
AbstractAbstract

The purpose of this project is to clone the envelope gene of human endogenous 

retrovirus-W (hERV-W) into a commercial GFP containing expression vector.  This is being 

pursued in order to generate a fusion gene for use as a marker in several of our placental 

studies. This gene, HERV-W was reported and subsequently confirmed to be the protein 

which mediates developmental cellular fusion in the trophoblast of normal human placenta. As 

the mediator of cellular fusion, our lab is very interested to construct this vector to aid in 

studies focused on cytoskeletal changes in the normal placental trophoblast. The gene will be 

cloned by PCR from BeWo cells and then inserted into a commercial vector backbone.

Efforts to establish a GFP-ERV env expression vector 

using trophoblast cell cultures as target gene source.
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Examples of future applications of the syncytinExamples of future applications of the syncytin--eGFPeGFP

plasmidsplasmids..

SummarySummary

Figure 7a and b show typical BeWo syncytial cell formation during forskolin-induced trophoblastic fusion.  In both of these cases 

large syncytial cells can be seen in the center of the image.  In figure 7a, several central nuclear masses can also be seen within a 

single large syncytia. In figure 7b, a single nuclear mass can be seen within the syncytia (marked with “N”), while numerous single 

cells surround the whole structure with some of these likely being in various stages of fusion (arrow).  JEG cells, another trophoblast 

model line, were also treated with forskolin and since they do not fuse in response to such treatment basically served as a negative

control for syncytin expression.  As expected no significant syncytia were seen in those JEG cultures (data not shown).     

This overall project was begun in the summer of 2003 with our first attempts to clone 

the syncytin gene from an existing expression vector provided by Dr. Francois Mallet 

from France.  After a number of unsuccessful attempts to employ PCR methods to 

clone the gene out of this vector and engineer the ends to insert into the new vector, 

the project was placed on hold until this year.  We did, however, obtain the eGFP 

expression vector from Q-Biogene and produced a supply of backbone plasmid DNA 

in preparation for isolation of the gene.  In this latest effort, it was decided to redesign 

the strategy and use the trophoblastic model cell line BeWo as a target from which to 

isolate the mRNA for syncytin following induction of expression and subsequent 

fusion by the cells.  Once cDNA is  made from the isolated RNA, our plan calls for 

using PCR to isolate and engineer the ends of the gene for integration into the eGFP

vector.  With this accomplished, further analysis will be conducted for clone selection 

and application in our other studies.  To date, this year we have successfully isolated 

a total pool of RNA from the BeWo cells shown below and attempted to convert this 

into cDNA.  Currently technical problems have prevented us from successfully 

producing that cDNA.   

This project represents our most recent effort to clone the syncytin gene into an eGFP expression vector for 

use in studies directed at defining the role and functions of cytoskeletal elements in normal endogenous 

retroviral mediated cellular fusion. This critical differentiation-associated process is very poorly understood 

and yet has a number of potential clinical implications. By being able to examine the process in vitro and in 

real time using labeled syncytin as described above, we hope to open additional new avenues for future 

research in the field of placentology and trophoblast cell biology. 

Placental Biology, the Trophoblast Layer and Placental Biology, the Trophoblast Layer and ERVsERVs

During normal development and growth of the human placenta, the outer-most fetal cells in this critical 

organ undergo an unusual and poorly understood intercellular fusion.  This terminal differentiation of the 

trophoblast layer leads to the functional interface between mother and fetus being an enormous syncytial cell.  

Following the establishment of this layer, all the metabolic exchange necessary for fetal growth occurs across 

this tissue.  Given the critical nature of this developmental process and the fact that abnormal trophoblastic 

development is associated with several serious pregnancy complications, a better understanding of the process 

is needed. 

Over the past decade considerable progress has been made in our knowledge of the cell biology of 

placental development and trophoblast differentiation.  Although many aspects of this process are understood, 

much of the detail remains to be defined.  One intriguing component of trophoblast cellular differentiation is the 

main protein responsible for cell-to-cell membrane fusion.  That protein is the product of an endogenous 

retroviral (ERV) provirus which is integrated into our normal complement of genes and has become part of our 

functioning genome.  Unlike their exogenous cousins, these endogenous retroviruses are not generally known 

to cause pathology in the host species.  In fact, all species evaluated so far contain large numbers of these and 

related genetic elements in their normal DNA.  Although many researchers have speculated about the potential 

function and purpose of these unique sequences, very few have actually been associated with specific cellular 

processes.  However, in the case of normal human placental development, the expression of ERV proviral 

sequences in the form of retrovirus-like particles has been documented for a number of years.  In fact, in the 

mid 1990’s, Dr. Lyden’s group reported on the retroviral nature of these whole particles isolated from placental 

samples.  This confirmed numerous earlier reports and validated the concept that the entire repertoire of ERV 

proteins is being expressed by the trophoblast in order to generate complete viral particles.  More recently, 

several authors, including Dr. Francois Mallet’s group in France have identified the specific proviral family 

(HERV-W) responsible for the trophoblast membrane fusion event.

