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The onset of human ectopic pregnancy demonstrates  
a differential expression of miRNAs and their  
cognate targets in the Fallopian tube
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Abstract: Human ectopic pregnancy (EP) is a leading cause of pregnancy-related death, but the molecular basis 
underlying the onset of tubal EP is largely unknown. Female Dicer1 conditional knockout mice are infertile with dys-
functional Fallopian tube and have a different miRNA expression profile compared to wild-type mice, and we specu-
lated that Dicer-mediated regulation of miRNA expression and specific miRNA-controlled targets might contribute 
to the onset of tubal EP. In the present study, we used microarray analysis and quantitative RT-PCR to examine the 
expression of miRNAs and core miRNA regulatory components in Fallopian tube tissues from women with EP. We 
found that the levels of DICER1, four miRNAs (let-7i, miR-149, miR-182, and miR-424), and estrogen receptor α 
distinguished the tubal implantation site from the non-implantation site. Computational algorithms and screening 
for interactions with the estrogen and progesterone receptor signaling pathways showed that the four miRNAs were 
predicted to target ten genes, including NEDD4, TAF15, and SPEN. Subsequent experiments showed differences 
in NEDD4 mRNA and protein levels between the implantation and non-implantation sites. Finally, we revealed that 
increases in smooth muscle cell NEDD4 and stromal cell TAF15, in parallel with a decrease in epithelial cell SPEN, 
were associated with tubal implantation. Our study suggests that changes in miRNA levels by the DICER-mediated 
miRNA-processing machinery result in aberrant expression of cell type-specific proteins that are potentially involved 
in the onset of tubal EP. 
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Introduction

Human ectopic pregnancy (EP) is a significant 
clinical problem for reproductive-aged women 
and their healthcare providers [1, 2]. EP results 
from disruption of the tubal transport process 
and complicates up to 2% of all pregnancies in 
the Western world [3]. It still accounts for 4 to 
10% of pregnancy-related deaths [4]. More 
than 98% of EPs occur in the Fallopian tube [5], 
and women with past tubal EP are at increased 
risk of infertility or tubal EP in the future [1]. 
Unfortunately, there are currently no effective 
means for the prediction, prevention, or treat-

ment of tubal implantation [5, 6]. Despite 
intense research efforts, the underlying cause 
of tubal EP remains a mystery [7-9]. This is to a 
large part due to our incomplete understanding 
of the changes in the complex molecular events 
behind ciliary beating, muscle contraction, and 
the tubal fluid microenvironment during the 
transport of gametes [9]. Disruption of these 
events results in abnormal interactions 
between the early embryo and tubal cells and 
leads to tubal implantation [5].

The process of fertilization, early embryonic 
development, and implantation begins in the 
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Fallopian tube and is the result of coordinated 
biochemical and physiological steps [10]. 
Efforts have been made to identify the changes 
in tubal gene expression that are related to 
specific stages of the estrous cycle, estrogen-
induced tubal transport, tubal development, 
and tubal secretion and contractility [11-14]. 
Spatiotemporal alterations in tubal transcrip-
tome profiles are required for normal tubal 
functions under physiological conditions [15]. 
Thus it is important for us to identify the key 
regulators of these changes in gene expression 
in the Fallopian tube as a way of understanding 
the progression of EP. Despite decades of 
research, there is still a crucial need for a com-
prehensive understanding of the pathophysiol-
ogy of tubal EP development that fully inte-
grates gene regulation, signaling pathways, and 
cellular mechanisms in the Fallopian tube [16].

MicroRNAs (miRNAs) are evolutionarily con-
served, small, noncoding RNAs (usually 21 to 
24 nucleotides) that have emerged as regula-
tors of overall gene expression and represent 
yet another layer of control over mRNA stability 
and translation [17]. To date, over 1,500 human 
miRNAs have been identified (http://www.mir-
base.org/). miRNA profiling in humans shows 
that approximately 50% of miRNAs are 
expressed in a tissue-specific manner [18]. The 
growing body of evidence indicates that miRNA 
regulation is involved in human physiological 
and pathological processes. For example, 
changes in miRNA expression contribute to nor-
mal intrauterine pregnancy (IUP) [19] and to 
susceptibility to disease conditions such as 
preeclampsia, endometriosis, and endometrial 
cancer [20].

Dicer and Drosha, two RNase III enzymes, are 
key regulators that are responsible for miRNA 
maturation and function [17], and deletion of 
the Dicer1 gene results in an overall loss of 
miRNAs and is embryonic lethal in mice [21]. In 
addition, the Dicer-controlled miRNA pathway 
has been shown to have critical functions in the 
Fallopian tube. For example, adult female 
Dicer1 conditional knockout mice are infertile 
and exhibit Fallopian tubal hypotrophy and 
prominent tubal cysts at the isthmus near the 
uterotubal junction that disrupt tubal transport 
[22-24]. Although the regulation of human 
DICER1 expression in the Fallopian tubes under 
physiological conditions has been reported 
[25], very little is known about its role in tubal 
dysfunction and tubal EP in particular.

Mammalian miRNAs have the potential to regu-
late roughly 60% of all human genes [26]. In 
general, each miRNA can directly or indirectly 
regulate a diverse set of downstream target 
genes that are involved in all cellular process-
es, including those involved in disease progres-
sion [17]. It has been reported that miRNAs are 
differentially expressed in normal human 
Fallopian tubes [18, 27]. Recently, the expres-
sion levels of several circulating miRNAs have 
been shown to be novel biomarkers for the 
diagnosis of tubal EP [28]. Together, these 
observations prompted us to investigate wheth-
er changes in key components of the miRNA 
biogenesis pathway contribute to widespread 
miRNA deregulation and to identify the specific 
miRNAs that target genes involved in the onset 
of Fallopian tube implantation.

Materials and methods

Ethics approval 

This study was reviewed and approved by the 
Ethics Committees of the Obstetrics and 
Gynecology Hospital and Shanghai Medical 
College, Fudan University, China and in accor-
dance with the Declaration of Helsinki. Written 
informed consent was obtained from all 
participants. 

Human subject characteristics and tissue col-
lection

All participants underwent clinical examina-
tions at the Obstetrics and Gynecology Hospital 
of Fudan University, Shanghai, China. The age, 
reason for surgery, gestational days, beta-
human chorionic gonadotropin (β-hCG) levels, 
and experimental methods for all patients are 
provided in Supplemental Table 1. The exclu-
sion criteria used have been described previ-
ously [29].

The present study included women in their first 
trimester of pregnancy (n=30) who were subdi-
vided into the following two groups:

Group 1. This group comprised healthy preg-
nant women undergoing therapeutic surgical 
pregnancy termination as defined as decidual-
endometrial specimens (n=10, mean age 
29.0±4.03 years, and mean gestation 
49.2±5.77 days). The gestational age was con-
firmed by individual menstrual cycle data and 
physical examination. The diagnosis of a nor-
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mal IUP was made based on serum β-hCG mea-
surements and the observation of an intrauter-
ine gestational sac on the transvaginal or 
transabdominal ultrasound scans. Decidual-
endometrial tissues devoid of any myometrial 
tissue were retrieved directly after vacuum 
aspiration.

Group 2. In this group, women with EP (n=20, 
mean age 36.30±4.26 years, mean gestation 
47.83±10.68 days) were studied after tubal 
surgery. A full medical history was documented 
and a clinical examination was carried out by 
the attending physician. Transvaginal ultraso-
nography was performed, and in each case the 
EP was verified by the clear localization of a tro-
phoblast in the Fallopian tube. Serum β-hCG 
levels were analyzed in patients at the time of 
their first clinical presentation. None of the 
women undergoing surgical management of EP 
presented with acute hemodynamic shock. In 
women with EP and with two or more children 
that had no plans for future childbearing, the 
laparoscopic surgery was combined with bilat-
eral tubal sterilization and tubal samples were 
collected from both the affected EP site and 
the contralateral unaffected site [16]. 

