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Abstract

Objective—To examine the expression pattern of biomarker proteins in extravillous trophoblast 

(EVT) cells obtained noninvasively by transcervical retrieval and isolation from the cervix (TRIC) 

in patients with early pregnancy loss, compared to control patients with uncomplicated term 

delivery.

Design—Case-control study.

Setting—Academic medical center.

Patients—Endocervical specimens were obtained from ongoing pregnancies at gestational ages 

of 5 to 10 weeks to generate an archive of EVT cells isolated by TRIC.

Interventions—Medical records were examined to select specimens from patients with either 

early pregnancy loss (EPL; N=10) or an uncomplicated term delivery (N=10), matched for 

gestational age at the time of endocervical sampling.

Main Outcome Measures—Known serum biomarkers for adverse pregnancy outcome that are 

expressed by EVT cells were evaluated by semi-quantitative immunocytochemistry, using 

antibodies against endoglin (ENG), FMS-like tyrosine kinase-1 (FLT-1), alpha-fetoprotein (AFP), 

pregnancy-associated plasma protein-A (PAPPA), galectin-13 (LGALS13), galectin-14 

(LGALS14), and placental growth factor (PGF).
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Results—EVT purity was over 95% in all specimens, based on chorionic gonadotropin 

expression; however, the number of EVT cells obtained was significantly lower in women with 

EPL than the control group. There was significant elevation of AFP, ENG, and FLT-1, and 

significant reduction of PAPP-A, LGALS14, and PGF in the EPL group, compared to controls.

Conclusions—In this pilot study, EVT cells isolated by TRIC early in gestation exhibit altered 

protein expression patterns prior to EPL, compared to uncomplicated term pregnancies.
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INTRODUCTION

Early pregnancy loss (EPL) is a common pregnancy complication with the incidence of 

clinical pregnancy loss approaching 15% (1). Including preclinical losses, the rate of overall 

pregnancy loss is over 50% (2). Aneuploidy, one of the leading causes of EPL, accounts for 

approximately 50% of occurrences; however, a large proportion still remain idiopathic (3). 

Recurrent pregnancy loss, defined as two or more pregnancy losses, occurs in approximately 

2–5% of patients, and despite an extensive workup, the cause remains unknown in up to 

75% of cases (4).

Proper implantation and placentation are necessary for adequate fetal development. A 

critical step in this process throughout the first and second trimesters is the penetration of 

extravillous trophoblast (EVT) cells through the decidua and inner one third of the 

myometrium, followed by remodeling of the spiral arteries (5). Remodeling of the uterine 

spiral arteries transforms narrow, high-resistance blood vessels into dilated, low-resistance 

conduits of maternal blood into the intervillous space (6). Shallow EVT invasion and failure 

to convert the maternal spiral arteries contribute to uteroplacental insufficiency that can 

result in pregnancy complications, including intrauterine growth restriction (IUGR) and 

preeclampsia (7, 8). Prior to 10 weeks of gestation, maternal blood flow to the intervillous 

space is limited due to formation of an endovascular plug by EVT cells within the spiral 

arteries, reducing turbulence at the anchoring villi and lowering oxygen tension (9). It has 

been suggested that this environment ensures proper growth and protects the early 

developing placenta from oxidative and mechanical stress (9–11). Premature blood flow to 

the intervillous space due to inadequate EVT plug formation has been linked to EPL (9), and 

polymorphisms in genes related to antioxidant production are found in women with 

recurrent idiopathic miscarriages (12). Indeed, EPL specimens have revealed a strong 

incidence of deficient EVT proliferation and invasion, suggesting a central role for EVT 

cells in this pathology (13).

Information about first trimester EVT cells in the context of pregnancies with adverse 

outcomes is important in light of molecular studies of EVT cells at the time of delivery. 

