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Evaluation of serum biomarkers and efficacy of
MTX in women with ectopic pregnancy
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Abstract. Ectopic pregnancy occurs when a fertilized
ovum attaches outside the uterus. As a complication in
approximately 1-2% of all pregnancies, ectopic pregnancies
may cause catastrophic hemorrhage as a result of invading
maternal blood vessels. Therefore, early diagnosis and timely
treatment are crucial for women with ectopic pregnancy. In
this study, we aimed to identify and determine the efficacy
of serum biomarkers for the prompt diagnosis of ectopic
pregnancy. For this purpose, the serum concentrations of
progesterone, 5 human chorionic gonadotropin ($-hCG) and
cancer antigen-125 (CA125) were detected by solid-phase,
competitive binding chemiluminescent enzyme immunoas-
says. Flow cytometry was used to analyze the percentage of
CD3*T cells in women with ectopic pregnancy. Pathological
analysis of tubal and villus tissues was performed by hematox-
ylin and eosin (H&E) staining. After receiving an injection of
methotrexate (MTX), patients were examined by transvaginal
ultrasound to detect the size of the echogenic mass. The results
revealed that the serum levels of progesterone, f-HCG and
CA125 were significantly decreased in women with ectopic
pregnancy, whereas the percentage of CD3* T cells was
increased in women with ectopic pregnancy. Histopathological
examination revealed blood clots with small tissue fragments
of a tubal-type epithelium and incomplete pile structures. Five
days after the MTX injection, an echogenic mass was found
with a size of 1.7x1.2x1.6 cm that contained a gestational
sac-like structure and a yolk sac. On the whole, the findings
of this study indicate the at the joint detection of progesterone,
B-HCG, CA125 serum levels and the CD3* T cell percentage
could be applied as a reliable indicator for the early diagnosis
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of ectopic pregnancy. MTX administration was determined
to be an efficacious approach for the treatment of ectopic
pregnancy.

Introduction

Ectopic pregnancy is a complication of pregnancy in which
the gestational sac attaches outside the uterus (1). The reported
rate of ectopic pregnancy is approximately 2% and has
significantly increased over the past few decades (2-4). Tubal
pregnancy is the most common form of ectopic pregnancy.
Vaginal bleeding and abdominal pain are classic signs and
symptoms of ectopic pregnancy, which may cause maternal
morbidity and accidental mortality in early pregnancy (5-7).
Although the spontaneous shedding of ectopic pregnancy
may occur, patients are still at risk of catastrophic hemor-
rhage and tubal rupture (8). In addition, women with ectopic
pregnancy have a higher risk for another ectopic pregnancy or
subfertility (9). Although the frequency of this severe situa-
tion is relatively high, the early detection of ectopic pregnancy
remains challenging (10). More than half of all women with
ectopic pregnancy who present at the emergency department
are not identified at the initial medical assessment (5,11).
Thus, during the early gestational period, obtaining a correct
diagnosis is rather difficult.

Pregnancy is diagnosed by measuring the serum or urine
concentration of § human chorionic gonadotropin (-hCG)
in the emergency department (12). As early as 1 week
following conception, B-hCG can be detected in the blood and
urine (13). However, the detection of the B-hCG concentration
alone cannot identify the exact location of the gestational
sac (14). It has been observed that the serum concentration
of progesterone may be a potentially useful co-factor for
the measurement of serum B-hCG levels since progesterone
levels are stable and independent of gestational age in the
first 3 months (15). Cancer antigen-125 (CA-125) is generally
considered a biomarker of ovarian cancer (16). However, in
benign conditions, such as endometriosis, where inflammation
or peritoneal irritation are present, CA-125 levels are also
increased (17). The serum CA-125 level has been reported
to be increased in women with viable intrauterine pregnan-
cies (18). In addition, women with ectopic pregnancies have
a wide range of CA-125 concentrations, although overall, the
concentrations are lower compared to those in women with
intrauterine pregnancies (18).
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As opposed to medical surgery, the use of methotrexate
(MTX), an anti-folate antagonist, has been progressively
administered for the treatment of ectopic pregnancy (19).
Methotrexate acts as a competitive inhibitor of folinic acid
and blocks DNA and RNA synthesis by inhibiting folinic
acid incorporation into thymidine and purines (20). Notably,
trophoblast tissues, which possess the ability to rapidly divide,
are exceedingly sensitive to MTX treatment (21).

