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Abstract

Placental syncytiotrophoblasts formed by the fusion of cytotrophoblasts constitute the interface 

between maternal and fetal circulations. The syncytium, composed of a continuous layer of 

syncytiotrophoblasts, assumes the fetal-maternal nutrient exchange, placental barrier, and 

endocrine functions important for the maintenance of normal pregnancy. Syncytin-1, an 

endogenous retroviral gene product, mediates the fusion of cytotrophoblasts. While the fusogenic 

function of syncytin-1 has been well established, little is known regarding its nonfusogenic 

activities. This study investigates the role of syncytin-1 in trophoblast proliferation. We found that 

syncytin-1 knockdown significantly inhibited BeWo cell growth and DNA synthesis. Moreover, 

time course studies on key cell cycle regulators demonstrated an upregulation of p15 and 

downregulation of CDK4, E2F1, PCNA, and c-Myc, which consequently led to a reduced level of 

CDK1. These results, together with those from flowcytometry analysis, indicated that syncytin-1 

knockdown blocked the G1/S transition phase of the cell cycle. Moreover, syncytin-1 

overexpression promoted CHO cell proliferation and led to changes opposite to those observed in 

syncytin-1 knockdown experiments, confirming the critical role of syncytin-1 for G1/S transition. 

Thus, syncytin-1, through both nonfusogenic and fusogenic, functions, may co-regulate the input 

(proliferation) and output (fusion) of the cytotrophoblast “pool”. Such co-regulation could be an 

efficient way to achieve the balance between these two opposing processes, which is required for 
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syncytium homeostasis. Since decreased syncytin-1 expression has been shown to be associated 

with preeclamptic and hypoxic condition, insufficient replenishing of the cytotrophoblast “pool” 

may contribute to syncytium deficiency, a critical pathological change frequently found in 

preeclamptic placentas.
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1. Introduction

The placenta is an organ physically and functionally connecting the developing fetus to the 

mother. Placental anomalies are frequently observed in abnormal pregnancies. Smaller 

placentas have been found in pregnancies associated with severe preeclampsia, IUGR, and 

premature birth [1, 2]. Much of the placental function, including fetal-maternal exchange, 

barrier function to separate the fetal and maternal circulations, and endocrine activities, is 

carried out by syncytium, a continuous layer of multinucleated syncytiotrophoblasts 

covering the entire maternal surface of the placenta [3]. One important pathological change 

related to preeclampsia is the syncytium deficiency. Thinner, discontinued, and damaged 

syncytium has been observed in placentas from preeclamptic pregnancies [4]. In 

preeclampsia, deficiencies of endocrine function in the syncytium are evident by decreased 

maternal serum levels of hCS and placental protein 13 [5]. The mechanism(s) underlying 

syncytium deficiency is a subject of intensive research. Increased trophoblast apoptosis has 

been detected in preeclamptic placentas [6]. Conceivably, unbalanced cell proliferation and 

cell death could be a potential cause of syncytium deficiency. The focus of the current study 

is to investigate how syncytin-1, a placenta-specific factor controlling cell fusion and 

terminal differentiation, regulates trophoblast cell proliferation.
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In the human placenta, syncytiotrophoblasts are formed by the fusion of villous 

cytotrophoblasts. Cell fusion is a well orchestrated process known to be mediated by the 

interaction between syncytin-1, an endogenous retroviral envelope protein, and its receptor, 

ASCT2, both located on the cell membrane [7, 8]. Under physiological conditions, 

syncytin-1 expression is restricted to the placental trophoblast linage. During pregnancy 

when placental size and function are rapidly expanding, syncytin-1 expression continues to 

rise from the first to third trimesters [9]. Repeated cycles of hypoxia-reoxygenation due to 

insufficient vasculature of the spiral arteries are believed to be a major pathological factor 

for preeclampsia [10, 11]. In vitro studies have shown that placental trophoblasts undergo 

dramatic changes in gene expression when exposed to hypoxic condition [12, 13]. One such 

change is the significant reduction in syncytin-1 gene expression. Also, results from several 

laboratories indicated that preeclamptic placentas express lower levels of syncytin-1 

compared to those from normal pregnancies [9, 14, 15]. In a recent study we compared 

syncytin-1 expression among the placentas of monozygotic, dichorionic, discordant twins. A 

significant increase of syncytin-1 mRNA and protein expression was observed in the 

placentas associated with smaller fetuses compared to those of larger fetuses. This alteration 

may reflect a compensatory response to meet the developmental needs of the placenta-fetus 

unit under a stressed condition [16]. Thus, syncytin-1 expression appears to be subjected to 

an active and precise regulation by various physio-pathological factors. The molecular/

cellular events and mechanisms downstream of the syncytin-1 expression alterations are not 

fully understood.