Signaling systems that regulate EVT differentiation and survival (14–16), are disrupted in 

diseases related to uteroplacental insufficiency (17, 18). Whether these signaling systems are 

dysregulated during placentation or simply disrupted due to events arising late in the disease 

process can only be addressed by accessing EVT cells in the first trimester without 
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disrupting pregnancy outcome. Obtaining intact trophoblast cells from ongoing pregnancies 

has been limited to chorionic villous sampling (CVS), which is almost exclusively 

preformed for prenatal genetic diagnostics. Moreover, CVS is invasive, and is associated 

with a pregnancy loss rate of approximately 0.5%-1.0% (19). Therefore, acquisition of 

trophoblast cells by CVS to investigate their dysfunction in EPL is not feasible.

Trophoblast cells are shed into the lower uterine segment during pregnancy and can be 

retrieved by minimally invasive methods from the cervix of ongoing pregnancies as early as 

5 weeks of gestation (20). Historically, the limiting step in employing these cells for 

placental evaluation was the inability to isolate them free of maternal cervical cells (20). 

Recently, trophoblast retrieval and isolation from the cervix (TRIC) has enabled isolation of 

EVT cells after a Papanicolaou procedure with 90–100% purity in a minimally invasive 

approach (21). EVT cells are separated from maternal cells, using immunomagnetic 

isolation with antibody against human leukocyte antigen-G (HLA-G), an EVT-specific 

protein. The isolated cells have the expected EVT protein expression pattern (21).

We hypothesized that EVT cells obtained by TRIC from EPL patients have specific protein 

expression signatures compared to healthy control pregnancies. To test this hypothesis, we 

obtained EVT cells by TRIC and evaluated seven proteins altered in pregnancy disorders 

related to placental dysfunction. Galectin 13 (LGALS13), galectin 14 (LGALS14), 

pregnancy-associated plasma protein-A (PAPPA), and placental growth factor (PGF) are 

proteins secreted by the placenta that decrease in both placentas and serum of women with 

adverse pregnancy outcomes associated with abnormal placentation, such as preeclampsia 

(22–26). Elevated levels of endoglin (ENG), fms-like tyrosine kinase-1 (FLT1), and alpha-

fetoprotein (AFP), have been found in placentas or serum of patients with adverse 

pregnancy outcomes related to abnormal placentation (27–31). EPL is theorized to share a 

similar pathophysiology with preeclampsia, stemming from abnormal placentation (11). 

Therefore, expression of these seven proteins was evaluated in EVT cells obtained by TRIC 

in specimens from EPL and healthy controls delivering at term.

MATERIALS AND METHODS

Patient Selection

The Institutional Review Board of Wayne State University approved this study and each 

participating patient was provided with informed consent. Patients were counseled for 

collection of endocervical samples at Wayne State University or affiliated clinics. Exclusion 

criteria included viable pregnancies with a history of vaginal bleeding. All the patients 

included in this study had singleton gestations. Medical records were evaluated to identify 

pregnancies with a diagnosis of an EPL (N=10), and control pregnancies, matched for 

gestational age (GA), were selected that resulted in healthy term deliveries (N=10). GA was 

determined by the date of the last menstrual period and the first ultrasound. Eight of 10 case 

specimens were collected at or after diagnosis of EPL, while 2 specimens were collected 

prior to awareness of an EPL (Supplementary Table 1).
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Endocervical Sampling

Endocervical sampling was preformed as described previously (32). Briefly, a vaginal 

speculum was used, and endocervical specimens were collected using a cytobrush and a 

ThinPrep kit (Hologic, Inc., Marlborough, MA) containing 20 ml of PreservCyt fixative 

solution. The specimens were transferred to the laboratory, where they were acidified with 

500 μl of glacial acetic acid for 5 minutes to dissolve the mucous. Samples were centrifuged 

at 400 × g for 5 minutes at 4°C. The supernatant was removed and the cell pellet was re-

suspended in 20 ml of ice-cold sterile phosphate buffered saline (PBS). Specimens were 

then washed by centrifugation and re-suspension three times with 20mL of PBS, and on the 

final wash, the specimen was brought to 10mL with PBS at 4°C.