After collection, all tissue samples were washed 
with ice-cold RNase-free phosphate-buffered 
saline (PBS) and either snap-frozen in liquid 
nitrogen and stored at -70°C or fixed in 4% 
formaldehyde and embedded in paraffin. The 
same sample was prepared for microarray 
analysis, quantitative real-time PCR (qRT-PCR), 
western blot analysis, and microarray analyses, 
qRT-PCR, western blot analysis, and immuno-
histochemistry; or immunofluorescence assay 
analysis and immunohistochemistry (Supple- 
mental Table 1). 

Total RNA isolation, miRNA microarray analy-
sis, and array data analysis

Total RNA, including miRNAs, was isolated with 
the Trizol system (Invitrogen, NY) and the miR-
Neasy Mini kit (QIAGEN, Hilden, Germany) 
according to the manufacturers’ instructions. 
The purity and quantity of the isolated RNAs 
were assessed by the ratio of spectrophoto-
metric absorbance at 260 and 280 nm using a 
Nanodrop spectrophotometer (ND-1000, Nano- 
drop Technologies). A ratio of 2.0 for the sam-
ple absorbance was considered indicative of 
sufficient purity, and the RNA integrity was 

determined by gel electrophoresis. The miRNA 
microarray experiments were performed by 
KangChen Bio-tech (Shanghai, China). The 
samples were labeled using the miRCURY Hy3/
Hy5 Power labeling kit and hybridized on the 
miRCURY LNA Array (v.16.0) (Exiqon, Vedbaek, 
Denmark). This array contains ~1223 capture 
probes for human miRNAs and allows for quan-
tification of genome-wide miRNA expression. 
Scanning was performed with the Axon GenePix 
4000B microarray scanner (Axon Instruments, 
Foster City, CA), and GenePix Pro V6.0 (Axon) 
was used to read the raw intensities of the 
images. miRNA expression data were normal-
ized using the median normalization procedure, 
and the average values of replicate spots of 
each miRNA were used for statistical analysis. 
The following two criteria were used to identify 
the miRNAs with altered abundance among the 
different sample sets: an absolute change of 
≥2-fold and a proportion of false positives 
<0.05. Values for gene expression (2-△△Ct) were 
reported as mean±SEM. The latter is used to 
control for errors in multiple tests. Hierarchical 
clustering was performed using MultiExperim- 
ent Viewer software (MEV, v4.6, TIGR) to show 
the distinguishable miRNA expression profiles 
among the samples. 

Bioinformatics predictions

Because the various miRNA target prediction 
programs often produce different lists of pre-
dicted targets, we used a combination of seven 
databases, including TargetScan, DIANA, 
microRNA.org, miRBase, PITA, PicTar, and 
RNA22, to predict the target genes for the dif-
ferentially expressed miRNAs [30]. The distribu-
tion of gene expression was unknown so only 
the genes identified by at least four algorithms 
were considered as potential target genes regu-
lated by a given miRNA.

Quantitative real-time PCR analysis

Total RNA and miRNA were prepared as 
described above. Two micrograms of RNA were 
reverse transcribed into first-strand cDNA using 
SuperScript™ III Reverse Transcriptase (Invi- 
trogen). The reactions were performed on an 
ABI PRISM7900 system (Applied Biosystems, 
Foster City, CA) using the SYBR RT-PCR kit 
(Takara, Capitola, CA) according to the manu-
facturer’s instructions. The size and specificity 



miRNA signatures and specific targets in human ectopic pregnancy

67 Int J Clin Exp Pathol 2014;7(1):64-79

of the Amplicons were confirmed by 2.5% aga-
rose gel electrophoresis. The primer sequenc-
es and amplification products for the miRNAs 
and genes in this study are provided in 
Supplemental Table 2. All reactions were per-
formed in duplicate and each reaction included 
a non-template control. The relative expression 
levels of the miRNAs were normalized to that of 
an internal control (U6, a small nuclear RNA) in 
all samples. The CT values for both β-actin and 
RPLPO (a human ribosomal protein) were not 
significantly different in any of the groups, and 
this confirmed that the loading was similar 
between the samples. The results for each 
gene of interest are expressed as the amount 
relative to the average value of β-actin + RPLPO 
in each sample. RNase-free water (QIAGEN) 
was included as a negative control during RNA 
extraction and in each qRT-PCR run. 

Western blot analysis

Whole-tissue extracts for protein preparations 
and western blot analyses were carried out as 
described previously [31]. Briefly, samples were 
separated on 4-12% Bis-Tris gels (Invitrogen) 
and transferred to PVDF membranes. The blots 
were probed with primary antibodies against 
human DICER1 and β-actin (Supplemental 
Table 3) overnight at 4°C. After three rinses 
with TBS/0.05% Tween 20, the membranes 
were incubated with anti-mouse IgG peroxi-
dase-conjugated goat antibody (1:4000, 
A2304, Sigma-Aldrich, St. Louis, MO) for 2 h. 
Protein bands were visualized with SuperSignal 
West Dura Extended Duration Substrate 
(34076, Thermo Scientific, Pierce Biotechno- 
logy, Rockford, IL). Immunoblot signals were 
visualized with an LAS 1000 cooled CCD cam-
era (Fujifilm). Equal protein loading was also 
confirmed by Coomassie staining. 

Immunohistochemistry

Immunohistochemical analysis was performed 
as previously described [32]. Tubal tissue sam-
ples were cut into 5 μm sections and placed on 
Superfrost Plus slides. After deparaffinizing the 
sections, the slides were rinsed twice for 5 min 
with 0.01 M TBS. The sections were treated 
with 3% H2O2 to remove endogenous peroxi-
dase activity and were blocked to prevent non-
specific binding. The primary antibodies 
(Supplemental Table 3) were diluted in TBST 
containing 0.05% NGS and incubated overnight 

at 4°C. After several rinses with TBST, the sec-
tions were stained using the avidin-biotin-per-
oxidase complex detection system (ABC kit, 
Vector Laboratories). Immunostaining was visu-
alized by immersing the sections in 3-amino-
9-ethylcarbazole working solution (AEC kit, 
Vector Laboratories) for 20-30 min. Sections 
were viewed on an Olympus BX60 microscope 
(Olympus, Shinjuku, Japan) under bright field 
optics, and photomicrographed with the 
Viewfinder program (Olympus). Negative control 
slides used normal rabbit serum of equivalent 
concentration in place of primary antibodies 
and were prepared identically and processed 
with TBST containing 0.05% NGS. Quantification 
of the degree and localization of the immunos-
taining was performed by independent observ-
ers who did not know the patient’s information 
or the identity of the protein studied.

Assessment of circulating β-hCG levels

Measurement of serum β-hCG levels has been 
described previously [29]. 

Statistical analysis

Results are expressed as the mean±SEM, and 
all statistical analysis was performed using 
SPSS version 16.0 for Windows (SPSS Inc., 
Chicago, IL). Significance was tested by two-
way ANOVA followed by Bonferroni correction 
for multiple comparisons as necessary. P<0.05 
was considered significant. 