Interestingly, recent studies suggested that syncytin-1, in addition to its recognized role in 

cell fusion, may also be implicated in nonfusogenic actions [17–19], particularly the 

regulation of cell proliferation. Strick et al. reported that ectopic overexpression of 

syncytin-1 in endometrial carcinoma primary cultures and cell lines resulted in an increased 

cell growth rate in the presence of TGF-beta. The experiment started with estrogen 

treatment, which led to a simultaneous induction of syncytin-1 and TGF-beta expression. 

However, overexpression of TGF-beta alone failed to recapitulate the effect of cell growth 

promotion, suggesting that syncytin-1 levels may play a part in the proliferation of 

endometrial cancer cells [20]. The thought concerning the involvement of syncytin-1 in 

cancer progression is corroborated by recent findings of aberrant syncytin-1 expression in 

breast and ovarian carcinomas [21]. These data raised a possibility that syncytin-1 may 

contribute to the unregulated growth of malignant cells by serving as a mytogenic factor. As 

described above, in human placenta, the trophoblast-specific expression of syncytin-1 is 

dynamically regulated by various physio-pathological conditions [13, 14, 22]. However, it is 

not clear if changes in syncytin-1 expression affect the proliferation of placental trophoblast, 

in which syncytin-1 is constitutively expressed. Answering this question will allow a better 

understanding of placental development under normal and pathologic conditions.

Eukaryotic cell proliferation is subjected to tight control by the sequential activation of 

transcriptional factors and cytokines. To complete the process of mitosis a cell needs to pass 

two critical check points, the G1/S and G2/M transitions [23]. It has been well established 

that the downregulation of p15 and activation of CDK4 represent early events triggering the 

G1/S transition [24]. Subsequent upregulation of E2F, PCNA and c-Myc are required for 
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DNA synthesis [25]. Similarly, upregulation of CDK1 is the key step preceding the G2/M 

transition [26]. In this study, we examined the effects of syncytin-1 on trophoblast cell 

proliferation, and investigated how the manipulation of syncytin-1 expression levels might 

elicit quantitative changes in the cell cycle regulators in a time-dependent manner. The 

resultant data provided new insights into the nonfusogenic activity of syncytin-1 in placental 

trophoblasts, which may be involved in the physio-pathological regulation of placental 

development and functionality.

2. Materials and Methods

2.1. Cell culture and transfection with siRNA

BeWo and CHO cell lines were obtained from the American Type Culture Collection 

(Manassas, VA, USA) and grown in RPMI 1640 and DMEM (HyClone Laboratories, 

Logan, UT, USA), respectively. Both media were supplemented with 10% fetal bovine 

serum, 100 µg/ml streptomycin and 100 µg/ml penicillin. Cell cultures were maintained in 

the environment of 37°C and 5% CO2.

Four syncytin-1-specific siRNAs and a control siRNA, designed and synthesized by Qiagen 

(Valencia, CA, USA), were tested for the highest syncytin-1 knockdown efficiency. The 

designation and siRNA sequences are shown in Table S1. BeWo cells were seeded at low 

density and grown to 40–50% confluence for transfection with the DharmaFECT 1 

transfection reagents (Dharmacon, Lafayette, CO, USA) in serum-free RPMI 1640 medium. 

After 6 hours of exposure to transfection reagents, fresh medium containing 10% fetal 

bovine serum was used to replace the serum-free medium, and the culture was continued 

until cells were harvested for downstream experiments at different post-transfection time 

points.

Syncytin-1 cDNA obtained from PCR was subcloned into the pEGFP-N1 vector (Clontech, 

Mountain View, CA, USA). CHO cells were plated at low density and grown to 30%-40% 

confluence for transfection with the Efectene transfection reagents (Qiagen, Valencia, CA, 

USA) in serum-free DMEM medium. Following 6 hours of exposure to transfection reagents 

the serum-free medium was changed to a medium containing 10% fetal bovine serum. The 

cells were assessed in various assays at different post-transection time points.

2.2. RNA isolation and real-time PCR

Total RNA was isolated from BeWo or CHO cells with the use of RNeasy Plus Mini Kit 

(Qiagen, Valencia, CA, USA). Reverse transcription was performed with High Capacity 

RNA-to-cDNA Kit (ABI, Foster City, CA, USA) using 1 µg of RNA in a 20 µl reaction. The 

cDNA was diluted into 100 µl for later use in real-time PCR. The designations, sequences of 

PCR primers and sizes of amplicons for the following target genes are summarized in Table 

S2: syncytin-1, p15, CDK4, E2F1, PCNA, c-Myc, CDK1, and glyceraldehyde phosphate 

dehydrogenase (GAPDH). Real-time PCR was carried out in 12 µl reactions containing 6 µl 

of 2 X SYBR Green PCR Master Mix (ABI, Foster city, CA, USA), 1 µl forward primer, 1 

µl backward primer, 3 µl DEPC H2O and 1 µl cDNA template. Following the initial denature 

at 95 °C for 10 minutes, 40 cycles of amplification was performed with the following 
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conditions: denature at 95 °C for 30 seconds, annealing and extension at 60 °C for 1 minute. 

