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Predictive value of PAPP-A for ectopic pregnancy
and analysis of related factors
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Abstract. The present study was designed to analyze the expres-
sion of pregnancy-associated plasma protein-A (PAPP-A)
in the serum of patients with ectopic pregnancy (EP) and
related factors inducing this condition. Seventy-five patients
with EP admitted to the Affiliated Hospital of Jining Medical
University from January 2018 to February 2019 were selected
as the research group, and another 59 healthy pregnant women
of the corresponding age, gravidity and gestational week were
enrolled in the control group. ELISA was employed to detect
the serum expression levels of PAPP-A and inflammatory
factors such as interleukin-8 (IL-8) and tumor necrosis factor-a
(TNF-a). ROC was adopted to evaluate the diagnostic value of
serum PAPP-A in patients with EP, and Pearson correlation
coefficient was applied to analyze the correlation of PAPP-A
with inflammatory factors IL-8 and TNF-a. Serum PAPP-A
expression was significantly lower in EP patients than those in
the control group. The area under the curve (AUC) of serum
PAPP-A in diagnosing EP patients was 0.812, and the PAPP-A
value in the control group was significantly higher than that
of the research group at 7-8 weeks and =9 weeks. With regard
to the expression of inflammatory factors, the research group
presented markedly higher IL-8 and TNF-a levels than the
control group. PAPP-A was negatively related to inflammatory
factors IL-8 and TNF-a in the research group. In addition, it
was revealed that patients with a history of genital surgery,
salpingotomy, pelvic infection, EP or low PAPP-A expression
were at high risk of EP. In conclusion, PAPP-A was revealed
to be lowly expressed in the serum of EP patients, and to
negatively be correlated with inflammatory factors IL-8 and
TNF-a, which may serve as a useful marker for the diagnosis
and prognosis of EP.
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Introduction

Ectopic pregnancy (EP) is the main cause of maternal morbidity
and mortality in the first trimester (1,2). With the occurrence of
embryo transfer and in vitro fertilization, the incidence of EP
has increased sharply, leading to mass maternal and sporadic
deaths (3,4), which account for approximately 10% of all preg-
nancy-related deaths (5). Complications caused by EP remain a
major cause of morbidity and mortality in early pregnancy (6).
In addition, little is known about the treatment and predictive
factors of this complication (7), and its early symptoms are
not obvious, and easily confused with threatened abortion (8).
Therefore, determining the development, occurrence, prognosis
and potential mechanism of EP is conducive for clinicians to
explore a more feasible treatment plan for this condition.

First found in the plasma of pregnant women, PAPP-A
is a metalloproteinase that plays a key part in regulating the
activity of insulin-like growth factors (9), and is subsequently
acknowledged to be a multifunctional regulator in various
pathological processes (10). In addition, it is a major physiolog-
ical regulator of insulin-like growth factor binding protein-4
(IGFBP-4), which cleaves the IGFBP4/IGF1 complex to release
insulin-like growth factor 1 (IGF-1), and then regulates its
bioavailability (11). However, there are other studies indicating
that the aberrant expression of PAPP-A disrupts the regula-
tion of the availability of IGF-1 and thus affects the biology
of tumors (12-14). Previous studies (15,16) have demonstrated
that, the prevention and prognosis of an adverse pregnancy is
of great clinical significance from a medical point of view, and
is particularly challenging for the scientific community, family
and society, and that ultrasounds combined with PAPP-A can
better diagnose and predict an abnormal pregnancy. However,
the relationship between serum PAPP-A and the diagnosis,
prognosis, related factors, as well as the possible molecular
mechanism of EP remains poorly understood.

Therefore, by examining the expression of PAPP-A in EP,
its clinical value in EP, the related factors inducing the disease
and the possible molecular mechanism were explored, with the
aim to identify reliable diagnostic and prognostic markers and
potential drug targets for EP.

Patients and methods

General information. From January 2018 to February 2019,
75 patients with EP admitted to the Affiliated Hospital of
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Jining Medical University were included in the research group,
and another 59 healthy pregnant women of the corresponding
age, gravidity and gestational week were enrolled in the control
group (17). Patients in the research group were 21-35 years old,
with an average age of 25.73+7.23 years, while those in the
control group were 20-35 years old, with an average age of
26.64+7.35 years.