Results

Alteration of core miRNA regulatory compo-
nents is associated with the onset of tubal 
implantation

Because it is not possible to collect Fallopian 
tubes from women with normal IUP, the com-
parison of the Fallopian tube from the implanta-
tion site to the contralateral non-implantation 
site of the EP women to evaluate gene/protein 
expression has its advantages. We used qRT-
PCR to assess the mRNA expression levels of 
DROSHA, DGCR8, EXPORTIN5, DICER1, AGO2, 
and TRBP - key regulatory components of the 
miRNA biogenesis pathway - in Fallopian tube 
tissues from women with EP. We found a signifi-
cantly lower level of DICER1 mRNA in the 
implantation site compared to the non-implan-
tation site (Figure 1A). Because specific mRNAs 
and proteins are changing as normal implanta-
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Figure 1. miRNA biogenesis in women with ongoing intrauterine pregnancy (IUP) and tubal ectopic pregnancy (EP). 
(A) The expression of core microRNA transcripts in the decidualized endometrium (DE) of women with ongoing IUP 
and in the Fallopian tube of women with EP. The figure illustrates that DICER1 mRNA expression in women with tubal 
EP was significantly higher in the non-implantation site (NIS) compared to both the implantation site (IS) and the 
DE of women with ongoing IUP. (B) The expression of cell marker transcripts (cytokeratin 8 and α-smooth muscle 
(SM)-actin) in the DE of women with ongoing IUP and in the Fallopian tubes of women with EP. The determination 
of mRNA expression levels was described in the Materials and Methods. Expression of each mRNA was normalized 
to the average expression value of β-actin + RPLOP (a human ribosomal protein) and is shown in arbitrary units. 
qRT-PCR values in (A) and (B) are the mean±SEM (n=10 patients/group). Significance was tested by two-way ANOVA 
with Bonferroni correction for multiple comparisons when appropriate. *P<0.05; **P<0.01; ***P<0.001 vs. the re-
spective control group. (C) Western blotting of DICER1 protein. The blot was probed with a specific antibody against 
human DICER1 as described in the Materials and Methods. The correct loading was evaluated by staining the gels 
with Coomassie blue (data not shown) and by immunoblotting with an antibody against β-actin. DGCR8, DiGeorge 
syndrome critical region gene 8; AGO2, argonaute RISC catalytic component 2; TRBP, trans-activation response RNA 
binding protein.
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tion progresses [33], the decidual-endometrial 
tissues from women with normal IUP were used 
as controls. There were significant differences 
in EXPORTIN5 and AGO2 mRNA levels between 
women with tubal EP and women with IUP; how-
ever, the EXPORTIN5 and AGO2 mRNA levels 
were not significantly different between the 
implantation and non-implantation sites in 
women with EP. We did not find any significant 
differences in the expression of DROSHA, 
DGCR8, or TRBP mRNA levels between women 
with EP and IUP (Figure 1A).

To ensure that changes in the DICER1 mRNA 
level were not influenced by differences in the 
population of tubal cell types, we also exam-
ined the mRNA levels of the cell markers cyto-
keratin 8 and α-smooth muscle (α-SM) actin in 
the Fallopian tube tissues from women with EP 
and in the decidual-endometrial tissues from 
women with IUP (Figure 1B). We found a signifi-
cant difference in α-SM actin mRNA levels 
between the Fallopian tube tissues from 
women with EP and the decidual-endometrial 
tissues from women with IUP, but the mRNA 
levels for cytokeratin 8 and α-SM actin were 
similar between the implantation and non-
implantation sites in women with EP, suggest-
ing that tubal EP did not influence the popula-
tion of cell types. 

The levels of DICER1 protein were also exam-
ined by western blot analysis (Figure 1C). Eight 
out of ten tubal tissue samples from women 
with EP showed lower levels of DICER1 protein 
in the implantation site compared to the non-
implantation site, consistent with the DICER1 
mRNA expression. 

Differential expression of miRNAs at the onset 
of tubal implantation

We hypothesized that changes in DICER1 
expression result in the widespread miRNA 

deregulation that is associated with the onset 
of tubal implantation (Figure 2A). To test this 
hypothesis, we used microarray analysis to 
identify the globally expressed miRNAs in the 
Fallopian tubes from the implantation and non-
implantation sites of women with EP. We com-
pared the miRNA expression profiles between 
the tubal implantation site and the non-implan-
tation site, between the tubal implantation site 
and the decidualized endometrium from women 
with an IUP, and between the tubal non-implan-
tation site and the decidualized endometrium. 
We focused our attention on miRNA expression 
that met our criteria of P<0.05 and a greater 
than 2-fold difference in expression (Supple- 
mental Tables 4, 5 and 6).

The microarray results revealed that a specific 
miRNA expression significantly discriminated 
between women with tubal EP and women with 
IUP. Interestingly, 10 miRNAs were up-regulat-
ed and 14 miRNAs were down-regulated in the 
tubal implantation site compared with the tubal 
non-implantation site (Figure 2C, Supplemental 
Table 4). Furthermore, we found that a total of 
47 miRNAs, 19 up-regulated and 28 down-reg-
ulated, were differentially expressed in the 
tubal implantation site compared with those in 
the tubal non-implantation site after compari-
son to the expression of miRNAs in the decidu-
alized endometrium (Figure 2D). A total of 25 
miRNAs were up-regulated and 34 miRNAs 
were down-regulated in the tissue from the 
tubal EP implantation site compared to the 
decidualized endometrium from women with 
IUP (Figure 2B, Supplemental Table 5). A total 
of 46 miRNAs were up-regulated and 47 miR-
NAs were down-regulated in the tubal EP non-
implantation site compared to the decidualized 
endometrium control tissue (Figure 2B, 
Supplemental Table 6). 

Figure 2. Comparisons of miRNAs that are differentially expressed in women with ongoing intrauterine pregnancy 
and tubal ectopic pregnancy. A: Flowchart of this investigation. B: Hierarchical clustering analysis of differentially 
expressed miRNAs using miRNA microarray analysis. Differentially expressed miRNAs are defined as those with 
at least a 2-fold change in expression between the decidualized endometrium and the tubal implantation site or 
between the decidualized endometrium and the tubal non-implantation site as determined by ANOVA using all 20 
participants. Red blocks represent higher miRNA expression, green blocks represent lower miRNA expression, and 
black blocks represent no significant difference. C: Scatter plot of miRNA expression in paired IS vs. NIS Fallopian 
tubes from women with ectopic pregnancy. The vertical lines correspond to a 2-fold increase or decrease, and the 
horizontal line represents a p-value of 0.05. Red spots in the plot represent miRNAs with significantly different 
expression levels. D: A Venn diagram showing the numbers of differentially expressed miRNAs identified in the 
current study. The differentially expressed miRNAs are listed below the diagram. Red indicates increased miRNA 
expression and blue indicates decreased miRNA expression. DE, decidualized endometrium; IS, implantation site; 
NIS, non-implantation site.
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Experimental verification of miRNA expression

To verify the accuracy of the microarray results, 
we used qRT-PCR to measure the expression 
levels of let-7i, miR-100, miR-125b, miR-142-
5p, miR-143, miR-145, miR-149, miR-182, miR-
183, miR-200c, miR-22, miR-224, miR-25, miR-
298, miR-29c, miR-424, miR-513b, miR-518f, 
miR-618, miR-96, and miR-9*. Of the 20 differ-
entially regulated miRNAs, four miRNAs (let-7i, 
miR-149, miR-182, and miR-424) had signifi-
cantly different expression levels between the 
implantation and non-implantation sites in 
women with EP (Figure 3). 

