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Abstract 15 
 16 
Aims 17 
The human placental syncytiotrophoblast (STB) cells play essential roles in embryo 18 
implantation and nutrient exchange between the mother and the fetus. STBs are polyploid 19 
which are formed by fusion of diploid cytotrophoblast (CTB) cells. Abnormality in STBs 20 
formation can result in pregnancy-related disorders. While a number of genes have been 21 
associated with CTB fusion the initial events that trigger cell fusion are not well 22 
understood. Primary objective of this study was to enhance our understanding about the 23 
molecular mechanism of placental cell fusion. 24 

Methods 25 
FACS and microscopic analysis was used to optimize Forskolin-induced fusion of BeWo 26 
cells (surrogate of CTBs) and subsequently, changes in the expression of different cell 27 
cycle regulator genes were analyzed through Western blotting and qPCR.  28 
Immunohistochemistry was performed on the first trimester placental tissue sections to 29 
validate the results in the context of placental tissue. Effect of Cyclin Dependent Kinase 1 30 
(CDK1) inhibitor, RO3306, on BeWo cell fusion was studied by microscopy and FACS, 31 
and by monitoring the expression of human Chorionic Gonadotropin (hCG) by Western 32 
blotting and qPCR. 33 

Results 34 
The data showed that the placental cell fusion was associated with down regulation of 35 
CDK1 and its associated cyclin B, and significant decrease in DNA replication. 36 
Moreover, inhibition of CDK1 by an exogenous inhibitor induced placental cell fusion 37 
and expression of hCG.  38 

Conclusion 39 
Here, we report that the placental cell fusion can be induced by inhibiting CDK1.This 40 
study has a high therapeutic significance to manage pregnancy related abnormalities. 41 

 42 
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 45 
1. Introduction 46 

One of the earliest events of cellular differentiation during mammalian 47 
development is the formation of placenta, an extra embryonic organ that anchors fetus in 48 
the maternal body and serves as a biological bridge for effective communication between 49 
a developing fetus and the maternal body. This event is initiated by the formation of 50 
trophectoderm at the blastocyst stage, 3-4 days after fertilization [1]. Placenta is a 51 
complex multifunctional organ consists of several different types of cells with distinct 52 
functions. One of the hallmarks of placental differentiation is the fusion of CTB cells to 53 
form multinucleated STB cells that facilitate implantation of the embryo into the uterus 54 
and are in direct contact with maternal blood [2, 3]. STBs facilitate maternal-fetal 55 
communication, exchange of oxygen, nutrients and waste materials, and provide a barrier 56 
between maternal and fetal circulations [4]. STBs also secrete growth factors, hormones 57 
and proteases into maternal blood, which are required for successful fetal development 58 
[5, 6]. Abnormalities in STBs can result in premature birth, developmental defects and 59 
placental diseases like pre-eclampsia [7, 8]. Pre-eclampsia is directly associated with the 60 
abnormalities of STBs including insufficient cellular fusion [8-10].  61 

The molecular basis of syncytialization are not well understood although a 62 
number of factors have been reported to induce or inhibit cell fusion in the placenta. For 63 
example, in BeWo cells, which are commonly used in culture to mimic fusion of CTBs, 64 
elevated cAMP levels induces fusion [11]. Down regulation of Krüppel-like factor 6 65 
(KLF6) results in Calveolin-1 down-regulation leading to an increase in fusion of CTBs 66 
[12, 13]. Syncytin-1 and Syncytin-2 are human endogenous retroviral proteins, which are 67 
upregulated during fusion of trophoblast cells [11, 14-16]. Fusion of CTBs is also 68 
induced by the expression of human Chorionic Gonadotropin (hCG) and knockdown of 69 
hCG in BeWo cells reduces fusion [17].   STBs express higher levels of hCG and hPL 70 
(human Placental Lactogen) and lower levels of E-cadherin and plakoglobin, which are 71 
often used as markers for identification of STB [18-21]. 72 

