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ABSTRACT 

The rat and mouse placental lactogm I and II genes (PLI and PLU) are memben of a 

large family of prolactin-related proteins that are expressed in a developmentally specific manner 

by the placenta during pregnancy. There is an intriguing switch in expression bnwm PL4 and 

PL-II a midpregnancy; the factors that control this switch are unknown. To undastand the 

mechanisms of the switch, we need to understand the regulation of each of these genes. PLI and 

PLU are expressed in the placental trophoblast &nt cells according to different but weriapping 

developmental patterns, wggesting there may be both common and unique factors which 

regulate the expression of these genes. Members of the GATA and AP-1 (JudFos) families of 

transcription factors have been show to be important for high level expression of the maise PLI 

gene. DNA binding sites for these transcription factors are conservai in the 5' flanlong region of 

the rat PLI gene (rPLI), suggesting a similar regulation. Little is known about the regulation of 

PLU gene. The work in this thesis focuses on the mdecular mechanisms of rat PLI1 (rPLn) gene 

regulation. 

The rat chonocarcinorna ceIl line, Rcho, which differentiates in culture into the 

trophoblast giant al1 type, has proven to be a good mode1 system for studying gene expression in 

this cell. Differentiated Rcho cells express rPLII, as well as rPLI and some other membas of the 

prolaain gene family. This eell line was used extensivdy for our rPLII gene regdation studics. 

Transfection studies with the luciferase reporter gene indicated a 3031 bp rPLn 5' 

flanking sequence DNA is active in the Rcho dl line, but not in the non-placental pituitafy OC 

a l l  line. Transgenic mause shidiea dm indicated that îhis f m e n t  was scient in tprgeting 

reporter gene expression to the placenta in riNo. Deletion analysis d this 3031 bp 5' flanking 

that the proximal 1435 bp of *Ln 5' flmking DNA is rquired for minimai 



expression of the reporter gene in Rcho cells. Two negative ngulatory regions wcre identifid 

between -303 1 to -2838 and -1729 and -1435. Most imporisntly, a fragment baween -2838 to 

- 1729 (an EcoRI fragment) appeared to be essential for maintainhg the levd of expression scen 

with the entire 3031 bp rPLII 5' flanking DNA. This region was shwn to contain placentai- 

specific enhancing sequences that functioned in both Rcho and human chonocarcinorna a l 1  

lines, but had no activity in pituitary GC cells. Furtha detailed deletion analysis of this EcoRI 

fragment using a heterologws thymidine kinase (TK) promoter localized a 65 bp aihanca 

region between -1 794 to -1 729. 

DNAse 1 protection analysis of this 65 bp enhancer hgment idmtified two regions 

which were protected by placental and Rcho nuclear extracts fiom DNAse 1 digestion, but not by 

GC nuclear extracts. Sequrnce analysis showed bat the two protected regions curresponded to 

putative binding sites for the Ets and AP-1 families of transcription factors. Site-direaed 

mutagenesis of the individual binding sites led to a partial loss of enhancing activity; a double 

Ets/AP-l mutation led to a complete loss of activity. Electrophoretic mcbility shift assays 

(EMSA) with nuclear extracts and in vipo translated proteins fùrther showed that c-lun and c- 

Fos, bound the AP- I site as heterodimers. The Ets family consists of at least 35 members. Since 

Etsl and Ets2 had previously been shown to be involved in trophoblast gene regulation, k i r  

expression in placenta and Rcho cells was tested. Northem analysis detected Ets2 but not Etsl 

mRNA in both rat placenta and Rcho œlls. Aldiough werexpression of Ets2 in Rcho cells 

i n c r d  the lucifense activity of the cnhanca, Ets2 did mt bind the rPLlI Ets #quaice in 

EMSA, suggesting that another Ets memkr may msponsible for direct effccts, wtiile Ets2 may 

affect the enhancer hction indirectly. Unlike the PLI gaie, two putative GATA sites ai the 

rPLII-enhancing fiagrnent were show nat to be in h d d  in Rcho cdls by mutagenesis 



studies in combination with gene transfer. These data suggested that, even though PLI and PLiI 

are expressed by the same placental ce11 type, the molecular mechanisms of gene ~gulation may 

be quite different. 

This shidy is the first to identify a specific regdatory dement cm the rPLn gme. The 

identification of the Ets fmily manber that interacts with the rPLn enhancer and investigation 

of other potential regulatory elements on the rPLII gme will lead to a better understanding of the 

genetic factors involved in complete developmental regdation of rPLïI. 



TABLE OF CONTENTS 

................................................................................................ ACKNOWLEDGEMENTS i 

.......................................................................................................................... ABSTRACT iv 

.. .................................................................................................... TABLE OF CONTENTS .vu 

................................................................................................... LIST OF FIGURES ..........xi 

. . ............................................................................................................. LIST OF TABLES ..XI! 

... ............................................................................................ LIST OF ABBREViATION S NI i 

................................................................................................................ INTRODUCITON 1 

..................................................................................................................... . 1 PLACENTA. 1 

........................................................................................ 1 . 1 .  Structure and development 1 

1.2. Cl inid  significance of placental defects .................................................................. 5 

............................................................................ 1 . 3 . Mouse models of placentai defeas 6 

........................................................................................................ 1.3.1. Implantation 6 

......................................................................................... 1 .3 .  2. Trophoblast invasion -6 

1.3.3. Fusion of allantois ............................................................................................... 7 

1 .3. 4. Vasculature developmait .................................................................................... 7 

................................................. 1 .3. 5.  Maintenance of the trophoblast ce1 l population 8 

1.4. Genetic regdation of trophoblast differentiation ...................................................... 9 

................................... 2 . RAT PLACENTAL PROLACTIN FAMlLY OF HORMONES 12 

2.1. Hidorical revitw dgene fmily .................................... .... ....................................... 12 

............................................. 2.2. Devdupmental expression of rat PRL family proteins 16 

...................................................................................... 2.3. PRL family in der  spccies -20 

................................................ 2.4. Stm- fatum of the gem f h l y  ................. .. 21 

vii 





.................................................................................. 5 . TRANSENI' TRANSFECTIONS -48 

5.1. Standard transfection experiments ............................................................................. 48 

..................................................................................... 5.2. Overexpression experi rnents -49 

6 . REPORTER GENE ASSAY ANALYSIS ....................................................................... 50 

............................................................................................... 6.1 . R e p d o n  of extracts -50 

6.2. Luciferase assays ..................................................................................................... 50 

6.3. Chloramphenicol acetyltransferase (CAT) assays ..................................................... 50 

............................................................................................. 6.4. Quantitation of proteins 51 

....................................................................... . 7 NUCLEAR EXTRACT PREP ARATION 51 

........................................................................................ 7.1 Tissue and cell preparations 51 

.................................................................................................. 7.2. Isolation procedures -52 

7.3 Buffers ........................................................................................................................ 53 

............................................................................. 8 . DNASE 1 PROTECTION ASS AY S -54 

................................................................... 9 . PCR SITE-DIRECTED MUTAGENESIS -55 

10 . RNA ANALYSIS ........................................................................................................... 56 

.................................................................................................. 10.1 Total RNA isolation 56 

........................................................................................................... 10.2. RNA bloaing $57 

........................................................................................................... 10.3. Probe lrbding 57 

. .  10.4. Hybndization ............................................................................................................ 58 

.................................. 1 1 . ELECTROPHORETIC MOBiLITY SHIFT ASS AYS (EMSA) 58 

.................................................................................................................. 12 . STATISTICS 59 

.............................................................................................................................. RESULTS 60 

............................... 1 . RAT PLII GENE 5' FLANKING AND SEQUENCE ANALYSIS 60 



................................. 1.1 Gene mapping .. ...................................................................... 6û 

........................................................................ 1.2. Sequencing 3 Kb of 5' flanking DNA 6û 

2 . FUNCTIONAL ANALYSIS OF THE NATIVE 5' FLANKING SEQUENCES .......... 62 

......................................... 2.1 . Transfection studies -62 

..................................................................................................... 2.2. Transgenic studies -65 

3 . TDENTLFICATION OF AN ENHANCER REGION IN THE rPLII 5' 

............................................................................................................. FLANKING DNA 67 

........................................................................ 3.1. Deletion analysis of native promoter 67 

............................................................. 3.2. Functional analysis of the enhancer ngion -69 

................................................................... 3.3. Identification of the enhancer sequences 71 

.............................................................. 4 . PROTEIN-DNA INTERACTION ANALY SIS 74 

........................................................................................ 4.1 . DNAse 1 protection studies 74 

....................................................................................... 4.2. Si te-directed mutagenesis 76 

4.3. Expression of Ets transcription factors .................................................................... 78 

.......................................... 4.4. Overexpression studies of Ets and AP-1 binding factors 81 

4.5. Electrophoretic mobility shi A assays ......................................................................... 84 

5 . FURTHER INVESTIGATION OF ETS FACTORS THAT BLND THE 

..................................................................... PLACENTAL SPECIFIC ENHANCER 86 

......................................................................................... 5.1. Otha Ets farnily manbas 86 

........................................................ 5.2. Transfection studies with the other Ets factors -87 

......................... 5.3. Electrophoretic mobility shi fi aggpy s using in vitro vanslated ESX 90 

........................................................................................................................ DISCUSSION 92 

.................................................................................................................... REFERENCES -107 



LIST OF FIGURES 

Figure 1 Schematic dialpsms representing the organjzation of  trophoblast œlls at three 

different developmmtal phases during prepancy in the rat .................................. 4 

Figure 2 Restriction enzyme map of the rPLU genomic clone. GC 1 ................................... 61 

Figure 3 Features of the rPLn gene in the vicinity of the transcription start site ................ 63 

Figure 4 Expression of rPLii 5' &laiking hy bnd luci ferase consmicts in Rcho and 

................................................................................................................... GC cells 64 

Figure 5 Deletion analysis of the 303 1 bp rPLII 5' flanking region ..................................... 68 

Figure 6 Sequences beRveen -2838 to - 1 729 act as a placental cell-speci fi c enhancet ...... 70 

Figure 7 Luciferase expression of the rPLn EcoRI fragment in human placental JEG and 

JAR cells ................................................................................................................. 72 

Figure 8 Deletion analysis of' the -2838 to -1 729 fiagment ................................................ 73 

Figure 9 DNAse 1 protection analysis of the enhancer region ............................................. 75 

Figure 10 Features of the placental specific enhancer region 15 1 bp F7 fragment ............. 77 

Figure 1 1  Expression of the mutated rPLIl enhancer constructs in Rcho œlls ................... 79 

Figure 12 Expression of the rnutated rPLU enhancer constructs in JEG cells .................... 80 

Figure 13 Ets 2 expression in placenta and Rcho cells ....................................................... 82 

Figure 14 Overexpnssion dEts2 and J M o s  in Rchocdls .............................................. 83 

Figure 15 Electrophoretic mobility shift assays of the aihancer fragment .......................... 85 

...................................................... Figure 16 Ovcrexpression of aha Ets fmily members 88 

.... Fi yn 17 Effect af ovaexpmsion of Ets2 or ESX on the Ets mutatcd rPLII aihamer 89 

Figure 18 Electmphoretic mobility shifi assays of ESX ...................................................... 91 



LIST OF TABLES 

Table 1 The cloned rat placentaVdecidua1 PRL fmil y members ........................................ 15 

.................................... Table 2 Expression patterns of the rat prolactin farnily of proteins 19 

........................................... Table 3 Luciferase Baivity in transgenic placentas and fetuses 66 



LIST OF ABBREVIATIONS 

Units o f  measure 

centimeter 

minute 

hour 

degrees centigrade 

microliter 

millili ter 

nanogram 

mi crograrn 

milligram 

mi cromolar 

millimolar 

counts per minute 

revolutions per minute 

volume per volume 

base pairs 

kilobases 

microCurie 

xiii 



Reageits and media 

BSA 

FBS 

CsCl 

dm20 

DMEM 

EDTA 

LB 

PBS 

SDS 

SSC 

TE 

DTT 

PMSF 

Proteins 

PRL 

PL 

CAT 

Luc 

AP-1 

bovine serum al bumin 

fetal bovine semm 

cesium chl oride 

distilled deionized water 

Dulbecco's modified Eagle's medium 

ethy lenediamine-tetraacetic-acid 

Lu ri a-Bertani medi um 

phosphate buffered saline 

sodium dodecyl sulfate 

standard saline citrate 

Tris-EDTA 

di thiot hrei td 

phenylrnethylsul fonyt fluoride 

xiv 



h 

m 

r 

G 

A 

T 

C 

DNA 

cDNA 

RNA 

niRNA 

m 

G3PD 

CMV 

TK 

SF 

OD 

w 

PCR 

PCV 

human 

mouse 

rat 

guanosine 

denosine 

thymidine 

cytidine 

deoxyribonuclei c aci d 

complementary DNA 

ri bonuclei c aci d 

messenger RNA 

deoxyribonucleotide triphosphate 

Gl yceraldehyde-3-phosphate dehy drogmase 

cytomegalovi nis 

herpes simplex 1 thymidine kinase 

serum free 

optical density 

ultraviolet 

polymerasc chain radon 

packed cell volume 



INTRODUCTION 

The placenta plays a vital role in the embryonic development of mammals. It attaches 

the embiyo to the uterus, foms vascular connections necessary for nutrient transport, and 

reâirects maternai endoaine, immune and metabolic hct ions  to the embryo's advantage. A 

mammalian embryo cannot develop withait the placenta. The placenta undergoes dramatic 

stnichiral reorganization during pregnancy in order to match fiinctionally the reguirements 

of the embryonidfetai and matemal development (Ohlsson 1989, Cross et al. 1994). 

1. RODENT PLACENTA 

1.1 Structure and dcvelopment 

In dents,  the egg, afler fertilization in the widua, undergoes a senes of 

symmetrical ceIl divisions to create a mass of 2, 4 and 8 cells called blastomeres, cnclosed 

within a specialized membrane, the zona plIuci&. As deavage proceeds to the 16 ceIl 

stage, compaction takes place - blastomens become flattened and cellcell contact incrmes. 

The formation of the blastacyst is the fira differentiation event that occun after compaction 

of the morula, resulting in the generation of two distinct lineages the tropectoderm and inner 

ceIl mass. Cells in the wter layer of the blastocyst, called the trophectoden, become 

âistinguishable from the undifferentiated embiy ONC stem a l l s  in the i ~ e r  cd1 m a s  (ICM). 

Trophectodm cdls are the pogenitonr of the trophoblast cells in the placenta, and 

development of the trophoblast dl lincage is the fint differentiation evmt during 

mammalian anbtyogenesis. The i ~ e r  cd) m m  goes on to diffaaitate rnaidy into the 

embryo p p e r  and the allamoic placentai structures (Gardner 1983, Rossant et al. 1986). 

Implantation ocairs nion a f k  the blastocyst hstches frm the mm plluci& (day 5 



in rat; âay O of gestation is when spenn is detected in the vagha). M n g  implantation, 

mural trophectoderm cells located furthest fmm the ICM, ini tially adhere to antimesometrial 

uterine epithelial cells and then invade the uterine stroma initiating a transformation of the 

stroma cells termed "decidualization" @eFeo 1967). Mer implantation, the polar 

trophectodm located at the implantation site pliferates to forrn the ectoplacenial corn, 

which is the primary structure of placenta. Embryo developrnent doesnit begin until the fi rst 

placental stmcturcs have formed (Davies and Glasser 1968). 

A xhernatic diagram of placental trophoblast cells at di fferent developmental stages 

dunng pregnancy in the rat is shown in Figure 1. The rodent possesses two placental 

structures at different times during pregnancy - the choriovitelline placenta and the 

chorioallantoic placenta. The choriovitelline placenta suiroundhg the early embryo 

develops first, and is associated with decidual œlls tenned the deci& mpnlaris. The 

choriovitelline placenta is cumprised of a layer of mural trophoblast giant cells aâhaait to a 

prominent basement membrane, called Rcichert's membrane (Davies and Giasscr 1968, 

Soares et al. 1991). 

The choriovitelline placenta eventually degenerates and is eficiently replaced by the 

chorioallantoic placenta at midpregnancy . The chorioal lantoic placenta develops from polar 

trophoblast giant cells of the ectoplacental cone and chorioallantoic mesodenn fiom the 

ICM. The outmost trophoblasts of the ectoplacaital cone differentiate into sccondary 

trophoblast giant cells which lie ai the outer edge of the placenta, foming the interfm with 

materna1 d l s  of the &ci& h u i i s  (Davies and Glases 1968). 

The mature rodent choridlantoic plrcenta msists af two wdl-Qdined zones: the 

junctionai a basal zone and the labynnth m e .  The j u n c t i d  zone contains ûophoblast 



giant cells, positiod at the matmal interface, and spongiotrophoblast (cytotrophoblast) 

and giycogen alls. The labynnth zone contains trophoblaa giant cells, syncytial 

trop hoblast od lq fetal mesenchyme and vasculahire. The junctional zone is su ppl ied only 

by the matemal b l d  supply while the labynnth m e  is supplied by both maternai and faal 

blood supplies. The labynnth is the location of maternal-fetal nuaient exchange@avies and 

Glasser 1968, Soares et al. 1991). This mature placental structure continues to grow and 

develop throughout the second ha1 f of the pregnancy . 
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Fig. 1 Schematic diagrams repracnting the organtration of trophoblast cells at three 

differtnt devdoprnentd phua  during pregnincy in the rat. a) blastocya; b) 

rnidgestati on conceptus; c) portion of late gestation chori oallantoic placenta. ICM, Inner 

cell mas; TGC trophoblast @nt ce11 (Soares et al. 199 1) 



1.2 Cihical signifianet of plicentai defecb 

The placenta establishes fwrctional connections that are critical for embryonic 

survival. Implantation and development of the placenta occur in a stepwise manne; a defect 

at any step a n  be critical for em bry onic survival (Cross et al. 1994). 

The structure of the human placenta is di ffaent from that of rodent placenta. The 

trophoblast invasion of human placenta is much more significant than in rodents (Striclûand 

and Richards 1992). After implantation of the blastocyst on the wall of uterus, trophoblast 

a l l s  begin to form mall, fingedike projections d l e d  microvilli, which extend into the 

matemal endomeûium. As the invasion proceeds, the trophoblast cells differentiate into two 

layers: the aiter layer of fused mu1 tinucleated sy ncyti oîrophoblast ce1 ls, which lead the 

advance into the endomeûium, and the i ~ e r  laya of flat cytotrophoblast cells, that fom a 

complex ystem of projections which eventuaily push through the syncytiotrophoblast laya 

into the pools of materna1 blood. Trophoblasis anchor the conceptus to the decidua and tap 

a blood supply from materna1 blood @kaconsfield et al. 1980). 

It has been estimeted that abwt one-third of normal human pregnmcies end in 

spontaneous abortion, some at very early developmental stages. More than twenty percent 

of such abortions are estimated to occur before pregnancy is detected (Wilco et al. 1988). A 

defea in placental viscular conneaions results in preeclampsia, a disease of pregnancy with 

signifiant morbidity and mortality to both mother and f a s  (Friedman et al. 1991, Roberts 

et el. 1991). Cmently, the approaches for diagnosis and treatment of diseases of prqpancy 

are limited bacause â air limiteci understanding of placental development It is very 

difiinilt to stuây diis developmental process in humans. Recent discoveries fran tarpted 

mutagenesis of maise genes may give sane p e n d  insights into placentai devdopnent. 



There are several mouse models that affaed at di ffaent stages of placental development. 

1.3 Mouse models of placental defects 

1.3.1 Implantation 

The utems undergoes dramatic developmental changes during the preimplantabim 

pend. Utenne changes are controlled by the wanm steroid hormones estrogen and 

progestecone (Beaconsfield et al. 1980, White et al. 1994). Esîrogen triggers utenne 

epithelium to secrete leukemia inhibitory growth factor (LE) (Shen and Leder 1991, 

Stewart et ai. 1992). LIF appears to have an essential d e  in triggering events required to 

initiate implantation. In LIF nul1 mice n m a l  embryos fail to implant (Stewart et al. 1992). 

1.3.2 Trophoblast invasion 

Trophoblast invasion anchon the placenta to the utenne wall . Trophoblasts traverse 

the uterine epitheliwn and invade the decidua, the imer section of the mymetrium and the 

matemal atteries to effect suceessful implantation (Strickland and Richards 1992). 

Trophoblasts produce proteinases that degrade the extracel luar matn x (ECM). For exam ple 

metalloproteinases, wch as sirornelysin, collagenase and gelati nase B (matrix 

metalloproteinase 9, MMP-9) are produced by trophoblast cells and are required for both 

mouse and human trophoblast invasiveness (Librach e! al. 1991). It has beai shown that 

changes in thejr synthesis corrdate with gestation-rdatcd changes in trophoblast invasive 

behavior. In die hurnan cytoaophoblast, production and activation of MMP9 peak dunng 

the first trimester, coinciding with maximal invasive ôehaviair in viw (Behendtsen et al. 

1992, Libnch et ai. 1991). Rcmtly,  the targeted mutation of the transcription factor Ets2 

gent has ban shown to rault in dath of homozygous mouse embryos bâorc &y 8.5 of 



embryonic development. The embryonic death is due to the deficient apmsion of MMP-9 

which results in failed implantation (Yamamoto et al. 1998). 

In addition to pmducing proteinases that degrade the extracelluar matnx, 

trophoblasts also change their adhesive propaties during invasion. Integrins of er~ftgcellular 

matrix are important for al1 adhesion, differentiation. and migration (Wassarman 1995). 