As with exogenous retroviral-mediated fusion, the env protein of HERV-W serves to bridge between the 

cellular membranes of the cyto- and syncytiotrophoblast leading to the establishment of a continuum between 

the cytoplasm of these two cells.  Despite considerable focus on this interesting and biologically critical process, 

no systematic evaluation of the cytoskeletal role following membrane fusion has been undertaken before now, 

this study is a significant cornerstone in such an effort by the Lyden Laboratory at UWRF.  To assist with 

studies of cytoskeletal structure and behavior in model trophoblast cells as well as in other retroviral mediated 

fusion systems, this project seeks to develop a GFP-fusion construct which will place the syncytin gene into an 

expression vector that produces labeled protein.  By introducing the labeled protein into live cells undergoing 

fusion we expect to be able to follow the location of syncytin and the cytoskeleton throughout the process and 

thereby better understand the role of each in trophoblast fusion and placental development. 

This project is a continuation of earlier attempts at cloning syncytin into such a vector by our lab during 

2003.  In that case we had attempted PCR cloning from a non-labeled expression vector provided by Dr. Mallet 

in France. Unfortunately, after repeated attempts no product was ever produced in those studies and the project 

was placed on hold.  This time we decided to try cloning the gene from mRNA isolated during forskolin induce 

trophoblast cell fusion in BeWo cells (standard human trophoblastic cell line). 
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Adapted from Lyden TW, et al Biology of Reproduction, 1994  

Outline of Plan to Study Trophoblast Fusion in Culture Systems Outline of Plan to Study Trophoblast Fusion in Culture Systems 

withwith ““LiveLive--CellCell”” microscopy and microscopy and eGFPeGFP--tagged Syncytintagged Syncytin

Figure 1 (left) shows a diagrammatic representation of an 

integrated ERV genome (provirus) illustrating which proteins and

then structures each gene encodes within the final retroviral 

particle.  Basically, the “gag” region encodes genes for the internal 

structure of the virus which encases the viral mRNA and the 

reverse transcriptase (RTase)  that is packaged along with it.  This 

enzyme is responsible for producing the final DNA copy of the 

mRNA once the virus gains entry to a new  host cell. Finally the

“env” portion of the provirus contains a gene for the surface 

protein/s. “Env” is a transmembrane protein responsible for 

attachment of the particle to target cells and fusion of the viral 

membrane to that host cell.  The membrane of a retroviral particle 

is contributed by the host cell from which the particle buds and is 

essentially a small portion of cell membrane studded with “env” 

proteins. This basic overview is the same for both endogenous 

and exogenous retroviruses and leads to an interesting side effect, 

namely cellular fusion.  In pathologic retroviral infections this leads 

to syncytial cell formation between infected immune system cells

while in the case of hERV’s it leads to the developmental 

differentiation of cytotrophoblast into syncytiotrophoblast.  

Figure 2 (right) shows a series of electron 

micrographs taken of placental ERV 

sample preparations with and without 

detergent pretreatment to remove the 

membrane.  These are then presented 

with a diagrammatic overview of an ERV 

particle like that shown in figure 1 above.  

This figure serves to place the various part 

of the genome and the resultant proteins 

into actual context in material harvested 

from normal human placentas.  The 

presence of these clearly retroviral 

particles in samples harvest from normal 

placentas also illustrates the basic point 

that hERV expression can yield not only 

single proteins like “env’, but can also 

produce complete particles

Efforts to Date: Two distinct approaches have been attempted Efforts to Date: Two distinct approaches have been attempted 

to isolate the syncytin gene for cloning.to isolate the syncytin gene for cloning.

Once the syncytin gene has been cloned and inserted 

into our eGFP backbone.  A number of assays will be 

used to evaluate the functionality of the vector for 

localization of syncytin in BeWo and other cells. These 

experiments will seek to establish that our labeled 

protein is normally distributed along with forskolin 

induced natural syncytin in trophoblast cells.  

Additionally the fusion capacity of the tagged protein 

will also be evaluated to insure functionality.  The vector 

will then be employed with “live-cell” microscopy to 

localize the protein and follow it throughout the fusion 

period.  The expectation is that this will greatly enhance 

our ability to understand the fusion process in dynamic 

terms. Similar static observations using immunolabeling 

for retroviral envelop proteins in forskolin induced BeWo 

cells are shown here in Figure 8 (left) and figure 9 

(below).