Inclusion and exclusion criteria. The inclusion criteria were
as follows: Aged 20-35 years and naturally conceived; patients
diagnosed with EP laparoscopically (18); with complete clinical
general data, amenorrhea between 27-88 days; and no history
of fetus protection during pregnancy. Ultrasound examina-
tion confirmed that there was no pregnancy sac in the uterine
cavity of the patient, and there were heterogeneous abnormal
echogenic masses outside the uterine cavity revealing a trend
of gradual increase, or there were fetal buds and fetal heart
beats. All of the enrolled patients were informed of this study
and signed the written informed consent. The experimental
process was approved by the Medical Ethics Committee
of the Affiliated Hospital of Jining Medical University and
was in accordance with the 2013 version of the Declaration
of Helsinki. The exclusion criteria were as follows: Patients
with communication barriers or severe mental illness, those
combined with malignant tumor or serious heart, lung, liver,
kidney and other functional disorders, or those who were in
urgent need of surgery for intraperitoneal hemorrhage with
unstable vital signs were excluded.

Methods. Elbow venous blood (5 ml) was extracted from an
empty stomach in the morning into vacuum blood collection
tubes without anticoagulant, centrifuged at 1,500 x g and 4°C
for 10 min, and then stored in a low-temperature refrigerator
at -75°C for later use. The serum was then removed from the
freezer and dissolved in a 4°C refrigerator before placing it at
room temperature for complete dissolution. The serum expres-
sion levels of PAPP-A (cat. no. ab174314; Kemin Biotechnology
Co., Ltd.), IL-8 [cat. no. Ant-111 (0.5 mg); Jingke Chemical
Technology Co., Ltd.] and TNF-a (cat. no. BL-E1290h;
Bdlisa Technology Co., Ltd.) were detected by enzyme-linked
immunosorbent assay (ELISA) (19). The present study was
carried out in strict accordance with the manufacturer's
instructions. Firstly, sample, standard and blank wells were set
up. Then, 50 pl of the sample to be tested was added to the
sample wells, 50 pl of the standard was added to the standard
wells, and blank wells contained no reagents. Subsequently,
100 gl of horseradish peroxidase-labeled detection antibody
(cat. no. P39810-100 mg; Acmec Biochemical Co., Ltd.) was
added to the sample wells and standard wells, and then the
plates were sealed and incubated at 37°C for 60 min. Next, the
liquid was discarded, the plates were patted dry and washed
repeatedly 5 times and the substrates A and B (1:1) (included
in the kit) were thoroughly mixed before their addition (100 ul)
to all the wells. The plates were then sealed and incubated
at 37°C for 15 min. Finally, 50 pl termination solution was
added to each well, and the absorbance [optical density (OD)]
of each well at 450 nm was read by a fully-automatic enzyme
label analyzer (M15; Chenlian Biotechnology Development
Co., Ltd.) to calculate the expression levels of PAPP-A, IL-8
and TNF-a.

Statistical analysis. Statistical analysis was performed using
SPSS 19.0 (IBM Corp.), and the data was visualized by
GraphPad Prism 6 (GraphPad Software, Inc.). The counting data
were expressed as case/percentage [n (%)] and the chi-square test
was adopted for inter-group comparisons. The measurement data
were expressed in the form of the mean + SD, and the comparison
of measurement data between the two groups was conducted by
independent sample t-test. The area under the receiver operating
characteristic (ROC) curve (AUC) was applied to evaluate the
diagnostic value of peripheral blood PAPP-A in patients with EP.
The correlation between PAPP-A and inflammatory factors IL-8
and TNF-a was assessed by Pearson correlation coefficient, and
the independent risk factors affecting the incidence of EP were
analyzed using Cox regression analysis. P<0.05 was considered
to indicate a statistically significant difference.

Results

General information. Seventy-five patients with EP admitted to
our hospital were enrolled as the research group, and another 59
healthy pregnant women were enrolled as the control group. The
participants in the research group were 21-35 years old, with an
average age of 25.73+7.23 years, while those in the control group
were 20-35 years old, with an average age of 26.64+7.35 years.
No significant difference was observed in terms of age, gravidity,
ethnicity, allergic reaction, smoking history, drinking history,
diet, height, gestational age, abdominal circumference, systolic
blood pressure, or diastolic blood pressure of patients in the two
groups, while other baseline data represented by pre-pregnancy
BMI, weight gain during pregnancy, and level of PAPP-A
revealed statistically significant differences (P<0.05; Table I).

Expression and diagnostic value of PAPP-A in the two groups.
The expression levels of PAPP-A in the control group and the
research group were 5.68+1.59 pg/ml and 4.94+1.36 pg/ml,
respectively, which indicated that PAPP-A in the control group
was significantly higher than that in the research group
(P<0.001). By further drawing the ROC curve, it was deter-
mined that the serum PAPP-A in the diagnosis of EP was 0.812
(95% CI,0.741-0.884), with an optimal cut-off value of 5.648, a
sensitivity of 92.13, and a specificity of 78.33 (Fig. 1).