Homozygms loss of P1 integrin expression in mice i s  lethal during early postimplantation 

development. The B1 integrin nul1 embryos at embryonic day 4.5 showed cdlapsed 

blastocy sts. Al though the trophoblast œlls penetrated the uterine epi thelium, extensive 

invasion of the decidua was not obseived and blastocysts had degenerated extensively by 

embryonic day 5.5 (Stephens et al. 1995). 

le3,3 Fusion of  allantois 

Vascuiar ceIl adhesion molecule-1 ('CAM-l), which was originally identified on 

vascular endothelium cells, is a member of the immunoglobulin (Ig) superfamily and 

functions as a qtokine-inducible cell surface protein capable of mediating adhesion to cells 

that express alpha 4 integins. In homoqgous nul1 VCAM-1 rnice, the allantois failed to 

fuse to the chorion at day 8.5 of gestation, nsulting in abnomal placental development and 

embryonic d e d !  (Gurtner et ai. 1995). These acpairnents suggested that œll-dl 

interactions between thme tissues are aitical in chorioallantoic placental development. 

1.3.4 Vuculatun devdopment 

Anotha critical stcp in placental development in humans is die establishment of a 

hybrid vasailaturc, where the fetai tmphobiast replace aidothetial cells in blood vesseii and 

en in direct contact with mrtcnial blooâ. The vasculature transports nitrients and A 

major rdblock  m plaxntal dmlapment is thit the capacity of the placenta does not meet 



the cardiovascular demands of the embryo during its progressive growth (Beaconsfield et al. 

1980, Cross et al 1994). JunB is an immediate early gene product and a member of the 

AP-I transcription factor family (Lee et al. 1987). Lack of JunB causes ernbryonic lethality 

betwern embryonic day 8.5 and day 10.0. The retardation of growth and eventual death an 

caused by the inability of establishing proper vascular interactions 4 th  the matemal 

circulation. JunB appean to be involved in multiple signalhg pathways regulating genes 

involved in the establishment of a proper fetal and matemal circulatory system. In 

trophoblasts, the lack of JunB causes decreased expression of gelatinase B, resulting in a 

defective neovascularization of the decidua (Schorpp-Kistner et al 1999). 

In humans, abnormalities in the vascular connections result in preeclampsia 

(Friedman et al. 199 1, Roberts et al. M l ) ,  in which cytotrophoblast invasion is shallow and 

uterine artenole invasion i s  nearly absent (Zhou a al. 1993). So far there is no good mouse 

mode1 for preeclampsia, but it is known that cytotrophoblasts isdated from preeclarnptic 

placenta do not show the integrin switch that is a characteristic of normal trophoblast 

differentiation, and express no gelatinase B. These mdies aiggest that defects in adhesion 

molecules and proteinases rnight be the underlying causes of preeclampsi a (Lim et al. 1997). 

1.3.5 Maintenance OC the trophoblast cell populations. 

During placental dwelopment, the maintenance of the trophoblast dl population is 

critical for the continuation of pregnancy. There are now several mouse modds with 

decread trophoblast cd1 populations. Hepatocyte growth factor/scatter factor (HGFBF) 

acts as a mitogai, motogen and morphogen for a vMcty of culaired cells. Hmozygous 

mutant maise embtyos with a targeted disniption cf the HGFISF gene die M o r e  binh. 

These anbryos have sevedy impaird placentas with markdly reduced numbers of 



labynnthine trophoblast cells and an aitire disorganized labynnth laya (Uehara et al. 1995. 

Schmidt et al. 1995). nie growth of trophoblast œlls is stimulated by HGFISF in vitro, 

andthe HGF/SF activity is released by the allantois in primary culture â nomal but not 

mutant embryos. niese findings W e s t  that HGFISF is an essential mediator of allantoic 

mesench y me-trophob lastic epi the1 ia interaction required for placental organogenesi s 

(Uehara et a!. 1995). 

av integrins have been implicated in many devdopmental processes (Wassannan 

1995). Eighty percent of îhe av integrin nul1 embryos died in mid-gestation, showing poor 

development of the labyrinthine Iayer and poa interdigitation of fetd and matemal vessds 

(Bader et al. 1998), which suggest the av integrin may have impacts on both trophoblast cell 

population and vasculature formation. 

It has also k e n  report& that mice lacking the epidennai growth factor meptor 

(EGFR) die at mid-gestation in utero due to a d e f a  in the spongiotrophoblast layer of the 

placenta (Sibilia and Wagns 1995, Threadgill et al. 1995). 

Recently WQ basic helix-loop-helix transcription factors, Hand 1 and Mash 2, have 

been shown to be essential for determination of placental trophoblast ce11 types. These 

factors will be discussed in more detail in the following d o n .  

The trophoblast al1 lineage is the first to differentiatc duhng rnammalian 

anbryogenesis (Rossant et ai. 1986). Uncil reccntly little was k i w i  about the 

auiscriptiod ~seulation of tmphoblast diffcrcntiation. The identification of the M c  

helix-loophelix transcription f m  @HLH) Midi-2 (Guillunot et al. 1994) and Hud-1 



(dso called as H't, Cross et al. 1995; eHAND, Srivastava et ai. 1995; niing- 1, Hollenberg 

a al. 1995) has provided a breakthrough in a i r  understanding of the events that regulate the 

devel opment of tophobl ast-specific ce11 lineages. 

Targeted disruption cf Mash-2 and Hand-1 genes in mice have given the first 

insights into the control of trophoblast differentiation. Mash-2, initially idmtified in a 

preneuronal cell line (Johnson et ai 19!3û), is wpressed in large amounts in 

spongiotrophoblast cells but not in trophoblast giant cells (Guillemot et al 1994). Mutation 

of the Mash-2 gene resul ts in a diminished spongiotrophoblast layer and an enlarged giant 

cell layer in basal m e  of placenta (Guillemot a al 1994). Ma&-2 nuIl anbryos die from 

placental failure a .  embryonic &y 1 2. 

An interaction screening for bKLH factors expressed in blastocysts resulted in the 

identification of another bHLH factor, Hxt, which is expressed in trophoblast giant cdls 

(Cross et al. 1995). This factor was also f m d  to k expressed in the hart and neural-cnst 

cc11 derivatives by NO other labotatories (Srivastava a al. 1995, Hollenberg et al. 1995). 

Several observations suggest that Hand-1 regulates trophoblast giant cell formation. Hand-1 

induces the cornmitment of cells to differentiate into trophoblast giant cells, as showi by 

injection of Hand-l into uncornmitted blastomeres of two ceIl mouse embryos, which 

directed their devdopment into îrophoblast @ant cells in blastocysts (Cross et al 1995). 

Ovcrexpression of Hand- 1 in Rcho 4 1 s  reduces prolifdon and promates differentiation 

to giant cells (Cross a al 1995). Wopment of homozygws Hand-1 mutant anbryos wu 

mesteâ by anbiyonic &y 7.5 of gestation with defectp in trophabtast giant al1 

cüfferentiation (Riley et al. 1998, Finilli ei al. 1998). 

It is intercsting to note bat manben of the basic Mx-loophdix (bHLH) family of 



transcription fa*on are important ceIl lineage determinants in many ceIl types. Genetic 

evidence indicates that bHLH transcription factors fûnction as ce1 1-1 ineage deteminants in 

skeletsl muscle development (MyoD, myogenin, mrf'4, myf-5, etc), hem development and 

neuronal ce11 differentiation (Olson 1990 and 1992, Riley et al. 1998. Jan and Jan 1993). 

In dents, the balance between proliferation of trophoblasts and differentiation into 

nonproiiferatve trophoblast giant ceils appear to be regvlated by diese trophoblast-specific 

bHLH transcription factors, as well as by the HLH factors, wch as the Id proteins (Id) 

(Barone et al. 1994), which jack a basic domain. The Id proteins dimerize with members of 

the bHLH protein farnily, but due to the absence of the basic region, the resulting 

heteroâimers cannot bind DNA. Id proteins can therefore negatively regdate activity of 

bHLH transcription facton (Barone et al. 1994). The expression of Id- 1 (Evans and CYBrien 

1993, Cross et al 1994a) and Id-2 (Cross n al. 1995, Janatpour et al 1994) is high in 

proli ferative trop hoblast Rc ho œl 1s and i s down rrgulated dunng di fferen tiati on. Ectopic 

expression of Id-1 reduces the ability of Rcho cdls to differentiate (Cross et al 1995); this is 

similar to the activity of Id4 in regulating the differentiation of the other ceIl lineages 

(Barone et al 1994). 

Although the bHLH factors Hand-1 and Mash-2 appear to play an important role in 

placental developrnent, no target genes have been identi fied for these transczi p tion factors. 

ûnly a few transcription f w s  have been idmtified as important for placental gaie 

expression. Activator protein-2 (AP-2) and manbers of GATA farnily of transcription 

facton have beai identifiai as neceJsuy for the placenta1 expression of Lman diorionic 

gonadotropin a and B subunit gaies (St- et al 1994, Johnson et al 1997). The TEF 

fmily cf transcription factors has b a n  i m p l i d  in the expression of human placentil 



lactogens (Jaquemin et al 1997, Jiang et al 1997). None of these banscription factors, 

however, are expressed exclusively in the placenta, suggesting that protein-protein 

interactions betwen different combinations of transcription factors and CO-activator proteins 

wi 11 be important for daini ng placental specificity . 

Understanding the genetic control of placental gene regulation and identifying 

factors which regul ate placental ce1 l -specific gene expression are important to a i r  

understanding of placental development. We have been studying the regulation of a large 

family of prdacdin (FRL) - like family genes that are expressed according to specific 

developmentaî programs in the rat placenta dun ng pregnancy . 

2, RAT PLACENTAL PROLACIIN FAMlLY OF HORMONES 

2 .l Historical rcview of gene Camily 

Human pl acental lactogen (hPL, also cal led chorionic somatomarnrnotropi n, hC S) 

was first characterized as a placental hormone uniquely expressed dunng pregnancy. 

Human PL, which is produced by syncytiocytotrophoblast -11s at the matemal-fetal 

intedace of the placenta, stimulates lipoly sis, directs maternal metaboli sm, and enhances 

fetal growth (Walker et al. 199 1). Human PL stmctudly and immunologically is related to 

human growth hormone (GH) (Josimovich and McLaren 1962). 

Pionecring studies in rodents showed that hypophysectomy paformed on a prrgnant 

mouse or rat kfore mid-gestation ndtd in abonion; &r midterm the aitcome of 

pregmcy was unafktted (Pencharz and Long 193 1, Selye 1933, Astwood and Grcep 

1938). Pituitary PRL is criticai for the continucd finction of the corptls hteum and the 

development of mammary giand &ring ptgnancy (Greep 1974). These early studies 



suggested that PRL is essential in the d i a  stages of pregnancy, but that the proteins from 

tissues dher than pituitq, most likel y the placenta, are able to take over the role of PRL 

after that time. 

In 1975, Kelly d al. discovered that there were two peaks of lactogenic activity in 

pregnant nit m m  and placental extracts (Kelly et al. 1975). The first pak, designated rat 

placental lactogen I (rPLI), was detected h m  day 8 to day 14 of the pqnancy; the second 

peak, designated rat placenta1 lactogen [I (rPLn), was detected from day 12 to tenn of the 

placenta. Robertson and Fnesen (1 98 1) funha characterized these two placental lactogenq 

and found that rPL1 had a molecular weight of 40,000 and rPLII had a molecular weight of 

20,000. Although both waild bind the prolactin naptor, the antibody to rPLn did mt 

cross-react with rPLI (Robertson and Friesen 198 1). 

With the advance of recombinant DNA technology, this simple picture changed 

dramaticaily . In 1986, Duckworth et al isdated rPLn 9 N A  (Duckwonh et al. l986a), îhe 

fint non-human placental lactogen to be cloned. interestingly, unlike the human, its 

sequence was more closely related to PRL than to GH. hiring the characterization of rPLiI 

cDNA, two further polactin-like proteins (PLP), temed rPLP-A and rPLP-B. w e  

idaitified. As these fmi 1 y members were characteritcd at the GDNA, protein, and genornic 

levelq more members were discovered. Several recently idaitifid PLP members mre 

idaitifid by seuching for dosdy relatecl sequerices in expressed sequence $g (EST) 

databases with &NA scquences of known PRL fmily mernbers. To date, 17 membas of 

the PRL gcne funily acpnsseâ in the rat plamta andlot matemal decidua have ôcen 

doned; these are listed in Table 1. 

Himoka et aL(1999) doned a deciha protan a l la i  WLP-In, which is die sune as 



rPLP-J identified by ToA and Linzer, 1999. Ishibashi et al. (1999) doned rPLP-1, rPLP-J 

(same as Linzer's rPLP-J), rPLPK, rPLP-L fiom a rat placental library ; only rPLP-I has 

been shown to have expression in a tissue other han placenta, in this instance, the testis. 

The time of expression and expressing ce11 types in placenta for rPLP-I have not yet been 

detennined. Most recently, two new rat PRL fmily members, rat prolactin-like protein F 

(rPLP-F) and rat prolferin-related protein (rPLF-RP) have been identified (Sahgal et ai. 

2000). These new members show considerable sequence homology to the mouse PLP-F 

and PLF-RP proteins ( Lin et al. 1997a; Linzer and Nathans 1985) and th& presaice in nit 

reinforces the contention that these proteins have important funciions during ptegnancy in 

dents. 



TaMt 1. The cloncd rat placental/decidual PRL tamily membcn 

PRL family member* Reference 

Duckworth et al. l986a 

Duckworth et al. 1 986b 

Duckworth et al. 1988 

Robertson et al  1990 

Robertson et al. 199 1 

Deb et ai. 1991a 

Roby et al. 1993 

Dai et al. 1 996 

lwatsuki et al. 19% 

Soares et al. 1998; Iwatsuki K and Shiota K, unpblished data 

Iwatsuki et al. 1998 

Ishibashi et al. 1999 

rPLP-3 by Tofl and Jher 1999 ; Ishibashi et al. 1999 

Ishi bashi et al. 1 999 

Ishibashi et al. 1999 

Sahgal a al. 2000 

Sahgal a ai. 2000 

*rat placental lactogcn @PL); rat PRL-like pmtcin (rPLP); rat &cidual/trophoblaat 

proiaain-related protein (WLP).  



2.2 DevdopmenW expression of  n t  PRL famUy proteins 

The placental PRL family is characterized by distinct ceIl and temporal patterns of 

expression. Time of expression and expressing cd1 types are summarized in Table 2. The 

ancestral member of the family, PRL, is expressed in lactmtroph cells of the anterior 

pituitary (Li 1978); aha family members are expressed in placenta andor the materna1 

antimesometial decidua. 

The expression of rPLI is initiated shortly &er implantation in mural trophoblast 

giant cells of the implanting blastocyst and later extends to the secondary gant cells in the 

junctiond zone of the chorioallantoic placentas (Soares et al. 1985, Duckworth et al. 1993). 

Within a 48 h period behueen day 1 1 and 12 of gestation (in rat, day 1 of gestation was 

defined as the &y sperm was abserved in the vagina) rPLiI expression is initiated and rPLl 

expression is tenninated (Faria et ai. 1990a, Duckworth et al. 1993). 

Rat PLI1 is initially expressed exclusively in trophoblast giant cells of the basal 

zone; by day 14, trophoblast giant eells of the labyrinth zone also acquire the capabiiity to 

express +LI1 (Campbell a al. 1989, Duckworth et al. 1990). The labyrinth becornes the 

major source of the rPLU protein in late pregnancy (Duckworth et al. 1993). During the 

overlapping pend of rPLI and rPLD expression, the same trophoblast giant cells in 

junctionaf zone are responsible for the production of both hormones (Aickworth et al. 

1993). The mechanisms nsponsible for the placental lactogen midpregnancy switch in 

expression are unknown. 

Rat PL-IV, rPLP-A, rPLP-C, rPLPCv, rPLP-D, rPLP-E, and rPLP-H are müictcd 

to the basai mne d the choridlantoic placenta Expression of these PRL-da!& 

homones, which is initiated just ifta midgestaticn, is confined to spcmgiotrophoblrst œlls 



and, to a much lesser extent, to trophoblast giant cells of the basal zone. Levels incrase as 

gestation advances (Robertson et al. 1991, Campbell et al. 1989, Duckworth et al. 1990, Deb 

et al. 1991 a,b,c, Soares et al. 1998). 

In placenta rPLP-B is nstricted to the spongiotrophoblast cells, and represents a 

specific marker for these alls (h~ckworth et al. 1990, 1993). E d i a  in pregnancy rPLP-B 

is al so expressed in the antimesometnal decidual tissue of the pregnant and pseudopregnant 

rat (Croze et al. 1990). 

Rat dltPRP is expressed in antimesometrial decidua dunng early gestation, and then 

in spongioaophoblasts and giant cells of basal zone during the second half of pregnancy 

(Roby et al 1993, Gu et al. 1994). The reantly describecl rPLP-J is exclusivel y expresseci in 

decidua (Toft and Linzer 1999). Tempordly, most of the placental membas are expresscd 

dunng the second half of die pregnancy . 

The most recently identified rat family members, rPLP-F and rPLF-RP (Sahgd et al. 

2000) show different expression patterns from those of the mouse. Munne PLP-F i s  

expressed only in spongiotrophoblasts, Aile the rat homologue is arpressed rnainly by the 

basal zone giant cells with low level expression from spongiotrophoblasts only Iate in 

pregnancy . The rat PLF-RP is fint expressed in cd1 s in the invading ectoplaccntal cone and 

later exclusively within the labryrinth. The murine PLF-RP is expressed in the giant al1 

layer of the Mdgestation chorioallantoic and chonovitelline placentas and tata mthin the 

trophoblast giant cc11 and spongiotrophoblast layen of the junctiaiai nwie (Colai a J. 

1988). 

Very rccaidy Pigent-Tessier a al. (1999) have shown dut PRL itdf is du, 

expressed in the antirnewnieûial decidua of the pregnant rat. Expression af PRL in dscidua 



appears to be regulated di Eerentl y from pituitary expression suggesting ti s s w - s p i  fic 

regulation of the rPRL gene, possibly frorn an alternative promoter as has been shown for 

the human PRL gene (DiMania et al. 1990). 



Table 2 Expression patterns of the raï prolictin family OC proteias 

Protein Time o f  expression* Expressing ceII typa 

Prol acti n Embryonic day 9 - 1 1  Antimesornetrial decidua 

Postnatal 

Day 7 - 12 

Day 1 1 - t e n  

Day 14 - t e n  

Day 14 - term 

Pi tuitary 1 actotroph 

Trophoblast gimt cells 

Trophoblast giant cells 

Spongiotrophoblasts and 
trophoblast giant cells 

Spongiotrophoblasts and 

trophoblast giant cclls 

Day 7 - 13 Antimesomehial decidua 

Day 13 - tenn Spongiotrophoblasts 

Day 14 -terni S pongiotrophoblasts and 

Day 14 - term 

Day 14 - term 

trophoblast giant cells 

Spongiotrophoblasts and 
trophoblast gi ant cells 

S pongi otrophoblasts and 

trophoblast gi ant cells 

Day 14 - terni Spongiotrophoblasts and 

trophoblast giant cells 

Day 14 - tenn Spongiotrophoblasts and 

Day 7-  10 

Day 7 - 13 

trophoblast giant cells 

Decidual cell s 

Antimesometrial dtcidua 

Day 13 - 16 Spongiotrophoblasts and 

trophoblast giant cells 

*Day 1 is defined as the dry spenn w u  observeci in the vagina. 
hickworth et ai. 1993, Soans et al. 1998, Toft and Liner 1999. 



2.3 PRL famiiy in other speciu 

Most of the placentaVdecidua1 PRL family of proteins described in the rat have also 

been identified in the maise (Jackson a al. 1986, Lin et al. 1997a,b, Colosi, et al. 

1987,1988, M g  et al. 1997a) and their developmentd expression patterns in rat and 

mouse are very similar. Proliferin (PLF) (Linzer et al. 1985) and prolifenn-reiated protein 

(PLF-RP) (Linzer and Nathans 1985) were the fira placental mem bers of this gene fmily to 

be descnbed in the mouse and until recently neither had been identified in the rat. As 

mentioned, Sahgal et al. (2000) have now reported on the isolation of a rat &NA clone Ath 

considerable structural similarity to PLF-RP. Double imrnunofluorescence staining and in 

situ hybndization demonstrated that the same trophoblast giant cells express rnPL1, mPLII, 

and PLF smultaneously at midpregnancy (Yamaguchi et al. 1994, Lee et al. 1988). A 

further protein that has still only been detected in the mouse is PLP-Ca which like the very 

similar protein PLP-C, is expressed in both the spongiotrophoblasts and giant cells of the 

mid- to late terni placenta. 

A farnily of PRL-like proteins are also pment in cow (Schuler et al. 1987, 1988, 

Kessler et al. 1989), sheep (Colosi et al. 1989, Kenn et al. 1999), and hamster (Southard et 

al. 1989, Jones and Renegar 1994, Barnes and Renegar 1996). The genes for dl identified 

placental PRL-like proteins have been localized to the same chromosome as PRL: rat, 

chromosome 17 (Duckworth et al. 1993), mouse, chromosome 13 (Jackson-Gnisby et al. 

1988, Dai et al. 1998), cow, diromosorne 22 @ietz et ai. 1992). In hurnan, no placental 

PRL family members have beai identifiai, but the growth hormone-like hPL is contiguous 

with the GH gaie on chromosome 17 (George et d. 198 1). The human PRL gene is  lacciseci 

on chromosume 6 (Owehach et ai. 198 1). 

The pncise arrangement d'cadi gene dong its respective chromosome has n a  ban 



reported. Our laboratoiy has characteriad a P 1 genomic clone that links rPLII and rPLP-B 

together on a 70 Kb fiagrnent (unpublished data). Al1 known members of the mouse farnily, 

except prolifain, are located on a single 700 Kb YAC clone (Lin et al 1997), which 

suggests that the PRL fmily  of genes are likely linked in a single loais. Manbers of PRL 

farnily genes have probably arisen by gene duplication as has been proposed for the human 

GWPL fmily (Nidl 1982). Interestingly, primates are the ody group so far identifieci that 

have evdved a family of proteins expressed in placenta that are related to GH M e r  than 

PRL. 