During mitotic cell cycle, entry into M-phase depends on the activity of 73 
CDK1/cyclin B1 complex, which modulates the activity of specific mitotic regulators like 74 
Wee1 Kinase, CDC20, CDC25A/C, through phosphorylation [22, 23]. CDK activity also 75 
prevents DNA re-replication by phosphorylating proteins like Orc1, Cdc6 and Cdt1 and 76 
targeting them for degradation by the SCFSkp2 ubiquitin ligase [24].  CTBs are actively 77 
proliferating cells and go through the normal mitotic cell cycle while STBs do not 78 
proliferate. Thus mitotic machinery is likely to be turned off as the cells transition from 79 
CTB to STB to prevent accidental cell division. 80 

In this study we investigated the role of cell cycle associated proteins in placental 81 
cell fusion and discovered that CDK1/cyclin B1 is not only down regulated as CTBs fuse 82 
to form STBs but that CDK1 down regulation may trigger cell fusion.  83 

 84 
2. Materials and methods 85 

2.1. Cell culture and scoring of fused cells 86 

BeWo cell line was purchased from ATCC (CCL-98 ATCC, USA) and cultured 87 
in F12K medium (Thermo Fisher) supplemented with 10% FBS and Antibiotic-88 
Antimycotic (Thermo Fisher) at 37oC in a humidified chamber with 5% CO2 [25]. For 89 



scoring fused cells [26], 0.3 million cells per well were seeded in 6 well plate and after 24 90 
hours treated with 20 µM Forskolin (Sigma-Aldrich) or 2.5 µM or 5 µM RO3306 91 
(Merck) or 10 µM or 20 µM Roscovitine (Sigma-Aldrich) in triplicates of different 92 
batches. For the control, cells were treated with 0.1% DMSO (Sigma-Aldrich) as the 93 
stock solutions were prepared in DMSO. Forty-eight hours after treatments, 15 images of 94 
live cells were taken randomly for each treatment with a light microscope. The images 95 
were then used for scoring fused and unfused cells.  96 

2.1. Fluorescence activated cell sorting (FACS), immunofluorescence, Western blotting 97 
and real-time PCR 98 

FACS, Immunofluorescence, Western blotting and real-time PCR were performed 99 
according to procedures described before [26]. In immunofluorescence, staining was 100 
performed with DAPI nuclear stain (1:1000) (Invitrogen), Phalloidin (1:200) 101 
(Invitrogen), 5-ethynyl-2′-deoxyuridine (EdU) at final concentration of 15 µM and E-102 
cadherin and Hoechst (Sigma). All the images were taken at 60X magnification. In 103 
Western blotting Chemi Doc XRS+ (Bio-Rad) was used for the detection of 104 
chemiluminescence and primary antibodies used were: CDK1 (sc-54), CDK2 (sc-6248), 105 
cyclin B1 (sc-752), cyclin A1 (sc-596), cyclin E1 (sc-481), P21 (sc-6246), p27 (sc-776 106 
and sc-1641) and p57 (sc-1037) from Santa Cruz, Tubulin (Developmental Studies 107 
Hybridoma Bank, Iowa E7) and E-Cadherin (Gene Tex, GTX75056). Secondary 108 
antibodies used were: anti-goat, (sc-2033), anti-mouse (sc-2005) and anti-rabbit (sc-109 
2030) from Santa Cruz.  110 

2.2. Immunohistochemistry 111 

Placental tissues were collected from labor room Fatima Memorial Hospital 112 
Shadman, Lahore (Pakistan) by professional medical pathologist, after informed 113 
consents. Normal first trimester and full term placenta were collected. Placental tissues 114 
were fixed in 10% formalin, processed and embedded in paraffin wax. 115 
Immunohistochemistry was performed as described previously [3] using antibodies 116 
specific for CDK1, cyclin A1 and p57 (Santa Cruz, sc-54, sc-596 and sc-1037, 117 
respectively).  118 