In this study, we investigated the early diagnosis and treat-
ment of patients with ectopic pregnancy. The pathological
changes in patients with ectopic pregnancy were analyzed by
detecting abnormal indexes, such as those of progesterone,
B-hCG and CA-125 along with the changes in immune cells.
To explore the efficacy of MTX, we treated patients with MTX
to terminate embryonic development and detected the gesta-
tional size by transvaginal ultrasound. The early diagnosis of
ectopic pregnancy and the selection of appropriate treatment
methods are crucial for reducing the mortality of pregnant
women and for improving future pregnancy rates of patients
with ectopic pregnancy.

Materials and methods

Patients. From September, 2014 to April, 2017, 100 women
with ectopic pregnancy and 100 women with a normal, early
pregnancy were recruited in this study. Women in both
groups were in the early stage of gestation, and no signifi-
cant differences were observed as regards the gestational
age. The gestational age was determined by the first day of
the last menstrual period. Of the 100 patients with ectopic
pregnancy, 52 patients underwent surgery and 48 patients
received medication. Patients with ectopic pregnancy who
underwent surgery were examined for pathological damage
of the fallopian tubes and villus tissue during the surgery.
Another 48 patients received medication and were monitored
by vaginal ultrasound. None of the women with ectopic
pregnancy who were involved in this study had any abnor-
malities such as those in the ovary and cornea, or a caesarean
section scar. Written consents were obtained from all the
participants. The Ethics Committee of The Second Hospital
of Hebei Medical University approved all the experiments in
this study.

Chemiluminescent enzyme immunoassays. The serum levels
of progesterone, B-HCG and CA125 were examined by
solid-phase, competitive binding chemiluminescent enzyme
immunoassays (Siemens Immulite 2000) as previously
described (22).

Flow cytometry. Peripheral blood was collected from the
patients, and peripheral blood mononuclear cells (PBMCs)
were isolated using Ficoll reagent (Sigma-Aldrich; Merck
KGaA). PBMCs were carefully washed in PBS and were
subsequently stained with a fixable viability dye. After
washing, the cells were labeled with an anti-CD3 antibody
conjugated to a fluorescent dye (1:1,000; cat. no. 48-0032-82;
eBioscience; Thermo Fisher Scientific, Inc.) for 30 min at 4°C.
A BD FACSVerse flow cytometer was used to quantify the
labeled cells, and FlowJo Software (BD Biosciences) was used
to analyze the collected data.
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Histopathological examination. For patients with ectopic
pregnancy undergoing salpingectomy, we collected oviduct
tissue for hematoxylin and eosin (H&E; Sigma-Aldrich; Merck
KGaA) staining during surgery. H&E staining was performed
according to standard protocols and was used for the patho-
logical diagnosis of ectopic pregnancy (original magnification,
x100) (23).

Statistical analysis. All data are presented as the means + SD.
Differences between samples were analyzed using a two-tailed
Student's t-test. P<0.05 was considered to indicate a statistically
significant difference.

Results

Serum levels of progesterone, f-HCG and CAI25 are
significantly decreased in women with ectopic pregnancy. For
this study, we recruited 100 women with ectopic pregnancy
along with 100 women with normal early pregnancy as
controls from September, 2014 through April, 2017. Women in
both groups were in the early stage of gestation, and no signifi-
cant differences were observed as regards the gestational age,
which was determined by the first day of the last menstrual
period. The serum concentrations of progesterone, $-hCG
and CA125 were assessed using solid-phase, competitive
binding chemiluminescent enzyme immunoassays. As shown
in Fig. 1A and C, women with ectopic pregnancies expressed
lower progesterone and CA125 levels than those with normal
early pregnancies (P<0.01). In addition, the serum -hCG
levels were significantly decreased in women with ectopic
pregnancy (P<0.001) compared with women with normal early
pregnancy, as depicted in Fig. 1B.

The percentage of CD3* T cells is increased in women with
ectopic pregnancy. The expression of CD3 throughout all
stages of T cell development indicates that it is a useful marker
for T cells. Thus, in this study, we performed flow cytometry to
isolate CD3* T cells from the peripheral blood of women with
ectopic pregnancy and women with a normal early pregnancy
(Fig. 2A). As shown in Fig. 1B, the percentage of CD3* T cells
was significantly higher in women with ectopic pregnancy
than in women with normal early pregnancy (P<0.01).

Histopathological examination of ectopic pregnancy. The
degree of pathological damage to the fallopian tubes and villi
in patients with ectopic pregnancy was determined by H&E
staining. As shown in Fig. 3A, blood clots were observed
around the tubal mass, and epithelial tissue fragments had
been shed from the fallopian tube. In addition, the structure
of the fallopian tube was not complete in women with ectopic
pregnancy (Fig. 3B). These data suggested that the increase
in peripheral CD3* T cells in patients with ectopic pregnancy
promoted the occurrence of inflammation, which may cause
pathological damage to fallopian tubes and villi.