2.4 Structurai features OC the gent family 

AI1 members of the PRL family have a greater han 30% identity to rat PRL at the 

amino acid level and have highly conserveû cysteine and tryptophan residues within the 

protein. Al1 members of the PRL fmily have at least fair highly conse~ed cysteine 

residues. These conserved characteristics suggest that the proteins will have sirnilar folding 

patterns. It is intereshng to note, however, that only PLI, PLlI and PLIv have been show to 

bind the prolactin receptor (Kelly et al. 1975, Robertson et al. 1981, Cohick et ai. 1996). 

Additional structural information has been obtained by comparing amino acid sequences of 

the farn il y members. In some cases thae are differences between the proteins that may lead 

to differences in receptor binding. For example, exon 3 of the al1 members of îhe PLP-C 

sibfamily aicodes a segment rich in aromatic amino acids celled an "aromatic domain" (Dai 

et al. 1996, 1998). 

Al1 utcroplacental PRL fmily manbas, accpt PLII and poasibly PLP-Cv, appear 

to meive somc type âarbohydnte modificaticm. PRL fmily membes aprsssed by 



spongiotrophoblast cells possess distinct glycoqlation patterns. These patterns are ceIl 

type- and protein-dependent (Manzella a al. 1997). There al= appears to be species 

differences ôetween rat and mwse regarding glycosylation patterns. Rat PLP-A has two 

putative N-linked glycosylation sites, generating 29 and 33 KDa gl ycosylated forms of the 

protein (Deb et al. 1989, Muller et al. 1998). The mouse has only a single N-lidced 

glycosylation site that is associated with a 29 KDa glycosylated protein. 

Two exonîintron organizations have been described for this family in rat and mouse. 

A 5 exonI4 intron structure has been found in PRL (Cooke et al. 1986), PLI1 (Shida et al 

1992, Shah et al. 1998) and proliferin (Connor et al. 1989); a 6 exod5 intron structure has 

described for PLP-CV (Dai et al. l996a), PLP-Ca @ai et al. 1998) and d/tPRP (Orwig et al. 

1997b). 

2.5 Function 

2.5.1 Prolactin 

Prolactin (PRL) has been implicated in numerous physiological and developmental 

processes (Reviewed by Bole-Fey sotet al. 1 998). In pariicular, in rodents it play s a key d e  

in the establishment and maintenance of pregnancy. Early in pregnancy beginning at &y 2 

after mating, pihiitary PRL is sccreted as diumal and natumal surges which are essentiai 

for establishing and maintainhg pregnancy until midgcstation (Fmman and Neill 1972, 

Smith et al. 1975). 

Pituitary PRL dinaly stimulates the growth and devdoprnent cf the mammary 

glands and stimulates milk pman synthesis (Thotdarson and Talamantes 1988, Forsyth 

1988). PRL regdates the devdoprnent of the munmary $anci at dim stages in the 



reproductive life history of females. The first stage is mammary gland aganogencsiq 

during which PRL contributs to the maturation of the mammary glands frwn a primary 

ductal system, which gmws from terminai end budq to the Nlly mature non-pregnant gland. 

During prepancy PRL, placental lactogens, and progesterane stimulate the upansion and 

physidogicai differentiation of the lobuldvdar system from the lobular buds. Aftet 

deiivmy, PRL in the context of fdling progestmne stimulates the final induction of milk 

protein gene expression and lactation (reviewed in Homeman et al. 1 999). 

PRL is not only essential for mammary gland development, it also plays an 

important role in wary development. Studies have shown that PR. is a necessary 

participant in the extension of the funaional lifespan of the c o p s  hfem of the estrous 

cycle (Morishige et al. 1974) and that it stimulates the luteal prqesterone production. which 

is essential for maintaining pregnancy (Matsuyama et al. 1990). PRL also has a direct &ect 

on develapmental cornpetnice and maturation of oocytes (Yoshirnura et al. 199 1). 

In the PRL nul1 mause model, PRL-deficient males are fertile and produce âfspring 

with normal Mendelian gender and genotype ratios when they are rnated with heterozygous 

females. PRL deficiency in femaie mice causes infertility, but does not prevent spontaneous 

matemal behaviair when diallaiged with foster pups Mamrnary glands of PRL nul1 

female rnice develop a ductal tree which is characteristic of the normal virgin adult 

mammary gland, but ducts fil to develop lobular decorations The lymphocyte ceils do not 

appear to be dfbcted since myeIopoids and Mmary lymphopoicris arc u d t d  in the 

PRL nuIl rnice (Hotseman et ai. 1997). 

Mice unying a gam-line dl mutation ofthe PRL ccccptor gene show mon scvm 

defects îhan the PRL niIl mia. Homoygous fanales am serile kcwse of a compiete 



failure d an bryonic implantation. The mutant mice show mu1 ti ple reproductive 

abnonnali ties, including irregular estrous cycles, reduced fertili ty rates, ciefcctive 

preim plantation embryonic development, and jack â psaidopregnancy . Hal f of the 

homozygous males are infertile a show reduced fertility. Even heterozygws females show 

almost complete failure of laaation that appears to be caused by greatly reduced mammary 

gland development f ier  uieir frrst pregnancy; this failure to lactate appean to be overcome 

in subsequent pregnancies (Ormandy et al. 1997). 

Recentiy shidies of prolactin raptor  nul1 mice indicated that prolactin affects 

mammary morphogenesis in two different ways. PRL controls duaal side branching and 

terminal end bud regression in virgin animals via indirect rnechanisms. It also acts directly 

on the marnmary epithelium to produce lobuloalveolar development during pregnancy 

(Brisken et al. 1999). Studies of pupdirected materna1 behaviour in PRL receptor nul1 mice 

indicate that the PRL receptor is also a regdator of matemal behaviour. Both homozygous 

and heterozygws PRL receptor mutant fernales show a profand deficiency in matemal 

behaviour when challenged wi th foster pups (Lucas et al. 1 998). This is a di fferent response 

from the normal behaviour of the PRL nul1 mice placed in similar circumstances. Taken 

together with the more severe mammary gland defects found in PRL receptor nul1 mice, 

these findings suggest that d e r  PRL receptor ligands also have important roles in 

P'Wnancy. 

2.5.2 Othe PRL bmiiy membm 

Althaigh the devdopmentd expression of the placentaVdecidurl mernbem of the 

PRL family proteins is tightly quloted, linle is known &ait their Mction. The arc B 

vibo daa that show that PLI ad PLI1 have similu rnammotmphic and luteotrophic &6ets 



to PRL in primary mammary epithdiai al1 cultures. The PLs stimulate various mges of 

mammary epithelial cell growth and differentiation (Thordarson et al. 1986, Thordarson and 

Talamantes 1987) and prornote the biosynthesis of progesterone by the corpus hteum 

(Galosy and Talamantes 1995, Thordarwn a al. 1997). It has beai demonstrateci that PLI 

and PLII bind to PRL receptors (Robertson and Fiesen 1981) and activate its signal 

pathways. As described abovc, the d e f m  of PRL receptor null Mce appear to be more 

severe than those of the PRL null mice, suggesting that the d e r  PRL receptor ligands, such 

as the PLs, may play important d e s  in mammary gland development dunng pregnancy . 

Although PRL plays a aucial role &ring pregnancy the PRL surges decline at 

midpregnancy (Freeman and Neill 1972, Smith et al. 1975). Hypophysectomy d a  pregnant 

rat before day 12 of gestation results in aboition, but afler midtenn the autcome of 

pregnancy is unaffecteû (Astwood and Greq 1938). These data suggest that pituitary 

hormones are essential in the earlier stages of prqnancy but that the placental proteins are 

able to take wer the role of PRL afta that time. The rat placental PRL proteino. in 

particulas PLI and PLII, are obvious candidates to replace the functions of the nit pihiitary 

PRL. It has been speculated they may also have a nile in regulating the decline of the PRL 

surges, since they are expressed during pregnancy mainly afler PRL secretion is shut Qwn 

(Yogev and Terkel 1978, 1980; Voog  1980). 

PLI and PLU are expressed at specific times during pregnancy suggesling biat tby 

have @fit des. The rat choriocarcinma ceil line, Rcho, when transplantcd unda the 

kidny capsule of female rats, haa ban hown to produce rPLI but no aUia PRL fmily 

mernbem (Faria a al. 1990b). It has been nported but proteins stcmcd from implanted 

Rcho alls d d  inhibit ths synthesis d piaiitary PRL in Mvo ( T o m ~ t  a ai. 19931, 



suggesting that rPLI itsel f may inhibit PEU release Ma effects on the hypothalamus. 

Mouse PLII has been reported to be present in the fetal semm from day 14 (Ogren 

and Talamantes 1988). Functional rPL-LI binding has been revealed in the fetal adrenai 

cortex, renal tubules, mal1 intestinal villi, pancreatic islets and hepatic parenchyma (Royster 

et al. 1995). In rodents, expression of the PRL receptor mRNA and protein is widespread 

throughout the fetus dunng devdopmmt (Tzeng and Limer 1997). Ptolactin itself, 

however, is not expressed in the f ~ s  until close to bitth (Gash et al. 1982, Aubert a al. 

1985, Tonh et al. 1989). suggesting that other PRL receptor binding protein (s) function 

through these PRL receptors. These &ta together suggest that PLII, which binds PRL 

receptors, may have a vital role in fetal growih and development (Tzeng and Linzer 1997). 

An in vitro study has show that both rat and mouse placental lactogens have effects ai islet 

B cell division and insulin secretion (Breljc et al. 1993). suggesting PLs may potentially 

have a role in insulin metabolism. 

The biological functions of two of the mouse PRL family mcmbers have been 

relatively well-studied. Proliferin (PLF) and prolifenn-related protein (PLF-R) are potent 

regul ators of angi ogenesi s; pro1 i f&n sti mulates and proli feri n-related protei n inhibi ts 

endothelial ce11 migration in  cell culture and neovascularizntion in vivo (Jackson et al. 1994). 

The mwse placenta secretes an angiogenic activity during the middle of pregnancy that 

corresponds mainly to PLF. and Iater in gestation releases anti-angiogenic adivity bat 

corresponds to PLF-R PLF binds to capillary emdahelial cells, niggesting that it may 

stimulate the reorgsnization and growth of matemal b l d  vessels in dbcidual tissue at the 

implantation site. PLF-R may act to dow Qwn vesscl powth in response to polifain and 

d e r  angiogcnic factors, and gentrate a bima m e  that pnvaits metanal blood v d s  



from over-growing (Jackson et ai. 1994). 

PLF has dso been detected in both the maternai and fetal comparbnents. Mouse 

PLF binds to insulin-like IGF IIlmannose &phosphate receptor (Lee and Nathans 1988). and 

this receptor is q u i r d  for PLF-inducd angiogenesis and PLF binding to specific cells in 

the feh>s (Volpert et ai. 1996, Jackson and Linar 1997). The major binding sites for PLF 

have been detected in developing fd vertebral and vasnilar structures. PLF 

immunoreactivity has also bem observed in association with the yolk sac (Jackson and 

Linzer 1997). 

No specific receptors have yet b a n  identified for other membas of the prdactin 

family. It has bem reportecl that recombinant rPL-IV is able to compete with ovine PRL for 

rat wahan and liver PRL receptors but the binding afinity is much lower than that of PLI 

and PLII. (Cohick a al. 1995). Using an elkaline phosphatase-tagging strategy, it has been 

shown that rPLP-A specifically intaacts with a population of naturai killa (NU) 

lymphocytes within the mesometrial cornpartment of decidua from pregnant and 

pseudopregnant rats (Muller et al. 1999). Another member of the mouse PRL farnily, 

PLP-E, targets megakaryocytes through an unidentifieci specific cd1 nceptor and induces 

mesakaryocyte differentiation (Lin and Linzer, 1999). These associations with cells in the 

hematopoietic lineage aiggest some interesting nm functions for m m k s  of bit PRL 

famil y during dewlopmtnt. 

Although the bidogical functions of the placental members of the PRL gene funily 

are na yet dear, the specific cellular and temporai expression of these gena n r g ~ a t  that 

they must play special da bring pregnancy. The unique expression patterns â biis gaie 

family make it a vduaôle resairce to study plactntalspecific gaie tegulation. 



3. REGUTION OF RAT PROLACTIN FAMILY GENES 

3.1 &nerd revicw o f  bamcriptiond mgulation of eukaryotic gents 

DNA is transcribed into a pre-mRNA containing exon (coding) and intron 

(noncoding) çequences. RNA procasing of this pre-mRNA includes the removal of introns 

and addition of a poly A tail resulting in a mature mRNA. The mRNA is either translateci 

into protein or degraded. Subsquent post-translational processing of protein includes 

modification and degradation of the protein. A gene can be regulated at the levels of 

transcription, RNA processi ng, translation or pst-translati onal processing (Reviewed by 

Gninstein 1990; Jackson 1991). Transcriptional regulation plays a key role in the regulation 

of many genes. 

Eukaryotic protein-coding genes are activated and regulated at the level of 

transcn ption through two general dasses of DNA elements and thei r protei n binding frctors: 

1 )  cornmon mre promoter dements (proximal to the transcription stm site) interact with 

RNA polymerase II and general transcription factors - together these are called the general 

transcription machinery or preinitiation complex (PIC). 2) sequence-specific transcription 

factors and cofactors interact with genaspecific regulatory dernents (distal to the m e  

promoter) and modulate the function of the general transcription machinay by looping 

mechsnisms (mriewed by Wer 1998). 

The generai transcription factors that intaact with core promoten are ubiquitouq 

have ineinsic ability to initiate transcription and are involved in the basai ûamdption 

proces. The regdatory transcription fadas that intaect with distal mgdatory danaits 

(enhance, npaisar or locus contrd *au) are gene-, dl- andlor stagtlspccific. 



Together transcription factors with cofactocs regulate the rate of transcription of each g m  

in response to various developmental and environmental signals by affecting the general 

transcription machinery (Reviewed by Roeder 1998). 

3.2 Prolaetin gent regdition 
0 

The pituitary-specific expression of prolactin (PU) rnd growth homione is 

regulated by the POU and homeodomain DNA binding factor, Pit-1IGHF-1. Pit-1 has ban 

shown to essentiai for the lactotroph dl lineage, as well as the somatotroph and thyrotroph 

ceil lineages (Li et al. 1990, Somson et al. 19%). In addition to Pit-1, regdation of PRL 

gene transcription in lactotroph cells aiso quires  cosperative interactions between the 

pituitary-specific Pit-l and members of the Ets transcription factor family (Bradford et al. 

1997). 

The Ets transcription factor family consists of more than 35 memben (Wasylyk a 

el. 1998). Mernbers are defined by a highly consaved 85 amino acid DNA binding domain 

known as the Ets binding domain (EBD) that recognizes a consensus core DNA sequence, 

A/CGGAA/T (Wasylyk et al. 1993, 1998). The Us family of transcription factors fbnction 

as either transcriptional activaton a repressors. As targets of the Ras-MAPK signaling 

pathway, Ets proteins function as aitical nudear integratm of ubiquitous signsling 

d e s .  To direct s i p a l s  to specific targct gents, Ets proteins intaad uith other 

trmsaiption fodors that pmote the binding of Ets protans to oomposite Ris-rrsponsive 

dernents (Wasylyk et al. 1998, Sharrocks et ai. 1999). 

Ets proteins bind to DNA u mcmomers, but protein-protein interactions qpar to be 

important for ihdr fundon (Wasylyk et al. 1991, Butticè et al. 1996, B m y w  et J. 1997). 



In the case of the PRL gene Ets-l physically interacts with Pit- l to fully nconstitute 

proximal PRL promoter activi ty . The Ets-l/Pit- l sy nergy requires a composite Ets-1 IPit- 1 

cis-element and is dependent on an Etsl-specific protein domain. Ets-2 has no direct ef'6ect 

on the PRL promoter (Bradford et al. 1997). interestingly overexpression of recombinant 

Ets-2 npressor factor (ERF) inhibits PRL promoter activity by intedering with the 

Us-l/Pit-I interaction @ay et al. 1998). These results underscore the importance of 

transcription factors that are distinct from, but interact with, homeodomain proteins to 

establi sh li neage-specifi c gene expression. 

EGF increases PRL gene expression in pituitary GH4 cells (Murdoch et al. 1982). 

The EGF nsponse element of the P U  promoter is a recognition sequence for the Ets 

transcription factors, and Ets factors have been shown to bind this element (Jacob et al. 

1999). Expression of the DNA-binding domain of oEts-1, which acts as a dominant 

negative inhibi tor of Ets transcription factors, reduces EGF-increased reporter gene 

expression from the PRL promoter. Thus, EGF may signal through Ets transcription factors 

to activate PRL gene transcription (Jacob et al. 1999). 

Other studies have suggested that transcription factor(s) besides Pit-1 are also 

involved in the regulation of PRL promoter activity. CCAAT/enhancer-binding protein 

a (Jacob et al. 1999) and PRL regdatory dement binding protein (PREB) (Fliss et ai. 1999) 

have beai shown to regdate PRL g m  expression. The newly identifiai PREB protein 

wntains two poline and glutamine-rich ptcntial msadvation domains. Althaigh it 

contains no apparent DNA-binding motif, it exhibits sequence-specific binding to a site 

called lP, wliich is not identical to that for Pit-l (Fliss a rd .  1999). 

The otha PRL fmily memben are apressed primarily in placenta. Oaie 



ngulation studies were difficuit because only primary placental alls wm available. In 

1989 Verstuyf a al. developed the rat choriocarcinoma cell line, Rcho, providing a new t d  

for the study of regdation in trophoblast-specific genes. 

3.3 Rat choriocarcinoma ceil line 

The rat chonocarcinorna cell line, Rcho, was derived h m  a transplantable rat 

choriocarcinoma turnour (Verstuyf et d.1989). This cell line is composed of pure 

trophobldst cells that grow as a mixture of cell types: undifferentiated small cells and 

differentiated giant cells. The small cells that grow in dusten, multiply and diffaentiate 

into trophoblast giant d l s  in cultures, Aile the terrninally differentiated giant cells Jose ihe 

ability to proliferate. The morphology of the Rcho giant cells is very sirnilar to placentai 

gi ant cells (Verstuyf et ai. 1990). M. Soares' laboratory redenvd the ce11 line from tumourq 

calling it Rcho-1. This line has very similar characteristics to the original Rcho line (Faria 

and Suares 1991). 1 will not make a distinction between ther lines in this thesis. 

Rcho oells are hormonally active as demonstrated by the presence of lactogens and 

progesterone (Verstuyf et al. 1990). The turnour itself, when transplanted under the Udney 

capsule of female rats, has b a n  shown to produce rPLI, but not PLI1 and rPLP-A (Faria a 

al. 1990b). In culture, the Rcho ceil Line has ken shown to produce rPLI, rPLii, rPLP-A, 

rPLP-C (Faria and Soares 199 1, I)uckworth et el. 1990, 1993, Hamlin a al. 1994), rPLP-D 

(Iwatsuki et al 19%), rPLP-H (Iwatsuki et al. 1998) and rPL-IV @ai et al. 1996). All gmes 

arc expresseci in the diffcrcntiatd trophoblast gimt cd1 population. 

Rat PLPB, which is spongiotrophoblast spscific, is not expnssed in Rcho cdls 

(Faria and Soivw 1991). These obsavatians suggest that the undifferctltiateû Rcho a i l s  do 



not have the potential to develop into spongiotrophoblasts, but are already ammittecl to a 

giant ce11 identity (Fana and Soares 1991, Iluckworth et al. 1993, Hamlin et al. 1994). The 

Rcho a l 1  line provides a unique in viho mode1 to study the regulation of trophoblast giant 

cell genes duri ng trophoblast di fferentiation. Gene regulation -dia for scveral placental 

members of the rat and mouse PRL gene families have been conducted in this ceII line. 

3.4 Regulation of other PRL family menibers 

Rat PLI is expressed in Rcho cells as soon as cultures differentiate (Duckworth et al. 

1993, Sun et al. 1998). Shida a al. (1993) have reported that the mwse PLI gene promoter 

extending 274 bp 5' from the transcription start site contains al1 of the elements necessary for 

maximal expression of mPL1 in Rcho cells. It has been shown that two AP-I binding and 

two GATA-binding sites are required for the maximal reporter expression of this 274 bp 

mPL1 promoter in Rcho cells (Shida et a1.1993, Ng. et d.1994). W e  have fwnd that a 

similar regulatory region appeared to be important in rPLI promoter activity (Sun et 

al. 1 998). 

The AP- I transcription factors consist of related but distinct protein factors Jun and 

Fos, which share the common property of binding to the DNA sequence TGANTCAKA, 

termed the TPA responsive dement (TRE) or activator protein-l (AP-l) binding site (Lee et 

ai. 1987a). These fac«ws bind DNA eitha as Jun-Fos heterodimm or as Jun-Jun 

homodimers, and the specificity of the binding is determineci by the interaction with der 

transcription faors (Ransm and V m a  1990, Distel and Spiegelman 1990, Vogt and Bos 

1990). Iwi and Fos are UbiqWtous transcription factors and they have beai shown to be 

involved in the regdation of many gaies (Lee et al. 1987b, Curran a al. 1988, Rruisocit und 



Vetma 1990). 