2.3. Cell survival assay 119 

BeWo cells were cultured at density of 1.0 x 105/well in 6 well plates and 120 
transfected with a control plasmid and CDK1 over expressing plasmid, separately using 121 
lipofectamine-3000 (Invitrogen). Transfected cells were selected with antibiotic 122 
resistance for one week. Equal number of the cells (1X105) were then plated and treated 123 
with Forskolin. After 3 days, cells were washed and remaining attached cells were 124 
counted. Number of surviving cells was calculated as a percentage of the cells that were 125 
plated (1x105).  126 

2.4. 26S proteasome assay 127 

BeWo cells at density of 1.0 x 106 were grown in T-25 flasks and treated with DMSO, 128 
Forskolin alone and Forskolin and MG-132 (Santa Cruz). Cells were collected 48 hours 129 
after the treatments and subjected to Western blotting as described above. Films were 130 
exposed for extended time periods to see the less abundant degradation products. 131 

2.5. Statistical analysis 132 



Statistical analysis was performed using GraphPad Prism version 7 by applying 133 
Student t-test for comparison between two groups and one-way ANOVA for data 134 
comparison having more than two groups. For all the tests significance was set at p < 135 
0.05.  136 

3. Results 137 

3.1. Optimization of cell fusion assay 138 

Choriocarcinoma cell line, BeWo, has been extensively used to study the 139 
syncytialization process in the placenta. To investigate the factors involved in STB 140 
formation and its underlying mechanism we first optimized the concentration of 141 
Forskolin needed to induce fusion. BeWo cells were treated with various doses of 142 
Forskolin, and ploidy level was measured over time by fluorescence-activated cell sorting 143 
(FACS) and microscopy (Fig. 1 and S2). Treatment of CTBs with 20 µM Forskolin for 144 
48 hours induced maximum fusion without causing excessive toxicity; these experimental 145 
conditions, therefore, were used in all the subsequent experiments. 146 

Forskolin treatment resulted in a decrease in the number of cells with 2N DNA 147 
content (diploid cells) and a corresponding increase in the number of cells with 4N and 148 
8N DNA content (Fig. 1A and 1D).  As observed under the microscope, treatment with 149 
Forskolin for 48 hours resulted in an increase in the number of multinucleated cells and a 150 
decrease in the number of mitotic cells (Fig. 1B and 1C). Also, compared to untreated 151 
cells, where about 13% of the cells were undergoing mitosis, only 1.0% of the Forskolin 152 
treated cells were observed in mitosis.  In Western blot analysis a decrease in the levels 153 
of epithelial cell cadherin (E-Cadherin) and plakoglobin was observed as a result of 154 
Forskolin treatment (Fig. 2A), which provided further confirmation of cell fusion as E-155 
Cadherin and plakoglobin are used as traditional markers of placental cell fusion [18, 27, 156 
28]. 157 

3.2. CDK1, CDK inhibitor proteins and cyclins are down regulated in fused BeWo cells 158 

CDK1 and cyclin B1 are required for G2-M phase transition of cell cycle. Since 159 
fused cells have reduced mitotic index we hypothesized that CDK1/cyclin B1 will either 160 
be inactivated or degraded in these cells. To investigate this, BeWo cells were cultured in 161 
the absence or presence of 20 µM Forskolin, lysed at 24 and 48 hours after treatment and 162 
the protein levels were analyzed by Western blotting. The hCG protein levels 163 
significantly increased in 24 hours indicating fusion of the cells. A progressive decrease 164 
in the levels of CDK1 and cyclin B1 proteins reaching an almost undetectable level in 48 165 
hours of Forskolin treatment was observed (Fig. 2A). This down regulation of 166 
CDK1/cyclin B1 may be to prevent fused cells from entering mitosis thereby avoiding 167 
mitotic catastrophe, which could otherwise lead to apoptosis and cell death.   A relatively 168 
modest decrease in the levels of cyclin A and E1 proteins was also observed which could 169 
be related to restricted DNA replication in fused cells (Fig. 2A). 170 

