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ABSTRACT

Prolactin (PRL) gene activity exhibits a high degree of cell specificity being
transcribed in the anterior pituitary lactotrope and the decidualized stromal cell of the
primate endometrium. The production of protein hormones by cells other than those of the
gland commonly associated with that hormone can provide unique insights into previously
unknown functions of various hormones. In an effort to identify expression of PRL or
PRL-like genes in other tissues and cell lines, PRL expression was discovered in the B-
lymphoblastoid cell line, IM-9. Interestingly, this phenotype was found to be unique to the
cells in this laboratory and thus the PRL-producing line was designated IM-9-P. These
cells were a variant subline of the classical IM-9 line as determined by HLA-typing, and
analysis of immunoglobulin gene rearrangement. Immunophenotyping had indicated that
cell lines of the IM-9-P class had undergone significant genotypic changes which may have
contributed to the ectopic activation of the PRL gene. The clonal IM-9-P3 line was found
to secrete 40-50ng PRL/106cells/24hr which was found to be indistinguishable from its
counterpart normally produced in the pituitary based on immunological reactivity,
bioactivity and electrophoretic analysis. The PRL secreted by IM-9-P cells did not act in an
autocrine fashion and therefore was not important for the growth and viability of these
cells.

IM-9-P3 PRL mRNA was approximately 150 nucleotides longer than its
pituitary counterpart but identical in size to the decidual PRL message. Sequencing of IM-
9-P and decidua PRL ¢cDNAs demonstrated an identical elongated 5' untranslated region
(UTR). The IM-9-P/decidua PRL 5' UTR extended 41 nucleotides upstream of the normal
transcription start-site for pituitary hPRL. This was preceded by an additional unique
sequence of up to 93 bases which was not homologous to the published DNA sequence
found 5' to the pituitary hPRL cap site. This elongation of the 5' end was confirmed by

primer extension experiments and identical multiple start sites on the IM-9-P and decidua



PRL gene were found which produced predominant 5' UTRs of 140-178 nucleotides.
Extensive genomic Southern blot hybridization analysis indicated that the IM-9-P PRL gene
was intact and that the unique IM-9-P/decidua 5' UTR was localized as a new 5' non-
coding exon about 5.9kb upstream of the pituitary-specific cap site. Itis likely that new
cis-acting elements and corresponding nuclear DNA-binding proteins function in the
vicinity of the new 5' non-coding exon la and thus constitute a novel mechanism
conferring decidual and lymphoblast PRL expression. Cell lines of the IM-9-P class
therefore represent a unique and easily manageable model system with which to compare
and contrast the molecular mechanism of ectopic PRL expression with that of the

lactrotrope and uterine decidual cell.



TABLE OF CONTENTS

ACKNOWLED GEMENT S iiiiitiitetasissnteosssssetsscssssssscossasess i
AB S T R A C T vt iiiiittitnsnnsesssnssassesesssssssassassssssesssssnsssssnsns iv
LIST OF ABBREVIATIONS ... .itttteressotersonssscsasassesrsesssssss X
LIST OF FIGURE S i iiittiiittiietenessssscscssecrssssossssssersssscas xil
INTRODUCTION
Preamble. . iiiiiiiiietnetieeesssisenssssesoosocssassansnssssssnanses 1
Prolactin: A  Brief O vervieW.ioiiieiiesecoescsesssreessscosssosssses 2
Human Uterine Prolactin....oveeevvieereeereesnssessassessanessosanse 8

Transformation of the endometrium

leading to decidualization............c.cioiiiiiirieeeiieninineonnnn 8
Decidual prolactin synthesis and regulation.................... 11
Suggested functions of decidual PRL.............cccun.n.... 13
Other extra-pituitary sources of prolactin...............covuv. 15
Ectopic Prolactin Production.......coceveiiiiiiiiireeenecsensncnnns 17
Hormones and the Immune System.......cociiiivuiieeeennncsreenees 19
Prolactin and the ImMmURE SYSIEM v.vveevereenreniirersesnsnnsens 22
Common Mechanisms of Eukaryotic Cell-specific
Gene Transcription..... Ceeeteeesitissaeecetaatetitttntaatestesttenans 26
Cis- and trans-acting elements .........ccoveeeeeiririrervncnenes 26
Alternative promoter use and RNA processing................. 31
Potential intrinsic gene regulatory factors.......cecveierernens 32
Mechanism of pituitary-specific expression of the
rat PRL gene......couiiuiiiiiiiiiienisnnrnserenesncssnsansnncsnnss 34
Human prolactin gene expression.......iiveeveaesirrneecanncns 35
Rationale and Objectives of this Investigation.........c........... 36

