
differencecompared with group A (P<0.05). Group A: 
Non-pcegnant healting female employees (control); Group 
B: Non-pregnant female patients.

The phosphorylation level of ERK1/2 in patients 
from group B was sharply reduced compared with group 
A, and the difference was statistically obvious (P<0.05). 
Pathological analysis of ERK1/2 phosphorylation in the 
cytoplasm of uterine decidua and villous tissue cells from 
subjects in the two groups revealed that the expression 
in the cytoplasm of subjects in group A showed diffuse 
high density and the expression things were brown-yellow 
beaded. In addition, there was almost no expression in the 
cytoplasm of uterine decidua and villous tissue cells from 
patients in group B (Fig. 2). It suggested that the ERK1/2 
signaling pathway in the cytoplasm of uterine decidua 
and villous tissue cells might be damaged in patients with 
RSA.
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Fig. 2. Phosphorylation levels of ERK1/2 in subject from 
both groups.
* shows there is a statistically  huge difference compared 
with group A (P<0.05). 
See Figure 1 for details of groups. 

The frequency of alleles C and T in subjects from 
group A and B was consistent with the Hardy Weinberg 
equilibrium. The results indicated that the frequency 
of allele T in patients from group B was higher than the 
frequency of the control group, with a statistically great 
difference (P<0.05) (Fig. 3).

Figure 4 showed that the homocysteine and folic acid 
levels in serums of patients with CC, TT, and CT genotypes 
were increased remarkably by comparing with group A 
(P<0.05). The folic acid level of patients with TT genotype 
in group B was hugely lower than the level of patients with 
CC and CT genotypes (P<0.05) (Fig. 5A). There was no 
obvious difference of vitamin B12 levels in serums among 
patients with the three genotypes, and the difference was 
not statistically remarkable (P>0.05). In addition, ANOVA 
was applied to detect the homocysteine, folic acid, and 
vitamin B12 levels in serums among subjects with the 
three CDX1 genotypes from group A, showing that the 
differences were not statistically substantial (P>0.05).
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Fig. 3. CDX1 allele frequency in patients of group A (A), 
and group B (B). 
See Figure 1 for details of groups.
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Fig. 4. Homocysteine and folic acid levels in subjects with 
the three genotypes.
* shows there is statistically marked differences in contrast 
to group A (P<0.05). 
See Figure 1 for details of groups.

Figure 5B revealed that the RR of CT heterozygous 
genotype and mutant homozygous TT genotype for RSA 
was 2.3 and 2.9 in turn, indicating that the genotype 
containing T allele had a higher RR of RSA.

DISCUSSION

The cause of RSA has not been clear up to now. 
In recent years, studies have pointed out that ischemic 
decidual villus necrosis is one of the critical causes of 

abortion (Yogi et al., 2018). Bhoil et al. (2019) found 
that the incidence of abnormal blood flow of placenta 
was high in the vaginal color ultrasound examination of 
patients with RSA. With the gradually deepening research

 

CC CT TT
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

*

*

%
 

 

A 

B 

Fig. 5. Folic acid (A) and RR (B) of three genotypes in 
group B.
* shows there are statistically great differences in contrast 
to TT (A) and CC (B) genotype (P<0.05).
See Figure 1 for details of groups.

The TT homozygous mutation genotype of CDX1 in 
patients with 3 or more abortions was greater than that of 
patients with less than 3 abortions (χ2=4.3 and P<0.05) 
(Fig. 6). Therefore, it predicted that patients with 3 or more 
abortions were more likely to have mutations in the CDX1 
gene.
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Fig. 6. Comparison on abortion frequency of different 
genotypes.
* shows that the difference is statistically considerable 
in contrast to TT genotype in patients with less than 3 
abortions (P<0.05).
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of genetic diseases internationally, it is found that there are 
3 kinds of genetic variation that are clearly associated with 
RSA, namely CDX1, V Leiden blood coagulation factor 
mutation, and prothrombin 29210A. However, there are 
big gaps in the research results (Meyer et al., 2007; Rah 
et al., 2017). V Leiden blood coagulation factor mutation 
and prothrombin 29210A are very rarely emerged in 
China’ population, while high incidence of RSA may be 
caused by the gene expression of CDX1. Thus, CDX1 
gene prevailed in China was chosen for research with the 
population associated with RAS in China.