CDK inhibiting proteins p21Cip1, p27Kip1 and p57Kip2 regulate cell cycle 171 
progression by physically inhibiting CDKs including CDK1 and CDK2 thereby 172 
preventing phosphorylation of their substrates. Western blot analysis showed the protein 173 
levels of p27Kip1 decreased to almost undetectable levels in 24 hours of Forskolin 174 
treatment whereas protein levels of p21Cip1 and p57Kip2 decreased following 48 hours 175 
treatment (Fig. 2A).  176 



3.3. CDK1 and p57Kip2 are down regulated in STB cells of the human placenta 177 

To investigate whether our in vitro observations about the reduction of CDK1 and 178 
p57Kip2 proteins in fused cells is also valid in vivo, we performed immunohistochemistry 179 
on 4-micron sections of placental tissue collected from the first trimester of pregnancy to 180 
detect the CDK1, p57Kip2 and cyclin A proteins. STB layer of the placental tissue was 181 
marked through hCG specific antibody. Our results show that while CDK1 and p57Kip2 182 
were clearly present in the CTB layers, both of these proteins were almost undetectable in 183 
the STB layer (Fig. 2B and D). Cyclin A was detected in both layers but at relatively 184 
higher levels in the CTB layer (Fig. 2C).  These results further confirmed that CDK1 and 185 
p57 proteins are down regulated in fused human placental cells. 186 

3.4. CDK1 inhibition induces cell fusion and hCG expression in BeWo cells  187 

Data shown so far clearly demonstrates that CDK1 expression decreases in fused 188 
placental cells and thus raises an intriguing possibility that CDK1 inhibition may trigger 189 
fusion of placental cells. In order to find if inhibition of CDK1 activity induces cell 190 
fusion we cultured BeWo cells in the absence or presence of different concentrations of 191 
CDK1 inhibitor, RO3306.  Treatment of BeWo cells with RO3306 for 24 and 48 hours 192 
resulted in increased cell fusion, as indicated by increase in ploidy level of treated cells 193 
(Fig. 3A). The fusion was comparable to one seen following treatment with Forskolin.  194 
RT-PCR analyses showed a marked increase in expression of the STB marker, hCG that 195 
further confirmed enhanced fusion as a result of RO3306 treatment (Fig. 3C).  Both 196 
RO3306 (10 µM) and Forskolin (20 µM) treatments for 24 hours resulted in about 16-197 
fold induction in the level of hCG expression. Following 48 hours RO3306 treatment, 198 
hCG expression remained steady (14-fold increase) whereas   Forskolin treatment 199 
resulted in over 50-fold induction in hCG levels.  Western blot analyses showed a 200 
significant increase in hCG protein levels in RO3306 treated cells but unlike with 201 
Forskolin, RO3306 treatment did not change the expression of CDK1 and cyclin B1  202 
(Fig. 3B).  203 

When cells were analyzed under the microscope, a significant increase in the 204 
number of multinucleated cells was observed following RO3306 treatment. Under normal 205 
culture conditions 4% of the cells contained 2 or more nuclei while this number increased 206 
to 30% after Forskolin treatment and up to 26% after treatment with 5 µM RO3306 (Fig. 207 
4, Table 1).  These observations indicate that increase in ploidy level in RO3306 treated 208 
cells was not the result of endoreduplication but resulted from cell fusion. These results 209 
clearly demonstrate that CDK1 inhibition induces cell fusion. To see the effect of the 210 
inhibition of other CDKs on cell fusion we cultured BeWo cells in the presence of 211 
Roscovitine, which is a non-specific inhibitor of CDKs and inhibits CDK1, CDK2, 212 
CDK5, CDK7 and CDK9 [29]. Treatment of BeWo cells with Roscovitine did not 213 
significantly increase the population of multinucleated cells (Fig. 4, Table 1) indicating a 214 
fundamental role of CDK1 inhibition in inducing cell fusion. 215 

 216 
3.5. Transcription of CDK1 and associated cyclins are down regulated in fused cells  217 