Target prediction of differentially and selec-
tively expressed miRNAs

Because the steroid hormones 17β-estradiol 
(E2) and progesterone (P4) regulate critical 
tubal functions during implantation and preg-
nancy [34], we focused on the expression of 
the two human estrogen receptor (ER) subtypes 
(ERα and ERβ1/2) and the two progesterone 
receptor (PR) isoforms (PRA and PRB). These 
receptors act as transcription factors in 
response to E2 and P4 stimulation in the 
Fallopian tube [35]. In line with the data avail-
able in the literature [36, 37], the qRT-PCR 

Figure 3. Identification of the miRNAs that are differentially expressed in women with ongoing intrauterine preg-
nancy compared to those with tubal ectopic pregnancy. The figure (red star) shows that the expression of the let-7i, 
miR-149, miR-182, and miR-424 miRNAs was significantly higher in the implantation site (IS) of women with tubal 
ectopic pregnancy compared to both the non-implantation site (NIS) and the decidualized epithelium (DE) of women 
with ongoing intrauterine pregnancy. Determination of selected miRNA expression levels is described in the Materi-
als and Methods. Expression of each miRNA was normalized to U6 and shown in arbitrary units. qRT-PCR values are 
shown as the mean±SEM (n=10 patients/group). Significance was tested by two-way ANOVA with Bonferroni correc-
tion for multiple comparisons when appropriate. *P<0.05; **P<0.01; ***P<0.001 vs. the respective control group. 
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Figure 4. Identification of steroid hormone receptor-related and miRNA-regulated target genes in women with ongo-
ing intrauterine pregnancy and tubal ectopic pregnancy. (A) The expression of estrogen receptor (ER) subtype and 
progesterone receptor (PR) isoform transcripts in the decidualized endometrium (DE) of women with ongoing intra-
uterine pregnancy and in the Fallopian tube of women with ectopic pregnancy (EP). (B) The target genes predicted 
to be regulated by let-7i, miR-149, miR-182, and/or miR-424. (C) The expression of predicted target genes in the 
DE of women with ongoing intrauterine pregnancy and in the Fallopian tube of women with EP. Determination of 
mRNA expression levels was described in the Materials and Methods. Expression of each mRNA was normalized 
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analysis revealed that the ERα mRNA level was 
significantly lower in the tubal implantation site 
than in the tubal non-implantation site in 
women with EP (Figure 4A). We also found that 
the ERβ1 mRNA level was significantly lower in 
the tubal implantation site than in the decidual-
ized endometrium from women with IUP and 
that the PRB mRNA level was significantly lower 
in the tubal non-implantation site than in the 
decidualized endometrium from women with 
IUP. This suggests that different ER subtypes 
and PR isoforms are involved in early pregnan-
cy processes in a tissue-specific manner. 

A number of miRNAs have been reported to be 
involved in the regulation of ER and PR at either 
the transcriptional or post-transcriptional levels 
[38, 39]. The combination of several target pre-
diction algorithms, as we have used in the cur-
rent study, provides fewer false miRNA target 
genes than the individual algorithms [30]. This 
computational analysis was followed by screen-
ing for interaction with the ER and PR signaling 
pathways. We found that four miRNAs (let-7i, 
miR-149, miR-182, and miR-424), either alone 
or in combination, were predicted to target sev-
eral different genes (Figure 4B). 

Identification of miRNA co-targeted genes at 
the onset of tubal implantation

We used qRT-PCR to compare the expression 
levels of KRAS, RBFOX2, NEDD4, KLF9, UBR5, 
SOS1, TAF15, MED1, PHB, and SPEN in 
Fallopian tube tissues from the tubal implanta-
tion and non-implantation sites of women with 
EP (Figure 4C). Decidual-endometrial tissues 
from women with IUP were used as controls. 
The qRT-PCR analysis revealed that the expres-
sion of NEDD4, UBR5, TAF15, MED1, and SPEN 
mRNAs was significantly lower in women with 
EP than in women with IUP. We did observe a 
significant difference in NEDD4 mRNA between 
the tubal implantation and non-implantation 
sites in women with EP (Figure 4C), but we did 
not find any significant differences in the levels 
of UBR5, TAF15, MED1, or SPEN mRNAs 
between the two sites. We did not find any sig-
nificant differences in the levels of KRAS, 
RBFOX2, KLF9, SOS1, or PHB mRNA between 
any of the groups.

Tubal cell-specific regulation of selected miR-
NA targets at the onset of tubal implantation

To further determine whether alterations of 
NEDD4, UBR5, TAF15, MED1, and SPEN protein 
levels were associated with changes in their 
mRNA levels, we determined the cellular local-
ization and expression level of these proteins in 
the Fallopian tube tissue from women with EP 
(Figures 5 and 6). Consistent with changes in 
NEDD4 mRNA levels, we found a sharp induc-
tion of NEDD4 protein expression in the α-SM 
cells of the tubal implantation site (Figure 5A) 
compared to the non-implantation site (Figure 
5B). In contrast, the protein levels of NEDD4 in 
the epithelial cells of the tubal implantation site 
(Figure 5A) were comparable to those of the 
non-implantation site (Figure 5B). We also 
showed that the protein levels of TAF15 were 
decreased in the epithelial cells but increased 
in the stromal cells of the tubal implantation 
site (Figure 5C) compared to the non-implanta-
tion site (Figure 5D). Specific UBR5 and MED1 
immunohistochemical staining was observed, 
but we observed no differences between the 
epithelial cells of the tubal implantation 
(Figures 5E and 6A) and non-implantation 
(Figures 5F and 6B) sites. Finally, the immuno-
reactivity for SPEN was lower in the epithelial 
and stromal cells of the tubal implantation site 
(Figure 6C) than in these cell types on the non-
implantation site (Figure 6D). 

Discussion

The biogenesis of miRNAs requires the action 
of Dicer [17], and female Dicer1 conditional 
knockout mice have highlighted the impor-
tance of miRNAs in regulating the functions of 
the Fallopian tube [22-24]. To our knowledge, 
the potential involvement of miRNAs in the 
onset of implantation in human Fallopian tube 
has not previously been investigated. Our data 
reveal that the expression levels of the miRNA 
processing enzyme DICER1 in tissues from the 
tubal implantation site from women with EP 
and from the decidual-endometrial tissues 
from women with IUP are lower than in tissues 
from the tubal non-implantation site from 
women with EP. Using microarray technology, 

to the average expression value of β-actin + RPLOP and is shown in arbitrary units. qRT-PCR values in (A) and (C) 
are the mean±SEM (n=10 patients/group). Significance was tested by two-way ANOVA with Bonferroni correction 
for multiple comparisons when appropriate. *P<0.05; **P<0.01; ***P<0.001 vs. the respective control group. IS, 
implantation site; NIS, non-implantation site.
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Figure 5. Distribution of NEDD4, TAF15, and UBR5 proteins in 
the Fallopian tube tissue from women with tubal ectopic preg-
nancy. NEDD4 (A and B), TAF15 (C and D), and UBR5 (E and F) 
expression was determined by immunoperoxidase staining wi- 
th antibodies against these proteins. Representative images 
(n=5-10 patients/group) from two independent experiments 
are shown. Epi, epithelial cells; Str, stromal cells; SM, smooth 
muscle cells. Scale bar = 100 µm.

qRT-PCR, and computational algorithms, 
we determined the miRNA expression 
profiles of the Fallopian tube tissues from 
women with EP and identified specific 
miRNAs (let-7i, miR-149, miR-182 and 
miR-424) that are linked to the ER and PR 
signaling pathways. Furthermore, we 
observed that cell-specific regulation of 
the miRNA targets NEDD4, TAF15, and 
SPEN occurred in parallel to changes in 
the ultrastructural morphology of the 
tubal cells after the onset of tubal EP. 