GATA factors are another family of transcription factors that have bcen implicated 

in the ngdation of the PRL gene fmily. They contain two Zn* finger dornains that arc 

essentiel for DNA binding. Although al1 GATA proteins bind DNA sequences containing a 

con consensus dement, there are werlapping but distinct sequence preferences among the 

different family rnembers (Bockamp a al. 1994). GATA-2 and GATA-3 are expnssed in 

placental trophoblast giant cdls, with peak mRNA levels at mid-gestation. The importance 

of GATA2/3 factors in mPLi expression has been demonstrated by their ability to induce 

transcription fmm the 274 bp mPLl promoter when transfected into non-trophoblast 

(fibroblast) cells (Ng a al. 1993, 1994). in stably transfected Rcho œlls it has ban 

observed that the expression from thi s promoter increases as the percentage of differentiated 

gi ant cells in culture increases (Shida et al. 1 993), siggesting that the factws which interact 

with this promoter may d y  be present in trophoblast giant cdls. 

In the rat, rPLP-A is specifically apressed in gant cells and spongiotrophoblasts of 

the junctional zone ~ c k w o n h  a al. 1990). Vuille a al. (1993) showed that a fragment 

from -975 of the 5'-flanking region of rPLP-A is mfficient to specify placental expression of 

a cat reporter gene in Rcho cells, but additional aihancing dements are present b a n  

-4600 and -975 in the rPLP-A 5'4anking region. 

Rat PLP-CV is highly apressed in spongictrophoblasis and to a much lessa extent 

in basal zone trophoblast giant a l l s  @ai a al. 19%). Promoter constnicts containhg 

sequences within -4500 ta -149 cf 5'-flanking DNA showed significant sctivity in Rcho 

ah; the region lmed between -149 and -124 was found to be essentid fa activation. 

Spcm@otrophoblast cdls nquired dditional rPLPCv 5'-flanking DNA to k fiurctional. A 



region located between -2518 and -2242 of the rPLP-CV gene Ygnificantly enhanced the 

activity of the mi ni mai promoter in primary spongi otrophoblast ce11 cultures. These data 

aiggest that the DNA sequences important for the rPLP-CV promoter activation are diffennt 

in trophoblast giant cells as compared to spongiotrophoblast cells @ai et al. 1999). 

The decidual/trophoblast PRL-related gene (d/tPRP) is expressed by deci dual 

antirnesometrial cells, spongiotrophoblasts and trophoblast Qiant cells (Roby a al. 1993, Gu 

et al. 1994, M g  et al. 199%). It has been reporteû that decidual and trophoblast giant 

dl-specific expression of rat d/tPRP is regulated by a 3.96 Kb S'flanking region (Orwig et 

ai. 199%). 

Mouse proli fen n (PLF) is highl y expressed in trop hoblast giant ceIl s immediately 

after implantation; expression continues through the second hal f of the gestation at reduced 

levels of production (Lee et al. 1988). Transcription fiom a cloned PLF promoter is 

inducible by phorbol esters, end this inâuction involves a region of 3 1 bp 5' flanking DNA 

that includes an AP- 1 site. The mutation of the AP- 1 abolishes phorbol ester induction, and 

the tninsfer of this 31 -bp sequence to a site upstream of a minimal promoter is sufticient to 

confer phorbol-ester responsiveness. In contrast, glucocorticoids repress PLF transcription, 

and the npression is dependent on the glucocorticoid receptor, which binds to the PLF 

promoter in the 31-bp phorbol ester inducible region (Mordacq and Linzer 1989). The 

binding si te for the glucocorticoid Rceptor in the PLF gene promoter hm been reportai to 

fùnction as a composite glucocorticoid response element when fûseû to a minimal promoter. 

nie ability of this dement to repress PLF promoter activity is positiondependent 

(Hoeppner e( al. 1995). 

In GATA-2 mil1 mice, placentas continu4 to #press some mPLI mRNA, but thae 



was a markedly pater reduction (5-6 fdd) in PLF gene expression. A nul1 mutation of 

GATA-3 had a similar effect on the levels of PLI and PLF mRNAs reducing both to Sû% d 

bat in the wild-type placenta. These rewlts suggest that GATA-2 and GATA-3 are 

important replators of expression of at least sorne tmphoblast g h t  ceIl-specific gaies, and 

reveal a difference in the efléct of these factors in rcplating the synthesis of nlattd 

placental hormones (Ma et al. 1 997). 

The role of GATA factors in PLI1 gene regdation could not be studied in these nul1 

mice as they died due to other defects before PLIl expression. in the transgenic mouse, 

however, it has been reported that one or more dements required for placental trophoblast 

giant ceIl expression are ld i zed  ôetweni -2700 and -569 of the S'Banking region of the 

@LI1 gene (Shida et al. 1992). No specific cis- or Pms-factors were identified in this 

m d y  . 

In sheep, trophoblast cell-specific transactivation of a reporter gene was conferrd 

by the proximal 1.1 Kb of 5' flanking sequence of the ovine placental laaogen @PL). 

Maximal activation in boch human (BeWo) and rat (Rcho) choriocarcinoma cell lines 

residd within the proximal 383 bp of oPL gene 5'-flanking sequence. Two functional 

GATA sequences were identified, and a previously undefinecl element (GAGGAG) was 

shown to be rsquired for full promots activation. In addition, an AP-2 site and an E-box 

were identified but not fùnctionally tested (Liang et ai. 1999). 

The dl-specific and temporal-specific expression of the PRL gaies m&e this 

f m i l y  an important mource to mdy trophoblast specific gaie regdation. ALthough wt 

undetstand a $rat deal about p i t u i w  prdrain Bene rcgulrtion, we h o w  rdativdy litile 

abait the regdation of the placenta1 memben of die PRL gaig. From infornation 



accumulated so far, it is unlikely that, as for nt4 in the pituitary, there will be one major 

factor that i s  responsible for trophoblast gene expression. The PRL gene family will provide 

tods to study gene regulation in several trophoblast/matemal ce11 types at different tirnes 

du ri ng pregn ancy . 



RATIONALE, HYPOTHESIS AND RESEARCH OBJECTIVES 

Rationde: Placental PEU gene farnily is expressed according to specific temporal 

and cellular expression patterns, making thi s family a unique resource to shidy the placental 

specific gene regulation. Among these members, PLI is expressad during the first half of 

the pregnancy while PLll is expnssed only in mid to late terni pngnancy. Their expression 

patterns overlap for about two days at mid-pregnancy. hiring th is  time the same 

trophoblast giant cells express both mRNAs (Duckworth a al. 1993). An intriguing 

question is the identity of the factors in trophoblast giant cells that regulate tbis tightly 

controlled temporal switch between PLI and PLII. 

To answer this question, we need a good understanding of the regdation of each cf 

these genes. GATA and AP-1 factors are requiwd for the maximal expression of mPLI 

(Shida et 4. 1993, Ng et al. 1993, 1994). A hctional rPLI promoter has similar DNA 

binding sites to those in mPLI (Sun a al. 1998), which suggests that these genes are 

regulated by the sarne factors. Little, however, is known about the transcriptional regulation 

of the rPLII gene. My project focuses ai the mdecular mechanisms of rPLII ngulation. 



Hypothaù: Specific ban~criptfon factors are h v o i v d  in placental spceinc 

expression of rat placental lactogen II gent. 

The aim of my project is to identib the factors that regdate the placental specific 

expression of rPLII, by identi fy ing the cis-acting (DN A sequences) and fmts-acting (thei r 

binding proteins) factors that are involved in rPLn transcriptional regdation in placental 

giant cells. To accomplish this goal, 1 have the following objectives. 

1. To characterize the rolt of the 5' lanking region of the rPLn gent in placental 

expression. 

2. To identify cis-acting elements involved in placental expression. 

3. To identify and characterize the transcription factors which interact with the 

char t ing demenîs. 



MATERIALS AND METHODS 

1. CHEMICALS, REAGENTS, CELL LINES AND CLONES 

Purchwtd mattriais: 

GIBCO Life Technologies, Burlington, ûntario, Canada: RM-1640 medium, 

Dulbecco's modified Eagle's medium (DMEM), f d  bovine s«wn (FBS), penicillin and 

smptomycin, phosphate buflered saiine/calcium and rnagnesium free (PBSKMF), 

trypsin/EDTA, HEPES buffer, NUNC culture dishes and flasks, agarose, NACS columns, 

custom-synthesized digonucleotides, Taq DNA poiymerase. 

Sigma Chernical Company, St. Louis, Missouri: NCTC- 135 medium, 

~mercaptoethanol , sodium pyruvate. 

ICN Biomedicals Canada Ltd ., Toronto, Ontari O: L-glutami ne. 

Amersham Pharmacia Biotech in Canada, Baie d'Urfe, Quebec: N?CXTM dumns, 

DNA markers (lambda DNA and @x 174 DNA), restriction endonucleaseq Klenow DNA 

polymnase, T4 DNA ligase, nick translation DNA labelling kits, random prime DNA 

labelling kits, ' H - A C ~ ~ ~ I  CoA, SEQUENASE DNA sequencing kit. 

Promega Corporation, Madison, Wisconsin, USA: Wizard rniniprep DNA 

purification kits, lucifaase assay reagents, reporta lysis buffer (SX), some restriction 

aidonuclesses, ho1  DNA Cycle Sequencing System, TNTR SP6M.ccupled reticulocyte 

lysate system, DNAse 1 (RQ). 

Santa CM Biotedinology, Santa Cny Caiifornia, USA: AP-I consensus 

digonucleotide, AP-1, and Els2 ntisera. 

Q i a p ,  Mississauga, Ontario: Qiagai piamid mu9 kit and QU prep spin rniniprcp 

kit. 



New England Bidabq Mississauga, OntMo: T4 DNA ligase, some restriction 

endonucleases. 

Bahnnger Mannheim, Laval, Quebec: calf intestinal phosphatase. 

BI0 RAD Laboratories, Mississauga, Ontario: B i d b d  protein assay ragent. 

Fi sha Scientific, Nepean, Ontario: Scintilene, Nitroplus membrane, guanidi ne 

isothiocyanate and general laboratory chemicals. 

Mandel Scientific, Gwlph, Ontario: 'TdCTP, "SdATP, JzpVATP. 

intersciences Inc., Markham, Ontario: Kodak XAR film. 

MILLIPORE Corporation, Bedford, Massachusetts, USA: Ultrafree-MC 0.45 prn 

filter units. 

Gift mriteruls: 

The rat chaiocarcinorna Rcho ce11 line (Vewtuyf et el. 1990) was kindly provided 

by Drs. A. Verstuyf and M. Vandeputte, Rega Institute for Medical Research, Cathdic 

University of Louvain, Louvain, Belgium . The rat pituitary GC (West et al. 1987, Lefevre 

et al. 1987, ingraham et al. 1988), human chonocarcinorna JEG (Kohler and Bridson, 1971) 

and JAR ceIl lines (Pattillo et al. 1971) were gins from Dr. P. A. Cattini, Department of 

Physiology, University of Manitoba, Winnipeg, MB, Canada. 

The dones and vectors w e  generously provided as follows: 

Luci faase vcctor pXP2 (Nordecn 1988), a cytanegalovirus p r o ~ n o t a n u ~ i f ~ n ~ ~  

vector (CMVp.luc) md an 81 bp herpes Pmplex thymidine kinase promota/lucifcrue 

vector, pT8lluc (Nadan 1988) fmom h. RJ. Matusik, Depoitment of Urologic Surgay, 

Vanderbilt University, Nashville, RJ, USA 



The veçtor pcDNA3 (MVITROGEN, Carlsbad, CA) and a cytomegdovinis 

promoter/chloramphenicol acetylûansferase construct (CMVp.cat) from Dr. RP.C. Shiu, 

Department of Physiology, University of Manitoba, Winnipeg, MB, Canada. 

Rat elun and rat c-Fos &NA dones @uscher a al. 1988) fran Dr. T. C u m ,  St 

Jude Children's Research Hospital, Memphis, TN, USA. 

nie cDNA expression clones of hEb1, hEta (Watson et al. 1 988), hElf-R (Aryee et 

ai. 1998), and hELK-I (Yang et al. 19984b) from Dr. P.A. Cattini. Elf-R and ELK-1 w e  

originally gifts to Dr. P. A. Cattini from Dr. H Kovar. Children's Cancer Research Institute 

(CCRI), St. Anna KindaspiJ, Viema, Austria; and Dr. A D. Sharrocks. Department of 

Biochemistry and Genetics, The Medical Schd ,  University of Newcastle upon Tyne, 

United Kingdom respectively. 

Human ESX (Chang et ai. 1997, Neve et al. 1998) cDNA expression clone, Dr. CC. 

Benz, Cancer Research Jhstitute and Division of Oncology-Hematdogy, University â 

California at San Francisco, CA., USA. 

Spectl quipinent 

Access to the T R O P I X ~  luminomder (BIO/CAN Scientific, Mi i ssauga, Ontario) 

was kindly provided by Dr P. A. Cattini. 



2. ISOLATION AND ANALYSIS OF PLASMlD DNA 

2.1 Plasm id transformation 

Competent Escherichia coli ceils (TGlA) were prepared as described in Nishimura 

et al. (1990), and transformations wen canied out according to standard protocds in 

Current Protocols in Molecular Biology (Ausubel et al. 1994). 

2.2 Large scde plasmid pnparation 

Transfonned Escherichla coli cultures were grown in LB medium in the presence of 

ampicillin (Ausubel et al. 1989). Large d e  preparations âplasmid DNA were camied out 

by aikalindSDS ly sis followed by centrifugation on a cesium chlonde gradient as described 

in Sambrook et al. (1989) or by separation on a Qiagen maxiprep column according to the 

manufacturer's instructions. The concentration of the plaunid DNA sdution was 

deterrni n e .  frorn the absorbante of a diluted siun pie at 260 nm using the formula: 1 OD, = 

50 Mm1 DNA. The piamid sarnples were stored at -20°C a -70°C. 

2.3 Restriction enzyme mapping 

A 6.6 Kb rPLn Hid' . l l  genomic DNA fragment, including approximately 4.5 Kb 5' 

flanking region and duee exons had tmn previously Joned into the vector pVZl in au 

laboratoiy. The pVZl vector was modifiecl from Ml3 Bluescribe plus by S. Henikoff to 

contain extra cloning sites at the 3' end of the poly linka. A variety of restriction enzymes 

were used to completdy digest this clone. The sizes of the different bands were estimatcâ 

using HindIIdigested larnôâa DNA ad p c  174 DNA as marken. A unique &CI site was 



identified at approximately -3000. A restriction enzyme map was developed as shown in 

Figure 2; established sites were used for subcloning. 

2.4 Isdation o f  DNA hgmenb 

Agarose gel eiectrophoresis was used to separate restriction enzymedigested DNA 

fragments. The DNA band of interest was cut out of the gel, and put inside a piece of 

Spectrapoi dialysis membrane (cut-off 6000-8000 d) with 400 pl of 4X 

Tris/Acetate/EDTA buffer (AGB). The gel and buffer were laid between the electodes of a 

Biorad minigel apparatus in a small amount of buffer and a current was applied until the 

DNA was rernoved from the gel fiagrnent as visualized under ultraviolet light. The 

DNAcontaining buffer was cdlected, extracted wi th phenol/chlorofom and preci pi tated 

with ethanol. Some DNA fiagments were also isolated using Ultrafree-MC MLLIPûRE 

fi ltns, according to the mppl ier 's protocol . 

2.5 Subcloning OC DNA rragmcnts into plasmid vcrtors 

To clone fragments into a vector for sequencing or repoRer gene expression, 

ligations were perfonned as follows: For blunt-end and single auyme digestai fragments, 

the vector was aeated with calf intestinal alkaline phosphatase (18 u) after restriction 

enzyme digestion to reduce self ~ligation. Ligation reactions were canieâ ait in 10 ~l 

mutions contairing lpl of 10X ligation buffer (New England Bidabs), 1 pl â T4 DNA 

ligase, 20-50 ng of digest4 vector and approximately 3 fold molar atcsap of in- DNA. 

Ligrtion reactions wac incubated at mom temperature wemight, and heat &naturd for 15 

min at 65 OC; the final volume was braight up to 25 pl with TE pH 7.5. Five pl d die 



Iigation mix were used for transfomation of 100 pl of canpetent cells. The transformation 

was performed by a standard method as outlined in Ausubel et al. (1989). 

Clone seleaion: The resulting colonies were tested for the presence of insert by a 

small d e  plasmid preparation using the alkaline lysis method as dexribed in Sambrook et 

al. (1989), followed by a diagnostic restriction enzyme digestion. 

2.6 Enzymatic DNA squencing 

Al1 the new clones created in this thesis were puri fied using Wizard Mi nipreps and 

sequenced by either a SEQUENASE DNA sequencing kit or fmol DNA Cycle Sequencing 

System to check the boundaries for correct ligation. For clones constructeci for sequencing, 

pBluescript SK @Bsp) was used as the vector and T3 and T7 primers were used as 

sequenci ng primers. For luci ferase reporter clones, a luci ferase primer, GLprimer2 

(Promega), located at the vety beginning of and cumplementary to the coding strand was 

used. The rPLII 5' flanking DNA was completely sequenced frorn a +64 PwII site in the 

first exon to -303 1 at a Sac1 site. 

3, CONSTRUCTION OF BYBRID PLASNIDS 

3.1 Subcloning strategies Tor the native rPLU S flanking DNA Aueifera~t construc& 

-765 rPLUp.Luc: The siarting done was 6.6 Kb rPL11 pVZ1. A PMtlIIhII 

fiagrnent of rPLn 5' flanking DNA frorn -765 to +64 (Figure 2) was doned into the SmaI 

site af pBluescnpt II SK (pBsp) in a 3' to 5' direction to f m  clone -765 rPLIIpBsp. A 

HirrdnVBamHI ment d done -765rPLIIpBsp was ligated into the Hi- and BglIl 

lucifarse vector, pXP2 (Nordeen 1988), to fm -765 rPLIIp. Luc. 



-4.5 rPLIIp.Luc: An rPLII 5' flanking HindlTVEcoRV m e n t  h m  

approximately 4 5 0 0  to -118 (Figure 2) was ligated to the -76SrPLIIpBsp done, ai t  wiîh 

HidiII (in vector) and EcoRV (-1 18 in rPLII clone) to fonn clone 4SrPLIIpBsp. A 

HindWBamrHI fragment fiom -4.5rPLIIp.Bsp was doned into the HindiII and BglII sites of 

pXP2 to fom -4.5 rPLIIpLuc. 

Al1 the luciferase reporter dones below are shown in Figure 4 on page 64. 

-3031 rPLIïp.Luc: A SacYBomHl fragment fiom -4.SrPLiIpBsp wss doned into 

the Sac1 and Bgm sites of pXP2 to fonn -303 1 rPLIIp.Luc. 

-1729 rPLnp.Luc: An EcoRi/BamHI fragment (including -1729 to +64 of the 

rPLII gene) from -4.5 rPLIIpBsp was recloned into the &oRI/&ImHI sites of pBsp to fonn 

clone -1 729rPLIIpBsp. A HindIIYBumHI fragment of - 1729rPLIIpBsp was doned into the 

HindLlWBgm sites of pXP2 to fortn - 1729 rPLIIp. Luc. 

-1435 tPWlp.Luc: -1729rPLIip. Luc was digested with BamHVBgm to remove 

the sequences between - 1729 and - 1435, then religated to fom - 143 5 rPLIIp.Luc. 

-1 18rPLIIp.Luc: An EcoEtVlBamHI fragment fiom -765rPLnpBsp was cloned 

into the SmaI/Bgm sites of pXP2 to fonn - 1 18rPLIIp. Luc. 

AErPLLLpîuc: To produce an rPLII 5' flanking clone deleied for the 1109 bp &oRI 

fragment, the -4. JrPLIIpBsp done was digested with EcoRI and religatd, b i s  done ms 

furtha digestecl with hcI/&mHI and the fmgment doned into the SacVBg/n sites of pXP2. 

This clone contains the sepuaimi from -303 1 to -2838 and -1 729 to +64. 



3.2 Subdoning strategia for EcoRI fragmenMucifense constructa 

Further deletion analy sis of the -2838 to -1 729 EcolU fragment was camied a i t  to 

identify the placental-specific enhancing elements. Fragments were cloned in the lucifaasc 

vector pT8lluc (Nodeen 1988), which contains a minimal 81 bp herpes simplex thymidine 

kinase promoter. The clones were constructed as follows: the rPLII 5' flanking EcoRI 

fragment was fint cloned in both die 5' to 3' (E/EF) and 3' to 5' (UER) directions into 

pBluescript SK and oiientation was detennined by sequencing. The 5' to 3' clone VEF was 

digested with HindnYSmaI and ligated into the HindnYSmaI sites of pT8 l luc to form 

E/E~'ïKpluc. The 3' to 5' clone EER was cügested with BumHI/EcoRV and ligated into the 

BumWSmuI si tes of pT8 l luc to form E/ERTKpl uc. 

3.3 Sukloning stntcgies for EcoRl subfragments Aucifcrrsc constructs 

For dl constnicts, EEJKpluc was used as the starting clone and pT8lluc was u d  

as the vector. These luciferase su-clones are shown in Figure 8 on page 73. 

E/'EFTKpluc was fint digested with HitdnVDr~1VSac1 which divided the EcoRI 

fragment into 3 subfragments. The HindaVDraI fiagment, fiom -2838 to -2726 (FI), was 

cloned into H i ~ W S m u I  a i t  vector; the Dra1 fiagment, fiom -2726 to -2405 (F2), was 

cloned into SmaI ait  vector; the LkaY&cI fragment, from -2405 to -1729 @3), was doned 

into &aY&cI ait vector. 

The F3TKpluc done was m e r  digested with BsaBl and either Hi& a SocI. 

The 5' H i ~ B w B I  fragment, from -2405 to -2058 (F4), wiis cloned into HindIlYSmuI cut 

vector, the 3' BazBVSad fragment, from -2058 to -1729 (FS), was claiecl hto k V & c I  art 

vcctor. 



nie FSTKpluc was further digested with StuI and either H .  or %CI. The 5' 

HindllI/StuI fiagrnent, from -2058 to -1 880 @6), was cloned into HindIIYSmaI a i t  vectar; 

the 3' StuI-&cI fiagrnent, from -1 880 to - 1 729 (F7). was cloned into SmaYSacI cut vecîor. 