To analyze expression of CDK1 and associated genes at transcription level in 218 
connection to cell fusion, total RNA was extracted from BeWo cells at different time 219 
points after Forskolin treatment and analyzed by quantitative PCR. A decrease in mRNA 220 
levels of CDK1, CDK2 and cyclin B1 was observed in Forskolin treated cells. The 221 



decrease in expression level ranged from about 40% in the case of cyclin E to about 90% 222 
in the case of CDK1 (Fig. 3D). In contrast, the levels of cyclin A transcript did not 223 
decrease. Both cyclin A and cyclin E1 also showed relatively modest change at the 224 
protein levels. These results show that the expression of CDK1/cyclin B1 and other 225 
associated cyclins are transcriptionally down regulated during the fusion of BeWo cells.  226 

3.6. CDK1 overexpression induces apoptosis in fused cells 227 

To investigate the functional consequence of CDK1 down regulation in fused 228 
cells, we transfected BeWo cells with a control plasmid and CDK1 over expressing 229 
plasmid. Transfected cells were selected with antibiotic resistance. Equal number of 230 
transfected cells were then plated and fused by treating with Forskolin (Fig. 4B).  While 231 
75% of the cells transfected with the control plasmid survived Forskolin treatment, only 232 
15% of the cells overexpressing CDK1 remained attached to the plate after the 3 days 233 
treatment. This shows that down regulation of CDK1 is necessary to prevent fused cells 234 
from entering mitosis which can otherwise lead to mitotic catastrophe and apoptosis.  235 

3.7. CDK1 protein is degraded by the 26S proteasome in fused cells 236 

CDK1 activity is regulated by associated proteins, phosphorylation or degradation 237 
[30, 31]. In order to find out if the CDK1 and its associated cell cycle regulatory proteins 238 
are degraded by the 26S proteasome after cell fusion, BeWo cells were fused in the 239 
presence or absence of 26S proteasome inhibitor MG132 and proteins were analyzed by 240 
Western blotting.  Degradation products of CDK1 were detected in fused cells, which 241 
accumulated to higher levels in the presence of MG132 indicating that CDK1 is degraded 242 
by 26S proteasome in fused cells. Degradation products of cyclin B1 were not observed. 243 
In fact we observed a further decrease in the levels of cyclin B1 in the presence of 244 
MG132 indicating that cyclin B1 is not degraded in fused cells by the proteasome and the 245 
decrease in protein levels either entirely resulting from transcriptional down regulation or 246 
by a combination of transcriptional down regulation and proteasome independent 247 
degradation (Fig. SI, S1).  248 

An increase in the intensity of a band of approximately 48 kDa recognized by 249 
p57Kip2 antibodies was also observed when cells were fused in the presence of MG132.  250 
This shows that p57Kip2 may also be degraded by the proteasome in fused cells (Fig. SI, 251 
S1). Degradation products or increase in the level of the full length p21Cip1 and p27Kip1 252 
proteins were not observed after inhibition of the proteasome suggesting that these 253 
proteins are not degraded in a proteasome dependent manner when the cells fuse. 254 

3.8. Fused BeWo cells have limited DNA replication activity 255 

DNA replication requires activities of CDK and its associated proteins.  We 256 
hypothesized that in the absence of CDK and Cip/Kip family of proteins, which are down 257 
regulated during cell fusion, fused cells will have no or limited DNA replication activity.  258 
To test this, fused and unfused cells were labeled with 5-ethynyl-2′-deoxyuridine (EdU) 259 
to identify the cells in the S phase of cell cycle. EdU labeled cells were counted under 260 
fluorescence microscope. In the case of Forskolin treated cells only 14.5% of the total 261 
cells were labeled with EdU as compared to 60.9% of untreated cells (Fig. 5). These 262 
results suggest that fused cells have limited DNA replication activity that is consistent 263 
with down regulation of cell cycle machinery. 264 