Although the molecular events leading to 
tubal EP are poorly understood, abnor-
mally elevated E2 levels have been sug-
gested to increase the risk for tubal EP 
[35]. The cellular responses to E2 are 
mediated by two nuclear ERs [40]. Both 
ERα and ERβ1/2 are expressed in the 
healthy Fallopian tube, and ERα expres-
sion levels do not change during the men-
strual cycle [25, 37]. In our previous study 
we showed that the temporal variation of 
human DICER1 expression was correlat-
ed with ERα and ERβ2 expression in the 
Fallopian tubes throughout the menstru-
al cycle [25]. E2 stimulation induces uter-
ine receptivity [41] and the hatching and 
activation of the blastocyst [42] during 
the establishment of an IUP, and in the 
current study we found that DICER1 and 
ERα expression levels were significantly 
decreased in the cells of the tubal implan-
tation site compared to the non-implan-
tation site in women with EP. These 
results led us to ask whether the E2-ERα 
interaction contributes directly to the reg-
ulation of DICER1 expression during 
aberrant implantation of the early embryo 
in the Fallopian tube.

It has been reported that DICER1 has an 
ERα-binding site and that its expression 
is enhanced by E2 stimulation in human 
breast cancer cells in vitro [43]. Such 
regulation, however, has not been 
observed in the mouse uterus in vivo 
[44]. In vitro treatment of Fallopian tubal 
tissues with E2 or the ER antagonist ICI-
182,780 failed to change DICER1 expres-
sion in cells from either the tubal implan-
tation or non-implantation site of women 
with EP (unpublished data). This indicates 
that an apparent feedback loop between 
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E2, ERα, and DICER1 seems unlikely to exist 
during the onset of tubal EP. In addition, previ-
ous experiments provide evidence that several 
miRNAs target genes involved in ER expression 
and regulation in the human endometrium [45]. 
It is more probable that as yet unidentified 
upstream triggers of DICER1 dysregulation and 

current understanding of the molecular events 
that occur during intrauterine implantation 
stems primarily from research into normal preg-
nancies in rodents. The expression levels of 
several miRNAs have been shown to be signifi-
cantly different in the mouse uterus between 
the implantation site and non-implantation 

DICER1-mediated processing of 
specific miRNAs play a dominant 
role in the diminished ERα expres-
sion during implantation in the 
human Fallopian tube. 

The Fallopian tube is normally 
unable to initiate implantation [10] 
and the tubal microenvironment is 
normally hostile to the full devel-
opment of the embryo [15]. Both 
of these factors act as barriers to 
prevent the early embryo from 
interacting with the tubal epitheli-
um [7, 46], and the implantation of 
the blastocyst in the Fallopian 
tube is probably the result of an 
intricate succession of cellular 
and molecular interactions [15]. In 
the present study, the observation 
of altered DICER1-mediated pro-
cessing of miRNAs in the tubal 
implantation site compared to the 
non-implantation site provides 
new hope for unraveling the com-
plex relationship between miRNA 
processing and onset of tubal EP. 
Interestingly, we have identified 
four miRNAs (let-7i, miR-149, miR-
182, and miR-424) that are differ-
entially expressed in the implanta-
tion site compared to the 
non-implantation site. However, it 
should be noted that our data sug-
gest an association but not neces-
sarily causality between the 
expression of specific miRNAs and 
the progression of tubal implan- 
tation.

To increase our understanding to 
predict which women will be more 
likely to suffer a tubal EP is limited 
by the lack of animal models of 
tubal EP [5, 6]. This also makes it 
difficult to determine which miR-
NAs might be critical regulators of 
the development of tubal EP. The 

Figure 6. Distribution of MED1 and 
SPEN proteins in the Fallopian tubes 
of women with tubal ectopic preg-
nancy. MED1 (A and B) and SPEN (C 
and D) expression was determined 
by immunoperoxidase staining with 
antibodies to MED1 and SPEN. 
MED1-positive cells among the epi-
thelial cells are shown in the inset at 
higher magnification. A negative im-
munological control (normal rabbit 
serum) did not show any staining in 
the tubal epithelial or stromal cells 
(E). Representative images (n=5-10 
patients/group) from two indepen-
dent experiments are shown. Epi, 
epithelial cells. Scale bar = 100 µm.
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site. For example, let-7i [47, 48], miR-182, and 
miR-424 [49] are very important candidate 
miRNAs for embryo implantation in the mouse 
uterus, and this is consistent with our findings 
that let-7i and miR-182 had higher expression 
levels in the tubal implantation site of women 
with EP. However, miR-424 expression in 
women with EP is down-regulated in the tubal 
implantation site in contrast to its up-regulation 
in the uterine implantation site in mice. This 
divergent result likely reflects differences 
between the two species, tissue-specific 
effects, and/or differences between ectopic 
and intrauterine implantation. Nevertheless, 
the potential role of these miRNAs in the 
Fallopian tube will need to be evaluated once 
better approaches, such as tubal-specific con-
ditional knockout animal models and well-
defined tubal cells, are developed. 

miRNAs function as regulatory RNA transcripts 
that lead to protein translation inhibition or 
messenger RNA degradation [17]. Up to now, 
however, any role for miRNAs in the regulation 
of expression of the genes and proteins involved 
in the pathogenesis of tubal EP was still 
unknown. Using a computational approach, we 
show here that the let-7i, miR-149, miR-182, 
and miR-424 miRNAs have several putative tar-
get genes in the pathways involved in tubal EP. 
This implies a broad regulatory potential for 
these miRNAs in the Fallopian tube under 
pathophysiological conditions. It would be inter-
esting to test whether a gain or loss of function 
of one miRNA regulates one or multiple targets 
in the Fallopian tube. In addition to miRNA 
expression analysis, the potential biological 
significance of the four miRNAs identified in the 
Fallopian tubes from women with EP was dem-
onstrated by studying the regulation of their tar-
gets NEDD4, TAF15, and SPEN. We found dif-
ferences in both the mRNA and protein levels of 
NEDD4 between the tubal implantation and 
non-implantation sites, but we only saw signifi-
cant differences in the mRNA expression of 
TAF15 and SPEN. Because miRNAs can either 
retard or accelerate mRNA degradation [17], 
we speculate that the rate of TAF15 and SPEN 
mRNA decay triggered by the miRNAs might not 
exceed the rate of their transcription. A more 
intriguing possibility is that miRNAs are direct 
regulators of the TAF15 and SPEN gene expres-
sion at the level of translation control during 
tubal implantation.

Although the localization of Nedd4 in the uter-
us is unclear, the levels of Nedd4 mRNA have 
been shown to be regulated in the mouse uter-
us at the implantation site [50]. Knockout of 
Nedd4 in mice is embryonically lethal and 
mutant embryos exhibit a reduction in skeletal 
muscle fiber size [51]. We report here the novel 
observation of up-regulation of NEDD4 in the 
smooth muscle cells from the tubal implanta-
tion site in women with EP. These results sug-
gest that NEDD4 may be involved in tubal func-
tions specific to muscle cells such as tubal 
contractility.

TAF15 is an RNA binding protein that has been 
shown to be a coactivator of basal transcription 
[52]. In human endometrium, the immunoreac-
tivity of TAF15 is detected in glandular epitheli-
al and stromal cells and probably varies in the 
stromal cells between the proliferative and 
secretory stages [53]. We observed that pro-
tein levels of TAF15 are decreased in the epi-
thelial cells in the tubal implantation site, which 
is the opposite of what was observed in the 
stromal cells. The initial intercelluar interaction 
between the uterine epithelial cells and the 
blastocyst are essential for successful uterine 
implantation [41, 42]. The shift in high levels of 
TAF15 expression from epithelial cells to stro-
mal cells may suggest a role for TAF15 in mak-
ing the Fallopian tube more receptive to 
implantation.