Changes of serum PAPP-A expression at different gestational
weeks in the two groups. The corresponding serum PAPP-A
expression levels at different gestational weeks in the control
group and the research group were as follows: <6 weeks:
15.16+15.27 vs. 11.71+10.97 mU/ml; 6-7 weeks: 16.08+7.60 vs.
15.1249.30mU/ml; 7-8 weeks: 19.37+10.23 vs.8.86+7.62mU/ml;
8-9 weeks: 18.52+16.92 vs. 15.52+5.15 mU/ml; =9 weeks:
22.33+14.64 vs. 12.02+10.11 mU/ml. From the aforementioned
data, no significant difference in serum PAPP-A expression
was observed between the two groups at weeks <6, week 6-7,
and week 8-9 (P>0.001), while the PAPP-A value of the control
group at week 7-8 and =9 weeks was significantly higher than
that of the research group (P<0.001; Table II and Fig. 2).

Expression of inflammatory factors IL-8 and TNF-a. in the two
groups. The expression levels of IL-8 in the control group and
the research group were 27.73+4.79 ng/l and 42.93+6.28 ng/l,
respectively, and the corresponding expression levels of
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Table I. Comparison of general data between two groups [n (%)] (mean + SD).

Categories Research group (n=75) Control group (n=59) t/y? value P-value
Age (years) 25.73+7.23 26.64+7.35 0.718 0474
Gravidity (times) 1.40+0.52 1.50+0.62 1.015 0312
Ethnicity 0.273 0.602
Han 39 (52.00) 28 (47.46)
Ethnic minorities 36 (48.00) 31 (52.54)
Allergic reaction 0.970 0.325
Yes 42 (56.00) 38 (64.41)
No 33 (44.00) 21 (35.59)
Smoking 0.158 0.691
Yes 23 (30.67) 20 (33.90)
No 52 (69.33) 39 (66.10)
Drinking 0.001 0.980
Yes 24 (32.00) 19 (32.20)
No 51 (68.00) 40 (67.80)
Diet 0.970 0.325
Dietary restriction 33 (44.00) 21 (35.59)
None dietary restriction 42 (56.00) 38 (64.41)
Height (cm) 161.54+5.23 162.01+5.12 0.521 0.603
Pre-pregnancy BMI (kg/m?) 9.104 0.002
>23 11 (14.67) 22 (37.29)
<23 64 (85.33) 37 (62.71)
Weight gain during pregnancy (kg) 13.52+4.26 15.61+4.53 2.742 0.007
Gestational age (weeks) 23.95+1.85 24 45+1.55 1.666 0.098
Abdominal circumference (cm) 99.98+6.36 101.87+6.65 1.674 0.097
Systolic blood pressure (mmHg) 114.12+9.06 115.59+8.99 0.936 0.351
Diastolic blood pressure (mmHg) 72.98+7.16 75.04+6.88 1.682 0.095
PAPP-A (pg/ml) 4.94+1.36 5.68+1.59 2.902 0.004
PAPP-A, pregnancy-associated plasma protein-A.
Table II. Changes in the serum PAPP-A level at different gestational weeks in two groups [(mean =+ sd), mU/ml].
Groups <6 weeks 6-7 weeks 7-8 weeks 8-9 weeks =9 weeks
Control group 15.16£15.27 16.08+7.60 19.37+£10.23 18.52+16.92 22.33+14.64
Research group 11.71+10.97 15.12+9.30 8.86+7.62 15.52+45.15 12.02+10.11
t 1.521 0.742 6.815 1.454 4814
P-value 0.131 0.459 <0.001 0.148 <0.001

PAPP-A, pregnancy-associated plasma protein-A.

TNF-a in the control group and the research group were
20.83+4.37 ng/l and 29.37+4.38 ng/l. The results revealed that
the expression levels of inflammatory factors IL-8 and TNF-a
in the control group were significantly lower than those in the
research group (P<0.001; Fig. 3).

Correlation analysis between inflammatory factors IL-8,
TNF-a and PAPP-A. Pearson correlation coefficients were

applied to analyze the correlation of PAPP-A with IL-8 and
TNF-a. The results revealed that serum PAPP-A and IL-8
were negatively correlated (r=-0.691; P<0.001), and in addi-
tion, serum PAPP-A was negatively correlated with TNF-a
(r=-0.692; P<0.001; Fig. 4).