3.9. Mouse trophoblast stem cells behave differently from human placental cells 265 

Mouse trophoblast stem cells are used as a model system to study development 266 
and functions of the human placenta.  We analyzed response of mouse trophoblast stem 267 
cells to Forskolin that induces fusion of the human placental cells.  BeWo and TS cells 268 
were treated with 0, 20, 40 and 60 µM Forskolin for 48 hours and analyzed the ploidy 269 
level by FACS (Fig. SI, S2). While Forskolin induced polyploidy and thus fusion in 270 
BeWo cells at 20 µM concentration, it did not affect TS cells in the range of 271 
concentrations tested. We have previously reported that RO3306 treatment induces 272 
differentiation of TS cells to TG cells, which become polyploid through 273 
endoreduplication of their genome. BeWo cells, on the other hand, responded to RO3306 274 
treatment by undergoing fusion. These results show that TS and BeWo cells show 275 
different responses to Forskolin and RO3306 treatments.  276 

4. Discussion 277 

Cell fusion is observed at different stages of development and this process is also 278 
exploited by various pathogens to enter the cells or to modulate host defense responses 279 
[32, 33].  During early embryonic development, placental CTBs fuse to form 280 
multinucleated STBs to form a syncytium which is critical for embryonic development as 281 
it constitutes a biophysical barrier against infections [34, 35]. In order to understand the 282 
differentiation and function of placenta, we previously used the mouse model system and 283 
discovered that the differentiation of mouse TS cells into polyploid TG cells is triggered 284 
by the inhibition of CDK1 activity by its regulator p57Kip2, a process that can be 285 
recapitulated by direct inhibition of CDK1. Differentiated TG cells contain a single large 286 
nucleus with multiple copies of the genome. [26, 36-38]. Polyploidy in mono-nucleated 287 
TG cells is the result of endoreduplication without mitosis [39, 40]. 288 

Human placenta has distinct structural, functional and molecular differences when 289 
compared to the mouse placenta [11, 41]. For example the layer of TG cells that lies at 290 
the interface of fetal and maternal tissues is not present in the human placenta, instead it 291 
is a layer of STBs that constitutes the interface of maternal and fetal tissues.  However, 292 
both human and mouse placental cells can fuse to form a syncytium. To investigate 293 
syncytium formation in the human placenta we analyzed expression of CDK1 and its 294 
regulators in CTBs and STBs.   Our data showed that CDK1 and cyclin B1 are down 295 
regulated in STB. Reduction in the levels of CDK1 were observed in cell culture 296 
experiments where fusion was induced as well as in sections of the placenta where cells 297 
fuse naturally. Previous studies with immunostaining of human placenta have also shown 298 
that CDK1 is not expressed in STB leading the authors to speculate that terminal 299 
differentiation of CTB cells in the placenta may result in cell fusion [42]. Thus decrease 300 
in CDK1 activity appears to be a critical step for the cells undergoing terminal 301 
differentiation and polyploidization in the placenta.  CDK1 inhibition is also observed in 302 
other types of cells undergoing terminal differentiation and polyploidization. For 303 
example, tetraploid retinal ganglion cells (RGC) are maintained in a G2 like state by 304 
inhibition of CDK1 activity [43]. Induction of mitosis in RGC through CDK1 activation 305 
results in apoptosis [44].  In megakaryocytes, polyploid cells that arise through 306 
endomitosis, genetic ablation of CDK1 forces a switch to endocycles that alternate DNA 307 
synthesis and gap phases but cells do not enter mitosis [45] similar to what has been 308 
reported for TG cells [26]. CDK1 activity in megakaryocytes is regulated by cyclin B1 309 



degradation [46] as well as by the Cip/Kip family of CDK inhibitors [47]. 310 
CDK activity is required by diploid cells for entering S-Phase to synthesize DNA 311 