Isolation of EVT Cells

The endocervical specimens were centrifuged and re-suspended in 1.5 ml of PBS, combined 

with mouse anti-HLA-G antibody conjugated to 250 nm magnetic nanoparticles (Clemente 

Associates, Madison, CT), and incubated overnight at 4°C with mixing. The EVT cells 

bound to magnetic nanoparticles were then immobilized on a DynaMag-Spin magnet (Life 

Technologies) for 10 minutes. The non-bound cells were collected, followed with three 

washings in 1 ml of PBS. The bound cells were divided into aliquots of approximately 20–

50 cells in 200 μl of PBS, and spun onto microscope slides using a Shandon Cytospin 3 

centrifuge (Thermo-Fisher, Waltham, MA) at 1500 RPM for 5 minutes. The isolated cells 

were checked for purity by immunocytochemical labeling of the trophoblast marker, human 

chorionic gonadotropin β-subunit (β-hCG), and determining the percentage of cells labeled 

with β-hCG/DAPI, as described previously (21).

Immunocytochemistry

Slides containing isolated EVT cells were incubated for 17 hours at 4°C in Tris-buffered 

saline containing 0.05% Tween-20 and 5 mg/ml BSA (TTBS/BSA) with 10 μg/ml of mouse 

antibody against β-hCG, or 5 μg/ml of primary antibody recognizing ENG, FLT1, AFP, 

PAPPA, LGALS13, LGALS14, or PGF. Antibodies are described in Supplementary Table 

2. Each antibody was initially titered to ensure a linear fluorescence signal with labeling 

(Supplementary Fig. 1) and similar antibody lots were used throughout the study. To 

evaluate background fluorescence, control slides were incubated with 5 μg/ml of non-

immune rabbit, goat, or mouse IgG (Jackson Immuno Research), as appropriate. Slides were 

washed three times with TTBS/BSA and incubated for 1 hour in the dark at room 

temperature with similar lots of FITC- or Texas Red-conjugated, species-specific, secondary 

antibodies (Jackson ImmunoResearch) diluted 1:250 in TTBS/BSA. Slides were washed 

three times with TTBS/BSA and nuclei were counterstained with 1 ng/ml DAPI for 10 min, 

followed by three washes with TTBS/BSA. Slides were cover slipped with Vectashield 

mounting media (Vector Laboratories, Burlingame, CA) and sealed with nail polish.

Protein Marker Quantification by Image Analysis

Fluorescent antibody labeling was imaged using a Hamamatsu Orca cooled-chip digital 

camera and a Leica DM IRB microscope with filter sets for DAPI, FITC and Texas Red. 

Cells in each field were imaged at an objective magnification of 20 × and an exposure time 
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of 2.0 seconds. The FITC or Texas Red stain intensities were quantified using Simple PCI 

(Hamamatsu) imaging software. Fluorescence intensities (grey levels) were determined for 

each antibody and non-immune IgG (background) by circumscribing at least 10 cells. The 

background values were averaged and subtracted from each fluorescent value. The 

background-subtracted values for each specimen were averaged to calculate the average 

fluorescent units (AFU). Each AFU value was divided by the average of the AFUs for the 

control cohort to generate the relative fluorescent unit (RFU) values.

Statistical Analysis and Data Modeling

All statistical analyses were performed using JMP (version 10.0; SAS Institute, Cary, NC). 

Data were initially examined for normality using the Shapiro-Wilk test and between-group 

differences in RFU for each protein biomarker were analyzed with the non-parametric 

Wilcoxon rank-sum test, as the data were not normally distributed. Spearman’s rho was used 

to assess for correlation between GA and trophoblast yield. A value of p < 0.05 was 

considered statistically significant.