The construction of the F7 TKpluc dcme produccd a pdylinker with 2 BomHI sites 

one on either side of the F7 fhgrnent. This BaniHI fhgment was idated from F7TKpluc. 

digested with HphI md blunt-ended with KIenow DNA polymerar. This blunt-ended 

fragment was further digested with HindLII and M. The 5' HindiiYHphI fiagment, fiom 

- 1880 to - 1794 (F8). was doned into HirtdIIVSmaI ait vector; the 3' HphVSacI fiagment, 

from - 1794 to -1729 @9), was cloned into SmaL/SacI <lit vector. 

4. CELL LINES AND CULTURE CONDITIONS 

CeII lin- 

The rat choriocrucinoma cell line, Rcho, was routinely grown for 4 days after plsSing 

in RPMI- 1640 medium with 200/o fetai bovine semm (FBS) supplemcnted with Sû pM 

~mercaptoethanol, 1 m M  sodium pyruvate, 50 dm1 of penicillin and 50 p g h l  of 

streptomycin (20% FB S-RPMI 1640). For the routine maintenance of the ceIl line, the cells 

were aîways in 20% FBS-RPMI 1640 medium and were passaged at greater than W h  

confluence every 2 - 3 days. To promote differentiation for expression experimaits, 

wltum were shitted into NCTC-135 meûium (Shida a al. 1993) 4 t h  1(Y/. FBS 

supplanented as abwe (IV!! FBS-NCTC 135), and maintainecl in dlls medium for the 

length of die expaiment. 



Human choriocarcinoma JEG and J A R  cells were routinely pown in RPMI-1640 

medium with 100/o fetal bovine semm (FBS) supplemented with 50 u/ml of penicillin, 50 

ug/ml of streptorny cin and 500 pM glutamine. 

The rat anterior piaiiitary tumour GC cells were routinely maintained in Dulbecco's 

rnodified Eagle's medium (DMEM) with 1% FBS supplemented with 0.4 mM 

Lgiutamine, 50 dm! of penicillin and 50 p g h l  of streptomycin (1  0% FBS-DMEM). Cdls 

were passageci at less than 80% confluence to prevent wlls from lifting. 

For routine maintenance of tissue culture ce11 lincs, medium was changed every 

other day . To passage the d i s ,  the growth medium was aspirated and the plate surfas 

were rinsed 4 t h  PBS; 0.05% trypsidO.53 rnM EDTA solution (3 d/10  cm plate) was 

added and incubated for 1-2 min at 37°C. The serumcontaining medium was added to 

wash off cells and stop the H e c t  of trypsin. Cells were collected by centrifuging for 3 min 

at 800 rpm at room temperature. Al1 al1 ailaires were incubated in a 3PC inaibator 

containing 5% Ca. Cultures were routinely maintained on 10 cm plates. When cells were 

grown for nuclear extract preparation, the cells were grown on 15 cm plates. 

S. TRANSIENT TMNSFECTIONS 

S. 1 Standard tmnsfkction espcriments. 

For al1 cultures, bansfcctons were c h e d  a i t  routinely in 10 cm plates. Ten pg of 

supcmiled lucifense reporter done or vector wm tmnsiently transfcaed into the cultures 

using a calcium phosphate procedure as dcsaikd in Howl y et al (1 983). Al1 simples wm 

CO-transfecfed with 1 pg CMVpmt fa determinaion of plasmid uptike. The 8- îransfa 

was for 24 h, fdlowed by gene expression for 24 h. For Rcho culture îhe 4 1 s  wac p w n  



to 6 or 14 days &er plating when the majority of the cells were differentiated. Gent 

transfer was carried out in 1% FBS-NCTC 135 medium, then replaced with 1W 

FBS-RPMI 1640 growth medium. The Rcho cells were harvested 48 h af?er the start of 

gene transfer. 

The JEG and JAR œlls were also switched in to 1 V/o FBS-NCTC 13 5 during the 24 

hows gene transfer, then switched back to 1 Ph FBS-RPMI IMO for a further 24 h to allow 

gette expression. The cells were harvested 48 h d e r  the start of gene transfer. 

Pituitary GC cells were transfected when cultures were 30 to 40% confluent. A two 

minute 20% glycerol shock was given 6 h after the initiation of gene transfer (Cattini et ai. 

1986). Cultures were washed twice with PBS and given 1û% FBS-DMEM. The GC cells 

were harvested 48 h after the glycerol shock. 

5.2. Overex pression ex piments  

Five pg of the different hybnd expression plasmids were cotransfeaed with 10 pg of 

luci ferase vector into day 6 Rcho -11s. The total arnount of transfwed plasmid was kept 

constant at 25 pg or 15 pg in the different arperiments. Al1 sarnples were wtransfected 

with I pg CMVp.cut for detamination of plasmid uptake. Othn procedures were the same 

as for the standard tmsfections. 



6. REPORTER CENE ASSAY ANALYSIS 

6.1 Preparation of extrricts 

Cultures were nnsed with calcium and magnesiun free PBS, then lysed with 

Prornega reporter lysis buffer according to the supplier's protocol. This mporter lysis buffa 

is suitable for both luciferase and CAT assays, and luciferase protein is more siable in this 

buffer han 100 nui  Tris pH7.8/O.l% TritonXlOO buffer. The luciferase assay was 

perfomed immediately and the remaining ce11 extracts were frozen at -70°C until used for 

protein and CAT assays. 

6.2 Luciferase assays 

Twenty pl of ce11 extract were used for each luci ferase assay . Romega reporter ly sis 

buffer was used as the control. The luciferase activity was measured on a 'I"R0PIXm 

luminometer with 100 HI luciferase assay nagent (Promega). Activity was measured in 

relative l ight units by lumimometer. 

6.3 ChloramphenKol acetyltmnsferw (CAT) assays 

The CAT activity was measured by a twephar fluor diffusion assay (Ausubel et al. 

1989). Briefly, 200 pg cf ce11 extract w e  added to a 7 ml scintillation via1 with rnificient 

al1 ly sis buffer (1 00 mM Tris pH7.8/0.1% TritonX100) to give a total volume of 200 pl. 

The solution was heated for IS min at 65°C to inactivate some CAT inhibitors, then cooled 

to room temperature. A d o n  mix (75 pl), containhg 2 pl of ['Hl acetyI-CoA (0.5 

pCi/assay), 50 pl of 5 mM chloramphenicol, dissdved in watcr, 7.5 pl of 1 M TridHCl pH 

7.8, and 15.5 pl of water wcre addd. The r d o n  mixture was carefirlly ovdaid with 3 ml 



of organic-phase scintilene. Akr a 30 min incubation at room temperature, die Jsrnples 

were cycle-counted for 1 min each during 3 to 5 cycles. Quantitative values for CAT 

activity were detemined by regresd on analy sis to give cpdmg protein. 

6.4 Quantitation of Proteins 

nie sarnples for a standard protein curve were prepared using 1-20 pg BSA. Five pl 

of 1 :5 diluted ce11 atract were analyzed. Water was added to total 800 pl for each of the 

samples, and 200 pl d Bio-Rad protein assay dye reagent was added according to the 

manufacturer's instructions. The mixtures were incubated at rom temperature for at least 

10 min. The OD was measured at 595 nm wavelength. 

7. NUCLEAR EXTRACT PREPARATION 

7.1 Tissue and cell preprntions 

Rat placentae were collecteci at day 16 to &y 18, and the labyrinth region was 

dissecteci and frozen immediately on dry ice. Frozen placentae were grounded to fine 

powder in a mortar and pestle placeû on dry ice. The volume of the tissue powder was 

measured for d e t e m i ~ n g  the volume of buffers used for preparing nuclear atncts. 

&ho cdls wn grown for 6 days in M n t y  15 cm plates. To d c h  for the 

transcription fwtors expressed in difkrentiated giant cells, the smdl undiffcrentiated alls 

were first removed by a short 0.25% trypsin ptetreatment befm giant cdls wae coilected. 

OC cells were gown to d u r n a  in twenty 15 a plaies. Rcho giant alls and GC cdls 

wm finaily oollected using PBS withait Mg* and Ca"l1m.M EDTA and cenûifugd at 



3000 rpm for 10 min at room temperature. The volume of ceIl pellets was carâully 

measured. Pellets were frozen at - 70 '~  until used. 

7.2 Isolation proceâura 

Nuclear extracts were isolat4 fiom placental tissue and cell lines according 

published protmls  (Dignam et al. 1983) with slight modifications. Cells were thawed 

completely on ice (-1 0 minutes), then resuspended gently with 5 packed ce11 volumes @cv) 

of ice c d d  buffer A to sweîl the ceîls. An International HN-S desktop centrifuge with a 

swing-out rotor was used in the first few steps. The suspended cells were homogenized in a 

40 ml loose homogenizer, then centrifùged at 3000 rpm for 10 min at 4OC. The supematant 

was discarded and the pellet was resuspended in 2 pcv of buffer A, then transferred to a 15 

ml Dounce homogenizer. The cells were gently broken by 10 strokes with a B pestle at 

first; more strokes w e  given when necessary. The homogenization was monitored unda 

the microscope to make sure most cells were lysed and uniform nuclei could be seen in a 

streaming cytoplasm. This nuclear suspension was transfened to a 30 ml Oakridge tube and 

centnfuged at 3000 ipm for 15 min. The supematant was caretiilly decanted. The loose 

pellets were further antrifuged at 14,500 rpm for 20 min at 4*C with a IA-20 rotor in a 

Beckrnan J2-21 centrifuge. This step removes any rmaining cytoplasm and meâium Gram 

the œll  pellets that may contain proteases that will intnfen the quality of the nucleu 

extfacts. The supernatant was decanted, and the nuclei were neuspendad in 112 pcv â 

buffer C and transfed to 10 ml Oobidge tubes. The mixture wes gently mixed on a 

rocking plasfann Nutatoc at 4OC for 30 min. The mixture was then oentnfuged at l MOO rpm 

for 30 min at 4OC with a JA2 1 rotor in a Bcckman $2-21 oentrifbge. The supematant wu 



transferred to Spectmpor dialysis tubing (6000-8000 cut-off) and dialysed against 

b u f k  D at 1OOX volume of the nuclear extract supernatant for 3 hours at 4OC. The 

insoluble materials m e  removed by œntrifuging at 15,000 rpm for 30 min in a JA2 1 rotor. 

Protein concentration of the supernatant was detminsd by BieRaâ assay, and fmen in 20 

- 30 pl aliquots at -70°C. 

7.3 Buffers 

nie buffers used in thi s assay are as follows: 

BufTer A: 10 m M  HEPES-KOH pH 7.9 

1.5 mMMgC1, 

10 m M  KCI 

Just before use 0.5 m M  Dm, 1 mM PMSF and 2 pdml aprotinin were added. 

Buffer C: 20 m M  HEPES-KOH pH 7.9 

25% (vh) glycerol 

0.42 M NaCl 

1.5 m M  MgCl, 

0.2 mM EDTA 

Just before use 0.5 mM D1T and 1 rnM PMSF wen added. 

B u f k  D: 20 m M  HEPES-KOH pH 7.9 

2m (vh) @ y d  

O. 1 M KC1 

0.2 mM EDTA 

Just befare use 0.5 mM DTï and 1 mM PMSF wae added. 



8, DNASE 1 PROTECTION ASSAYS 

DNAse 1 protection assays of the 329 bp rPLII 5' flanking BmBYEcoRI fragment 

(F5) were carid out according to standard protocols (Allegretto et al. 1990). The 

FSTKpluc clone wss digested at an Mo1 site in the pT8lluc polylinker and treated with calf 

intestinal phosphatase. The tiagment was labelled at the 5' end of anti-sense strand with T4 

poly nucleotide kinase and WATP (Ausubd et al. 1989). then released by HindIII digestion. 

This probe fragment was pin fied by agarose gel dectrophorcsis, followed by electrdution 

and ethanol precipitation. Initially 10 - 20 pg of plasrnid DNA was digested and the 

molarity of the DNA was calculated. The los of DNA at each gel purification wati 

estimated as 50%, the final molarity of DNA was used to estimate the amount of labelled 

probe. Binding nactions wen catned a i t  in a final volume of 20 pl containing 

approximately 20,000 cpm (estimated 5-10 

increasing amants of placenta1 labyrinth and 

nuclear extracts (20 and 40 pg) were incubated 

digestion with 0.05 units of DNAse I for 90 

fmoles) of fiagment and 0.5 pg d1:dC. 

Rcho nuclear extracts (10 to 80 pg) or GC 

with the probe on ice for 1 5 min followed by 

seconds at 26°C. Mer phenol/chlorofonn 

extraction and precipitation, the digested products were fractionated on a denaturing 6% 

polyacrylamide/wea gei. Maxam-Gilbm G and û+A sequencing reactions of the 

end-labelled DNA (Ausubel et al. 1989), mn on the same gd, were used to identify spccific 

DN& 1 p r o t d  regions. The gels were dned and exposed to Kodak XAR film for 

autoradiography . 



The probe DNA was searched for transcription faor  binding sites using the 

TFMATRIX transcription factor binding profile database, and TFSEARCH ver. 1.3 (c)1995 

Yutaka Akiyama (Kyoto Univ .). 

9. PCR SITE-DLREC'IED MUTAGENESIS 

When sequences within or near the DNAse I proaaed region were analyzed for 

transcription factor binding si tes, consensus or near-consensus bi nding si tes were found for 

Ets, AP-1 and GATA factors. To elucidatc the fundonal importance of the DNAse 1 

protected sequences, a PCR mutagenesis strategy was used to mutate these putative binding 

si tes. The rPLII 5' flanking StuYEcoRJ fragment (F7) was cloned into the SmaV&cI stes of 

pBspKS. Three mutagenic pnmers were synthaized as follows: 

mEts: WGCGAGCTCGAATTCAAGCCCTACTgaaTGTTTACCCTTGAGCA 

m AP- 1 : GCGCGAGCTGGAATTC AAGCCCTACTTCCTGTTTACCCTTctagAA 

ATAACCCTGGGAAATG 

Sequences are sbown Y->3'; mEts mutates a consensus Ets binding site, mAP-I mutates a 

putative AP-1 site and mGATA mutates two putative GATA sites, dl shown in Iowa case. 

In addition to the mutated tequences, eacb primer included a Sacl site and a four base pair 

GCGC extension at the 3' end of the prima (wdalind) to facilitate directional cloning. 

The PCR rcactions wm l~cording to the -&rd protocol in C u m t  Raocds in 

Moleailar Bidogy (1989). The PCR r d o n  mixes include: 1X PCR kiffer (GïBCO 



BRL), 25 pmoles of each dNTP, 100 ng DNA template, 10 pmdes each of Ml3 reverse 

primer and one of the mutagenic primas (mEts, mAP-1 ar mGATA), 2% Taq DNA 

polymerase (GIBCO BRL) in a total volume of 50~1. A 45°C annealing temperature was 

used to suit both the Ml3 reverse primer and mutant @mers. PCR was perfmd for 25 

cycles to d u c e  mors. PCR fragments were isolated by agarose gel dectrophoresis and 

electrodution, then digested with HindIIYSacI and cloned into these sites in pBspKS for 

sequencing to confirm that only the expected mutations had been introâuced. The comectiy 

mutated H»dIIVSacI fragment was cloned into HinrmYSacI digested pT8 1 luc for testing in 

trandection assays. 

The double Els/AP-1 mutant was generated by PCR using the mAP-1 primer with 

the rnEts.pBsp clone. PCR product was doned into pBspKS as described above for the 

single mutant to facilitate sequencing, followed by doning of the correct fragment into 

pT8 l luc. 

10. RNA ANALYSIS 

10.1 Total RNA isolation 

Total dlular RNA was isdated from fiozen ceIl cultures by the methaî of 

Chomczynski and Sacchi (1987). The concentration of RNA was detennined by measuring 

the relative absorbante d a  diluteâ RNA sample at 260 nm using the formula: 10aso = 40 

pglrnl RNA. 



10.2 RNA blotting 

For RNA blots, 30 p43 of total RNA was mixed with 1.5 pl 10X RNA rwining bu&r 

(O.2M MOPS, 5ûmM sodium acetate, 1 ûmM EDTA pH T O ) ,  1.5 pl 3 P/r fumaldehyde, and 

5.25 pl deionized formamide to a final volume of 30 pl. The samples were hcated at 65°C 

for 15 min; 3 p! of 10X loading buffer was then added. The simples were separateci by 

electrophoresis on 1.2% agaroBel2.2 M fonnaldehyde gels with eâhidium bromide 8ccording 

to the standard protocd in Current Rotocds in Molecular Bidogy (Ausubel et al. 1989). 

Following dectrophoresis the gels were washed in sterile 20X SSC (20X SSC = 3M NaCl 

and 0.3 M sodium citrate) for 30 min with gentle shaking. After photographing, the gels 

were blotted wernight mto Nitroplus membrane. The next day, the blots were S08ked 

briefly in 2X SSC to nduce salt. The membranes were air-dried and baked for 2h at 800C 

under vacuum. 

10.3 Probe labelling 

Labelling ofcDNA probes with JP-dCTP: All nick translation or random prime DNA 

labelling reactions were performed using a nick translation kit according to the 

manufacturer's instructions (Amersharn). The amount of DNA used in each reaction ranged 

fkxn 100 to 200 ng. Labelled DNA was sepruatecl fmm the unincorporaad fret nucleotide 

by passing dirough N I C P  cdumns (Phannach) equilibrated with TE pH 7.5 according to 

the xnanufactwet's instruction. The specific M i v i  ty of eacb labdled probe was more dian 

10' dPm/p8. Befm adding the probe to the hybridintion solution, it wu boiled for 5 M n  

and mld rapidy on ia to sepiinte the îwo DNA struids. 



10.4 Hy bridization 

The RNA Mots were prehybridized at least 2 h at 42°C in 50% (vh) deionized 

formamide, 4X SSC, 0.4X Denhardi's solution (0.4X DH = 0.08% each of B S 4  Ficoii 400 

and polyvinylpyrrolidone 360), lOmM NaBPO. pH 7.4, 0.1% SDS, ImM EDTA pH 8.0, 

250 @ml sonicated Amon sperm DNA . 

Hybridizations were performed in the same solution, cuntaining JIP-labelled cDNA 

probes for 16-20 h at 42OC. The membranes were washed twice in 2X SSC and 0.1% SDS 

for 15 min at 6SoC, An extra wash in 0.2X SSC and 0.1% SDS for 15 min at 6S°C was 

performed if necessary . For muse, blots were stri pped in boi ling O. I X SSC and 0.1 % SDS 

for 3 min. 

The Mots were exposed to XAR Kodak film at -70°C 4th intensifying screens for a 

p e r d  of several hours to 14 days. 

I l .  ELECTROPHORETIC MOBUITY SHIFT ASSAYS (EMSA) 

The 65 bp F9 fragment which had been cloned into the SmaYEcoRi sites of pBspKS 

was cut a i t  with EcoRI, dectroeluted from an agarose gel, erhanol precipitated and 

end-labelled by a fill-in reaction with Klenow fiagrnent and dATPn as described in Cumnt 

Protmls in Molecular Biology (Ausubei, 1 989). 

Recombinant rat c-Jun, rat c-Fos, hEtsl , hEts2 and hESX were sy nîhesized using an in 

vibo transci ptiailtnuislationl~~~pled reticulocyte ly sate sy stem accordi ng to die aupplids 

protocol (Prmega). SP6 pdymerase was used for rat eJun and rat c-Fos, and Tï 

pdymaase was used fa hEtsl, hEts2 and ESX.  Nuclcar extracts were made as describd 



above. Four pl each of the in v&o translateci mixtures, 20 pg of rat placental nuclear extrad 

or 5 pg of GC extract were used in a binding reactioci (appropriate amounts detemined by 

titration). Reactions were cmied out in a volume of 20 a 40 pl with binding buffa 

containing 20 m M  HEPES Mer, pH 7.9, 100 mM KCI, 0.2 mM EDTA, 0.5 rnM 

dithiothreitol, S m M  MgCl,, 1 rnM PMSF, 0.5 pg d1:dC. Specific a non-specific 

cornpetitors were added and incubated for 15 minutes before the iabeiled probe; Jun or Et& 

antisera were added 45 minutes More the probe. 10 to 20 fmoles of labelled probe (1-2 x 

10' dpm) was added and incubated for a fiirther 30 minutes. Al1 binding reactions were at 

room temperature. Complexes were separateci by dectrophoresis on 4% nondenaturing 

polyacrylarnide gels. G d s  wen dned and aposed for autoradiography. The specific 

01 igonudeotide corn peti tors used were as follow s (codi ng strand): 

AP-I consensus: CGCTTGATGACTC~GCCGGAA 

Ets2 consensus (S tacey et al. 1995): CTAGGACCWUGTGGGAGT 

rn AP- l/mEts: CCAGGGTTATTT~~~~GGGTAGACAGTAGTAGGGCTTG 

12. STATISTICS 

Al1 the statistics were done by an unpaired shident's +test in the SigmaStart program 

(Jandd Scientific). The definition of statistical significance was p < 0.05 or pc0.001. 



RESULTS 

1. RAT PLïi GENE S FLANKING DNA SEQUENCE ANALYSIS 

1.1 Genc mapping 

An rPLlI genomic clone, GCI, was previously isolated in our laboratoiy fiom a rat 

liver lambda bacteriophage l i b r q  (Shah a ai. 1998). The GCI clone is approximately 18.5 

Kb in length and contains the entire #Ln d i n g  region as well as 9 and 3' flanking 

sequaces. A 6.6 Kb HindiII fiagment, including approximately 4.5 Kb of 5' flanking 

region and three exons fiom GCI, was previously subcloned into the vector pVZ 1. A 

variety of remiction enzymes were used. Several diagnostic enzyme sites were identified. 