The final products of real-time PCR were resolved in agarose gel electrophoresis. A single, 

clear band with the predicted size verifies the accomplishment of specific amplification (Fig. 

S2). If a real-time PCR failed the specificity check, an alternative set of primers would be 

tested. The threshold cycles of each mRNA species were determined in triplicate with the 

use of ABI 7900 Real-Time PCR System. The mRNA levels of the target genes were 

expressed as relative folds over those of GAPDH that was used as the internal reference.

2.3. Isolation of cell extracts and Western blot analysis

Proteins were isolated from BeWo and CHO cells using RIPA buffer (Boston BioProducts, 

Boston, MA, USA) supplemented with Halt™ Protease Inhibitor Cocktail (Pierce, Rockford, 

IL, USA)and 1% PMSF. Protein concentration was measured with the Bradford Assay. 20 

µg of cell lysates was resolved in 8% (syncytin-1, CDK4, E2F1, c-Myc, CDK1), 12% 

(PCNA) or 15% (p15) polyacrylamide SDS-gels. The proteins were transferred to a 

polyvinylidene fluoride membrane within the transfer buffer (Boston BioProducts, Boston, 

MA, USA). Primary antibodies against syncytin-1 (Genetex, Irvine, CA, USA; Rabbit, 

1:800 final dilution), CDK4 (Epitomics, Burlingame, CA, USA; Rabbit, 1:800), PCNA 

(SIGMA-ALDRICH, Saint Louis, MO, USA; Rabbit, 1:1000), E2F1(Cell Signaling, 

Danvers, MA, USA; Rabbit, 1:1000), c-Myc (SIGMA-ALDRICH, Saint Louis, MO, USA; 

Rabbit, 1:1000), CDK1 (Epitomics, Burlingame, California, USA; Rabbit, 1:500), p15 (Cell 

Signaling Danvers, MA, USA; Rabbit, 1:1000), β-actin (SIGMA-ALDRICH, Saint Louis, 

MO, USA; Mouse, 1:3000) and the matching secondary antibodies (Santa, Santa Cruz, CA, 

USA; Rabbit or mouse, Peroxidase-labeled, 1:4000) were applied for immunoblotting. Super 

Signal Western Femto Maximum Sensitivity Substrate (Pierce, Rockford, IL, USA) was 

used to enhance the detection sensitivity.

2.4. MTT assay

BeWo and CHO cells were seeded in 48-well dishes and transfected with siRNAs or 

pEGFP-N1 plasmid DNA. CellTiter 96® Aqueous One Solution Reagent (Madison, WI, 

USA) was used for color development. Absorbance values at wavelengths of 490 nm and 

690 nm were measured following the manufacturer’s recommendations.

2.5. Cell Counting Assay

BeWo cells were seeded in 12-Well dishes and transfected with siRNAs. At 24, 48, 72, 96 

hours post-transfection, cells were collected and stained with trypan blue. Using cell 

counting plate cell numbers were counted and for each time point. The growth curves are 

constructed based on the average values from four repeated experiments.

2.6. BrdU staining

10,000 cells were seeded on the Lab-Tek II Chamber Slide and transfected with siRNA or 

pEGFP-N1 plasmid DNA. At 72 hour post-transfection cells were fixed with 4% 

paraformaldehyde fixation solution (Boston BioProducts, Boston, MA, USA). The BrdU 

Staining Kit (Millipore, Billerica, MA, USA) was used to assess DNA synthesis following 

the manufacturer’s instructions.
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2.7. Flowcytometry

After transfection with siRNA or pEGFP-N1 plasmid DNA, 1 × 105 cells were re-suspended 

in 100 µl of incubation buffer and fixed with 75% ETOH on ice. The cells were labeled with 

Propidium Iodide in the dark at 37°C for 1 hour. Following washing with cold PBS, cells 

were re-suspended in PBS and analyzed on a FACSCalibur flowcytometer (Becton 

Dickinson FACSort, San Jose, CA, USA).

2.8. Statistical analysis

All statistical analyses were performed with the use of SPSS 13.0 statistical package (SPSS, 

Chicago, IL, USA). Student t test was applied for quantitative data, including those from 

real-time PCR, MTT assay, and cell counting. The average values from syncytin-1 

manipulation group were compared to those from the control group at each time point with 

the assumption of normal distribution. Spearman’s rank correlation coefficient and p values 

were obtained from linear aggression analysis. Statistical significance was set at the level of 

p < 0.05.