Principal component analysis (PCA) was implemented to assess the ability of the biomarker 

panel to separate individual data points (score plot) by projection of the original data on the 

first two principal components (PC1 and PC2), as well as correlations among biomarkers 

(loading plot). This useful statistical tool reduces the complexity of multidimensional data 

models by linearly combining multiple factors and downsizing them into new variables or 

principal components, while retaining the original information (33).

RESULTS

Isolation of EVT Cells

The GA of pregnancies at the time that TRIC specimens were obtained ranged between 5 

and 8 weeks in the EPL cohort, and between 6 and 10 weeks in the control cohort, with 

similar median GAs of 7.5 and 7.8 weeks, respectively (Table 1). The median maternal ages 

in the EPL and control cohort were not significantly different, at 29.5 and 25.0, respectively. 

However, the median number of EVT cells recovered by TRIC in the EPL group was 

approximately 25% (p<0.05) of that recovered in the control group (Table 1). 

Immunofluorescence labeling of β-hCG revealed a comparable median EVT purity of 96.9% 

in EPL specimens and 99.1% in the control group (Table 1, Supplementary Fig. 2). There 

was no significant correlation between GA and trophoblast yield in the group of 20 patients 

that provided endocervical specimens between 5–10 weeks GA.

Protein Expression in Isolated EVT Cells

In the EPL cohort, compared to the controls, expression levels for AFP, FLT1 and ENG 

were elevated (P< 0.05), while PGF, LGALS14, and PAPPA were significantly (P< 0.05) 

reduced (Figs. 1 & 2). LGALS13 labeling revealed equivalent expression in the EPL and 

control cohorts.

Fritz et al. Page 5

Fertil Steril. Author manuscript; available in PMC 2016 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Principal component analysis (PCA)

PCA was employed to examine whether the two cohorts could be distinguished with the 

protein expression panel. The PCA score plot was generated over the first two PCs, 

accounting for 75.8% of the total variance, which separated the EPL and control specimens 

(Fig. 3A). The loading plot revealed two distinct groups of biomarkers (AFP, FLT1, and 

ENG; and LGALS14, PAPPA, and PGF; Fig. 3B).

DISCUSSION

We evaluated EVT cell protein expression patterns from ongoing pregnancies in “real time” 

by a minimally invasive method, using TRIC. This pilot study reveals that EVT protein 

expression patterns are dysregulated in EPL pregnancies, compared to normal healthy 

controls. These findings support the hypothesis that dysregulated EVT function is associated 

with EPL, and more generally to uteroplacental insufficiency.

In agreement with our previous study (21), we are able isolate EVT cells from the cervix of 

ongoing pregnancies with a high degree of purity, based on β-hCG immunostaining. 

Interestingly, significantly fewer trophoblast cells were isolated from pregnancies with EPL 

than from the control group. This is consistent with our prior report that reduced numbers of 

EVT cells can be detected in cervical smears from pregnant patients with ectopic 

pregnancies or a blighted ovum EPL (32). Although patients in this study were within a 

narrow GA range of 5–10 weeks at the time of sampling, there was no correlation with 

trophoblast yield. Previously, in a larger cohort of 56 patients between 5 and 20 weeks GA, 

we found no correlation between GA and trophoblast yield (21).

By evaluating expression patterns of proteins known to play a role in EVT function and 

pathology, we provide evidence of EVT dysfunction in EPL. Our findings revealed 

decreased expression of PGF, PAPPA and LGALS14. PGF has a similar amino acid 

sequence to VEGF (34), with an important role in placental vasculogenesis and 

angiogenesis. It is decreased in maternal serum from pregnancies with complications related 

to abnormal EVT invasion, including preeclampsia and IUGR (25, 26). PAPPA is produced 

by the placenta and can be measured in maternal serum as early as five weeks of gestation 