SPEN is an E2-inducible gene that functions as 
a transcriptional repressor [54], and our immu-
nohistochemical analysis demonstrates that 
SPEN expression levels are reduced in the epi-
thelial and stromal cells from the tubal implan-
tation site in women with EP. At present, the 
mechanisms underlying the E2-mediated 
down-regulation of SPEN expression in the 
Fallopian tube remain unclear. Even though the 
full biological functions of NEDD4, TAF15, and 
SPEN in the Fallopian tube have yet to be com-
pletely elucidated, our study provides new 
insights into the candidate molecules that 
might be participating in Fallopian tube 
dysfunction.

In summary, our investigation constitutes the 
first detailed analysis to show that a significant 
decrease in DICER1 expression is accompa-
nied by significant dysregulation of numerous 
miRNAs, including let-7i, miR-149, miR-182, 
and miR-424, in Fallopian tube tissues from the 
tubal implantation site of women with EP. Our 
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findings not only provide a global miRNA expres-
sion profile but also identify four miRNAs that 
are specifically misexpressed in women with 
EP. We also show how aberrant regulation of 
the specific and distinctive miRNA targets 
NEDD4, TAF15, and SPEN might contribute to 
the onset of tubal EP. Extracellular miRNAs are 
very stable and abundant in the circulation [55] 
and they can be used as potential biomarkers 
for human diseases, including tubal EP [28]. 
Although several potential risk factors for tubal 
EP have been proposed [5, 7-9, 35], future pro-
spective studies using relatively large cohorts 
are still needed to determine whether the alter-
ation of miRNA biogenesis and subsequent 
changes in the regulation of miRNA targets pre-
sented in this study are associated with women 
at risk for EP. 
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Supplemental Table 1. Clinicopathological characteristics of the patients
Sample. 
No.

Age 
(years) Reason for surgery Gastation

(days)
Serum β-hCG 

(mIU/ml) Experimental methods

1 32 IUP for surgical termination 42 N.D. miRNA microarray, qRT-PCR, WB, IHC
2 34 IUP for surgical termination 46 N.D. miRNA microarray, qRT-PCR, WB, IHC
3 32 IUP for surgical termination 55 N.D. miRNA microarray, qRT-PCR, WB, IHC
4 34 IUP for surgical termination 42 N.D. miRNA microarray, qRT-PCR, WB, IHC
5 29 IUP for surgical termination 55 N.D. miRNA microarray, qRT-PCR, WB, IHC
6 24 IUP for surgical termination 45 N.D. miRNA microarray, qRT-PCR, WB, IHC
7 25 IUP for surgical termination 55 N.D. miRNA microarray, qRT-PCR, WB, IHC
8 23 IUP for surgical termination 45 N.D. miRNA microarray, qRT-PCR, WB, IHC
9 29 IUP for surgical termination 56 N.D. miRNA microarray, qRT-PCR, WB, IHC
10 28 IUP for surgical termination 51 N.D. miRNA microarray, qRT-PCR, WB, IHC
11 40 tubal EP 65 3335 miRNA microarray, qRT-PCR, WB
12 40 tubal EP 37 4120 miRNA microarray, qRT-PCR, WB
13 32 tubal EP 52 326.01 miRNA microarray, qRT-PCR, WB
14 31 tubal EP 74 43115 miRNA microarray, qRT-PCR, WB
15 40 tubal EP 43 322.38 miRNA microarray, qRT-PCR, WB
16 29 tubal EP 51 1429 miRNA microarray, qRT-PCR, WB
17 41 tubal EP 54 557.8 miRNA microarray, qRT-PCR, WB
18 34 tubal EP 33 132.64 miRNA microarray, qRT-PCR, WB
19 37 tubal EP 58 445.17 miRNA microarray, qRT-PCR, WB
20 34 tubal EP 55 842.1 miRNA microarray, qRT-PCR, WB
21 27 tubal EP 44 12801 IF, IHC
22 41 tubal EP 47 12676 IF, IHC
23 39 tubal EP 42 4466 IF, IHC
24 39 tubal EP 43 10273 IF, IHC
25 38 tubal EP 32 548 IF, IHC
26 31 tubal EP 49 2797 IHC
27 34 tubal EP 42 342 IHC
28 40 tubal EP 33 570 IHC
29 40 tubal EP 47 431 IHC
30 36 tubal EP 42 131 IHC
31 34 tubal EP 65 338 IHC
32 42 tubal EP 42 32666 IHC
33 36 tubal EP 50 510 IHC
IUP, normal intrauterine pregnancy; EP, ectopic pregnancy; WB, Western blot analysis; IF, immunofluorescence; IHC, immuno-
histochemistry.
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Supplemental Table 2. Primer sequences employed for qRT-PCR measurements
Name Forward Reverse Product (bp)
DROSHA 5’CCTGGGTGATGCTGTTGTTG3’ 5’CAATGGCAGTCCGATAGGTT3’ 101
DGCR8 5’AGTATGTAATACGCACTGACGAC3’ 5’GCCTCCAATCCCAGAAAG3’ 277
EXPORTIN5 5’TCACAACCCATCCAAGTCAGT3’ 5’CATTGAAGTCCTCATCGCTATC3’ 225
DICER1 5’TGCAATGTGAGACCGAATG3’ 5’CATAGTTAGGACTGCGGAAAG3’ 211
AGO2 5’CCCACCCGCATCATCTTCTA3’ 5’ACCCGCTCGTTCTTGTCAGT3’ 191
TRBP 5’AAGGAGCCAAGGACCACAG3’ 5’CATTCCCATTCATCATCACCA3’ 75
KRT8 5’GAGGCATCACCGCAGTTAC3’ 5’TGCTTCGAGCCGTCTTCT3’ 222
ACTA2 5’GGGTGATGGTGGGAATGG3’ 5’GCAGGGTGGGATGCTCTT3’ 189
RPLPO 5’GAAGCCACGCTGCTGAAC3’ 5’CGAACACCTGCTGGATGAC3’ 70
ACTB 5’CCTGTACGCCAACACAGTGC3’ 5’ATACTCCTGCTTGCTGATCC3’ 211
KRAS 5’ATTAGTGTCATCTTGCCTCCCT3’ 5’CAGCAGCAGTAAATCTTATGGTT3’ 97
RBFOX2 5’ACAACTCCTGACGCAATGGT3’ 5’TGTGCTCCACCTTCTGTCG3’ 224
NEDD4 5’AGTTTGTCACTGGCACATCTCG3’ 5’TTCAGGAGTACCCCACTGTTCA3’ 104
KLF9 5’GGGGACACCTGGAAGGATTAC3’ 5’GGGTCTGGATGGGTCGGTA3’ 85
UBR5 5’GTGCTGGGATTCCTAAAGTTGG3’ 5’TGACCGTCGTCGTTTGTATGG3’ 254
SOS1 5’TGAATCCGATGGGAAATAGC3’ 5’TCTTGGGTTTGATGGACGAA3’ 158
TAF15 5’GCAGCCATTGACTGGTTTGA3’ 5’CCTCTGGTCTAGGCTCATTGC3’ 265
MED1 5’CCTGGTGTGTGTGGTAATGGAT3’ 5’CGAATAGCCCTCATCGTCACA3’ 153
PHB 5’CATCCCGTGGGTACAGAAAC3’ 5’AGCCACCACTGACTTGAGGA3’ 226
SPEN 5’GTTATGAGCGGAGACTTGATGG3’ 5’CGACTCCGAGAAGCGTAATAGA3’ 184
hsa-let-7i 5’GGGGTGAGGTAGTAGTTTGT3’ 5’TGCGTGTCGTGGAGTC3’ 63
hsa-miR-100 5’GCAACCCGTAGATCCGAA3’ 5’CAGTGCGTGTCGTGGAGT3’ 62
hsa-miR-125b 5’GCTCCCTGAGACCCTAAC3’ 5’CAGTGCGTGTCGTGGAGT3’ 66
hsa-miR-142-5p 5’GGGGCATAAAGTAGAAAGC3’ 5’CAGTGCGTGTCGTGGAG3’ 65
hsa-miR-143 5’GGGATGAGATGAAGCACT3’ 5’TGCGTGTCGTGGAGTC3’ 62
hsa-miR-145 5’GGTCCAGTTTTCCCAGG3’ 5’CAGTGCGTGTCGTGGAGT3’ 64
hsa-miR-149 5’TCTGGCTCCGTGTCTTC3’ 5’CAGTGCGTGTCGTGGAGT3’ 63
hsa-miR-182 5’GCTTTGGCAATGGTAGAAC3’ 5’CAGTGCGTGTCGTGGAG3’ 66
hsa-miR-183 5’GGGTATGGCACTGGTAGAA3’ 5’TGCGTGTCGTGGAGTC3’ 61
hsa-miR-200c 5’GGTAATACTGCCGGGTAAT3’ 5’CAGTGCGTGTCGTGGAGT3’ 65
hsa-miR-22 5’GGTTAAGCTGCCAGTTGAA3’ 5’CAGTGCGTGTCGTGGAGT3’ 66
hsa-miR-224 5’GGGGTGTCAGTTTGTCAAA3’ 5’CAGTGCGTGTCGTGGAGT3’ 66
hsa-miR-25 5’GGCATTGCACTTGTCTC3’ 5’TGCGTGTCGTGGAGTC3’ 61
hsa-miR-298 5’AGCAGAAGCAGGGAGGTT3’ 5’CAGTGCGTGTCGTGGAGT3’ 64
hsa-miR-29c 5’GGGTAGCACCATTTGAAAT3’ 5’TGCGTGTCGTGGAGTC3’ 62
hsa-miR-424 5’GGCAGCAGCAATTCATG3’ 5’CAGTGCGTGTCGTGGAGT3’ 64
hsa-miR-513b 5’GGGTTCACAAGGAGGTGTC3’ 5’CAGTGCGTGTCGTGGAGT3’ 65
hsa-miR-518f 5’GGGAAAGCGCTTCTCT3’ 5’TGCGTGTCGTGGAGTC3’ 60
hsa-miR-618 5’GCCAAACTCTACTTGTCCTT3’ 5’CAGTGCGTGTCGTGGA3’ 66
hsa-miR-96 5’GGTTTGGCACTAGCACAT3’ 5’AGTGCGTGTCGTGGAGTC3’ 59
hsa-miR-9* 5’CCGCCCAAAGGTGAAT3’ 5’TGCGTGTCGTGGAGTC3’ 64
U6 5’GCTTCGGCAGCACATATACTAAAAT3’ 5’CGCTTCACGAATTTGCGTGTCAT3’ 89
A *indicates this miRNA originates from the same predicted miRNA precursor.
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Supplemental Table 3. Antibodies: species, clone/catalog number, molecular weight, method, dilu-
tion, and source