The restriction enzyme map of GCI is show in Figure 2. 

1.2 Scquencing 3 Kb of' 5' flanking DNA 

The iranscription start site of the rPLIi gene wss previously detetmined by p i m a  

extension (Shah et al. 1998). To sequence the rPLII 5' flanking DNA fiagrnent between a 

&CI site a! approximately -3000 and the transcription aart site, restriction enzyme 

fragments were aibcloned into pBluescript SIC vector. An approximately 1 . 1  Kb &oRI 

fragment w u  further aibcloned into pBluescript SK vector, and the two ends of' the 

fiagment were sequenced. Using this established sequence, a pair of sequencing primas 

(Fornard: TTCAATCGGGTAGACAGGT; Reverse: GGTGATTTAGTTCTTTGGGG) 

were designcd which dlowed the entire EcoRI fragment a, be sequenced. The Genbank 

database acctssion numba for this rPLII 5' flanlcing sequence and acon 1 is AF026294. 
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Fiprt  2. Restriction enzyme map of rPLn genomic clone, CCL 

The s d e  above the restriction map is shown in Kilobases (Kb). The entire genomic 

DNA in the GCI clone is about 18 Kb. Five black boxes represent exons. The hatched box 

represents a region containing Alu repetitive sequences. Sali sites at both ends of the clone 

flank the m L 3  cloningcassette. Restriction enzyme sites are described as follows: 

E - EcoRI, H - H i a ,  S - &CI, Pv - PwII, ERV -EcoRV, P - PstI. 





The sequence around the transcription start site is shown in Figure 3. The TATA box 

is located at -29 to -34 upstream of the transcription start site. The Pvun site at +64 in exon 

1 was used as the 3' end in dl native pmmoter constnicts tested. 

2. PUNCTIONAL ANALYSIS OF THE NATIVE 5' FLANKMG SEQUENCES 

2.1 Transfection studies 

To characterize the role of the 5' flanking region of the rPLU gene in placental 

expression, three rPLn 5' flanking DNA f?agmmts fkom approximately 4500, -3031 and 

-765 to +64 were subcloned into the lucifaase reporter vector, pXP2, and transiently 

transfected into the rat chonocarcinorna Rcho ce11 line and the rat pituitary GC ceIl line 

(West et al. 1987, Lefevre et ai. 1987, ingraham et al. 1988). Tbe GC odls represented a 

non-placental al1 type. The results are shown in Figure 4. The lucifenise vector, pXP2, 

was used as a promoterless eontrol. Rcho alls were îransfected at day 14, and harvested at 

day 16. This time represents a period Qring which rPLn mRNA i s  highly acpressed in 

Rcho cells (Sun et al. 1998). The cell ly sates were assayed as aidined in Materials and 

Methods. Both the -4500 and -303 1 cunstnicts, but not the -765 oonstnict, showed 

significantly higher luciferase accivity than the control (Pc0.05) in Rcho cells. The activities 

of the -4500 and -303 1 fragments were comparable and not significantly different O . O S ) .  

These results indicated that the mgion between -765 to +64 did not contain the neassary 

information to direct luciferase expression in placmtal Rcho cells. The -303 1 0 +64 

fragment was, however, d c i e n t  to induce a similor lwel of expression a, thc -4500 to +64 

frypnent in placentai Rcho 4 1 s .  None of the fiapents tested wwe able to induce 

signifiant levds of expression in pituitary GC cdls. 
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Figure 3. Featum of the rPLlI gent in the vicinity o f  the transcription start site. 

Transcribed regions of the gene are shown in uppercase letten; the translatai 

sequences of first exon are indicated in single letter d e s ;  intron seqwces are shown in 

lowercase letters. The transcription start site is shown as a bent arrow; this site was 

determined by prima extension (Shah et. al. 1998). A putative TATA box is shown in an 

opm box. The &II site in exon 1 was used in dl rPLn S flanking reporter constructs. 



tggacactcttgcaaactgtaaaacaattcatgcagaaacaggactgtaacaagagtaaggaa~atttttatacttccta 
cagggatatcatctagtaacctttaccttgacaaaacacacatacttccctgtgcctggtgacctgcatgaccttggggaga 

D 
transcription ç t a r t  

atctgt ta  tatata gcaggtgtagaggctgagggaaggcagcACTCAGGGAGCAGAAGCCAGTCTAG~C~TCWC 

Pvull 
v primer extension 

ACGTCCGAGAGAACTCCTCMG A n i  CAC CTG TCT TTG ACT C M  CC1  TGC TTC T gtaagtagctctgc 
~ Q L S L T Q P C P  

agccatactgcgcttcattactatgctttctcatgatgattgtttgcatcaaatacagtctttgttgctttctgtgtgct 
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Figure 4. Expression of rPLU 5' Ilinking hybrid luciferase coonstnicts in Rcho and GC 

cells. 

Luciferase reporter constnicts mntaining appoximately 4500bp, 303 1 bp, or 765bp 

of 5' flanking DNA were cloned into pXP2. All the caistructs end at the h ï i  site at +64. 

These constnicts were transiently ~ansfected into diffemitiated rat trophoblast Rcho cells or 

rat pituitary GC ceils. The Rcho cells were transfected at &y 14 afkr plating and harvested 

at dayld The GC cells werc transfected at 30% to 40036 confluence, and harvested 48 hours 

later when the cultures were close to confluence. The final luciferase activity is presented as 

light units per mg protein (mean&SEM). Al1 values are comected for plasmid uptake as 

described in Materials and Methaîs. -pLuc denotes the promoterless vector, pXP2; N-T 

cells dmote non-transfected cells. Results are from four separate experiments (n = 12 for 

each constnia; n = 6 for nontransfeaed œlls). Statistical significance (PcO.05) is presented 

as *. 





To test whaher the -3031 to +64 region was sufficient to target reporter gene 

expression specifically to the placenta, the -303 1 rPLIIp. Luc construct was used to develop 

Fo (transient) transgenic ernbryos. A fragment containhg the -303 1 to +64 rPLII 

DNA/luciferase reporta gene was excised free of vector sequences by a &cYPsfI digestion. 

The fiagment was isolated fiom an %asose pl, funher purified on a NACS culurnn and 

concentrated by ethanol preci pitation. 

Insert was injected at a final concentration of 3 ndpl into l e  pronuclei of one ceIl 

CD 1 mouse an bryos according to standard protocols (Hogan et al. 1994). Injected embryos 

were replaced into the oviducts of day 1 pseudopngnant CD1 females. The mipient 

females were sacnficed between day 14 and day 16 of pregnancy. FO placenta and fetuses 

were colleaed, and the fetuses divided into head, thorax and abdomen regions. The 

transgenic placentallfetal uni ts were identified by Southem blot; nine out of forty-five were 

transgenic. 

The luciferase expression was measured in placenta and the three fetal regions of 

identi fied transgenic fetuses. Al 1 transgenic placenta showed some level of luci fcrase 

expression. The results an summarized in Table 3 (Shah et al. 1998). Only three fetuses 

showed luciferase apmsion in al1 thra body regions, and d y  one of these at a high Iewl. 

There appeared to be no correiation bctween levei of expression and capy number (Saithem 

data not shown). This ûansgenic study indicated that the sequaices within the -3031 bp 5' 

fianking region couid target expression to the placenta althwgh the ectopic expression 
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suggested that there are other regulatory dernents located outside of the M 3  1 bp 5' fluiking 

region diat will also be important for placentai-specific expression. 

These in Miro and in vivo fùnctional shidies both indicated, however, that the 303 1 bp 

rPLn 5' flanking fiagrnent was sufficient to direct luciferase reporter expression in placental 

cells. but not in the non-placental œlls, suggesting this region contained quences 

important for placentai-specific expression (Shah et al. 1998). 

3. IDENTIFICATION OF AN ENHANCER REGION IN THE rPLU 5' FUNKING 

DNA 

3.1 Deldion anaiysb of native promoter 

To identify the ngion(s) within the 303 1 bp 5' flanking DNA sequence important for 

expression in placental gant cells, a series of subfragments of 5' flanking DNA (-1729, 

-1435, -1 18 to +64) were doned into the luciferase reporter veçtor, pXP2. A deletion 

wnstmct was also developed by removing an EcoRI fragment (-2838 to -1729) frwn 

-303 1 rPLIIp.Luc. These constructs were transfected into Rcho mils at day 14 after plating. 

A map of the luciferase constructs and the vansfeaion data are show in Figure 5. 

Both the - 1729 and - 143 5 constnicts produced significantl y higher level s of luci faase 

expression than the promoterless vector control @<O.OS), but their expression levds wae  

signifiant1 y 1 ower than that of the complete -303 1 fiagrnent (P<O.OS). Most interestingl y, 

the -3031 con~tnnt &lcted for the EcoRI f m e n t  producad even lower activity, showing 

n o  sipificant diffcrc~lct with the promoterless vector mtrd. The activity of the ddcted 

constnict was lomr buui that of -1729 caistnict (WO.05). suggeding there wen rcpnssa  

demcnts located bctwecn -3031 and -1729. nie activity cf the - 1435 conritnict w u  bigber 
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Figure 5. Deletion analysis of 3031 bp rPLII S' flan king region. 

A restriction enzyme map of this region is show on the top left, and the bent arrow 

indicates the transcription start site. A serie3 of deletion fragments were doned into the 

luciferase reporter vector, pW2, and tested for expression in Rcho cells by transient 

transfection. The 3' end of al1 constnicts is nucleotide +64. The Rcho cells were 

transfeded at day 14 after piating, and harvested at day 16. Luciferase activity was 

measured in light unitdmg protein. Results are presented as relative luciferase activity, 

which is measured by mean + SEM arpressed relative to the pXP2 vector control, which 

was st as 1 .  Ail values have been corrwted for plasmid uptake as described in Materials 

and Methods. Results are fiom two to four experimaits where the number of sepatate 

transfections varied from 6 to 12. Asterisks indicate constructs that are significantly less 

active than die entire 303 1 bp 5' flanking DNA, indicating the loss of emhancing sequences. 

Double astensks indicate oonstructs that they also have significantly higher activity han the 

consma deleted for -2838 to -1729 (an EcoRI fragment). suggesting the presence of 

inhibitory sequences between -303 1 to -2838 and - 1729 to - 1435. 





than that of -1729 (P<O.05), suggesting that fùrther repressing dements may be located 

between -1729 to -1435. The -765 and -1 18 constmcts showed no signifiant clifference 

frorn the promoterless vector control, suggesting that the -1435 bp fragment contained the 

minimum information necessary to direct pl acental expression. 

3.2 Funetional annlysis of the enhancet region 

To test whether the sequences within the EcoRI fragment (-2838 to -1729) could 

fùnction as a tissue specific enhancer, the EcoRI fragment was cloned in the foward and 

reverse orientations into a luciferase vector, pT8lluc (TKpluc), which contains a minimal 

thymidine kinase promoter (Nordeen 1988). Previous experiments show4 that rPLii 

expression in Rcho cultures was barely detatable before day 19 but was highly expressed 

after day 14 (Shah et al. 1998). The fonvard (VEJKpluc) and reverse (E/ERTKpluc) 

constnicts were transfected into Rcho c e h  at day 6 and day 14 after plating, when we had 

previously shown rPLD expression in Rcho cells to be either very low or high. The pituitary 

GC ceIl line was u r d  as a non-placental ceIl conirol. 

Figure 6 shows that the -2838 to -1729 fragment was active with a minimal thymidine 

kinase promoter. Even though the level of activation of the forward and reverse orientaiion 

constnicts was different, luciferase expression in both orientations was significantly higher 

then that of the pT8 1 luc control alone (M.05). There were no significant differences in 

activity bmeen Rcho cells msfected at day 6 or &y 14 0 . 0 5 ) .  Neither construct 

showed sgnificant expression in non-placental GC cells. This fiagrnent was effective with 

the hetadogous TK promoter when p l 4  in cithcr orientation only in the Rcho ails. 

sugeesting that it contained f suospecific mhuicer elanents. The mhancing efTects wae 



Figure 6 



Figure 6. Squmces between -2838 to -1729 act as a placentai ceil-specific enhancer. 

The EcoRI fragment containhg sequences from -2838 to -1729 was cloned in the 5' 

to 3' (E/EFTKphc) and 3' to 5' (UERTKpluc) orientations into a luciferase vector pTK8 lluc, 

which contains the minimal 81 bp Hepes simplex thymidine kinase promoter. Constructs 

were transfaed into Rcho cd1 s grown for ei ther 6 or 14 &ys &er plating and GC ce11 s at 

30-400! confluence. Ceii iysates were hanestrd 48 hours after the beginning of the gene 

transfer. Results are from fwr separate transfections. Luciferase activity (mean 2 SEM) is  

expressed relative to vector control pTK8 1 luc, which was set as 1 .  Both orientations of this 

fragment produced si gni ficanti y higher level s of luci ferase aaivi ty than the control s in Rcho 

cells (*, P<0.05). There was no difference in activity between these Rcho cells cultureci for 

6 days or 14 days. 





detectd in both early (whm rPLn is low) and late Rcho cultures (when rPLn is high). 

suggesting this Fragment alone may not be sufficient to define the normal temporal 

expression of rPLII as seen in placenta. 

To saidy whether the -2838 to -1729 hgment cwld have a placental-specific 

enhancing effect in otha species, E/EITKpluc was transiently transfected into the human 

choriocarcinoma ceii lines JEG and JAR JEG cells (Kohler and Bridson, 1971) grow as a 

monolayer of multinucleated cells; JAR cells (Pattillo et al. 197 1) show a multi-layer growth 

with formation of cellular clustas or "piles". These cells have the ability to fuse and fom 

syncytial placental bed giant cells. The transfection results shown in Figure 7 indicate that 

the rPLIi aihancm also fiinctioned in the human choriocarcinoma ceIl lines, JEG and JAR, 

although to diffaait extent. This ciifferaice in enhancer activity may reflect differing 

concentrations of factors in these cell lines. These data suggest, however, that the sequenus 

contained wi thin -2838 to -1 729 are important for the expression of IPLII in placenta, and 

that the cis-elements on tbis fragment are recognized across species. 

3.3 Identification of the enhancer repuences 

in order to identiQ the fundonal eiements in the enhancer q j o n ,  a d e s  of 

lucifaase clones containhg various regions of the &ON fragment were doned into 

pT8lluc. All fhpnents wen d o d  in a 5 to 3' aientarion. Figure 8 shows &letion 

analysis of the aihancer region (-2838 to -1729). Only the consmicts mntaining the 3' end 

of the EcoRI f i e n t  (F3, FS, F7 and F9) showcd aihancing activity, which had no 

signifiant diffaaice âorn that of the aitire &OR[ fhgment (PN.05). The more 5' 

fiagmmts shawcd no signifiant eahancing activity as canpared to îhe vccia conad. 
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Figure 7. Squenccr betwten -283û to -1729 art as an enhancer in human placental 

JEG and JAR db. 

The yFFTKpluc consrnid was transfected into human JEG and JAR cells. The data 

are fiom two separate experiments with m p l e  numbas of 6 and 8. The activity of 

E/EFTKpluc was compared to vector control pTK8lluc (TKpluc). An asterisk indicates 

Pc0.05. The resdts aggest diat sequences within the EcuRJ fragment hnction in human 

placental cells as well as Rcho cells. 



JE0 JAR 
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Fi y re. 8. Ddttion andysis of the -2838 to - 1729 fragment. 

A restriction enzyme map of the enhancing -2838 to - 1729 EcoRI fragment indicates 

the sites used for subcloning into the mimimai thymidine kinase promoter vector, p X 8  lluc. 

Transfections were carriecl out in Rcho cells grown for 6 days. Results are fiom at least six 

separate transfections. Luciferase activity (mean + SEM) is shown relative to the vector 

control . AL1 ftagments that contain the most 3' sequence in the EcoEU fragment (F3, FS, F7, 

F9) have significantly higher activity (P<0.05) dian the vector control, which was set as 1. 

There is no significant difference arnong the activities of these fragments. The more 5' 

fragments ( F I ,  F2, F4, F6, F8) produce luciferase activities that are not significantly 

di fferent fiom the vector control . 





These more detailed deletion studies indicated that enhancing DNA binding sites were 

located in the F9 fiagment, a 65 bp fragment between -1794 to -1729 bp. 

4. PROTEINIDNA INTERACTION ANALYSES 

4.1 DNAw 1 protection studia 

To identify the cis-acting elements between -1794 to -1729, DNAse 1 protection 

assays were employed. Since the labynnth region of placenta is the major Murce of rPLn 

late in pregnancy (Duckworth et al. 1990, 1993), placental nuclear extracîs were isolat4 

from the labyrinth region of day 16 to &y 18 rat placenta. Rcho nuclear protein extraas, 

were made fiom cultures collectecl at day 6 afler plating when most cells have differentiated 

to giant cells; remaining mal1 undi fferentiated cells were pre-removed from the culture as 

described in Materials and Methods. The non-placental mtrol pituitary GC cells were 

haivested at near confluence. To identify the ch-acting dement between -1794 to -1729 

(F9), the -2058 to - 1 729 (FS) fiagment, a mon suitable sire for a DNAse 1 protection probe, 

was end-labelled. 

Figure 9 i s a representative autoradiogram of the DNAse 1 protection assay S. Two 

adjacent regions (FP I and FP2) were protected by rat placental labyrinth and Rcho nuclear 

actracts. With increasing arnounts of nuclear proteins the protection becamc dearer. FPI i s  

more proteaed with placental labynnth nuclear extracts than Rcho extractq h i l e  FP2 is 

more protected with Rcho nuclear exmcts, suggesting biat the relative amwnts of binding 

factors responsible for FP I and FP2 was di f f m t  in placental laby nnth and Rcho cells. The 

protection pattem of GC nuclear exeaets wu distinct from that of the two protected regions 

seen with the placentai cdls. This sugeests the binding oE marlredly diffaait pratein 



Figure 9 



Figure. 9. DNAsc 1 protection analysis of  the rPLII cnhancer region. 

The antisense strand of the F5 fragment (-2058 to - 1729) was end-labeled, incubated 

with increasing amounts of placental labyrinth (20 - 80 pg), Rcho (10 - 40 pg) and GC (20, 

40 pg) cell nuclear =tracts, and partially digesteci with DNAse 1. GÇA indicates a Maxam 

and Gilbert sequencing reaction bat was used as a sequence marker. -NE indicates no 

protein was added. Two adjacent protected regions, FPI and FP2, are seen with die 

placental and Rcho extracts. A different pattern is seen with the GC extract. A 

hypersensi tive site, which is visible in FPl in placentai and Rcho extracts, is marked by an 

arrow. This is a characteristic shifl in sensitivity from the adjacent nucleotide as wmpared 

with the -NE lane. The sequences beyond - 1729 are vector polylinker sequences. 



Placental 
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complexes in these two tissues. 

The FP1 sequence matched a consensus Ets binding site, while the FP2 sequence was 

related to a consensus AP-1 binding site. A characteristic sbift in DNAse I smsitivity fiom 

one nucleotide to the adjacent nucleotide (marked by arrow) was observed in FFI. This 

hypersensitive site is similar to a reportai feahin of U s  binding to DNA with mutine Etsl 

(Gunther et al. 1990) and DrmophiIa E74A (Umess andThumrnel 1990). 

Features of the -1882 to 1724 region (F7) wntaining the DNAse 1 protected regions 

are shown in Figure 10. An HphI site is at the 5' end of F9, which contains the enhancing 

elernents as shown by aansfeaion studies. The underlined sequences indicate the protected 

areas identified as putative Ets and AP-1 binding sites. There are two putative GATA 

binding sites on the larger fragment; only one of these is on the enhancing Fragment. GATA 

factors have been demonstrated to be important in mPL1 gene expression (Ng et al. 1993, 

1994), but no protection was detected at the putative GATA binding sites in the rPLII 

enhancer. 

4.2 Site-dimted mutagenuis studies 

To determine whether the putative Ets and AP-1 DNA binding sequences were 

functionally important for the rPLU aihancer activity, primas were designed with 

mutations at the core nucleotide of the consensus Ets and AP-1 binding sites and used in 

site-directed PCR mutagenesis. Even biough no protection was detected for GATA binding 

sites in DNAse I protection assays, a GATA-site mutated primer wrs also generated to 

d u d e  a possible role for GATA binding in the rPLII crihancer. The mutatcû StQuenccs 

are indicated by in Figure 10. The -1880 to -1 724 (F7) fiagment claied in pBspKS was 
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Figure 10. Futures of the placenta1 spcrific aihancer region 151 bp F7 fragment 

The approximate regions protected placental and Rcho nuclear extracts are 

underlined and designated as F 1 and F2. F 1 contains a putative Ets site and F2 a putative 

AP-1 binding site, as shown in bold. The protected ngion is shown as a double-stranded 

sequence since the footprints were best observeû on the antisense strand. The arrow marks a 

new hypersmsitive site. The HphI restriction enzyme site further divides this fragment inio 

an inactive 5' (F8) and an active 3' (F9) fiagment. Putative GATA sites are also marked in 

bold. ûther putative AP-1 sites are shown in lower case. Asterisks mark the nucleotides 

that were altered by site-directed mutagenesis in the consauas discussed in Figure I 1. 



AP-1 E t s  
* * * *  *+*  -1724 

TTTCCAGGGTTATTTaCTCAAGGGTAAACAOOAZIGTAGGGC~MW 
AAAGGTCCCAATAAACGAGTTCCCATTTGTCCTTCATCCCGAACTTAAG 

F2 A F1 



used as a DNA template. The mutated primen were paired with Ml3 mverse primer in 

PCR reactions. These newly generated Ets, AP-1 or GATA mutated enhancer fragments 

were further cloned into pT8 lluc for transfection midies. 

