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A B S T R A C T

Ectopic pregnancy (EP) is reported in about 1%–2% of pregnant females and is associated with mortality and
morbidity. Several genetic and environmental factors might modulate occurrence of EP. Prediction of EP and
patients' follow-up is an important task in management of pregnancy. MicroRNAs (miRNAs) as non-coding RNAs
with sizes between 21 and 24 nucleotides have been shown to regulate several aspects of implantation and early
fetal life. They have potential role in early detection of EP especially considering their presence in body fluids
such as serum. Assessment of their expression in serum might provide a noninvasive method for diagnosis and
patients' follow-up. However, data regarding their role in EP is not sufficient due to small sample sizes of the
studies. Future studies are required to find miRNAs that regulate expression of EP-associated genes such as
VEGFA, EGFR, ESR1 and immune response-related genes to provide new diagnostic biomarkers for EP.

1. Introduction

Ectopic pregnancy (EP) is defined as occurrence of ovum im-
plantation outside the uterine cavity. The most site of EP is the fallopian
tube where it comprises the most frequent source of pregnancy-related
death and morbidity in the first trimester. EP is reported in about
1%–2% of pregnant females [1]. About 95% of EP cases happen in the
ampullary, infundibular, and isthmic portions of the fallopian tube. The
remaining cases happen in the interstitial portion of the fallopian tube,
cervix, anterior lower part of the uterus in the scar of a cesarean section,
ovary, or peritoneal cavity [2]. The acute symptoms of EP include
amenorrhea, irregular light vaginal bleeding and abdominal pain [3].
Although risk factors such as maternal age, partner's cigarette smoking,
gravidity, previous spontaneous abortions or EP, tubal pathology and
history of infertility have been associated with risk of EP [4], the exact
pathogenic events leading to this condition are not clear. A compre-
hensive analysis of related literature has led to identification of vascular
endothelial growth factor A (VEGFA), interleukin-8, interleukin-6, es-
trogen receptor 1 (ESR1) and epidermal growth factor receptor (EGFR)
as the main genes which modulate occurrence of EP [5]. Apart from this
group of genes, microRNAs (miRNAs) have been recently regarded as
putative participants in the pathophysiology of EP [6]. These non-
coding RNAs have sizes between 19 and 24 nucleotides and have been
detected in almost all species with high levels of conservation across
species [7]. They regulate expression of genes through different

mechanisms including pairing with to the complementary sites in the 3′
untranslated region (UTR) of target genes and suppressing their trans-
lation [7]. Numerous studies have demonstrated their role in several
aspects of the reproductive system physiology, conception, implanta-
tion and development of embryo [8]. In the current mini-review, we
have summarized their putative function in the pathophysiology of EP.

2. Role of miRNAs in implantation

miRNAs are small non-coding RNAs with functional regulatory in-
fluences on several genes [9]. They have functional roles both inside the
cells and in the extracellular environment where they are delivered via
different packaging methods. Such methods of miRNA release modulate
intercellular communication in different contexts [10]. A number of
miRNAs have been shown to be involved in the process of embryo
implantation. For instance, increased expression of miRNA-31 in
human endometrium and serum throughout the window of implanta-
tion has potentiated this miRNA as a biomarker for optimal receptivity.
Such increase in its levels has been parallel with surge in progesterone
level and down-regulation of immune-response associated genes such as
FOXP3 and CXCL12 [11]. A genome-wide assessment of miRNA sig-
nature in cattle has led to identification of miR-26a as a possible per-
ipheral marker for early pregnancy [12]. Assessment of miRNA profile
in pregnant, embryonic-mortality, and control cows has revealed dif-
ferential expression of 27 mature miRNA. Among them, miR-25, -16b,
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and −3596 could differentiate the pregnancy status at the early phases
of pregnancy [13]. miRNA profiling in human endometrial epithelial
cells at late proliferative and midsecretory stages of the menstrual cycle
has shown up-regulation of 12 miRNAs in the secretory phase. These
miRNAs mostly decreased expression of cell cycle genes and inhibit cell
proliferation [14]. Others have documented up-regulation of hsa-miR-
30b and hsa-miR-30d and down-regulation of hsa-miR-494 and hsa-
miR-923 in receptive endometrium compared with prereceptive sam-
ples of fertile nonstimulated females [15]. Up-regulation of hsa-miR-
30b and hsa-miR-30d has also been reported in receptive endometrium
of infertile women [16]. Some studies have pointed to differential ex-
pression of miRNAs in placenta during different stages of pregnancy.
For instance, miR-371-5p, miR-17-3p, and miR-708-5p were up-regu-
lated in the first trimester placentas compared with the third trimester
placentas, whereas miR-125b-5p and miR-139-5p had the opposite
trend [17].