and M-Phase to divide into daughter cells [48].  Studies on sections of the human 312 
placenta in the 1960s based on microscopic measurement of the size of stained nuclei or 313 
titrated thymidine incorporation had concluded that there is little or no DNA replication 314 
in STBs [49, 50]. Our studies using sensitive immunofluorescence techniques confirmed 315 
these observations and provided molecular basis for the lack of a proper S-Phase in 316 
STBs. In fused BeWo cells, we observed around 80% reduction in the expression of 317 
CDK1 and cyclin B1 and a corresponding decrease in the levels of their inhibitory 318 
proteins (p21Cip1, p27Kip1 and p57Kip2). Previously we observed that during differentiation 319 
of TS cells into TG cells, CDK1 protein levels remained constant but p57Kip2 protein 320 
levels increased significantly to inhibit CDK1 thereby preventing entry of these cells into 321 
mitosis. In TG cells p57Kip2 cycles to allow DNA synthesis when its levels are low but 322 
inhibits CDK1 activity and prevents entry of TG cells into mitosis when its levels are 323 
high [51]. 324 

In fused BeWo cells, levels of cyclin E and cyclin A, both of which are involved 325 
in DNA replication and cell cycle regulation through association with CDKs, were low 326 
but detectable which could explain substantial reduction in DNA synthesis. Ectopic 327 
expression of CDK1 in fused BeWo cells resulted in apoptosis. Fused BeWO cells 328 
express cyclin A and cyclin E, although at a reduced levels, which can associate with 329 
ectopic CDK1 in the absence of cyclin B to initiate DNA replication or drive cells into 330 
mitosis. Abnormal DNA replication and unscheduled entry into mitosis often result in 331 
cell death [52].  Ectopic expression of CDK1 in polyploid neuronal cells has also been 332 
reported to result in entry into mitosis and apoptosis [43]. 333 

Direct inhibition of CDK1 by treating BeWO cells with an exogenous inhibitor, 334 
RO3306 induced polyploidy similar to what was observed when TS cells were treated 335 
with RO3306 [26]. However, unlike TS cells, inhibition of CDK1 in BeWO cells induced 336 
cell fusion.  This is a unique observation, as direct CDK1 inhibition has not been reported 337 
to induce cell fusion and raises interesting possibilities of targeting CDK1 inhibition in 338 
the placenta to treat certain placental abnormalities and diseases. The mechanism by 339 
which inhibition of CDK1 induces cell fusion in placental cells and whether CDK1 340 
inhibition exerts similar effects in other tissues where cell fusion is observed during 341 
normal development, remains to be investigated. 342 

Mouse TS cells can differentiate into various placental lineages and are 343 
extensively used as a model system to understand placental development and 344 
differentiation [53, 54]. BeWo cells, on the other hand, are used to study human placental 345 
development [55-57]. The two systems, however, are distinctly different from each other. 346 
For example, we observed that Forskolin treatment did not induce fusion of TS cells at 347 
concentrations required for induction of fusion in BeWo cells whereas it significantly 348 
enhanced the otherwise slow spontaneous fusion of CTBs. No effect of Forskolin on the 349 
proliferation or differentiation of TS cells was observed. CDK1 inhibition in TS cells 350 
induces differentiation into TG cells while it induces fusion of BeWo cells underlining 351 
another fundamental difference between the two systems. Thus while both systems are 352 
useful in studying functions of the placenta, results obtained in either system needs to be 353 
interpreted with caution.  354 

Treatment of fused BeWo cells with a proteasome inhibitor, MG132 revealed that 355 



CDK1 and p57Kip2 proteins are degraded in a proteasome dependent manner while cyclin 356 
B, p21Cip1 and p27Kip1 degradation is proteasome independent. Previous studies have also 357 
reported that CDK1 [31, 58] and p57Kip2 [59, 60] are degraded in a proteasome dependent 358 
manner.  p21Cip1 and p27Kip1 are also degraded by the 26S proteasome [61-63] in certain 359 
types of human cells, however we were unable to detect sub-molecular size bands after 360 
proteasome inhibition. This may be due to proteasome independent degradation of 361 
p27Kip1 in STBs or due to limitation of the sensitivity of the technique used for detection 362 
of degradation products.  363 

In conclusion, we discovered that CDK1 and cyclin B1 are down regulated at the protein 364 
and transcript levels during formation of STBs. We also discovered that the placental cell fusion 365 
could be induced by direct inhibition of CDK1.  366 
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Figure Legends 