Transfection studies (Figure 1 1) in Rcho cells indicated that the Ets mutant had ai ly  

30% of the native enhancer activity . The AP- 1 mutant had 60% of native enhancer advity . 

The double mutation of Ets and API abolished the enhancing activity, niggesting that Ets 

and AP-I binding factors are important for the expression of rPLII. The Ets and AP-I sites 

appear to fùnction independently and each contributes a portion of the activity cf the 

enhancer, which suggests that these Ptes fiinaion in an additive rather than a synergistic 

fashion. While GATA appears to be important in mPLI placental expression, the GATA 

mutations did not decre-ase activity of die fragment containing rPLiI enhancer, which was 

consistent with DNAse 1 protection studies. Even though PLI and PLI1 are related, these 

studies suggest that the regdation of these two genes cauld be quite different. 

To test whether the mutations affect the enhancing effect in ather species, the 

mutants were also tested in the human placental JEG cell line (Figure 12). The single Ets 

mutation decreased the activity significantly, niggesting that the Ets protein that binds to 

this site may also be preseni in human placental cells. Interestingly, the AP- 1 and GATA 

mutations significantly increased the activity of the enhancer in the JEG ceIl line. 

4.3 Expression of Eb transcription factors 

Etsl and Et92 have both been impliated in the placental expression of matrix 

metailoprotetse grnes, cdlagcnase (MMPI) and stomclysin (MMP3) in human (Wasylyk et 

al. 1991, Butticè a al. 1996, B;lsuywx et al. 1997). MMPl and MMP3 gents an a c p d  
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Figure Il .  Expression of the mutated rPLlI enhanctr constructs in Rcho cdls. 

The consensus Ets and A p l  binding sites in the protected region were individually 

or doubly rnutated in the context of the 151 bp SnclEcoRI fragment (F7) as described in 

Materials and Methods. Two consensus GATA sites were also mutated. The nucleotides 

that were aitered are indicated in Figure 10. The mutated and wild type FîlTkpluc clones 

were transiently transfmed into &y 6 Rcho cells. Results were from two expenments with 

at least 12 separate transfections and are expressed as a percentage of the luciferase activity 

(mean + SEM) seen with the wild type fragment. The individual U s  (mEts) and AP-1 

(mAP-1) mutations had significantly (* P<0.001) lower activity than the wild type fragment. 

Combined niEtshAP-1 mutations reduced luciferase levels to the level of the vector 

control. There was no significant loss of activity when GATA sites are mutateâ. 
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Figure 12 



Figure 12. Expression of  the mutated rPLLI enhanctr constniets in JEG cdls. 

The constructs in Figure 1 1  were transiently transfected into JEG cells. Of the 

individual mutations, only mEts showed significantly decreased in activity (PcO.05). The 

combined mutations mEtdmAP-1, also showed a Ygnificant deaease in activity, but the 

level was comparable with the Ets mutation alone. The results were fiom two experiments 

with a totai of 4 to 6 transfections. 





during gowth and development in a variety of dl types, but in particular by invading 

trophoblast cells of the placenta (Vauaino et al. 1996). It has ben reported that Etsl is 

expressed in human trophoblast cdls (Luton et al. 1997), and recently it has b a n  reportai 

that a targeted mutation of Ets 2 in mice caused early embyonic death due to defective 

trophoblast tiinction (Yamamoto et al. 1998). 

Since Etsl and Ets2 were alreaûy hown to be important for sorne placental gaie 

expression. human EtsI and Ets2 cDNA probes were hybridized to rat placenta and Rcho 

RNA blots to detemine whether these genes were also expressed in the rat placenta. 

Hybridization to hEts2 cDNA was detecîed in both placenta and Rcho cd1 s (Figure 1 3). No 

hybndization was detected with hEtsl cDNA. Recently we have found that when an Etsl 

Ets domain probe is used to screen a rat placental cDNA library, most selected dones were 

Et&, suggesting that Ets2 is abundantl y expressed in placenta. 

4.4 Overexpression studies of EU and AP-1 binding factors 

To test fùrther the enhancing role of Ets2 and AP- I binding factors (JudFos), 

overexpression studies of these proteins were canied out Human Ets2 and rat c-Jdc-Fos 

cDNA expression plasmids were co-transfected with the 65 bp rPLII aihancer reporter 

clone, FgTkpluc, into Rcho cells. Rcsults shown in Figure 14 indicated that werexprewion 

of either Et92 or eJun/c-Fos incnased reporter g m  expression two fold. When Et92 and 

c-Jun/c-Fos were c~transfectd togaher, the activity was approximatdy fair fdd. This 

nsult @n iuggests an additive &kt of Ets 2 and c-Jun/ eFos ansisiait with the 

mutagenesis which Jhowed each mutation dcaersing activity only partjally. 
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Figure 13. Ets2 expression in placenta and Reho cdls. 

Total RNA was isolated fiom rat placenta at different days of pregnancy and Rcho 

cells at different days &ter plating. Thirty pg of each RNA was electrophoresed on a 

formaidehyde agarose gel and blotted onto Nitroplus membranes. The blots were 

hybridized to either hEtsl or hEtsZ cDNA probe h n g  dngent conditions. The Ets2 

expression is shown. No Etsl hybridization was detected afler two weeks exposure in either 

placenta or Rcho cells. Loading was essentially qua1 as estimated from the 18s and 28s 

ribosomal RNAs on the ethidium bramide stained gels. The expression of Ets2 was low in 

day 1 1  placenta compared to later âays of pregnancy. The level of Ets2 expression in Rcho 

cells was essentially unchanged with length of time in culture. 
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Figure 14. Overerpression of Et32 and Jun/Fos in Rcho d l s .  

The human Ets2, rat ~ J u n ,  and rat c-Fos cDNA were cloned into the expression 

vector, pcDNA3. Five micrograms of each cDNA were co-transfected with 10 pg of the 

luciferase expression clone, F9iTkpluc, into day 6 Rcho cells. The total amount of 

transfected plasmid was kept constant at 25 pg in al1 cases by addition of pcDNA.3 vector 

DNA. Results are frorn three experiments, including 10 separate transfections. Luciferase 

activities are expressed relative to activity in cells mtransfected with F9/TKpluc and the 

vector pcDNA3, which was set at 1. Co-transfection of dher Ets2 or c-Jun/c-Fos increased 

luciferase activity approximately 2 fold. When the three clones were cetransfected, 

luci ferase lwels were increased by approximately 4 fold. The astensk indicates that the 

activity was si @fi cantl y higher than the F9TKpluc expression clone transfected wi t h vector 

pcDNA3 alone (Pc0.05). 
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4.5 Elcetrophoretic mobUity shift usays 

The overexpression study mggested that Ets2 and JunlFos could regdate the activity 

of the rPLII 65 bp enhancer, but it could not detemine whether the effects were direct or 

indirect. Electrophorectic mobility shifi assays (EMSA) were used to investigate wtiether 

Ets and AP-I farnily proteins could directly interact with the enhancer hgrnent. Funher, 

EMSA studies were used to invesâigate which Ets fmily member was directly involved in 

the dancing effect . 

A labelled 65 bp enhancer fragment (-1 794 to -1 7D), which contains the putative 

Ets and NI sites, was used as a probe. The probe was incubated with in vitro transcribed 

and translateci Etsl, Ets2, c-Jun and *Fos proteins. A specific retarded complex was 

formed with a mixture of recombinant c-Jun/c-Fos proteins (Figure lSA), which could be 

cornpeted with a consensus AP-1 binding oligonucleotide. A Jun specific antisera also 

cornpeted the band, while an unrelated oligonucleotide and a 65 bp enhancer fragment 

containing mutations of Ets and AP-I sites did not. There was no shift of the fragment 4 t h  

recombinant c-Jun alone, suggesting that on1 y Jun/Fos heterodirnen were bound. There was 

also no specific shifi with Ets2 or the relatd Etsl. When either Ets protein was incubated 

with c-lun/c-Fos, only the AP-1 complex was formed, no further complex was seen (data 

not shown). Mer shified bands were seen in al1 reactions and appear to be non-specific, 

since they were presait in control reactions which containecl on1 y reticulocyte 1 y sate. 

The EMSA studies were also canied a i t  d n g  placental, Rcho and OC nuclear 

extracts with the 65 bp enhanca fragment (Figure 15B). Several spocific complexes wen 

fomed with piacental extracts. ûne of these (cornplex 2) was completed by both die 65 bp 

fiagment itseif and a consaimis AP-1, but w u  not compleîed by the digonucleotide 



Figure 15 



Figure 15. Electrophoretic mobility shift rsuys  of the enbancer fhgment. 

F9 fragment was end-labeled, and incubated with in vitro synthesized proteins or 

nuclear extracts. The binding conditions are described in Materials and Methods. 

A F9 fragment bindr in vitro synthcsbd AP-1, but not Etsl or Ets2 proteins. 

Lane 1 shows the free probe; lane 2 shows the complexes fomied when in vitro synthesized 

rat c-Judc-Fos dimen bind to die labeled 65 bp F9 m e n t .  Addition of a consensus AP-1 

binding digonucleotide at 100-fold molar mcess (lane 3) or c-Jun antisera (lane 5) 

specifically cornpetes the upper band, rnarked by an anow. Neither an unrelated 

oligonucleotide Oane 4) nor an oligonucleotide containhg a mutated AP-1 site (Iane 6) 

cornpetes the speci fic complex at 500-fold molar excess. In  vitro synthesized c-Jun protein 

alone does not produce diis specific cornplex Qane 7). No specific complexes were f m e d  

in the presence of in vitro synthesized human Etsl (lane 8) or Ets2 (lane 9). 
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8. F9 fragment forms different compleru with placenîal and GC nudear 

ertracts. Lanes 1-6 show complexes fomed with rat placental nuclear extract. A number 

of complexes are produced (lane 1); those complexes that are competed with 200-fold molar 

excess of the probe (iane 4) are marked with arrows and numbers. None of the complexes 

appear to be competed by a Sûû-fdd arcess of an EtsZ binding oligonucleotide (lane 2), but 

cornplex 2 is competed by a 150-fold excess of a consensus AP-1 digonucleotide (lane 3). 

An oligonucleotide containing mutations in the AP-1 and U s  sites, at 500-fold excess, does 

not compte for complexes 2, 3 or 4, but does compete cornplex 1 (iane 5). An umlated 

oligonucleotide at 500-fold excess dœs not uwnpete for any complexes (lane 6). 

Complexes formed with GC nuclear extracts are shown in lanes 7-12. Neither an Ets2 nor 

an AP-1 consensus binding site m p e t e s  at 500-fold excess for any of the complexes (lane 

8 and 9). Al1 corn places are partially competed by unlabeled probe at 400-fold excess (lane 

IO), as well as by 500-fold atcess of the oligonucleotide containing mutations in the AP- 1 

and Ets binding sites (lane 1 1). There is no corn petition by an unrelated oligonucleotide at 

500-fol d excess (1 ane 1 2). 
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mntaining the double Ets and A.-I mutations a an unrelated digonucleotide. These data 

suggest that this complex is fomed when AP-I factors bind. Complex 3 was specifically 

competed by the probe fragment itself, but not by the Ets and AP-1 mutated digonucleotide 

or a non-specific digonucleotide. This complex potentidly could be an Ets binding 

complex. Complex 3 was not completed by Et32 oligonucleotide, however, suggesting that 

the binding Ets factor might be an Ets member other han an Ets2. 

The binding pattern with GC extracts was quite differcnt from that of placental 

extracts. Neither Ets2 nor AP- 1 consensus oligonucleotide was able to compete, while the 

65 bp fragment and the mutant fragment both showed the same cornpetition pattern, 

suggesting that the competed complexes were not due to either Ets or AP-1 binding (Sun 

and hckworth. 1999). 

S. FURTHER INVESTIGATION OF ETS FACTORS THAT BIND THE 

PLACENTAL SPECIFIC ENHANCER 

5.1 Other Ets family members 

The sequence of FPl is related but not identical to an Ets2 or Etsl binding site. 

Although overexpression of EtsZ in Rcho cultures increased the rPLIi ahaner activity, 

EMSA did not detect a specific shift with ather Eu2 or Etsl . Even thwgh al1 Ets fmily 

proteins contain a highly consend DNA binding domain that recognizes a m e  consensus 

sequence, NCGGAAIT, there i s  a degree of variation among the binding specificities of' 

diffemit Ets protans. The spocificity of binding in this family is thwght to invdve 

sequaices outside the core region (Wasylyk et ai. 1993. 1998). According 1~ the sequaice 



similarity in the Ets binding domain, the Ets family has been divided into diffennt 

subgrwps (Lauded et al. 1999). 

In an attempt to identify the Ets family memba that specifically binds the rPLII 

enhancer Ets site, several other Ets factors wre tested. Etsl and Ets2 belong to the ETS 

subgrcn~p, Hk-1 belongs to the TCP subgraip, and ESX and Elf-R belong to the Elf-1 

subgroup (Lauded et al. 1999). Of these, ESX and ElfR have been shown to be highly 

expressed in human placenta (Chang et al. 1997, Aryee et al. 1998). The binding sequence 

of ESX (CTTG&GAAGTA'ïAAG, Chang et al. 1997) is very close to the Ets binding site 

(AAACbGGAAGT4GGGC) on the rPLiI enhaneer. In RNA analysis using an ESX 

cDNA probe lacking the Ets domain, we have shown that ESX-related mRNA is expressed 

in Rcho cells and to a lesser extent in rat placenta (data not shown). 

5.2 Transfection studies of  the new Ets factors 

Expression plasmids of Ets2, ESX, Elf-R, El k-1 were co-transfected with F9TKpluc 

into Rcho cells. Control cells were co-transfaed with expression vector alone. Ody Ets2 

and ESX showed a Ygnificant increase (IW.05) in the activity of the rPLII enhancer as 

measured by an increase in luci faase expression (Figure 16). 

To determine whether the enhancing effkct was due to direct or indirect Ets binding, 

Ets2 a ESX werexpression plasmids wrre c+transfected 4 t h  lucifaase constnicts drivai 

by o TK promoter and an enhancet hgment containing the mutated Ets site as show in 

Figure 11. The Ets2 dons increased lucifaase activity of this constnict (P<O.OS), but ESX 

had no &ect (Figure 17). This d t  wppated a i r  EMSA data diat Ets2 doesn't d i d y  

bind to the Ets site on the rPtII aihancer. ESX was not able to incrcase l u c i f ~  
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Figure 16. Overupression o f  other Eb family memben. 

Day 6 Rcho ce11 s 1 were CO-transfected with 10pg of the luciferase F91TKpluc clone 

and 5p.g of expression clones for human Ets2, ESX, Hf-R a Elk-1. Contml cultures 

received 5pg of pcDNA3 vector. Luciferase levels obtained with control trandections were 

set at 1. Ets2 and ESX transfected cultures showed significantly increased aaivity (*, 

P<O.OS) wer the control; Elf-R and Uk-1 transfected cultures showed no Sgnificant 

differences. The results are from two separate experiments with a total of 6 to 8 

transfecti ons. 
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Figure 17. Effect of overupression of Eh2 or ESX on the Ets mutmtd rPLn 

en hanctr. 

The m.EtsTKp.1~~ done, described in Figures 10 and 11, and either human Ets2 or 

ESX expression clones, were co~transfècted into day 6 Rcho cells. The control was 

co-transfected with expression vector pcDNA3. Luciferase expression levels for the control 

were set at 1. The total amount of transfected plasmid was kept constant at 15 pg. nie 

activity of Ets2 was significanly higher than the control (*. P<O.OS), while the activity of 

ESX showed no signifiant difference. Results are from two separate experiments with a 

total of 6 to 8 transfections. 
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expression with the mutateû enhancer, suggesting that ESX may diredy bind to the Ets site 

of rPLlI enhancer. 

5.3 Elcetrophoretic mobiIity shift ways using in vibo traaslated ESX. 

To furtha detennine whetha ESX could bind to the rPLn enhancer Ets site diredy, 

human ESX was synthesized in viho and tested in an dectrophoretic mobility shiff assay . 

The 65 bp rPLU aihancer fiagment was used as a probe. II, vitro synthesized ~Judc-Fos 

and hEtQ served as positive and negative controls. ESX, but not Ets2, showed a distinct 

binding cornplex (Figure I8), suggesting that ESX may direct1 y bind the rPLII enhancer Ets 

site. The complete cornpetition experiments will furthet confirm the and specificity 

of thi s corn plex. 
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Figure 18. Ekctrophoretic mobüity shift assay of ESX. 

The -1794 to -1729 F9 f w e n t  was end-labeled and incubated with in virro 

synthesized rat Jun/Fos, hEts2 or ESX proteins. From previous resulb (Figure 15A) die 

c-Jun/c-Fos lane served as a positive cantrol; the Ets2 lane was a negative controî. A 

distinct shifted complex different from that of Jun/Fos was seen with ESX. 
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Pl acental lactogen 1 and ïi genes are expressed in a temporal and cellular specific 

fashion in placenta, which makes them good candidates to study placental specific gone 

regulation. There is a switch in expression between these two proteins at mid-pregnancy 

@uckworth et al. 1993); the factors that control this switch are as yet unknown. To better 

understand this intriguing bioiogicai switch, my project has focused on the regulation of 

rPLII gene expression. To identify the cis- and tram factors involved in the full 

developmental expression of rPLii, I have functionally and stmcturaily characterized a part 

of the 9 flanking region of the rPLU gene both in vitro and iri vivo. 

Our promoter deletion study indicated that the proximal 765 bp of the rPLU Y 

flanking region appears to be insufficient to direct placental expression. Sequences between 

-303 1 and +64 were able, however, to confer expression in both rat and human placental cell 

lines, but not in non-placental ceIl lines, suggesting that the 303 1 bp rPLII 5' flanking DNA 

may mntain elements that are able to direct placental-specific expression across species. 

Deletion analysis of this 303 1 bp 5' flanking fragment demonstrates that a fragment 

from -2838 to -1 729 fùnctions as an enhancer in both rat and human placental celis. Even 

though there is no related PLU gene in human, the faa that rPLII regdatory elements 

fùnction in human placenta suggests that the same transcription factors are presait and biat 

studies of these factors rnay bring insights into regdation of human placentai gcne 

expression. 

The rat trophoblast &ho dl line has been shown to be a good modd system to 

mdy PLI and PLU expression @uclokrorth. et al. 1993). In e d y  expaiments, we observed 

that a sgnificant level of rPLII aprcssiai in Rcho ceIl ailturcs did not appear mtil 14 days 



aflet plating (Sun et al. 1998), which suggested that the Rcho ceIl line may be used to 

investigate the switch in expression between rPLI and rPLïI. ln placenta, rPLI is expressed 

in placentai giant cells at day 7 and declines by âay 12, A i l e  rPLII is expresscd in these 

sarne œlls from day 11 to term. To determine whether the fiagrnent we haâ identified at 

-283 8 to - 1729 could have a specific role in the temporal expression of *Ln, we tested this 

fragment with a heterologous promoter at day 8 and day 16 after plating for the ability to 

enhance lucifaase reporter gaie expression. A comparable level of expression was detected 

at both days niggesting that the enhancing sequences were not directly involved in the 

temporal regulation of rPLII. However, when we redid the rPLU tirne course study in a cell 

passage number sirnilar to that used for transfection experiments, we observeci that the Rcho 

a l l s  differentiated eariier than the previous cultures. As well. significant levels of rPLU 

rnRNA appeared earlier fier plating (data not shown), indicating that the Rcho cd1 line may 

have changed during passaging. These data suggest that one must be cautious when using 

the Rcho cell mode1 to study the temporal expression of placental lactogen genes. The d e  

of the rPLn enhancer fragment in the control of temporal expression of rPL11 is still unclear 

and will require fùrther investigation. It seems that a better way to study temporal 

expression of rPLII would be to develop tansgenic mouse lines fiom reporter oonstructs 

under die antrol of difennt regdatory fiagmaits and monitoring the luciferase expression 

at différent stages of placenta development. 

Detailed deletion analysis of the enhancing fiagrnent, -2838/-1729, indicates that the 

enhancing activity i s  located in a 65 bp fragment fiom -1 793 to -1 729. DNAse 1 potection 

studies of the 65 bp aihancer identified two adjocait regions, FP1 and FP2, diat are 

protcctd by placental ad Rcho nudeaf a<tnds. These regions correspond b putaiive Ets 



(F 1) and AP- 1 (F2) binding sites. At comparable protein concentrations, FP I appeared to be 

protected more by the placental nuclear extracts, while FP2 was protected more by Rcho 

exoacts. This difference could be explained by the fact that the placental extracts are fiom a 

mixed dl population while the Rcho cells are pire trophoblast giant cells. Altmativdy, 

since the placenta expresses much higher levels of the rPLII rnRNA than do the Rcho dis, 

the footprints may reflect a reaî cliffernice in the amounts of active transcription factns 

present in these two sources. 

Since we were interested in whether the protein-DNA interactions of the enhancer 

region are placental specific, nuclear extract tiom pituitasy GC cells were also tested in the 

DNAse 1 protection assay. The binding pattern to GC nuclear extract at the putative Ets and 

AP- 1 si tes is markedly different from that seen with placental and Rcho extracts. Thae is 

no clear protection of FPI; in pouticular, a new hypersensitive site, which develops with both 

Rcho and placenta1 nuclear extracts, is missing with GC extract. A hypasensitive site at this 

location is characteristic of an Ets factor binding to DNA (Gunther et al, 1990; Umess and 

Thummel, 1990) and supports FP 1 being an Ets binding site. 

The importance of the AP-I and Ets binding sites to the activity of this rPLII 

enhancer is demonstrated by the PCR site directed mutagenesis studies. Mutation of axe 

nucleotides in the Ets site alone decreased the activity by 7W; changes to nuclaotides in the 

AP-I site alone ciecreascd activity by 3%. The double mutation totally abdished the 

activity of chis enhanca, demonstrating that bolh sites an crucial for the activity. The 8kct 

of these two sites appears to be additive rather than synergistic, suggesting that binding of 

the Ets and AP-I fwms is independent rather than co-operative. 