Avagliano et al. (2019) suggested that CDX1 was 
a genetic risk factor for neural tube deformity and 
preeclampsia in the Chinese population (Avagliano et 
al., 2019). Therefore, detection of CDX1 mutation in 
women before pregnancy and targeted prophylactic 
treatment with folic acid and other drugs could reduce 
homocysteine levels in serum, decrease the rate of 
spontaneous abortion in early pregnancy, and drop the 
incidence of complications of neural tube malformation 
and preeclampsia during pregnancy. In this study, PCR-
restriction fragment length analysis method was employed 
to detect the CDX1 genotypes of 25 patients with RSA 
and 25 healthy workers. The results meant that the RR 
of CT heterozygous genotype for RSA was 2.3 and TT 
homozygous genotype for RSA was 2.9. This suggested 
that CDX1 gene mutation was a genetic risk factor for RSA 
in China. The over-activation of ERK1/2 could promote 
the progression of cell cycle, enhance cell proliferation, 
and play a vital role in the proliferation, differentiation, 
and invasion of trophoblast cells (Hutton et al., 2017). 
A large number of studies had shown that ERK1/2 was 
closely related to cell proliferation and differentiation as 
well as platelet production (Yu and Huang, 2010; Li et al., 
2018). But only phosphorylated ERK1/2 was active, and 
cell proliferation was reduced if the activity of ERK1/2 
was dropped.

The results of this study were consistent with those 
of previous studies (Zhao et al., 2017). It was found that 
TT genotype of CDX1 had a higher RR, indicating that it 
was markedly associated with the increased homocysteine 
level and decreased folic acid level in serums. ANOVA 
was adopted to tested homocysteine, folic acid, and 
vitamin B12 in serums of subjects from group A, showing 
that the differences were not statistically obvious. The 
homocysteine level in serum was not only affected by 
CDX1 gene mutation imaging, but also might be affected 
by other factors. The frequency of TT genotype in patients 
with 3 or more abortions was higher than the frequency of 
patients with less than 3 abortions, which was consistent 
with the research results of Liu et al. (2017). It indicated 
that women who had more spontaneous abortions were 
more likely to have CDX1 abnormalities.

CONCLUSION

TheERK1/2 phosphorylation levels of uterine decidua 
and villi tissue cells in the cytoplasm were determined to 
investigate the genotype and allele frequency of CDX1 
gene and to detect the homocysteine, folic acid, and vitamin 
B12 levels in serums. The results showed that the ERK1/2 
signaling pathway of uterine decidua and villi tissue cell 
in cytoplasm of patients with RSA would be damaged, and 
RSA was closely related with the homocysteine, folic acid, 
and vitamin B12 levels in serums. Besides, homocysteine 
level was associated with CDX1 gene mutation, and 
patients with more than 3 abortions were more likely to 
have CDX1 gene abnormalities. The shortcoming of this 
study was that different criteria would be applied to select 
different patients with abortion, resulting in different 
experimental results. Moreover, other mechanisms of 
action had not been confirmed due to the limitations of 
research time and funding. To sum up, it confirmed the 
expression mechanism of CDX1 gene in RSA, which 
could lay a reliable therapeutic basis for clinical medicine.

ACKNOWLEDGMENT

The authors are grateful for the support from 
Binzhou Medical University Hospital, Gaomi Hospital of 
Traditional Chinese Medicine, Qingdao Central Hospital 
and Qingdao Women and Children’s Hospital, China.

Funding
The study received no external funding.

IRB approval
The study was carried out with the approval of 

Research Guidance Workshop Committee (Qingdao 
Women and Children’s Hospital).

Ethical statement
The Medical Ethics Committee of Binzhou Medical 

University Hospital had approved this experiment. The 
patient and her family members had been informed of this 
experiment and signed the informed consent.
Statement of conflict of interest

The authors have declared no conflict of interest.