3. Results

3.1. Establishment of the syncytin-1 knockdown assay in BeWo cells

BeWo is a choriocarcinoma cell line frequently used as an in vitro model for studying 

placental gene expression and trophoblast cell differentiation [27, 28]. This study applied 

BeWo cells as a trophoblast model to characterize the endogenous syncytin-1 function. Four 

syncytin-1-specific siRNAs were screened for the highest inhibition efficiency. After 

measuring syncytin-1 mRNA levels following cell transfection with siRNA, one siRNA 

(SsiRNA1) was found to be the most effective for syncytin-1 knockdown (Fig. S1). 

Comparing the siRNA knockdown groups and control groups, manipulation of the 

syncytin-1 expression levels did not cause discernible morphological change (Fig. S3). Fig. 

1 shows the time-dependent reduction in syncytin-1 mRNA and protein levels following 

transfection with SsiRNA1. Since each time point carried its own transfection control, non-

specific changes would not affect our observation on the changes of syncytin-1 levels (or 

syncytin-1 functions in later experiments). Comparison between the cells transfected with 

SsiRNA1 and control siRNA indicated that when a final concentration of 50 nM was 

applied, at 40 hour post-transfection both the mRNA and protein were significantly reduced. 

Following this time point, syncytin-1 mRNA level expression gradually recovered, but a 

substantial inhibition remained at 72 hour post-transfection.

3.2 Syncytin-1 knockdown leads to inhibition of cell growth

MTT assay was performed to assess the cell viability following syncytin-1 knockdown. 

Results as shown in Fig. 2A indicate that the absorbance values decreased at 48, 72, and 96 

hours post-transfection in the SsiRNA1 transfection groups compared to the corresponding 

controls. In addition, cell counting confirmed the reduced cell numbers by syncytin-1 

knockdown at these time points (Fig. 2B). Since no apparent cell death was observed under 

the applied experimental conditions, these results suggest an inhibition of cell proliferation 

by decreased levels of syncytin-1.
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3.3. Syncytin-1 knockdown leads to cell cycle arrest at G1 phase

To investigate if the decreased cell number following syncytin-1 knockdown was associated 

with alterations of the cell cycle, we performed flowcytometry analysis on BeWo cells 

transfected with syncytin-1 or control siRNA. Comparison of the phase distribution at 72 

hour post-transfection led to the identification of the following changes in the syncytin-1 

knockdown group: an increased percentage of cells in G1 phase, a decreased percentage in S 

phase, and a reduction in G2/M phases (Fig. 3A and B). Subsequent experiments using 

BrdU staining indicated a significant inhibition of DNA synthesis, or S phase, in the 

syncytin-1 knockdown group (Fig. 3C and D). Taken together, these results provide strong 

evidence for the inhibitory effects on cell proliferation by syncytin-1 knockdown, as well as 

the halting of G1/S transition responsible for the observed effects.

3.4. Detection of the orderly changes in cell cycle regulators underlying the syncytin-1 
knockdown-induced G1 arrest

Procession of the cell cycle is mainly controlled at the G1/S and G2/M check points. A 

sequential activation of two distinct sets of cytokines is required for transition through these 

points. To determine the check points affected by syncytin-1 knockdown, we examined 

mRNA and protein expression of p15, CDK4, E2F1, PCNA, c-Myc, the known G1/S 

regulators; and CDK1, the G2/M regulator. Western blot analysis indicated that the protein 

levels of p15, CDK4, E2F1, PCNA, c-Myc were all significantly changed following 

syncytin-1 knockdown. The increase in p15 and the decrease in CDK4, E2F1, PCNA, c-Myc 

were readily detectable at 40 hour post-transfection and sustained at 72 hour post-

transfection. On the other hand, the decease of CDK1 did not appear until the 48 hour post-

transfection (Fig. 4A). These results, together with those from flowcytometry analysis and 

BrdU staining demonstrate that syncytin-1 knockdown exerts its effect primarily on the 

G1/S transition. The mRNA levels of these factors were also monitored at each time point 

with the use of real-time PCR. It was found that syncytin-1 knockdown leads to upregulation 

of p15 and downregulation of E2F1, PCNA, and c-Myc, mRNA levels. These changes were 

first detected at 40 hour post-transfection. CDK4 mRNA levels were not changed across all 

of the time points examined. A decrease in CDK1 mRNA was also observed, but at a later 

time point (48 hour). Thus, changes in mRNA levels mirrored those of the respective protein 

levels in all targets except for CDK4 (Fig. 4C). As discussed below, the absence of changes 

in CDK4 mRNA levels is consistent with the known targeting mechanism on its protein, 

rather than mRNA, levels.