Fig. 1. Fusion of BeWo cells induced by Forskolin is associated with increased ploidy 
level and decreased mitotic index.  (A) FACS analysis of BeWo cells, untreated (- Forsk) 
and treated with 20 μM Forskolin (for 24 and 48 hours). (B) Microscopic images of 
BeWo cells, untreated (- Forsk) and treated with 20 μM Forskolin (+ Forsk), taken 48 
hours after the treatment (10X magnification) showing multinucleated cells after 
Forskolin treatment. (C) Mitotic index of untreated  (- Forsk) and Forskolin treated (+ 
Forsk) cells. (D) Quantification of FACS data of untreated and Forskolin treated BeWo 
cells.  

Fig. 2. CDK1 and its regulators are down regulated in STB cells of the human placenta 
and fused BeWo cells. (A) Western blotting for the expression of different proteins in 
untreated and Forskolin treated BeWo cells, one and two days after treatment. (B-D) 
Immunohistochemical analysis of first trimester placenta stained with CDK1 (B), cyclin 
A (C) and p57 (D) specific antibodies. 

Fig. 3. CDK1 and cyclins are down regulated at transcription level in fused BeWo cells, 
and CDK1 inhibition enhances ploidy level and induction of hCG expression. (A) FACS 
analysis of BeWo cells, untreated, treated with 5 μM RO3306 or 20 μM  Forskolin, 
showing increase in ploidy with RO3306 and Forskolin treatments. (B) Western blotting 
for the expression of CDK1, cyclin B1, plakoglobin and hCG in BeWo cells at 0, 24 and 
48 hours time points after treatment with 5 μM RO3306. Expression of tubulin was used 
as a loading control. (C) Quantitative PCR analysis of the mRNA levels of hCG in BeWo 
cells cultured in the presence of different concentrations of RO3306 or Forskolin for 24 
or 48 hours. (D) Quantitative PCR analyses of the expression of various genes in 
untreated (unfused) and Forskolin (20 μM) treated BeWo cells for 24 hours (fused 24h) 
or 48 hours (fused 48 hours).   

Fig. 4. CDK1 inhibition induces cell fusion and its ectopic expression in fused cells 
causes apoptosis. (A) Confocal microscopic images of BeWo cells, untreated or treated 
with Forskolin (20 μM), RO3306 (2.5 μM or 5 μM) or Roscovitine (20 μM) for 48 hours, 
showing the cells treated with Forskloin or RO3306 are multinucleated (fused) whereas 
untreated and Roscovitine treated cells are mononucleated. Nuclei and cell boundaries 
were marked with DAPI stain (blue) and F-actin binding dye Phalloidin (red), 
respectively. (B) Cell survival data of BeWo cells transfected with control plasmid or 
CDK1 overexpressing plasmid and followed by Forskolin to induce fusion. 

Fig. 5. Cell fusion results in decreased DNA synthesis. Fluorescence microscopic images 
of fused and unfused BeWo cells stained with DAPI for total DNA contents (most left), 
marked with E-Cadherin specific antibody to define cell boundary (second most left), 
stained with  EdU to mark cells in the S-Phase of cell cycle (second most right) and 



overlay of these (the most right).  Quantification of data is shown at the bottom.   

  

Fig. S1. Inhibition of proteasome by MG132 does not restore expression of cell cycle 
regulators.  BeWo cells were cultured in the presence and absence of Forskolin and 
MG132 (2 μM). Soluble extracts prepared from cells were analyzed by Western blotting 
using specific antibodies shown on the left. 

Fig. S2. TS and BeWo cells respond differently to Forskolin. FACS analysis of BeWo 
and TS cells 48 hours after the cells were treated with 0, 20, 40, and 60 μM Forskolin, 
showing Forskolin concentration dependent increase in ploidy levels of BeWo cells but 
no effect of Forskolin on the ploidy level of TS cells. 

 

 

 


	Draft_3rdRevision_May4th
	Figs_Final
	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7

	Figure Legends