REFERENCES

Avagliano, L., Massa, V., George, T.M., Qureshy, 
S., Bulfamante, G.P. and Finnell, R.H., 2019. 
Overview on neural tube defects: from development 
to physical characteristics. Birth Defects Res., 111: 
1455-1467. https://doi.org/10.1002/bdr2.1380

https://doi.org/10.1002/bdr2.1380


6                                                                                        

Onlin
e F

irs
t A

rtic
le

S. Cao et al.

Bhoil, R., Kaushal, S., Sharma, R., Kaur, J., Sharma, 
T., Thakur, R. and Sharma, R., 2019. Color doppler 
ultrasound of spiral artery blood flow in mid first 
trimester (4-8 weeks) in cases of threatened abortion 
and in normal pregnancies. J. Ultrason., 19: 255-
260. https://doi.org/10.15557/JoU.2019.0038

Dawid, M., Mlyczynska, E., Kurowska, P. and 
Sierpowski, M., 2019. Apelin decreased placental 
hormoine secretion by human trophoblast 
BeWo cells via apelin receptor, protein kinase 
A and extracellular signal-regulated kinases 1/2 
activation. J. Physiol. Pharmacol., 70: 

Gaunt, S.J., 2018. Mouse embryo Hox gene enhancers 
assayed in cell culture: Hoxb4, b8 and a7 are 
activated by Cdx1 protein. Int. J. Dev. Biol., 62: 
717-722. https://doi.org/10.1387/ijdb.180157sg

Hutton, S.R., Otis, J.M., Kim, E.M., Lamsal, Y. and 
Snider, W.D., 2017. ERK/MAPK signaling is 
required for pathway-specific striatal motor 
functions. J. Neurosci., 37: 8102-8115. https://doi.
org/10.1523/JNEUROSCI.0473-17.2017

Jin, H.F., Dai, J.F., Meng, L.N. and Lu, B., 2020. 
Curcuma wenyujin Y. H. Chen et C. Ling n-butyl 
alcohol extract inhibits ags cell helicobacter 
pyloriCagA+VacA+ promoted invasiveness 
by down-regulating caudal type homeobox 
transcription factor and claudin-2 expression. 
Chin. J. Integr. Med., 26: 122-129. https://doi.
org/10.1007/s11655-017-2958-y

Li, X.C., Yin, M.H., Gu, J.P., Hou, Y.Y., Tian, F.J. and 
Sun, F., 2018. Metabolomic profiling of plasma 
samples from women with recurrent spontaneous 
abortion. Med. Sci. Monit., 24: 4038-4045. https://
doi.org/10.12659/MSM.907653

Liu, Y., Zheng, H., Guo, P., Feng, S., Zhou, X., Ye, D., 
Chen, X. and Chen, S., 2017. C677T polymorphism 
increases the risk of early spontaneous abortion. J. 
Assist. Reprod. Genet., 34: 245-252. https://doi.
org/10.1007/s10815-016-0837-7

Meyer, M., Laux, G., Scherer, S., Tran, T.H., Opelz, 
G. and Mytilineos, J., 2007. No association of 
factor v leiden, prothrombin G20210A, and 
MTHFR C677T gene polymorphisms with kidney 
allograft survival: A multicenter study. Transplant, 
83: 1055-1058. https://doi.org/10.1097/01.
tp.0000259556.99281.47

Najafi, M., Ahmadi, A. and Mortezaee, K., 2019. 
Extracellular-signal-regulated kinase/mitogen-
activated protein kinase signaling as a target for 
cancer therapy: An updated review. Cell. Biol. Int., 
43: 1206-1222. https://doi.org/10.1002/cbin.11187

Pereza, N., Ostojić, S., Kapović, M. and Peterlin, B., 
2017. Systematic review and meta-analysis of 
genetic association studies in idiopathic recurrent 
spontaneous abortion. Fertil. Steril., 107: 150-159.
e2. https://doi.org/10.1016/j.fertnstert.2016.10.007

Rah, H.C., Chung, K.W., Ko, K.H. and Kim, N.K., 2017. 
miR-27a and miR-449b polymorphisms associated 
with a risk of idiopathic recurrent pregnancy loss. 
PLoS One, 12: e0177160. https://doi.org/10.1371/
journal.pone.0177160