(35, 36). It is decreased in maternal circulation in pregnancies with adverse outcomes, 

including preeclampsia, IUGR, preterm labor, and stillbirth (24). Low levels of PAPPA, a 

protease targeting insulin-like growth factor binding protein-4 (37), permit accumulation of 

its circulating substrate, thereby decreasing the bioavailability of IGF, which negatively 

impacts trophoblast growth and extravillous differentiation (38). Altered maternal immunity 

is critical for EVT invasion, and the galectins LGALS13 and LGALS14 are known to have 

an immunoregulatory role (39–42). Furthermore, both are decreased in placentas with severe 

early onset preeclampsia (23), a syndrome that, like EPL, is associated with early EVT 

dysfunction (11). While LGALS14 is significantly reduced in EVT cells from pregnancies 

that suffer EPL, no such change was observed for LGALS13, suggesting there could be 

subtle differences in the molecular mechanism of EPL and preeclampsia.

Levels of FLT1, AFP and ENG were significantly elevated in the EPL cohort. Soluble forms 

of FLT1 antagonize VEGF, and are significantly elevated in serum of preeclamptic patients 
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(28). FLT1 mRNA and protein expression increase in placentas from preeclamptic patients, 

compared to controls (29). The precise function of AFP is not known; however, it is 

produced by the placenta, and recent evidence has linked AFP to anti-oxidant activity (43). 

The increased expression of AFP could represent a compensatory response to precocious 

oxygen radical formation. ENG is a co-receptor of transforming growth factor-β that 

functions in angiogenesis (44), and is expressed by trophoblast cells as early as 6 weeks of 

gestation (45). ENG increases in placentas with IUGR (46), and first trimester chorionic 

villous sampling revealed increased levels of ENG mRNA in patients destined to develop 

preeclampsia (27). Furthermore, ENG expression negatively regulates EVT differentiation 

and invasiveness in vitro, based on a human chorionic villous explant model (47).

For classification and visualization of protein relationships in the control and EPL cohorts, a 

two dimensional PCA score plot was generated using two principal components (PC1 and 

PC2). This model demonstrated that the individual components of the two cohorts have a 

strong tendency to dissociate. The loading plot showed that there were appreciable 

correlations among the proteins measured. A positive correlation was detected among AFP, 

FLT1 and ENG, and another among LGALS14, PAPPA and PGF in the opposite direction. 

The ability of the current model to distinguish the two groups of proteins is consistent with 

their levels in the circulation. The panel of six responsive biomarkers could prove useful for 

risk assessment and early diagnosis of EPL.

A limitation of this pilot study is the lack of cytogenetic information to distinguish EPL 

pregnancies associated with chromosomal anomalies. Cohort sizes were not adequate to 

identify subgroups within the EPL or control groups. Interestingly, the early onset of 

intervillous blood flow is similar in EPL with and without aneuploidy (48), suggesting a 

convergent etiology. It would also have been useful to obtain the time of last vaginal 

intercourse before endocervical specimen collection, as growing evidence has demonstrated 

a significant effect of seminal fluid on the reproductive tract, including the cervix (49, 50).

As depicted in Supplementary Table 1, eight out of the ten EPL samples in this study were 

obtained after diagnosis, while two samples were obtained prior to diagnosis. It is difficult to 

evaluate whether those two pregnancies were viable at the time of sampling. In the future, it 

will not only be important to correlate the findings in relation to karyotype, but also to the 

timing of EPL diagnosis. With a larger cohort, it might be possible to distinguish changes in 

protein expression that precede pregnancy failure from those that follow it. Obtaining an 

abnormal EVT protein expression pattern prior to an adverse outcome could enable 

clinicians to screen for adverse outcomes related to abnormal placental function and better 

evaluate therapeutic options.

The ability to obtain EVT cells from early, ongoing pregnancies and determine the eventual 

outcomes provides opportunities to discover novel biomarkers through global analytic 

approaches. In addition to providing insights into the etiology of placental insufficiency, 

identification of differentially expressed genes could be used for development of new 

biomarkers panels, similar to the one used in the present study, to better distinguish patients 

at low risk of pregnancy disorder from those at risk for specific pathologies. Early 

identification of at-risk patients would greatly facilitate the evaluation of potential 
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therapeutic interventions for obstetrical disorders by selecting study cohorts more likely to 

develop disease than the general population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
TRIC-isolated EVT cells imaged for biomarker expression by immunocytochemistry. 