3.5. Promotion of DNA synthesis and cell cycle progression through overexpression of 
syncytin-1

The above experiments suggest that decreased levels of syncytin-1 leads to inhibition of cell 

growth by blocking the G1/S transition. We subsequently examined if overexpression of 

syncytin-1 may also affect cell proliferation. Since overexpression of syncytin-1 has strong 

fusogenic effects in BeWo cells, and fusion events may interfere with our observation of cell 

cycle changes, we elected to use CHO, a cell line that lacks fusion capability. During their 

characterization of the cell fusion mechanism, Marin M et al. found that CHO cells, due to 

an absence of the syncytin-1 receptor (ASCT2) expression, could not fuse even when 
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syncytin-1 was overexpressed [29]. Our pilot study confirmed the lack of fusion activity of 

these cells (data not shown). Syncytin-1 overexpression was achieved by transfection of 

CHO cells with a plasmid vector carrying GFP marker. In order to achieve adequate 

transfection efficiency, extensive optimization experiments were performed by observation 

of the green florescence (data not shown).

Fig. 5A shows that cell transfection resulted in a dramatic overexpression of syncytin-1. The 

syncytin-1 mRNA levels reached peak levels at 32 and 40 hours post-transfection, gradually 

decreasing thereafter. Western Blot analysis was first performed at 48 and 72 hours post-

transfection time points. Densitometry analysis showed that following standardization with 

results of β-actin, at both time points significantly increased syncytin-1 levels were detected 

in the overexpression group (Fig. S4). A more systematic measurement indicated that a 

visible band representing syncytin-1 protein expression was first detected at 40 hour post-

transfection, and syncytin-1 protein levels continue to increase thereafter (Fig. 5B). 

Increased reading from the MTT assay suggested an enhancement of cell metabolism 

following syncytin-1 overexpression (Fig. 6). Results from flowcytometry analysis 

confirmed the redistribution of cell phases in opposite direction to that observed in the 

syncytin-1 knockdown experiments: a reduction in G1 phase, an increase in S phase, and an 

increase in G2/M phase (Fig. 7A and B). We subsequently performed BrdU immunostaining 

to examine DNA synthesis. A significant increase in BrdU-positive cells verified an increase 

in DNA synthesis at 60 hour post-transfection in the syncytin-1 overexpression group 

compared to the control group (Fig. 7C and D). These results demonstrate an effect of cell 

cycle progression by ectopic overexpression of syncytin-1, which was most likely due to the 

enhanced G1/S transition.

3.6. Syncytin-1 overexpression induces activation of cell cycle regulators critical for G1/S 
transition

Similar to the syncytin-1 knockdown experiments, changes in the cytokines governing the 

G1/S or G2/M transitions were assessed following syncytin-1 overexpression in CHO cells. 

Western blot analysis indicated that p15 protein levels were decreased at 40 hour post-

transfection. At the same time point, CDK4 levels were increased (Fig. 8). Increased E2F1, 

PCNA and c-Myc proteins were subsequently detected at 48 hour post-transfection. An 

increase in CDK1 was the last to be observed, occurring at no earlier than 56 hour post-

transfection. Results of real-time PCR indicated the same temporal order of changes in these 

factors except for CDK4, in which no alteration of mRNA level was detected. These results 

were consistent with those from syncytin-1 knockdown experiments in BeWo cells. The 

earlier emergence of alterations in G1/S regulators (p15, CDK4, E2F1, PCNA and c-Myc) 

than that of the G2/M regulator (CDK1) suggests that the G1/S transition is the primary 

target for syncytin-1-mediated cell cycle regulation.

4. Discussion

This study focuses on characterization of the role of syncytin-1 in trophoblast proliferation 

using two cell lines with distinct origins and features. BeWo is a human choriocarcinoma 

cell line frequently used as an in vitro model for studying various placental trophoblast 
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functions. Albeit a cancer cell line exhibiting malignant behaviors, it maintains some 

structural and functional features characteristic of its origin from trophoblast lineage. For 

example, these cells express low levels of hCG [30], hCS [31], estrogen receptor, 

progesterone receptor [32], placental protein 13 [28], and GCMa [33]; and high levels of 

pregnancy-specific glycoprotein [34], placental alkaline phosphatase [35], and placenta-

specific TEF-5 transcription factor [36]. More importantly, BeWo expresses relatively low 

levels of syncytin-1 and ASCT2, and a number of cells (less than 5%) constantly undergo 

fusion and terminal differentiation [28], another characteristic feature of placental 

trophoblasts. Induction of syncytin-1 expression with forskolin [33], or overexpression of 

syncytin-1 [37], led to massive cell fusion and elevated expression of trophoblast markers 

such as hCG. Results from the current study suggest that BeWo cells are sensitive to 

changes in syncytin-1 levels. When syncytin-1 was reduced by siRNA-mediated 

knockdown, cell growth, as measured by both MTT assay (Fig. 2A) and cell counting (Fig. 