MATERIALS AND METHODS
MaterialS..eeeesereeeseeasoosssssssessossnsossacnnssanns Ceeeerienenans 40

vi



vii

Cell Culture..cciiiiiiiiiiiiiiiiiiesiiinieannnenes cerens cerees creeeres 41
Immunophenotyping ...voviiiiiiiiiciieisierssensassrnssscssssasasnss 44
Nb2 BioasSsSa¥...ecreeeeveesvenes e aeetearerrareteretesereranreerranenes 45
hPRL  RIA. it nesseanesaseanans 46
Immunoaffinity Purification of IM-9-P PRL.....ccccorrrrrerrnnnne 46
Plasmid DNA Amplification and Recovery........c.iceceerenceenns 47
Restriction Enzyme Digestion and Agarose

Gel Electrophoresis.....ccooviviniavarsnines vesese Crssersercsestasans 50
Subcloning of DNA Fragments........cccoviviinnnnn, Cesesesesnsais 51
DNA Labelling .ocvvvrieiiiiiirineriserssessirssssscscssssssscscasanss 52
Isolation of Chromosomal DNA ........ccciiiiiiiiiiiiiiiiiiiininn, 53
Southern Transfer and Hybridization.......cccoviievicrereeninnees 54
Isolation of RNA...iviiuiiiiiiiiiiiiiiiiiiiiiiiiiiieiiiiiiininnaans 57
Northern Transfer.....ccoiuiiiiiiiiiiiiiiiiciiiiiieiiiiiisessienninns 59
CRNA SynthesiS..viiivuiieierereesrroernsssessescssossanasssssassssns 60
Northern Hybridization........ociiiiiieicieiecncnisterensasnsocnnes 60
RNase Digestion of PoOIY(A) TractS..cccceiiecereencoreerececaans 61
Construction and Screening of ¢cDNA Libraries.......c.ccvvvuen.. 62
DNA Sequencing.....ccvveiiieiiirieiiissssessetscsssssecssssrensssas 64
Primer Extension AnalysiS......cceiiieiiiiririiiiiiiiiiiiierienenans 64

RESULTS

Characterization of Putative PRL-like RNAs in Rat............... 66
Origin of the IM-9-P Cell Lines ....covvvviiiiieieioneeiianenennnns 69
IM-9-P PRL Immunoreactivity.....covevuveierararaisrnscacasarasas 72
Bioactivity of IM-9-P PRL .....covcviiiiniininccarnerncncennes cesens 73
hPRL Secretion by the Clonal IM-9-P3 Cell Line................. 73

The Importance of PRL for IM-9-P Cell Viability.......oeereerrns 75



viii

Initial Analysis of IM-9-P PRL Protein, mRNA,
and Gene StructUTre....ciiiiiiiitssesircerenrnssrsseserssesssssannens 75

Comparison of IM-9-P3 PRL mRNA to that of

Uterine Decidua........co0vveee P eeseaaesiereranntatiteetnaiisensoaes 80

Isolation and Characterization of PRL ¢cDNA Clones............. 81

Nucleotide Sequence Analysis of IM-9-P and

Decidual PRL cDNAS....civtitititerenacrrrtrssesscssseseansnsssssss 83

Strand-specific RNA Hybridization Analysis.........cccovienne. 87

Primer Extension Analysis of hPRL mRNA §5' Termini........... 88

Genomic Localization of the Unique 5' Segment of

IM-9-P3/Decidua PRL mRNA Untranslated Sequence............ 90
DISCUSSION

Putative PRL RNA Ubiquitously Expressed in Rat............... 98

Identification and Characterization of hPRL

Producing IM-9-P Lymphoblast Cells.......ccciiiviiiiiinncinnn. 100

Comparison to Background Literature......cccoeiniiinnincininnns 104

Biochemical and Physiological Characteristics

Of IM-9-P3 PRL....cvvvteienireriansnsressrnsesascsrosnsssssscnsnes 106

Significance of Secreted PRL to IM-9-P Cell Viability......... 108

Analysis of IM-9-P PRL mRNA and Gene Structure............ 110

Identification of an Elongated 5'UTR in IM-9-P

and Decidual PRL......iiiiiiiiiiiiiiiiinniiieiiiesnrnscacinsonens 113

Localization of the New 5' Non-coding Exon of

the hPRL Gene...couiviiiiisrerenereesacnsresnsreressoncnsasessnnns 118

Significance of the IM-9-P3/Decidua PRL Novel

S'UTR SeqUeNCe . ciuitvernsesscssrssesssescssessssssrencsssssnsns 122

Implications of the Novel 5'UTR of IM-9-P3/Decidua

PRL mRNA for Tissue-specific PRL Gene Expression......... 123

Future ProspectS.....vevircerieeesserssorssscencsnssansesssnsconssns 126
FIGURES ....ocvvivenen e ededeaeaieitanensesatttitatasoncnansornassancs 131
TABLE 1......cc00vuuen e eeesaetetaticntratesaetesetnanotatetetsesranes 200