Antibody Species Clone/Cat. No. MW  
(kDa) Method Dilution Source

Dicer1 Mouse 13D6 250 WB 1:250 Abcam (Cambridge, UK)
β-actin Mouse AC-15 42 WB 1:1000 Sigma Chemical (St. Louis, MO, USA)
SPEN Rabbit sc-98675 IHC 1:50 Santa Cruz Biotechnology (Santa Cruz, CA, USA)
EDD4 Rabbit ab27979 IHC 1:50 Abcam 
UBR5 Rabbit NBP1-67712 IHC 1:50 Novus Biologicals (Littleton, CO, USA) 
TAF15 Rabbit Ab133760 IHC 1:100 Abcam 
MED1 Rabbit LS-C119067 IHC 1:50 LifeSpan Biosciences (Seattle, WA, USA) 
MW, molecular weight; WB, Western blot; IF, immunofluorescence; IHC, immunohistochemistry.

Supplemental Table 4. Differentially expressed microRNAs with at least two-fold change obtained 
from Fallopian tubes with EP-versus-without EP comparisons in 10 participants
miRNA gene Log 2 FC P value
hsa-miR-183 1.206933 0.003765
hsa-miR-223 1.127512 0.003651
hsa-miR-371-5p 1.242613 0.048136
hsa-miR-515-5p 3.350028 0.004643
hsa-miR-518e 3.119055 0.023604
hsa-miR-518f 3.187176 0.015946
hsa-miR-519c-3p 3.026374 0.011529
hsa-miR-520g/hsa-miR-520h 2.419209 0.007849
hsa-miR-525-3p 3.278280 0.004388
hsa-miR-96 1.740478 0.011772
ebv-miR-BART19-3p -2.005127 0.015532 
hcmv-miR-US25-1* -1.332311 0.044461 
hsa-miR-1267 -1.271507 0.037042 
hsa-miR-1275 -1.159018 0.005361 
hsa-miR-196b* -1.019564 0.024502 
hsa-miR-325 -1.913814 0.011337 
hsa-miR-425* -1.071522 0.007756 
hsa-miR-501-5p -1.224344 0.017904 
hsa-miR-513b -1.218964 0.021624 
hsa-miR-552 -1.286357 0.039347
hsa-miR-618 -1.293233 0.027769 
hsa-miR-7-2* -1.018272 0.001328 
hsa-miR-764 -1.297533 0.000425 
hsa-miRPlus-B1114 -1.308945 0.012669 
miRNA gene significantly (p<0.05) differentially regulated determined by ANOVA from microarray analysis are listed. FC, fold 
change; EP, ectopic pregnancy. A *indicates this miRNA originates from the same predicted miRNA precursor.
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Supplemental Table 5. Differentially expressed microRNAs with at least a two-fold change comparing 
the Fallopian tubes with EP vs. DE. Comparisons are from 20 participants
miRNA gene Log 2 FC P value
ebv-miR-BART5 1.275776 0.001870
ebv-miR-BART6-3p 1.597842 2.52E-02
ebv-miR-BHRF1-2 1.243208 0.024466
hcmv-miR-UL112 1.026628 0.047767
hcmv-miR-US33-5p 2.080602 0.017369
hsa-miR-100 2.089133 3.27E-03
hsa-miR-133a 3.115920 0.005243
hsa-miR-133b 2.875821 0.001882
hsa-miR-139-5p 1.556242 0.001876
hsa-miR-143 2.409764 0.000188
hsa-miR-145 2.898751 0.000384
hsa-miR-145* 2.002801 8.19E-04
hsa-miR-29c 1.083884 3.05E-02
hsa-miR-3195 1.324373 0.005554
hsa-miR-326 1.186714 0.024624
hsa-miR-3621 1.223539 0.011850
hsa-miR-3663-5p 1.418571 0.027070
hsa-miR-378 1.218849 0.011853
hsa-miR-4328 2.690161 0.000511
hsa-miR-631 2.369075 0.049249
hsa-miR-642b 1.522437 1.03E-02
hsa-miRPlus-A1072 1.295620 0.006693
hsv1-miR-H7* 1.091717 0.033627
hsv2-miR-H20 1.246645 0.014060
kshv-miR-K12-5* 1.1140911 1.62E-02
hsa-let-7i -1.078004 0.002895
hsa-miR-127-3p -1.486768 2.77E-06
hsa-miR-1283 -2.102767 3.51E-02
hsa-miR-142-5p -1.768584 0.000110
hsa-miR-148b -1.019307 0.001184
hsa-miR-182 -1.307854 9.99E-05
hsa-miR-190 -1.410485 0.000663
hsa-miR-192 -2.441292 3.49E-02
hsa-miR-193b -2.145807 2.82E-03
hsa-miR-200c -1.312716 7.46E-03
hsa-miR-20b -2.273082 0.001266
hsa-miR-22 -1.611258 5.91E-06
hsa-miR-22* -1.050488 1.38E-05
hsa-miR-224 -2.087956 0.001533
hsa-miR-25 -1.487766 0.002719
hsa-miR-298 -1.458284 0.035075
hsa-miR-30a -1.905645 0.000109
hsa-miR-32 -1.188966 8.77E-03
hsa-miR-363 -1.874275 0.000695
hsa-miR-376a* -1.908937 0.001576
hsa-miR-376c -1.449150 2.18E-06
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hsa-miR-379 -2.573726 1.88E-02
hsa-miR-409-3p -1.419567 0.017276
hsa-miR-411 -2.552465 2.77E-04
hsa-miR-4284 -1.211939 9.14E-06
hsa-miR-4288 -1.054656 0.003983
hsa-miR-452 -1.150244 2.03E-06
hsa-miR-455-3p -1.941328 0.021454
hsa-miR-501-3p -1.342288 0.000250
hsa-miR-593* -1.068248 1.34E-02
hsa-miR-614 -1.943501 6.22E-03
hsa-miR-625 -2.595194 0.003691
hsa-miR-654-3p -1.418945 5.40E-06
hsa-miRPlus-A1065 -1.355141 6.90E-05
miRNA genes significantly (p<0.05) differentially regulated determined by ANOVA from microarray analysis are listed. FC, fold 
change; EP, ectopic pregnancy; DE, decidualized endometrium. A *indicates this microRNA originates from the same predicted 
miRNA precursor.