Cox regression analysis of factors affecting the incidence of
EP.Multivariate logistic regression analysis was carried out for
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Table III. Cox regression analysis assignment table.

Factors Variable Assignment
Age X1 No=0, yes=1
Allergic reaction X2 No=0, yes=1
Smoking history X3 No=0, yes=1
Drinking history X4 No=0, yes=1
Diet X5 No=0, yes=1
History of genital surgery X6 No=0, yes=1
History of salpingotomy X7 No=0, yes=1
History of pelvic infection X8 No=0, yes=1
History of lower abdominal surgery X9 No=0, yes=1
History of ectopic pregnancy X10 No=0, yes=1
PAPP-A X11 No=0, yes=1
PAPP-A, pregnancy-associated plasma protein-A
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Figure 1. Expression and diagnostic value of PAPP-A. (A) The expression of PAPP-A in the research group was significantly lower than that in the control
group. (B) ROC curve of PAPP-A in the diagnosis of ectopic pregnancy. ““P<0.001 vs. the control group. PAPP-A, pregnancy-associated plasma protein A;

ROC, receiver operating characteristic.
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Figure 2. Changes of the serum PAPP-A expression at different gestational
weeks in the two groups of patients (research and control groups). “P<0.05 vs. the
control group. PAPP-A, pregnancy-associated plasma protein-A.

the factors with differences. The results indicated that a history
of genital surgery (P=0.022), salpingotomy (P=0.005), pelvic
infection (P=0.041), EP (P=0.013) and PAPP-A (P=0.003)
were independent risk factors affecting the incidence of EP.
Among the risk factors aforementioned above, history of
salpingotomy, EP and low PAPP-A expression increased the
risk of EP (Tables III and IV).

Discussion

Worldwide, gestational placenta related-diseases are one of
the leading causes of maternal and neonatal morbidity and
mortality (20). Of these, EP is a pregnancy implanted outside
the endometrium, which hazards the health of patients and is a
major cause of sudden death in women of childbearing age (21).
In addition, these women often suffer from complications,
such as organ rupture with massive bleeding, treatment-related
risks, recurrent EP and infertility risk (22). Therefore, the diag-
nosis of EP is of vital significance for reducing the morbidity
and mortality associated with this disease (23).
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Figure 3. Expression levels of markers IL-8 and TNF-a. (A) The expression of IL-8 in the research group was significantly higher than that in the control group.
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(B) The expression of TNF-a in the research group was significantly higher than that in the control group.

TNF-a, tumor necrosis factor-a.

0 1 T T 1 1
0 10 20 30 40 50

PAPP-A (pg/ml)

P<0.001 vs. the control group. IL-8, interleukin-8;

w
o
1

TNF-a (ng/l)
N
<

-
o
1

0 10 20 30 40 50
PAPP-A (pg/ml)

Figure 4. Correlation analysis between inflammatory factors IL-8, TNF-a and PAPP-A. (A) PAPP-A was negatively correlated with marker IL-8 (r=-0.691;
P<0.001). (B) PAPP-A was negatively correlated with marker TNF-a (r=-0.692; P<0.001). IL-8, interleukin-8; TNF-a, tumor necrosis factor-a; PAPP-A, preg-

nancy-associated plasma protein-A.

PAPP-A, a placental-derived glycoprotein produced
by trophoblast cells that gradually increases during the
first few weeks of a viable pregnancy, has been revealed
to be diagnostic in a variety of abnormal obstetric condi-
tions (24). The present study firstly detected the expression
of PAPP-A in EP. It was observed that the serum PAPP-A
expression was significantly lower in EP patients in the
research group than that of patients in the control group,
and the AUC of patients diagnosed with EP by PAPP-A was
0.812, with a sensitivity of 92.13 and a specificity of 78.33,
indicating that PAPP-A may be a potential diagnostic and
therapeutic target for EP. PAPP-A expression was further
analyzed in the two groups at different gestational weeks,
and different PAPP-A levels were observed, that is, the
control group presented a stable increasing trend of PAPP-A
at each gestational week, while the research group exhib-
ited an irregular but insignificant increase. At 7-8 weeks
and =9 weeks, the PAPP-A value in the control group was
significantly higher than that in the research group, which
was probably due to the fact that the PAPP-A value between
the two groups gradually increased with the prolonging of
amenorrhea. Therefore, according to the detection of low
expression of PAPP-A in the serum of EP patients, it was
theorized that the determination of PAPP-A in serum could

be used as a routine measurement for pregnant patients. In a
study of Kaijomaa et al on adverse pregnancy (25), PAPP-A
was underexpressed in patients with adverse pregnancy,
indicating that PAPP-A was of certain diagnostic value and
was an important risk factor for EP, which was consistent
with the results of the present study.