REFERENCES...... e s sesesasassassatrasrirrreersiratrasatsatsirrennos 201



LIST OF ABBREVIATIONS

transcription factor
Epstein-Barr virus
proopiomelanocortin
adrenocorticotropic hormone
corticotropin releasing factor
thyroid stimulating hormone
growth hormone releasing

chorionic gonadotropin
luteinizing hormone

REAGENTS:
BSA bovine serum albumin
CM conditioned culture medium
DMSO  dimethyl sulfoxide
DNase deoxyribonuclease
RNase ribonuclease
DTT dithiothreitol
FCS fetal calf serum
HS horse serum
EDTA  ethylenediaminetetraacetic acid
EtBr ethidium bromide
ETOH  ethanol
IPTG isopropylthiogalactoside
SDS sodium dodecyl sulfate
PBS phosphate-buffered saline
Xgal S-bromo-4-chloro-3-indolyl B-D-galactopyranoside
Con-A  Concanavalin-A
10L R
GH growth hormone TF
PRL prolactin EBV
PL placental lactogen POMC
PLP-A prolactin-like protein A ACTH
PLP-B prolactin-like protein-B CRF
PLII placental lactogen II TSH
IL interleukin GRF
factor
Ig immunoglobulin CG
h human LH
rat VIP

vasoactive intestinal peptide

ix



i nfl C

ECso
M.W,
min
hr

bp

kb
cpm
%
mm
cm

MI L

Q= Q

-

TP
DNA
cDNA
RNA
c¢cRNA
hnRNA
mRNA
rRNA
dNTP

poly(A)

ovine
decidual

EASURE:

Absorbance
degrees centigrade
gravity

50% effective concentration
molecular weight
minute(s)

hour(s)
basepair(s)
kilobase(s)

counts per minute
percent

millimeter
centimeter

deoxyguanosine
deoxyadenosine
deoxythymidine
deoxycytidine
adenosine triphosphate
deoxyribonucleic acid
complementary DNA
ribonucleic acid

complementary ribonucleic acid
heterogeneous nuclear RNA

messenger RNA
ribosomal RNA

deoxyribonucleotide triphosphate
containing polyadenylic acid tail

cAMP

vol/vol
ml
pl
gm
mg
Heg
ng
M
uM
Ci
nCi
rpm

cyclic adenosine 3',5'-mono-
phosphate

volume per volume
millilitre
microlitre
gram
milligram
microgram
nanogram
molar
micromolar
curie
microcurie

revolutions per minute



UTR
PAGE
RIA
NIAMDD
NIADDK
ATCC
HPLC

xi

untranslated region

polyacrylamide gel electrophoresis

radioimmunoassay

National Institute of Arthritis, Metabolism and Digestive Diseases
National Institute of Arthritis, Diabetes and Digestive and Kidney Diseases
American Type Culture Collection

high pressure liquid chromatography



7a.

7b.

10.
11.

12,

13.

14,

15(a&b)

15(c&d)

xii

LIST OF FIGURES

Size determination of putative rPRL-like RNASs...cccoocerunnen 131

Elimination of intact 18S ribosomal RNA as the
molecule to which rPRL cDNA hybridized .............co0ivee 133

Identification of putative rPRL-like RNAs as non-
polyadenylated species by Northern blot hybridization........ 135

Localization of the rPRL cDNA sequence responsible
for hybridization to the 1.6kb family of non-

polyadenylated RNAS......ccoveeen Cettiestsstestsstaserseararanne 137
Identification of putative rPRL-like non-polyadenylated
transcripts as artifactual hybridization.................c00vuen. 139
Detection of PRL mRNA in a human B-lymphoblastoid

cell line, IM-9-P, by Northern blot hybridization.............. 141
Human female origin of IM-9-P cells determined by

genomic Southern blot hybridization..............c.ooiviiii. 143
Human female origin of IM-9-P cells determined by

genomic Southern blot hybridization..........c.ceiiviiiiians. 145
Confirmation of the B-cell lineage of IM-9-P cell lines....... 147
Detection of PRL in the conditioned medium of

IM-9-P CellSuueueurnenensnsessasssrsncnsesnsesessssssssosassnsasas 149
Bioactivity of IM-9-P PRL.....c.ciiiiiiiiiiiirencnrrncenennennes 151
PRL secretion and mRNA accumulation over the