3. miRNAs and EP

Human studies have sown aberrant expression (down-regulation or
up-regulation) of a number of miRNAs in peripheral blood of females
with EP. A retrospective assessment of miRNA levels in pregnant fe-
males who referred to the emergency department with vaginal bleeding
and/or abdominal pain/cramping has shown lower amounts of miR-
517a, miR-519d, and miR-525-3p in EP and spontaneous abortion (SA)
cases compared with those having viable intrauterine pregnancy (VIP).
Yet, expression of miR-323-3p was higher in EP cases, compared with
SA and VIP cases [18].

miRNA signature has been also different in embryonic tissues ob-
tained from EPs and controlled abortions. Dominguez et al. have de-
monstrated downregulation of hsa-mir-196b, hsa-mir-30a, hsa-mir-873,
and hsa-mir-337-3p and up-regulation of hsa-mir-1288, hsa-mir-451,
and hsa-mir-223 in EP compared to control specimens. In silico analyses

have shown interaction of these miRNAs with the mucin type O-glycan
production and the ECM-receptor-interaction pathways [19]. Lozoya
et al. have assessed expression of Let-7a, miR-132, miR-145 and mir-
323-3p in embryonic samples from EP and controlled abortions. They
reported decreased amounts of Let-7a and mir-323-3p in ectopic preg-
nancies, whereas miR-132 and miR-145 amounts were not different
between these groups [20].

Lu et al. have assessed expression profile of 21 miRNAs related with
pregnancy or placenta in serum of patients with VIP, SA and EP. They
reported differential expression of five miRNAs between the mentioned
study groups. Notably, they demonstrated lower concentrations of miR-
873 and miR-223 in EP compared with the other groups, miR-323 had
the opposite trend [21]. Miura et al. have reported differences in ex-
pression of a number of cell-free pregnancy-associated miRNAs (miR-
323-3p, miR-515-3p, miR-517a, miR-517c, and miR-518b) between EP,
SA, or normal pregnancies. However, miR-21 concentrations were dif-
ferent between the three groups [22].

Feng et al. have evaluated expression of miRNAs and core miRNA
regulatory modules in Fallopian tube tissues from women with EP.
Based on their results, expression amounts of DICER1, let-7i, miR-149,
miR-182, and miR-424 and estrogen receptor α could differentiate the
tubal implantation region from the non-implantation region. NEDD4,
TAF15, and SPEN genes have been recognized as targets of the men-
tioned miRNAs based on the in silico analyses. Up-regulation of NEDD4
in smooth muscle cell and TAF15 in stromal cell, as well as down-
regulation of epithelial cell SPEN were related with occurrence of EP
[23].

Zhang et al. have assessed expression of miRNAs in salpingitis-as-
sociated EP, EP from other causes and healthy control group. They
reported down-regulation hsa-mir-1247 and up-regulation of hsa-mir-
1269a in EP cases. The alteration in expression of these miRNAs was
even more noticeable in salpingitis-associated EP. Authors suggested
aberrant expression of these miRNAs as risk factors for EP [24].