2B), was significantly inhibited. Flowcytometry analysis indicated a decreased percentage of 

S phase and increased percentage of G1 phase (Fig. 3A). Further analysis on the mRNA and 

protein levels of key cell cycle regulators demonstrated blocking of the G1/S transition by 

syncytin-1 knockdown (Fig. 4). This conclusion was confirmed by ectopic overexpression of 

syncytin-1 in CHO, a cell line without ASCT2 expression and therefore free from 

interference by cell fusion events (Fig. 8). Overall, these data for the first time provided 

evidence in support of an active role of syncytin-1 in trophoblast cell cycle regulation. These 

findings pave the way for future research on syncytin-1’s nonfusogenic activity in both 

physiological and pathological contexts.

Downregulation of p15 protein level and upregulation of CDK4 kinase activity are known to 

be critical to the initiation of the G1/S transition [38]. p15 is able to interact with CDK4 and 

inhibit CDK4 kinase activity. Reduction in p15 leads to the de-repression of CDK4 kinase 

activity [39]. During the G1/S transition, upregulation of CDK4 expression and/or CDK4 

activity are immediately followed by the transcriptional activation of E2F1, PCNA, and c-

Myc [40, 41]. The orderly changes of these factors in the G1/S transition have been well 

established. In this study, we performed a detailed temporal analysis on both mRNA and 

protein levels of these factors. These results allowed us to determine the specific cell cycle 

phase on which syncytin-1 exerts its regulatory effects. In the syncytin-1 knockdown 

experiments, the initial changes were detected at 40 hour post-transfection in the factors 

regulating the G1/S transition. Change in CDK1, the regulator for the G2/M transition, was 

found to be a later event. This timeline, together with the results from BrdU staining, (Fig. 

3) strongly suggests that blocking of DNA synthesis is the primary result of decreased 

syncytin-1 levels. Reduction in the percentage of G2/M phase cells and the concomitant 

decrease of CDK1 protein, however, appears to be due to an indirect or secondary effect 

following G1 arrest. This cell cycle regulatory model has been verified by observation of the 

opposite changes in the cell cycle effectors observed in syncytin-1 overexpression 

experiments in CHO cells.

This study examined the time-dependent changes of cell cycle regulators on both mRNA 

and protein levels. Corresponding changes at the mRNA and protein levels were observed in 

p15, E2F1, PCNA, c-Myc, and CDK1, which is consistent with the knowledge regarding 

these factors’ regulation on the transcriptional level. Unlike these factors, while a significant 
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change of CDK4 was detected on the protein level in both the syncytin-1 knockdown and 

overexpression experiments, its mRNA level remained constant (Figs. 4 and 8). This 

dissociation between the changes in mRNA and protein levels of CDK4 is not surprising. 

Previous studies have shown that in some, but not all, cases, increased levels of CDK4 

protein during the G1/S transition is not accompanied by the upregulation of its mRNA, 

which points to CDK4’s function as a regulator of the translation and/or protein turnover 

levels in this situation [42–44].

Syncytin-1 is known to be glycosylated and localized on the cell membrane [45]. As an 

initial step of investigation, this study did not explore how syncytin-1-initiated signals are 

transduced from cell membranes to the cytoplasm, thereby modulating downstream targets 

such as p15 and CDK4. Regardless of the molecular mechanisms underlying the signal 

transduction, regulation of the G1/S transition by syncytin-1 is unlikely related to the 

ASCT2-dependent cell fusion process. This thought is based on the facts that CHO cells are 

nonfusogenic [29], and yet data from both flowcytometry and Western blot analysis 

indicated significant effects of syncytin-1 on cell cycle regulation. More detailed studies are 

required to identify the missing part(s) of the puzzle concerning cell signaling immediately 

downstream of syncytin-1.

Cytotrophoblast proliferation and subsequent fusion into syncytiotrophoblast represent the 

input and output of the cytotrophoblast “pool”. Maintaining a balance between the two 

processes is critical for the stability of syncytium during a normal pregnancy [46]. The role 

of syncytin-1 in cell fusion has been well established. The current study reveals a novel, 

nonfusogenic function of syncytin-1 by identification of its prominent role in cell cycle 

regulation. Thus, syncytin-1 may participate in the regulation of both the input (by 

promoting proliferation) and output (by mediating fusion) of the cytotrophoblast “pool” 

[47]. Use of a single factor to co-regulate these two activities may represent a primitive yet 

effective way to achieve optimal coordination of the two processes (Fig. 9). For example, 

when the fetal-maternal unit requires increased syncytium function or repair of damaged 

syncytium, cell fusion is activated through the upregulation of syncytin-1. Concomitantly, 

cytotrophoblast proliferation mediated by upregulation of syncytin-1 would ensure a 

sufficient supply of cytotrophoblasts to feed the fusion events. However, this postulation, 

despite its plausibility and support from current data, requires further investigation for 

confirmation. An interesting notion is that products of other endogenous retroviral gene 

families are also implicated in a variety of cell functions, including cell proliferation, 

immune suppression, and apoptosis [48–51]. It remains to be answered if human cells 

adopted retroviral activity to meet their own physiological needs or if the viruses hijacked a 

human cell regulatory mechanism beneficial to its own survival or propagation [52].