IM-9-P3 growth CUIVE......iivieininenrrinssrsssnsscosesssesnnans 153
Effect of neutralization of secreted PRL on IM-9-P

cell growth .ouuiniiinennennrnersaacireesscnscsnnsessassonsennnnnes 155
Molecular weight determination of IM-9-P PRL ............... 157

Northern blot hybridization analysis of IM-9-P and
pituitary hPRL transcripts after removal of poly(A)
ErACES tiivuvrrvennenrssssnssssssonssosssanssassossssssssssnsssassnns 159

Genomic Southern blot analysis of the IM-9-P3 PRL
BEOIIE  tuiuinonencnsaanssssaetsssrosstonsacscsssonasssssssnannonsasas 161

Genomic Southern blot analysis of the IM-9-P3 PRL
e 1 T e 163



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29,

30.

Xiii

Genomic Southern hybridization analysis of the

IM-9-P3 PRL gene....ccittteeierrercnsersssasssnsosessssssasanass 165
Size comparison of IM-9-P3 PRL mRNA to the
human decidual PRL transcript........cccviviivevnrcnecanenenn.. 167

Comparison of the IM-9-P and decidual PRL ¢DNA
structure to that of the human pituitary and sequencing
strategy of the non-pituitary PRL c¢cDNA clones................ 169

Nucleotide and translated amino acid sequences of
IM-9-P PRL c¢DNA #3......cc0000e Cesararesesensatasacacttirnans 172

Alignment of the 3' untranslated sequence of IM-9-P
and decidual PRL ¢DNAs with the corresponding
region of the hPRL gene .............c...0. Cersesssesssessantanses 174

Comparison of the 5' untranslated sequence of IM-9-P
PRL c¢DNA IV and decidual PRL ¢cDNA 15A with the

immediate 5' flanking DNA of the hPRL gene................. 176
Comparison of the 5' UTRs of IM-9-P PRL ¢DNAs IV
and I-1 with the hPRL gene sequence...... Ceeseseiirsescetnanas 178
Tissue specificity of the new 5' untranslated sequence
of IM-9-P/decidua PRL MRNA ......ccovvrnrrinrirniecnncnnenans 180
Primer extension analysis of hPRL mRNAS........ccvvvvevnnn. 182

Localization of the unique 5' non-coding sequence
relative to the human PRL gene exon 1 by genomic
Southern hybridization analysis..... Chiereerasentearasareeasaans 184

A partial restriction map of the hPRL gene redrawn
from Truong ef al (36)c.ieiiuiiiiiiirnranacaseesinnes Cherresanens 186

Localization of the unique 5' non-coding sequence
of IM-9-P3/decidua PRL mRNA beyond 5.0kb
of hPRL exon 1....c.ciiiiienvirnvencncnens cessensinrcentsenranse 188

Determining the outer limit size of the intron between
hPRL gene exon 1 and the new 5' non-coding sequence...... 190

Partial restriction map of additional 5' flanking DNA
Of the hPRL gene ...cviviiniiiiiiniinsieenroreceeecnesssaceerocnnns 192

Identification of common genomic fragments with the

unique 5' UTR of IM-9-P3/decidua PRL mRNA and a

genomic probe extending 5.8kb upstream of the

pituitary PRL cap site ......... Ceeerssaatenesrrsersennaansarsinres 194



31.

32.

Xiv

Direct linkage between the unique 5' non-coding
sequence of IM-9-P3/decidua PRL mRNA and the
5' flanking DNA of the hPRL gene...ccciviiiiincnnnnnnninnes 196

A schematic representation of the revised structure of
the hPRL gene 5' end..iiiiiiiiiiiiiiiiiincnencen veeess 198



INTRODUCTION

Preamble

The work presented in this thesis impinges on a variety of diverse subject
matters in cell biology and for the sake of coherence and lucidity a preIiminafy explanation
of the various introductory sections is necessary. The objective of the research presented
here was to characterize a human B-lymphoblastoid cell line, IM-9-P3, that spontaneously
produced PRL. As a logical extension, the molecular mechanism by which this event
occurred was investigated and compared to the molecular features of normal PRL
expression in the pituitary lactotrope and uterine decidual cell. It became evident that the
ectopically produced lymphoblast PRL transcript was identical to the message transcribed
in uterine decidual cells, thus the IM-9-P3 line constituted a convenient in vitro cell system
to study decidual-specific PRL transcription.