miRNA signatures and specific targets in human ectopic pregnancy

6 

Supplemental Table 6. Differentially expressed microRNAs with at least a two-fold change comparing 
the Fallopian tubes without EP vs. DE. Comparisons were made in 20 participants
miRNA gene Log 2 FC P value
ebv-miR-BART19-3p 2.364213 0.009841
ebv-miR-BART6-3p 2.507435 0.003603
hcmv-miR-US33-5p 2.836493 0.007678
hsa-miR-100 2.252304 0.000200
hsa-miR-101 1.300533 1.32E-05
hsa-miR-10a* 1.155233 0.000195
hsa-miR-125a-5p 1.301958 1.18E-06
hsa-miR-125b 1.615320 0.000127
hsa-miR-1273c 1.308918 9.65E-05
hsa-miR-1275 1.336020 0.002556
hsa-miR-1286 1.146945 0.001974
hsa-miR-133a 3.106535 0.004242
hsa-miR-133b 2.656004 9.90E-05
hsa-miR-135a 5.923487 0.048535
hsa-miR-135a* 1.424225 0.015735
hsa-miR-139-5p 1.607967 2.91E-06
hsa-miR-143 2.713846 0.000149
hsa-miR-145 3.104486 0.000237
hsa-miR-145* 2.118505 0.000264
hsa-miR-29c 1.219087 0.002025
hsa-miR-3195 2.090170 1.58E-05
hsa-miR-326 1.805496 0.000650
hsa-miR-335 1.102832 0.018998
hsa-miR-34c-5p 5.295752 0.046689
hsa-miR-3621 2.100527 6.93E-06
hsa-miR-3646 1.150281 0.006161
hsa-miR-378 1.066686 0.001102
hsa-miR-3915 1.332100 0.007771
hsa-miR-424 1.336348 0.020758
hsa-miR-4328 2.863880 0.000252
hsa-miR-501-5p 1.182574 0.016987
hsa-miR-508-5p 1.018413 0.000221
hsa-miR-513a-5p 1.286131 0.008324
hsa-miR-631 3.221266 0.028750
hsa-miR-640 1.251116 0.009033
hsa-miR-642b 1.742787 0.011372
hsa-miR-711 1.440634 0.000570
hsa-miR-7-2* 1.584913 0.000428
hsa-miR-92b 1.284738 0.002652
hsa-miR-943 1.300710 0.007148
hsa-miRPlus-A1072 1.938395 0.001414
hsa-miRPlus-C1076 1.069840 0.036443
hsa-miRPlus-J204* 1.005091 0.005490
hsv1-miR-H6-3p 1.128279 0.003884
hsv2-miR-H20 1.092354 0.001286
kshv-miR-K12-2 1.175177 0.039625
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hsa-let-7i -1.404542 0.000507
hsa-miR-127-3p -1.827781 1.21E-07
hsa-miR-127-5p -1.276537 0.000457
hsa-miR-1283 -2.922785 0.009413
hsa-miR-142-3p -1.072296 0.010794
hsa-miR-142-5p -2.754202 7.47E-06
hsa-miR-148b -1.233644 4.28E-05
hsa-miR-149 -1.313168 0.018294
hsa-miR-182 -1.987072 9.69E-06
hsa-miR-183 -1.552794 1.46E-06
hsa-miR-185 -1.247102 0.025630
hsa-miR-18b -1.074536 0.003191
hsa-miR-190 -1.300154 4.09E-05
hsa-miR-1913 -1.262835 1.55E-06
hsa-miR-193b -2.287895 0.002245
hsa-miR-200c -1.492146 0.000327
hsa-miR-20b -1.292097 0.001568
hsa-miR-22 -2.349518 4.09E-07
hsa-miR-22* -1.960552 9.95E-09
hsa-miR-224 -2.127738 5.17E-05
hsa-miR-298 -1.792492 0.029903
hsa-miR-30a -1.508507 0.000593
hsa-miR-3182 -1.539054 0.007037
hsa-miR-32 -1.157071 0.014886
hsa-miR-337-5p -1.490681 3.32E-05
hsa-miR-340 -1.095718 1.06E-06
hsa-miR-345 -1.581433 0.005305
hsa-miR-363 -2.223705 0.000738
hsa-miR-376a* -1.410671 0.000674
hsa-miR-376c -1.185438 0.000109
hsa-miR-377 -1.620732 1.93E-05
hsa-miR-379 -2.008197 0.005480
hsa-miR-382 -1.098451 0.000223
hsa-miR-409-3p -1.922283 0.016566
hsa-miR-411 -2.283154 2.08E-05
hsa-miR-452 -1.008183 8.14E-05
hsa-miR-455-3p -2.187798 0.024910
hsa-miR-455-5p -1.960951 0.048677
hsa-miR-519c-3p -3.840266 0.042587
hsa-miR-519d -1.145945 0.005263
hsa-miR-520g -3.456100 0.044049
hsa-miR-614 -2.086398 0.013800
hsa-miR-625 -1.406793 0.009073
hsa-miR-654-3p -2.024694 2.12E-07
hsa-miR-9* -1.095800 0.010074
hsa-miR-96 -1.390043 0.005424
hsa-miRPlus-A1065 -2.078356 2.66E-06
miRNA genes significantly (p<0.05) differentially regulated determined by ANOVA from microarray analysis are listed. FC, fold 
change; EP, ectopic pregnancy; DE, decidualized endometrium. A *indicates this microRNA originates from the same predicted 
miRNA precursor.