BeWo cells serve as target cells for isolation of syncytin BeWo cells serve as target cells for isolation of syncytin 

in these studies.in these studies.

Adapted from Lyden TW, and Johnson PM,  Reproductive Immunology, Chap 24, 1995  

Figure 3 (above) presents the “big picture” behind this project. In this figure the whole placenta is presented at the top 

with the umbilical cord leading to the fetus and away from the chorionic plate which lines part of the gestational sac.  The 

opposite side of this critical organ is embedded into the uterine wall and is called the basal plate.  Between these two 

“plates” is a large open space into which the maternal circulation flows.  This “blood” space then represents the location of 

exchange between the maternal and fetal circulation. Within this space, large numbers of fetal tissue projections occur 

which are distinctly fingerlike and are called chorionic villi. These are represented in cross-section above to place the 

cellular layers in context.  Those layers include the fetal endothelial cells of the villus capillary network and the trophoblast

which form the outer covering of the villus structure and which functions as the actual interface between fetal and 

maternal tissues.  The trophoblast in humans actually occurs as two layers throughout much of gestation with a 

monocellular layer of progenitor cells called the cytotrophoblast interior to the outer layer which is actually one large 

syncytial cell and is called the syncytiotrophoblast.  The development of this syncytia is dependent on the progressive 

differentiation of the cytotrophoblast layer and with it the expression of the syncytin gene, an hERV envelop protein.  This 

protein is now known to mediate the actual membrane fusion event that leads to formation of the syncytial trophoblast 

layer.     

Figure 4 (left) shows a longitudinal section through a normal non-

infected early human placental chorionic villi.  The trophoblast layer 

can be seen along the surface (blue arrows) and an area of new 

villus development is clearly seen sprouting at the location marked 

with the red arrow.  This section has also been immunolabeled to

detect conserved portions of the envelop protein of retroviruses. 

This labeling shows up as a red-brown color and can clearly be 

seen located at the interface between the cytotrophoblast and the 

syncytiotrophoblast. This is particularly true at the new sprout where 

expansion of the syncytium is taking place and the trophoblastic

interface is defined by a line of labeling (red arrow) between the two 

trophoblast populations.  The best explanation of this image is that 

the antibodies have detected the site of actual fusion and therefore 

the location of syncytin in-vivo. Our current project seeks to develop 

reagents that will aid in future experiments to test and confirm this 

explanation.

AntiAnti--gp120gp120

Figure 5a-c (right) presents a concept map for this 

cloning project.  Basically, in order to study the 

function of syncytin in live cells during the fusion 

process, we have been seeking to develop an 

expression vector containing the syncytin gene 

”fused” with a GFP expression cassette to produce 

envelop proteins which include a GFP tag. Once 

introduced into trophoblast model cell lines (BeWo 

and JEG), this protein would allow us to examine the 

relationship between ERV env and the cellular 

cytoskeleton, leading to a better understanding of 

trophoblast biology and placental biology as a whole.  

The essential strategy here is to use a commercial 

vector backbone purchased from Q-Biogen (figure 

5a) which contains a GFP tag gene with an adjacent 

cloning site.  The syncytin gene will then be isolated 

and PCR engineered to contain restriction enzyme 

cut sites complimentary to the cloning sites in the 

vector (figure 5 b).  Once both have been prepared 

and cut to produce “sticky” ends the parts will be 

ligated together and the resultant clones screened for 

size and orientation of insert (figure 5c). Finally after 

selection and expansion of promising clones the 

isolated plasmids will be introduced to trophoblast 

and other cell types to evaluate the effects of the 

GFP tag on syncytin localization and function.  When 

a suitable clone is found which displays normal 

localization patterns and fusion activity, this will then 

be used in studies of trophoblast fusion and 

cytoskeletal dynamics.     
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Figure 6 (above) shows the results 

of our maxi-preps to produce a 

supply of backbone vector.

Figure 8 shows the signal detected on BeWo cells 24 hours 

after induction of fusion and presumably up-regulation of 

syncytin by treatment with forskolin. The intense labeling 

seen in specific regions here are clear indicators of locally 

high concentrations of the target protein (arrow). 

Figure 9 shows a higher magnification 

image of a contact region between BeWo 

cells following forskolin treatment. Figure 9b 

has been converted to grayscale and 

inverted to better highlight the structural 

details of this feature. In this case, the 

microvillus extensions of both cells are 

labeling and are clearly intertwined. These 

structures and features like this junction are 

commonly sites of retroviral particle 

production in various cell types. This 

provocative image raises the distinct 

likelihood that this is a fusion site in the 

making and provides a perfect example of 

how we will use the new syncytin-eGFP

vector to label such features in live cells and 

then follow the evolution of the fusion event.
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