Tusa, I., Cheloni, G., Poteti, M. and Gozzini, A., 2018. 
Targeting the extracellular signal-regulated kinase 
5 pathway to suppress human chronic myeloid 
leukemia stem cells. Stem. Cell. Rep., 11: 929-943. 
https://doi.org/10.1016/j.stemcr.2018.08.016

Wu, B., McDermott, J.S., Krajewski, J.L., Knopp, K.L., 
Nisenbaum, E.S., Cummins, T.R. and Tan, Z.Y., 
2019. Extracellular signal-regulated kinases mediate 
the enhancing effects of inflammatory mediators on 
resurgent currents in dorsal root ganglion neurons. 
Mol. Pain., 15: 1744806919837104. https://doi.
org/10.1177/1744806919837104

Yang, L., Li, C., Liang, F., Fan, Y. and Zhang, S., 2017. 
MiRNA-155 promotes proliferation by targeting 
caudal-type homeobox 1 (CDX1) in glioma cells. 
Biomed. Pharmacother., 95: 1759-1764. https://
doi.org/10.1016/j.biopha.2017.08.088

Yogi, A., Prakash, K.C. and Neupane, S., 2018. 
Prevalence and factors associated with abortion 
and unsafe abortion in Nepal: a nationwide cross-
sectional study. BMC Preg. Childb., 18: 376. 
https://doi.org/10.1186/s12884-018-2011-y

Yu, S.F. and Huang, T.S., 2010. Connexin-43 facilitates 
breast cancer cell proliferation through upregulation 
of ERK-dependent beta-catenin, c-Myc and cyclin 
D1 expression. Cancer Res., 70: 3176-3176. https://
doi.org/10.1158/1538-7445.AM10-3176

Zhao, M., Wang, X.B., He, M.L., Qin, X.H., Tang, G.F., 
Huo, Y., Li, J.P., Fu, J., Huang, X., Cheng, X.S., 
Wang, B.Y., Hou, F.F., Sun, N.L. and Cai, Y.F., 
2017. Homocysteine and stroke risk: modifying 
effect of methylenetetrahydrofolate reductase 
C677T polymorphism and folic acid intervention. 
Stroke, 48: 1183-1190. https://doi.org/10.1161/
STROKEAHA.116.015324

Zhao, X.X., Jiang, Y.P., Ping, Y.L., Guo, H.W. and Feng, 
X.L., 2019. Associations between tumor necrosis 
factor-α and interleukin-6 polymorphisms and 
unexplained recurrent spontaneous abortion risk: A 
meta-analysis. Medicine (Baltimore), 98: e17919. 
https://doi.org/10.1097/MD.0000000000017919

https://doi.org/10.15557/JoU.2019.0038
https://doi.org/10.1387/ijdb.180157sg
https://doi.org/10.1523/JNEUROSCI.0473-17.2017
https://doi.org/10.1523/JNEUROSCI.0473-17.2017
https://doi.org/10.1007/s11655-017-2958-y
https://doi.org/10.1007/s11655-017-2958-y
https://doi.org/10.12659/MSM.907653
https://doi.org/10.12659/MSM.907653
https://doi.org/10.1007/s10815-016-0837-7
https://doi.org/10.1007/s10815-016-0837-7
https://doi.org/10.1097/01.tp.0000259556.99281.47
https://doi.org/10.1097/01.tp.0000259556.99281.47
https://doi.org/10.1002/cbin.11187
https://doi.org/10.1016/j.fertnstert.2016.10.007
https://doi.org/10.1371/journal.pone.0177160
https://doi.org/10.1371/journal.pone.0177160
https://doi.org/10.1016/j.stemcr.2018.08.016
https://doi.org/10.1177/1744806919837104
https://doi.org/10.1177/1744806919837104
https://doi.org/10.1016/j.biopha.2017.08.088
https://doi.org/10.1016/j.biopha.2017.08.088
https://doi.org/10.1186/s12884-018-2011-y
https://doi.org/10.1158/1538-7445.AM10-3176
https://doi.org/10.1158/1538-7445.AM10-3176
https://doi.org/10.1161/STROKEAHA.116.015324
https://doi.org/10.1161/STROKEAHA.116.015324
https://doi.org/10.1097/MD.0000000000017919