Transvaginal ultrasound images after MTX injection. To
terminate the abnormal pregnancy, the patients were subjected
to a single intramuscular injection of MTX (50 mg/m?).
Transvaginal ultrasound revealed that the size of the echogenic
mass was 1.7x1.2x1.6 cm and included an inner gestational
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Figure 1. Serum levels of progesterone, $-HCG and CA125 are reduced in ectopic pregnancy. (A-C) Serum levels of progesterone, B-HCG and CA125 in
women in early pregnancy and those with ectopic pregnancy were evaluated. The dashed bars indicate the cut-off values in our criteria (Progesterone<13.65;
B-hCG<3036; CA125<45.00). Data are shown as the means + SD; “P<0.01 and *“P<0.001. 3-HCG,  human chorionic gonadotropin; CA125, cancer antigen-125.
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Figure 2. Percentage of CD3* T cells is enhanced in women with ectopic
pregnancy. (A and B) Percentage of CD3* T cells in women in early preg-
nancy and women with ectopic pregnancy was analyzed by flow cytometry.
The dashed bars indicate the cut-off values in our criteria (CD3* T percentage
>16.33). Data are shown as the means = SD; “'P<0.01.

sac-like structure and a 0.2-cm-sized yolk sac (Fig. 4). These
data further confirmed that MTX administration was an

efficacious approach for the treatment of patients with ectopic
pregnancy.

Discussion

Ectopic pregnancy is a serious obstetrical disease that can
be fatal in the first trimester of pregnancy (24). The most
common complication is hypovolemic shock, which is caused
by tubal rupture and subsequent internal bleeding (25). Death
from tubal rupture still ranks as the leading cause of mortality
among women in their first trimester of pregnancy (26).
Therefore, early diagnosis and timely treatment are essential
for women with ectopic pregnancy (27,28). Previous studies
have revealed that blood-based biomarkers can be used to
identify an ectopic pregnancy when ultrasound cannot deter-
mine the exact location of the embryo, which would contribute
to an early diagnosis (29). In this study, we explored several
biomarkers that can be used to diagnose ectopic pregnancy;
these biomarkers may be crucial for early definitive treatment
and management.

Pregnancy is initially diagnosed based on the serum or
urine B-hCG concentration (30). However, the measured
B-hCG concentration alone cannot identify the exact location
of the gestational sac (31,32). Although the B-hCG concen-
tration in women with ectopic pregnancy tends to be lower
compared to that in women with an intrauterine pregnancy,
a considerable overlap has been found (33). Thus, a low level
of serum B-hCG (<1,000 TU/1) is commonly associated with a
higher probability of ectopic pregnancy, whereas a single very
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Figure 3. Pathological analysis of women with ectopic pregnancy. (A and B) Pathological analysis of fallopian tubes and villus tissue in ectopic pregnancy was

performed by H&E staining. Magnification: (A) x100 and (B) x400.
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Figure 4. Transvaginal ultrasound images after MTX injection. (A) Transvaginal ultrasound was performed 5 days after MTX injection; an echogenic mass
was found in the ovary. (B) An inner gestational sac-like structure and a 0.2-cm-sized yolk sac. MTX, methotrexate.

low serum B-hCG level (<100 IU/1) cannot predict a benign
clinical condition (34). Although a single very low level
(<100 IU/1) may not indicate an adverse outcome, in a review
of 716 confirmed cases of ectopic pregnancy, 208 of those
with a very low level experienced tubal rupture according
to laparoscopy (35). In addition, the risk of tubal rupture
does not seem to be associated with the $-hCG level (36).
Another study found that the serum [-hCG levels ranged from
10 to 189,720 IU/1 in 38 women with tubal rupture (37). Thus,
the concentration of serum $-hCG alone cannot eliminate the
possibility of ectopic pregnancy or predict the risk of fallopian
tube rupture.

Progesterone has been long considered an effective marker
that distinguishes a normal early pregnancy (higher levels)
from an ectopic pregnancy or miscarriage (lower levels in
both) (38). Since the serum concentrations of progesterone are
stable and unrelated to gestational age in the first trimester,
progesterone has been considered an effective adjunct to

serum B-hCG in early pregnancy (39). Actually, any possible
method (if any) used to diagnose ectopic pregnancy may be
used in conjunction with other biomarkers (40).