IL-8 is a chemokine that has been clinically demonstrated
to play a major role in tumor immune escape by promoting
an immunosuppressive tumor microenvironment, and it has
been revealed that high levels of IL-8 are associated with
poor prognosis in a variety of tumors (26). According to
previous studies, serum IL-8 was revealed to be significantly
higher in EP women than in women with normal pregnancy
in utero, and the diagnosis and identification of EP women
with chlamydia trachomatis infection was related to the
level of IL-8 (27,28). TNF-a is an inflammatory cytokine
secreted by macrophages and monocytes, which exerts a
marked effect on inflammatory response, cell apoptosis
and proliferation (29). There is also research showing that
TNF-a has attracted the attention of clinicians and scholars
due to its involvement in the development of inflammatory
response, autoimmunity, neoplastic disease and the endo-
crine system (30). For example, TNF-a induces the apoptosis
of cytotrophoblast cells, which also suggests that abnormal
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Table I'V. Univariate and multivariate Cox regression analysis of ectopic pregnancy.

Univariate Multivariate
Factors HR (95 Cl1%) P-value HR (95 Cl1%) P-value
Age 1.549 (0.519-4.628) 0.438
Allergic reaction 0.553 (0.157-2.042) 0.372
Smoking history 1.008 (0.991-1.022) 0.368
Drinking history 0.564 (0.201-1.580) 0.276
Diet 2.748 (0.705-10.701) 0.143
History of genital surgery 1.406 (1.092-1.812) 0.043 1.138 (0.857-1.514) 0.022
History of salpingotomy 6.459 (1.408-29.575) 0.017 12.852 (2.297-71.238) 0.005
History of pelvic infection 6.108 (1.385-24.954) 0.018 2.601 (1.032-6.538) 0.041
History of lower abdominal surgery 2.270 (0.901-1.792) 0.175 - -
History of ectopic pregnancy 0.292 (0.124-0.689) 0.005 0.357 (0.158-0.735) 0.013
PAPP-A 8.356 (2.128-3.846) 0.002 5.817 (2.157-15.756) 0.003

PAPP-A, pregnancy-associated plasma protein-A.

expression of TNF-a may adversely affect the development
and function of the placenta (31). Growing evidence reveals
that TNF-a mediates pregnancy complications and increases
the sensitivity of infertility, while increased TNF-a in the
placenta increases the abortion rate (32). Soriano et al (33)
revealed that the expression of serum inflammatory factors
IL-6,IL-8 and TNF-a in EP women was significantly higher
than that in normal pregnant women, suggesting that the
overexpression of these three inflammatory mediators stimu-
lated the inflammatory cascade in patients and aggravated
the progression of EP. Furthermore, other researchers have
reported that the pro-inflammatory factors TNF-a, IL-1p
and IL-6 stimulate the expression of PAPP-A in cultured
cells (34). In the present study, the detection of inflammatory
factors demonstrated that the expression levels of inflam-
matory factors IL-8 and TNF-a in the research group were
significantly higher than those in the control group, while
PAPP-A was negatively correlated with the two, suggesting
that the low expression of PAPP-A in an inflammatory envi-
ronment may be related to the occurrence and development
of EP. Concerning the risk factors of EP, Zhang et al (35)
revealed that a history of EP, infertility, and salpingotomy
were all risk factors. In the present study, Cox regression
analysis revealed that a history of genital surgery, salpin-
gotomy, pelvic infection, EP and low expression of PAPP-A
were the risk factors of EP, among which a history of salpin-
gotomy, EP and low expression of PAPP-A increased the
risks. Therefore, PAPP-A is anticipated to be a biomarker for
the diagnosis and prognosis of EP.

The present study strictly screened the participants
according to the inclusion and exclusion criteria and ensured
the rigor and reliability of the research. Although in the present
study it was confirmed that PAPP-A is lowly expressed in EP
patients and is negatively correlated with inflammatory factors
IL-8 and TNF-a, there are still some certain limitations in this
study. We will perform more basic experiments in the future,
investigating the specific regulatory mechanism of PAPP-A

on EP, thus further verifying that PAPP-A can be a potential
therapeutic target for EP.

In conclusion, PAPP-A was downregulated in patients with
EP and may be a useful marker for the diagnosis and prognosis
assessment of this condition.
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