Fig. 1. miR-324-3p has been shown to be increased in ectopic pregnancy compared with tissues obtained from voluntary termination of pregnancy. This miRNA has a
repressive interaction with 3′-UTR of KISS1 [26]. Kisspeptins have essential roles in implantation through regulation of leukemia inhibitory factor (LIF) [27]. LIF
participates to embryo attachment and decidualization. It also regulates expression of MMP and VEGF thus contributing in trophoblast invasion and angiogenesis
[28]. Consequently, aberrant expression of miR-324-3p can alter all of these steps.
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Expression profiling of miRNAs in serum sample of women with EP,
spontaneous abortion (SAB) and VIP has shown tens of miRNAs being
up-regulated or down-regulated in EP compared with VIP. Their ex-
periments verified the potential of miRNA profiling application in the
early first trimester to screen women at risk for EP [25].

Fig. 1 depicts the mechanisms of participation of miR-324-3p in the
pathogenesis of EP.

Table 1 shows the results of expression assays of miRNAs in EP
pregnancies.

4. Discussion

miRNAs are secreted from almost all kinds of cells and their amount
in the extracellular environment is altered depending on the biological
and pathological circumstances [31]. During pregnancy, miRNAs might
be released from placenta, embryonic tissues and endometrium. Aber-
rant implantation of the embryo might change the profile of miRNAs.
Consequently, miRNAs have potential role in early detection of EP
especially considering their presence in body fluids such as serum.
Future studies are needed to assess the clinical implication of miRNAs
based on their source of secretion. Attempts to correlate miRNA levels
with hCG concentrations failed in some situations [22]. Such finding
might imply the presence of another source of rather than placenta for
certain miRNAs. Moreover, circulating levels some miRNAs have not
been correlated with their tissue expression of the pre-microRNA [29].
So, miRNA profiling in both serum and tissue sample is required for
identification of their functions.

Assessment of miRNA expression in serum might provide a non-
invasive method for both diagnosis and patients' follow-up. However,
data regarding their role in EP is not sufficient due to small sample sizes
of the studies. Although a number of studies have verified high sensi-
tivity and specificity values of a single miRNA in detection of EP [22],
single miRNAs are not expected to have appropriate sensitivity and
specificity values. Yet, combination of miRNA expression signature and
biochemical factors is expected to increase these values. Consistent with
this speculation, combination of hCG, progesterone, and miR-323-3p
has resulted in 77.8% sensitivity (at a fixed specificity of 90%) for de-
tection of EP in a single study [18]. Furthermore, combination of hCG,
progesterone and miR-873 had 79.41% sensitivity (at a fixed specificity
of 90%) for EP diagnosis [21].

Mechanistic studies in this field are rare. Few miRNA-regulated
pathways have been demonstrated to be involved in the pathophy-
siology of EP among them is LIN28B/Let-7 and KISS1/kisspeptins
pathways [20,29]. Future studies are required to find miRNAs that
regulate expression of EP-associated genes such as VEGFA, EGFR, ESR1
and immune response-related genes. Expression analysis of these
miRNAs in tissue samples and sera of patients with EP can provide new
insights in the role of miRNAs in the pathogenesis of EP. Such re-
searches would pave the way for introducing miRNAs as biomarkers
and therapeutic targets in EP.

Finally, correlation between abnormal miRNA levels and patholo-
gical underlying mechanism of EP should be assessed. It is possible that
each risk factors for EP influence miRNA signature in a distinct manner.

Taken together, results of preliminary studies have indicated the
role of miRNAs in the occurrence of EP and their potential application
as biomarkers for this pathological event. Future investigations would
confirm whether miRNA signature might predict location of embryo
implantation or viability of the pregnancy. These transcripts have po-
tential to be used as diagnostic/prognostic biomarkers for EP.
Conduction of high throughput studies can facilitate recognition of this
aspect in future.
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