It has been observed that in placentas associated with preeclampsia and IUGR, syncytium 

displays characteristic structural and functional alterations. Electron microscopic studies 

have shown that syncytium in preeclamptic placentas becomes thinner and discontinued, 

develops bulbous edges, and contains multiple vacuoles in the syncytiotrophoblasts [4]. 

Although the in vivo lifespans of cytotrophoblasts and syncytiotrophoblasts have not been 

established, the constant presence of trophoblastic debris and cell-free nucleic acids in the 

maternal circulation is suggestive of their rapid turnover [53]. Thus, the cytotrophoblast 
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“pool”, serving as the source of building blocks for syncytium, needs to be continually 

replenished. Decreased syncytin-1 expression in preeclamptic placentas [14] and 

downregulation of syncytin-1 observed in hypoxic conditions suggests that a sufficient level 

of syncytin-1 is necessary for normal placental development. Incomplete replenishment of 

the cytotrophoblast “pool” due to decreased syncytin-1 expression under pathological 

conditions may compromise syncytium efficiency and affect placental function in 

preeclampsia [13, 22]. Future studies using syncytin-1 knockout animal models and clinical 

samples are required for a better understanding on the in vivo role of the nonfusogenic 

function(s) of syncytin-1.
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Refer to Web version on PubMed Central for supplementary material.
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CDK cyclin dependent kinase
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Highlights

Syncytin-1 knockdown significantly inhibited BeWo cell growth and DNA synthesis.

Syncytin-1 overexpression promoted CHO cell proliferation and led to changes opposite 

to those observed in syncytin-1 knockdown experiments.

Syncytin-1 could promote the G1/S transition phase of the cell cycle through p15 and 

CDK4.

Syncytin-1, through both nonfusogenic and fusogenic, functions, may co-regulate the 

input (proliferation) and output (fusion) of the cytotrophoblast “pool”.
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Figure 1. 
Confirmation of syncytin-1 knockdown by siRNA in BeWo cells. (A) BeWo cells were 

transfected with 50 nM (final concentration) of syncytin-1 specific siRNA (SsiRNA1) or 

control siRNA (Ctl siRNA). At various post-transfection time points, syncytin-1 mRNA 

levels were measured with real-time PCR. At the 40, 48, 56, 64, and 72 hours post-

transfection time points, syncytin-1 mRNA levels were significantly decreased in cells 

transfected with SsiRNA1 in comparison to the corresponding controls (**, p < 0.01). (B) 

Western blot analysis was performed at different post-transfection time points. As protein 
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loading controls, β-actin protein was accessed in the same blot. Decreased syncytin-1 protein 

levels were observed in cells transfected with SsiRNA1 (marked as “K”) at 40, 48, 56, 64, 

and 72 hours when compared with correspondent controls transfected with non-specific 

siRNA (marked as “C”). (C) The Western Blot results were scanned and densitometry 

analysis was performed. Significant quantitative reduction of syncytin-1 protein was 

confirmed for 40, 48, 56, 64, and 72 hour time points (*, p < 0.05; **, p < 0.01).
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Figure 2. 
Syncytin-1 knockdown-induced reduction of BeWo cell viability and cell proliferation. (A) 

MTT assay was performed at different post-transfection time points. Compared to the 

corresponding controls (Ctl siRNA), cells transfected with SsiRNA1 displayed decreased 

cell viability at 48, 72, and 96 hours post-tansfection. (B) Cell counting indicated a 

decreased cell number at the 48, 72, and 96 hours time points following transfection with 

SsiRNA1. (*, p < 0.05; **, p < 0.01)
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Figure 3. 
Syncytin-1 knockdown-induced BeWo cell cycle changes and inhibition of DNA synthesis. 

Representing flowcytometry diagrams of cells transfected with control siRNA (A), or 

SsiRNA1 (B), at 72 hour post-transfection. Note the apparent reduction of S phase in the 

syncytin-1 knockdown group compared to the control group. (C) Results of BrdU 

incorporation assay. Nuclei were visualized by hemotoxylin counterstaining. The dark 

brown color indicates BrdU-positive nuclei. One exemplary positive cell was marked by an 

arrow. (D) Counting of BrdU-positive and total cells showed a significantly decreased 

percentage of BrdU-positive cells in the syncytin-1 knockdown group compared to the 

control group. (**, p < 0.01)
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Figure 4. 
The temporal order of changes in cell cycle regulators indicated blocking of G1/S transition 

by syncytin-1 knockdown in BeWo cells. (A) Western blot analysis of cell cycle regulators. 