CA-125 is a typical biomarker indicative of ovarian
cancer (41). Its levels are also frequently elevated in
non-malignant conditions, including pelvic inflammatory
disease, leiomyoma, endometriosis and pregnancy (42). In one
study, the CA-125 levels were found to be increased in the first
trimester of pregnancy and immediately postpartum (43). It
has also been reported that CA-125 can be used as an adjunct
to B-hCG to distinguish between fallopian tube abortion
and viable ectopic pregnancy (44). Others have found that
women with normal early pregnancy, hydatidiform mole and
spontaneous abortion expressed high levels of serum CA-125;
however, lower levels were observed in women with tubal
pregnancy, particularly in the absence of uterine bleeding (45).
The peak CA-125 level is typically observed in the maternal
serum in early pregnancy and immediately postpartum,
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and this transient increase in CA-125 may be caused by the
destruction of decidual tissues (46). Brumsted et al (17),
reported that CA-125 levels were relatively lower in women
with abnormal pregnancies compared with those with normal
intrauterine pregnancies and that this led to a greater risk of
bleeding. Thus, CA-125 may be clinically relevant in early
pregnancy surveillance.

MTX has been used as a medical alternative to surgery for
women with ectopic pregnancy since the 1990s (47). Previous
studies demonstrated that MTX had a success rate of approxi-
mately 94% when administered to the appropriate patients (48).
The success rate of MTX treatment for ectopic pregnancy
is largely dependent on the p-hCG concentration (49). A
meta-analysis revealed that MTX treatment decreased the
serum B-hCG level, which indicates that increasing levels of
B-hCG are significantly associated with treatment failure (50).
Furthermore, MTX is more effective when administered to
small ectopic pregnancies compared with large ectopic preg-
nancies (51).

Multiple-dose MTX treatment has an overall success
rate of 93%, whereas single-dose MTX has a lower rate of
88% (52). However, multiple-dose therapy is more expensive,
has a higher rate of side effects, and requires more intensive
and continuous monitoring and rescue with folinic acid (53).
Moreover, single-dose therapy is actually efficacious in most
cases of ectopic pregnancy. However, multiple-dose MTX
treatment should be considered in cases of relative contra-
indications, including the presence of fetal cardiac activity
and high serum B-hCG concentration (=5,000 1U/l) (54). A
recent systematic review and meta-analysis revealed that the
incidence of side effects in the two-dose regimen was similar
to that of the single-dose regimen (54). However, side-effects
are more common in multiple-dose regimens (54). This
meta-analysis revealed that the incidence of side-effects due
to the multi-dose regimen was significantly higher than that
due to the single-dose regimen; both regimens had a similar
success rate (54). Therefore, the dual-dose regimen is an
effective and safe alternative to the single-dose regimen (54).
Recently, new research has been conducted to try to establish
a safer solution with similar efficacy and minimal side effects.
To this end, some researchers have developed clinical trials of
combining MTX with other drugs (55).

Notably, patients treated with MTX should be paid close
attention, and serum B-hCG levels should be examined
once a week. Three or four days after MTX administra-
tion, the serum B-hCG level should be decreased, and thus
an increased level is abnormal (56). A second dose of MTX
should be administered if the serum (-hCG level has not
decreased by at least twenty-five percent one week after the
first MTX treatment (57). Overall, a second dose is required
in 15 to 20% of patients, and only 1% of patients require more
than two doses (58). MTX treatment may cause hematoma
formation, which may result in abdominal pain from tubal
distention or abortion in patients (59,60). However, severe
abdominal pain may be necessary for fallopian tube rupture
that is imminent or that has already begun. A rupture can
occur even when the B-hCG levels continue to decrease
after MTX treatment (55). The predictors of MTX treatment
failure include the embryonic cardiac activity, the size and
volume of the gestational mass (>4 cm), the presence of free
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peritoneal blood, the rapidly increasing B-hCG titers before
methotrexate (>50%/48 h), and the high initial $-hCG level
(>5,000 mUI/ml) (55,61).

In conclusion, in this study, we investigated the early
diagnosis and treatment of patients with ectopic pregnancy.
Through joint detection of serum progesterone, 3-hCG, and
CA125 levels, as well as the changes in the proportion of
immune cells, ectopic pregnancy could be diagnosed early.
We then applied a MTX intervention in patients with ectopic
pregnancy to terminate their embryonic development, and
transvaginal ultrasound determination of gestational size
demonstrated that MTX exhibited a viable clinical efficacy in
patients with ectopic pregnancy. This article provides evidence
for the early diagnosis of ectopic pregnancy and the selection
of appropriate treatment methods, which may be of clinical
significance for reducing the mortality of pregnant women and
improving the future pregnancy rate of patients with ectopic
pregnancy.
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