The AP-1 transcription factors, Jun and Fos, binding as Jun-Fos heterodimen a 

Jun-Jun homodimers are involved in a wide range of regdatory processes linked to oellular 

proliferation and differentiation (Curran and Franza 1988, Johnson et al. 1993). AP-1 

transcription factors have been implicated in the placental expression â several placental 

gmes including mouse and rat PLI (Shida et al, 1993) 

Ets transcription factors regulate a diverse snay of biological functions including 

cell proliferation, differentiation and oncogenic transformation (Wasylyk et al. 1993, 1998), 

but it was a novel obsewation that an Ets factor is involved in the placentai expression of a 

prolactin family gene. Ets transcription factors consist of a large gene family (Wasylyk d 

al. 1993, 1998). Etsl and Ets2 have both been implicated in the placenta1 expression of 

matrix metalloproteinase gcnes (MIW) including cdlagenase (MMPI) and stomelysin 

(MMP3) which degrade connective tissue and basement membranes (Wasylyk et al. 1991, 

Butticè et al. 1996, Basuyaux et al. 1997). MMPl and MMP3 are expressed during growth 

and development in a vanety of oell types, but in particular by invading trophoblast cells of 

the placenta (Vettraino et al. 19%). A ment report ha9 shown that targeted deletion of the 

conserved DNA binding domain of munne Ets2 results in placental defe*s and embryonic 

death b e h  day 8.5 of embryonic development The primary defect appears to be mediatcd 

through deticient expression of the MMP9 gene (platinase B) (Yamamoto et al. 1998) 

which leads to insufficiait invasion of the plamta. hterestingly, it was also obxrved dut 

mPLI was increased in the absence of Ets2. Unfortunately pregnancy is taminated before 

expression of PLn in these Mimals. 

Since ôoth Etsl and Ets2 haâ been show to regulate the uepression of g a ~ s  in 

trophoblast cells wc asted for etpression of these Ets mernbas in rat placenta and Rcho 



cells. In RNA Mot analysis Ets2 but not Etsl rnRNA was detected in both placenta and 

Rcho cells. Taken together with the role of Ets2 in other placental gene regulation these 

findings suggested that Ets2 would be a reasonable candidate for binding to the rPUI 

enhancer element . 

It is known Ets proteins bind to DNA as monomers, but protein-protein interactions 

appear to be important for their function. One of the most cummon interactions reported is 

with the Jun/Fos (AP-1) family of transcription factors (Wasylyk et al. 1993, 1998). 

Co-transfection of either c-Judc-Fos or Ets2 expression clones with 65 bp 

enhancernuciferase constnict in Rcho cells resulted in increased reporter gene expression in 

both cases (2 folds of control). To test wtiether Ets2 could interact with AP-I factors on the 

rPL11 enhancer, c-Judc-Fos and Ets2 were cotransfected together with the enhancer/reporter 

construct. Luciferase activity was twice as high as the activity expressed when Eu2 or 

JunlFos were transfected individually. This additive effect is consistent with a i r  

mutagenesi s data. Expression of MMP 1 and MMP3 gene require the binding d Ets and 

AP-I factors but the interactions appear to be difierent. The effects of Ets and AP-1 appear 

to be CO-operative in the MMPl gene (Buttice et al. 1996, Basuyaux et al. 1997) but 

independent in MMP3 gene (Wasylyk et al. 1991). Even though the AP-1 and Ets binding 

sites are aâjacent on the rPLII enhancet, similar to those sites in the collagenase MMPl 

gene, both our werexpression and mutagenesis data suggest that Ets and AP-I facton 

interact with the rPLïi aihancer independently rather than co-operativdy. To test whether 

Ets and AP-1 factors are the d y  facton ttquired for the activation of this rPLïI aihanccr, 

wmxprrssion oT Ets and AP-1 factors m l d  be carried cut in other a l 1  lines, in which the 

cnhancer is inactive, such as GC and Hela. 



Although we demonstrated that Ets2 and AP-1 factors increased the lucifaase 

activity of the rPLII enhancer in cwer-expression studies with transcription factor dones, 

these effects caild be through either direct or indirect actions on the enhancer/reporter 

constnid. For instance, it is known that Ets2 a n  affect the expression of the c-Jun gene 

itself (Coffer et al. 1994, +do et al. 19%). This rneant that a i r  over-expression study was 

inconclusive for eçtablishing dircct protein-DNA binding. To characterize direct protein- 

DNA interactions on the enhancer, electrophoretic mobility shift assays (EMSA) were 

employed. EMSA studies using Nt vino tranxribed and translated rai c-lun and uFos 

proteins confirrned that the 65 bp F9 enhancer sequences bind JudFos heterodimers but not 

Jun-Jun homodimers; a consensus AP-1 digonucleotide was able to compete the binding 

complex etticiently, but a non-specific digonucleotide was not. These data show that h 

and FOS factors clirectiy interact with the AP-1 site on the 65 bp placental specific enhancer. 

In EMSA neither in v i ~ o  syntbesized Etsl nor Ets2 protein with or without c-Jude-Fos 

proteins was able to bind the 65 bp enhancer fiagtnent, even though both recombinant Ets 

proteins were show to shift a consensus Eu2 binding site (Stacey et ai. 1995). This 

consensus Ets2 binding site digonucleotide d œ s  not compete any of the complexes foned 

between placental nuclear exûact and the enhancer fragment. The data suggest that Ets2 is 

not the specific Ets family mmber that directly binds to rPLn enhancer. 

Overexpression of Ets2, however, does increasc the rPLII enhancer activity. This 

effect could be produceci through protein-protein interactions with another Ets protein, such 

as for die sûomelysin gene where Ets2 and the Ets protein, ERG, have b e n  shown to 

intera* ~ y a u x  et al. 1997). It dm haa b e n  reportai that Ets2 binds to and activates the 

$un-B pranotu (Coffa et ai. 1994, Aperio et al. 19%). It is dKnfon possible that Ets2 



may increase the enhancer activity by increasing the expression of AP- I factors, which then 

directly bind and activate the enhanca. A Omilar observation has been made for the 

stromelysin gene, where the e f b s  of Ets 1 and AP-1 binding appear to be additive but Etsl 

does not bind directly to the Ets binding site. It has dso bem speculated that the Etsl may 

act thrwgh increasing &un and c-Fos synthesis (Wasylyk et al. 1991). An indirect efVect 

of Ets2 on the *LI? enhancer would appeat to be fùrther supporied by the ~ansfection data 

in which Ets2 overexpression produces higher luciferase activity with the mutant Ets site 

enhancer (Figure 17) than the native sequence (Figures 14 and 16). 

Rat d/tPRP is expressed in antimesometrical decidua, spongiobophoblasts, and giant 

cells in the basal zone (Roby et al. 1993, Gu et al. 1994). Ver- recentiy. it has been reporteci 

that a proximal 93 bp rat dltPRP promoter is suffi cient to direct reporter gene expression in 

primary decidual cd ls  and Rcho a l l s  (Orwig and Soares, 1999). This sequence contains 

sites for Ets and AP-l factors. Mutation of the AP-1 regdatory dement reduced dWRP 

promoter activity in both primary decidual and Rcho cells. Mutation of the Ets site also 

reduced promoter activity in both ce11 types. The effect of rhe AP-1 site mutation appeared, 

howwer, to be more 9gnificant in decidual cells than Rcho cells, while the effect of the Ets 

site mutation was more significant in Rcho cells where there was a complete loss in activity 

(Orwig and Soares 1999). In EMSA, the patterns of nuclear proteins binding on the d/tPRP 

Ets site oligonucleotide were deady diffecent between the Rcho dl line whae (VtPRP 

promoter is saive and the HRP-1 trophoblast stem cell line where dWRP promoter is 

inactive. This niggests that the potein-DNA interactions with the Ets ngulatocy dement 

an cd1 type spscific and that the Ets fador(s) may be different in these two irqhoblast cd1 

types. Two comp1exes (1 and II) wae detccted in EMSA d the d/îPRP Ets dement with 



Rcho nuclear =tracts. The intensity of complex 1 decreased during trophoblast 

differenti ation; in contrast, the intensity of complex II increased as the trophoblast œlls 

differentiated, which suggests diat the protein-DNA complex formed at the Ets binding site 

changes dunng trophoblast giant ceIl formation (Owig and Soares 1999). Since Us2 has 

been implicated in the reguiation of several trophoblast apressed genes (Butticè et al. 1996, 

Basuyaux et al. 1997, Yamamoto e~ al. 1998, Ezashi d al. 1998), Ets2 was also testai. 

Similar to our rPLit studies, Ets 2 antibody was not able to aipershifi the complexes in 

EMSA, suggesting Ets2 does not directly interact with the proximal d/tPRL promota 

(Onvig and Soares 1999). The Ets family member that binds the d/tPRP promotas mains 

to be determined. 

There are more than 35 m m  bers in the Ets family of transcription factors (Wasylyk 

et al. 1998). Even though al1 the proteins contain the Ets binding domain (EBD), which 

recognizes a core consensus sequence N C G G M ,  many identified Ets si tes are seleaive 

for diffaent Ets family members. The specificity of these proteins appears to lie in the 

sequences that surround this core. The U s  family has been divided into different subgroups 

acmding to sequence similarities within the EBD and the position of the EBD within the 

protein (Wasylyk et al. 1993, 1998). To identify the spccific Ets transcription factor which 

binds d i r d y  to the rPLii enhancer, several other Ets proteins (ESX, Elf-R and Elk-1) 

which belong to different Us subfamilies have been tested. In our transfection mdies in 

Rcho cultures, ESX functionally activates the enhmcer and this activation is lost if the rPLn 

enhanccr Ets site is mutateû, suggcsting that ESX may bind d i r d y  to the enhanctr. 

ESX is a m e m k  of the Elf-1 aiblpaip bascd on the similuity of the Ets binâing 

domains. In ddîiion to the EBD, ESX contains a pointed dornain and a saine-rich box 



homologous to the transactivating domain of the High Mobility Group Rotein, SOX4. 

Although the pointed domain is similar to that of Etsl, it 1acks a consensus proline in the 

only hown  fiinctional portion of this domain, a MAP kinase substrate site. No known 

target genes of ESX have yet been identified. ESX expression appears to be restricted to 

epitheiial wlls and has been show to be highly expressed in human placenta (Chang a al, 

1997). 

We have demonstrated the presence of ESX mRNA in Rcho cells. The Ets 

binding site in rPLII enhancer is more closely related to the binding site of ESX (Chang et 

al. 1997) then to the reported Ets2 consensus-binding site (Stacey a al. 1995). (hir 

preliminary EMSA experiments suggest that ESX could be a candidate protein that diredy 

interacts with the Ets site on the enhancer. More complete cornpetition and antibody 

supershifi EMSA acpenments will be needed to d i t m  the specificity and affnity of this 

binding. It will also be important to show that ESX is pcesent in the nuclear extraas from 

rat placenta and Rcho cells. 

Several alternative approaches can be used to further identiQ the placental Ets factor 

that binds to the rPLU enhancer. 

1) Design degenerate PCR primers wmplementary to the highly conserveci amino acid 

nsidues within the Ets binding domain and use these primers to amplify late placental a 

Rcho cDNA (Giovane et al. 1994). Clone and sequence PCR products to identify known a 

novel Ets proteins. niese in vibo translated f m r s  wodd thm be tested by EMSA fa 

binding to the rPLIl mhanccr Ets squence. 

2) Screen a placental expression libmy (Vinson a al. 1988) using a laôelled rPLIl Ets 

binding site oligonucledde to idmtify clones that bind this supence spccificaily. 



3) Screen a late pregnancy placental dlNA library wi th an Ets binding domain cDNA 

probe. Clones would be sequenced for identity then tested by EMSA for abili ty to bind the 

rPLII enhancer. 

4) Use the yeast one-hybnd system to identify factors that bind directly to the rPLIï 

enhancer Ets binding site (Li and Herskowitz 1993). This method would be the most dina 

means for looking for Ets factors that interacted with the rPLn enhancer site at a relatively 

high affinity. 

Previously it was reported that in the mouse a 2.7 Kb 5' flanking DNA fragment of 

rnPLI1 is able to direct SV40 large T antigen to the placenta in transgenic mice (Shida et al. 

1992). This is a similar nsult to a i r  mansgenic data in which 303 1 bp of @Ln 5' flanking 

DNA was able to target lucifaase expression to placenta. Most recendy Lin and Limer 

(1 998) have reporte. more detailed studies of the above mouse regulatory fragment. By 

transient transgenic andysis they localized the giant all-specific regulatory region of the 

mouse placental lactogen Il gene to quences between -2019 and -1340 upstream of the 

transcriptional siart si te. Their transfeaion experiments in Rcho cells identified two positive 

regulatory elements in the - 1471 to - 1340 ngion (Lin and Linzer 1998). Sequence at the 5' 

end of the ML11 enhancer fragment, from -147 1 to -1 340, is very similar to the 3' end af 

our nported 65 bp enhancer fragment (-1794f-1729). Lin and Linzer generated a set â 

scanning mutations throughout this 132 bp q u e n c e .  The 10 bp squence 

(TAAACTGTAAGT) at the most 5' end of die mPLlI activating fiagmait was show to k 

essential for mPLn expression. Even though this sequena overlaps and is highly related to 

ow FPI regiai it cbes n a  contain an Ets binding site. Lin and Linzer concludeci bat the 10 

bp scquaice npresented a binding site fw an unhown transcription firctor. The mPLII 



enhancer sequence did not extend as far 5' as a i r  identified rPLII enhancer and did na 

include an AP-1 binding site. The identification of aihancing activity within highly related 

but not identical sequences in the rat and mouse PLII genes is an intriguing problem that 

remains to be resolved. 

We have several lines of evidence to support a functional Ets binding site on the 

rPLII enhancer. First, mutation of the core scquence of the putative Ets binding site 

significantly decreases the aihancer activity. Second, in DNAse 1 protection assays, there is 

a distinctive feature of FPl in the presence of placental and Rcho nuclear extracts; a new 

hypersensitive site appears on the noncoding strand ai the nucleotide immediately 5' of the 

consensus Ets binding sequence. This specific shift in DNAse 1 sensitivity has been 

reported to be a characteristic feahre of munne Etsl and Drosophila E74A binding to the 

Ets binding site (Gunther a al. 1990, Umess and Thummel 1990). Finally, in EMSA 

studies, a specific placenta1 complex is competed by the native sequence, but not by an 

oligonucleotide containing a mutation of the GGA core of the Ets binding site, suggesting 

that this complex is fonned by an Ets factor binding. These &ta support Ets factor binding 

to the rPLII enhancer sequence. The differences between the mouse and rat data wggest 

that in spite of a high overall degree of relatedness between the PLII genes in rat and 

mouse, the regdation of these genes may not be identical in the two species. 

In addition to Etc and AP-1 binding sites, thae an two putative GATA sites in a 

near die rPLII dancing fragment. GATA-2 and GATA-3 are expresseci in trophoblast 

giant cells and have been npatcd to rcgulate transcription of the mouse PL 1 gene piornoter 

in Rcho alls (Ng et d. 1993, 1994). Neitha rPLlI GATA 6te q p e d  to be protectd by 

placental a Rcho nuclear extracts in the DNkPe I potection rssays. To test M e r  whether 



the rPLn GATA Stos were fundonal we mutated con sequences in both GATA sites in a i r  

enhancernucifcrase cunstnict. In transfection assays in Rcho cdls these mutations had a 

slight but not significant eRSa (P>O.OS) on reporter gene expression, wggesting that these 

GATA sites are mt functionai in the rPLIl enhancer. 

Using site-directed mutagenesis, Lin and Linzer (1 998) investigated the role of otha 

GATA sites in the MLII enhancer sequence. These Stes are also present in the rat 5' 

flanking sequence, but are more 3' than the rPLII enhancer elment. Mutation of these sita 

also had no âFea on the fundon of the MLII enhancer. These observations are quite 

diffaent from the mPLI gene where GATA binding has been show to be crucial for 

expression (Ng et al. 1993,1994). These findings suggest that the same placental giant al1 

type makes use of different combinations of transcription factors for the regdation of the 

related PLI and PLU genes. 

Our transient transgdc mouse dudies showed that the 303 1 bp PLU 5' flanking 

fragment is sufficient to target luciferase expression to placenta, suggesting that this 

fragment includes sequences that are important for placentai specific expression in dw. 

The variation in luci ferase be l s  se«i with the different FO transgenic placenta may relate to 

insertion sites. The luci ferase activity of die msgai ic  placentas did not correlate with 

transgene mpy number. Ectopic expression was dm some within some fetwes. These 

fi ndings suggest that other mgdatory dcments, either in proximai flanking regions or even a 

more distant locus contrd region (LCR), may dso quirad for complete deveioprnentai 

expression of rPLïI. The ngulation of human p w t h  hamom and placenta1 lactogcns have 

b e n  shown to be ccmmlled by a LCR (Jones d al. 1995, Su ci ai. 2000). AI1 aghteen 

genes of the nt PRL family so fu identifid are loc~ted on chromosome 17 (DuckWorth a 



al. 1993, Soares et al. 1998), suggesting a vecy large gene locus There is, however, no 

evidence for a role of an LCR in the expression of the rPRL gene itself in transgenic mice 

(Crenshaw et al. 1989). The role of an LCR in the expression of placental members of the 

PRL gene farnily siill remains to be explored. 

It is increasingiy a p p m t  that the regulation of gene expression in higher eukaryotes 

is greatly influenced by the local chromosomal environment. The modification and 

remodeling of chromatin, which changes its the conformation, controls the activation and 

inactivation of genes. Active chromatin is odten uncondenseci, is  located near the center of 

the interphase nucleus, and is replicated early in the cell cycle. Active chromatin contains 

sites that are two orden of magnitude more sensitive to DNAseI digestion than bulk 

chrornatin, reflecting its more open stnicture (Reviewed in Higgs 1998). 

DNAse 1 hy persensitivity analy sis (Gaasenbeek et al. 1999) could be used to identify 

other transcriptional 1 y active DNA sequences associated wi th the corn pl ete devel opmental 

expression of the rPLIl gene. A cornparison of DNAse 1 hypersensitive sites in placenta, 

Rcho and non-placental (eg. GC cells) cell nuclei may identify fùrther regions that are 

important in both cell-specific and temporal expression of the rPLll gene. 

To help define the role of the rPLii enhancer in placental-specific expression il1 viw, 

FO transgenic rnice have now been genaated that carry luciferase transgenes ngulated by 

eitha a 303 1 bp rPLn 5' flanking with mutated Ets-APl sequences, or the 65 bp aihanur 

with a minimal TK promoter. Although somewhat difliailt to interpet, the EtdAPl 

site-mutated 303 1 bp @LI1 5' flanking DNA doesn't appecu to lose the ability to target 

expression to placenta. Unlike with the native 5' flanking DNA, however, then is ectopic 

expression in essentially dl of the comsponding fases. The 65 bp enhancer awistnict also 



daes not target luciferase expression only to placenta (data not shown). These in W o  data 

suggest that the 65 bp rPLiI enhancer alone d a s  na define the placental specificity of the 

rPLn gene. It is likely that there are M e r  tissue-specific regdatory elements locrted 

either on die 303 1 bp 5' flanking DNA or elsewhere within the rPLII gaie. 

The full dwelopmental expression of a gene contains three properties: where the 

gene is ocpressed, how much is srpressed and when it is expressed. The functional shidies 

of the rPLil enhancer region in different placental cell lines h m  different species and in 

transgenic mice indicate that this enhancer is important in specifying placenta1 expression 

(where). This enhancer appears to be very important for the levd of rPLU expression - 
without it die expression is minimal (how much). Once we have identifid the specific Ets 

transcription factor that binds the enhancer, a cornparison of its U A  expression patterns 

in early and late placenta with that of endogenous rPLI1 expression may be helpful in 

answering whether this foctor has a role in daennining the timing of rPLII expression 

(when). 

It has bmi known that ainscription factors invdved in the expression of genes of 

high l y di fferentiated ce1 l s often consi st of ubi qui tous1 y ex pressed factors acting in 

cooperation with other factors expressed in restricted ce11 types (Hayashi and Scott 1990. 

Herr and Cleary 1995). It is unlikely that one transcription factor done accuunts for the Ml 

developmenîal placental-specific expression of rPLII. It is v a y  likdy that multiple 

placentai-specific transcription faors, ubiquitais transcription factors and aher protein 

wfadors togetha detemine the precise d d o p m e n t  p a m  of rPLïI expression. 

To answa the bidogical question of what factors mntrd the switch in a p d o n  

baween rPLI and rPL& we have to understand the trdptionri  mgdeton of a& a€ 



these genes. The mechanisms that controt the switch in expression between PLI and PLI1 

could fûnction either by increasing PLI activators and PLII rrpressors or by decreasing PLI 

repressors and PLII activators before mid-pregnancy; and the oppi te  would fdlow after 

mid-pregnancy. AP-1 and GATA factors are involved in PLI regdation. AP-1 factors 

(Jun/Fos) are ubiquitous (Curran and Franza 1988, Johnson et al. 1993). GATA-33 are 

expressed in vafiws, although mtrided ce11 types: and their expression in trophoblast giant 

cells continues throughout pregnancy (Shida &.al. 1993, Ng et al. 1993 and1994). It çeems 

unlikely that these factors are directly involved in the temporal expression of the PLI gene. 

The identification of the Ets factor that binds to the rPLII enhancer will provide us with a 

further tool to ex pl ore the factors involved in the swi tch in expression between PLI and PLII 

during pregnancy. The molecular mechanisms of rPLII regulation will ultimately lead us to 

the better understanding of this switch and increax ait knowledge of placental gene 

regulation in trophoblast cells. 
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