Compared to the corresponding controls, increased levels of p15 protein, and decreased 

levels of CDK4, E2F1, PCNA, and c-Myc, proteins, were observed as early as 40 hour post-

transfection in cells transfected with SsiRNA1. A reduced level of CDK1 was detected at 48 

hour post-transfection. The comparable levels of β-actin protein indicated a roughly equal 

loading of total protein. Measurement of mRNA levels with real-time PCR indicated the 

following changes in the syncytin-1 knockdown group: increase of p15 (B), decrease of 

E2F1 (D), PCNA (E), and c-Myc (F), mRNA levels, at 40 hour post-transfection. No change 

in CDK4 mRNA levels was detected at any time points examined (C). The decrease of 

CDK1 mRNA levels was not observed until 48 hour post-transfection (G). (*, p < 0.05; **, 

p < 0.01)
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Figure 5. 
Verification of syncytin-1 overexpression following cell transfection. (A) CHO cells were 

transfected with syncytin-1 expression plasmid pEGFP-N1-syncytin-1 (Overexpression) or 

control plasmid pEGFP-N1 (Control). At different post-transfection time points the 

syncytin-1 mRNA levels were measured with real-time PCR. Syncytin-1 mRNA was 

detectable at 24 hour, dramatically increased at 32 hour, and gradually deceased thereafter. 

(B) Western blot analysis. Syncytin-1 protein was detected at 40 hour post-transfection in 

cells transfected with pEGFP-N1-syncytin-1 (Marked as “O”), and continued to increase 
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thereafter. No syncytin-1 expression was detected at any time point in the control cells 

transfected with pEGFP-N1 vector (Marked as “C”). The comparable levels in β-actin 

indicated equal protein input.
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Figure 6. 
Increased CHO cell viability following syncytin-1 overexpression. MTT assay was 

performed at different post-transfection time points. Compared to the controls, CHO cells 

transfected with pEGFP-N1-syncytin-1 started to exhibit a significantly increased viability 

at 56 hour post-transfection. This effect was sustained at the later time points.
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Figure 7. 
Syncytin-1 overexpression in CHO cells promoted DNA synthesis. Representative 

flowcytometry diagrams shows that compared to control cells transfected with pEGFP-N1 

(A), the syncytin-1 overexpression group transfected with pEGFP-N1-syncytin1 (B) 

contains increased S phase at 72 hour post-transfection. (C) BrdU incorporation assay was 

performed at 72 hour post-transfection in CHO cells transfected with control plasmid 

pEGFP-N1 (left panel) or syncytin-1 expression plasmid pEGFP-N1-syncytin-1 (right 

panel). Nuclei were visualized by hemotoxylin counterstaining. The dark brown color 

staining indicated BrdU-positive nuclei. One typical positive cell is marked by an arrow. (D) 

Counting of BrdU-positive and total cells showed a significantly increased percentage of 

BrdU-positive cells in the syncytin-1 overexpression group compared to the control group. 

(**, p < 0.01)
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Figure 8. 
The temporal order of changes in the cell cycle regulators indicated promotion of G1/S 

transition by syncytin-1 overexpresion in CHO cells. (A) Western blot analysis of cell cycle 

regulators. Compared to the corresponding controls, cells transfected with pEGFP-N1-

syncytin-1 expressed decreased p15 and increased CDK4 protein levels at 40 hour post-

transfection. Increases in E2F1, PCNA, and c-Myc proteins were observed at 48 hour post-

transfection. An increased level of CDK1 was detected at 56 hour post-transfection. The 

comparable levels of β-actin protein indicated a roughly equal loading of total protein. 

Measurement of mRNA levels with real-time PCR indicated the following changes: a 

decrease of p15 at 40 hour post-transfection (B); and an increase of E2F1 (D), PCNA (E), 

and c-Myc (F) mRNA levels at 48 hour. No change in CDK4 mRNA levels was detected at 

any time points examined (C). The increase of CDK1 mRNA levels came later at the 56 

hour post-transfection time point (G). (*, p < 0.05; **, p < 0.01)
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Figure 9. 
Syncytin-1 alterations triggered placental trophoblast cell cycle changes. The left side 

illustrates the nonfusogenic pathway of interest in the current study. Increased syncytin-1 

expression, through downregultion of p15 and upregulation of CDK4, promotes the G1/S 

transition, resulting in augmented DNA synthesis and cytotropoblast proliferation. Via the 

nonfusogenic pathway, syncytin-1 plays a role in the regulation of “input” to the 

cytotrophoblast “pool”. The fusogenic function of syncytin-1 is illustrated on the right. 

Syncytin-1 has been known to mediate cytotrophoblast fusion into syncytiotrophoblast, 

thereby regulating “output” of the cytotrophoblast “pool”. We hypothesize that co-regulation 

of these two opposing processes by syncytin-1 may serve as an efficient mechanism to 

Huang et al. Page 25

Cell Signal. Author manuscript; available in PMC 2015 November 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



achieve an optimal balance of the cytotrophoblast “pool”, which ensures syncytium 

homeostasis and normal placental functions during pregnancy.
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