Shown are examples of EVT cells labeled with antibodies against PGF, PAPPA and 

LGALS14 in A, and ALF, FLT1 and ENG in B. The first column of images depicts DAPI-

labeled nuclei for the control group. The second column depicts the corresponding protein 

expression for the control group. The third column depicts protein expression for the EPL 

group, and the fourth column depicts the corresponding DAPI staining for the EPL group. 

Size bars represent 100 μm.
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Figure 2. 
Quantification of biomarker expression in TRIC-isolated EVT cells. EVT cells labeled with 

antibodies against the indicated proteins were imaged to obtain the relative fluorescence unit 

(RFU) values, as described in the Materials and Methods. The non-parametric Wilcoxon test 

was employed to compare the expression of each protein marker between control (white) 

and Early Pregnancy Loss (EPL) (black) groups. The significant differences (p<0.05) are 

indicated by a bar and asterisk above the control/EPL pairs.. Box = 25th to 75th percentiles, 

horizontal line within the box = median, whisker = 1.5 × Inter Quartile Range (3rd quartile 

– 1st quartile). The dots represent individual outliers.
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Figure 3. 
Principal component analysis (PCA) plots. (A) PCA scores were calculated and plotted for 

individual patients over the first two principal components (PC1 and PC2). The PCA score 

plot demonstrates a separation of EPL (closed circles) and control cases (open circles). (B) 

The loading plot was generated for individual biomarkers to determine their relationships 

over PC1 and PC2. Two groups of factors composed of associated members (AFP, FLT1, 

and ENG; and LGALS14, PAPPA, and PGF) were identified by their positions along the x-

axis. Note that LGALS13 did not cluster with the other proteins.
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Table 1
Patient and specimen characteristics

The differences in parameters related to recovered fetal cells (Count, Purity) were compared using the non-

parametric Wilcoxon test.

Control EPL

Number, n (% of total) 10 (50) 10 (50)

Maternal age in years, median (IQR) 25 (21.75 – 29) 29.5 (26.75 – 34)

Smoking/Drug habit

 Marijuana, Tobacco, n (%) 0 (0) 1 (10)

 Marijuana, n (%) 1 (10) 1 (10)

 None, n (%) 9 (90) 8 (80)

Pre-existing conditions

 Epilepsy, n (%) 1 (10) 0 (0)

 Asthma, n (%) 1 (10) 0 (0)

 Diabetes Mellitus Type II, n (%) 1 (10) 0 (0)

 None, n (%) 7 (70) 10 (100}

Ethnicity

 Caucasian, n (%) 1 (10) 3 (30)

 African, n (%) 8 (80) 7 (70)

 Asian, n (%) 1 (10) 0 (0)

Gestational age at sampling in weeks, median (IQR) 7.78 (7.42 – 9.28) 7.495 (6.85 – 7.71)

Gestational age at delivery in weeks, median (IQR) 38.07 (37.86 – 38.14) N/R

Gravity, median (IQR) 2 (2 – 2.75) 2.5 (1 – 3.75)

Parity, median (IQR) 1 (0 – 1.75) 1.5 (0 – 2)

Delivery mode

 Normal Spontaneous Vaginal Delivery (NSVD), n (%) 8 (80) N/R

 Cesarean section (CS), n (%) 1 (10) N/R

 Unknown, n (%) 1 (10) N/R

Recovered fetal cells

 Count, median (IQR) 942.5 (543.75 – 1047.5) 250 (227.5 – 500) *

 Purity (percentage of βhCG positive cells), median (IQR) 98 (95.77 – 100) 96.875 (92.025 – 100}

The significant differences (p<0.05) are bolded and labeled with an asterisk. N/R, not reported; IQR, interquartile range.
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