To properly prepare the reader for the implications of these results, the
"Introduction” is composed of sections dealing with PRL physiology and secondly with
molecular mechanisms of eukaryotic cell-specific gene transcription. The "Introduction”
begins with a brief overview of general PRL biology. This is followed by a more
extensive review of the current literature on human decidual PRL which is appropriate in
view of the results presented here which show that IM-9-P3 PRL gene transcription is
similar to the decidual mode of transcription rather than mechanism of pituitary PRL
expression. A short section on ectopic hPRL secretion is included to place in perspective
the discovery that a human lympohoid cell line produces PRL inappropriately. Next a
description of the rapidly expanding field of hormone and immune system interaction
seemed pertinent given the fact that IM-9-P3 cells are of B-cell origin and could reflect an

authentic in vivo function of leukocytes. In that section a review of the literature on



production of classical hormones by cells of the immune system is featured as well as work
on the effect of lymphokines on pituitary function. This section would not be complete
without a discussion of the recently described putative immunomodulatory properties of
PRL.

The second half of the "Introduction” deals with the molecular biology of cell-
specific expression since production of hPRL by IM-9-P3 cells appears to be an example of
how the molecular constraints on cell-specificity have gone awry. Central to the discussion
of tissue-specificity is the identification of DNA elements which bind cell-specific
transcription factors. A brief introduction, therefore, into the basal cis-acting DNA
elements of gene transcription is presented followed by examples of how alternative cis-
acting promoters and RNA splicing can facilitate cell-specific gene expression. The latter
subject is directly related to this thesis since IM-9-P3 and decidual PRL gene transcription
occur at identical locations far removed from the site of pituitary-specific PRL transcription
initiation. A brief description of how the structural conformation of chromatin affects cell-
specific gene expression is included to complete this section. The last part of the
"Introduction” deals with the current knowledge of the molecular mechanisms of lactotrope
PRL gene transcription in rat and human so as to provide a foundation for comparison to
the unique features of IM-9-P3/decidua-specific PRL gene expression presented in this
thesis.

I trust that these prefatory statements adequately explain the rationale behind the

various topics presented in the following "Introduction”.

Prolactin: A Brief Qverview

Fundamental to the definition of a mammal is the ability to provide nourishment

to its newborn young in the form of milk produced and released from a mammary gland.



Clearly, from an evolutionary perspective such a biological function is critical to the
perpetuation of a mammalian species and any biological factor essential to maintain lactation
must necessarily be considered indispensable in the wild. It is now well-established that
one of those mammotropic factors is prolactin (PRL), the existence of which was first
implied by the work of Striker and Greuter (1) in 1928 when they showed that crude
pituitary extracts initiated lactation in pseudopregnant female rabbits. The term prolactin,
however, was given to this pituitary lactogenic principle in 1932 by Riddle, Bates and
Dykshom (2,3) who were the first to demonstrate prolactin as an entity separate from that
of the growth and gonad stimulatory activities of the pituitary (4). At that time the preferred

assay system involved the differentiation and proliferation of the crop sac mucosal
epithelium in pigeons and doves. The crop sac is an organ of food storage located between
the oral cavity and stomach of birds. The greatly thickened epithelium actually sloughs off
and is the primary constituent of "crop milk" used to feed the hatchlings. The assay simply
involved weighing of crop sacs after birds had been injected intramuscularly once daily for
four days with the test material presumably containing PRL . The pigeon crop assay is still
used as one means of calibrating international standards of human PRL (hPRL ) (5). A
second assay employed by these investigators involved injection of pseudopregnant rabbits
or hysterectomized pregnant guinea pigs for a period of seven days. The condition of the
mammary gland was then subjectively assessed with regard to the amount of milk in the
glands. At that time the pigeon crop assay was considered more reliable and quantitative
than the mammary gland assay and became the method of choice.

The purification of PRL from the human pituitary was not accomplished until
the early 1970's, essentially simultaneously by two groups (6,7). One of the major
difficulties in obtaining a purified preparation of hPRL was contamination by the
structurally related and abundant pituitary growth hormone (GH) at a time when the
prevailing view was that hGH functioned as the hPRL . This concept was reasonable as

primate GHs uniquely among vertebrates also possess lactogenic properties. Moreover,



because of the structural similarity of hGH and hPRL and the greater abundance of hGH in
the pituitary, separation of the two hormones proved elusive until a more discriminating
immunological technique was applied.  The development of a radioimmunoassay for
hPRL in 1971 (8) proved to be a pivotal breakthrough and catalyst for the subsequent
heightened interest in PRL biology and the hitherto unsuspected clinical importance of PRL
was soon established.

In 1977 Shome and Parlow (9) reported the entire amino acid sequence of
human PRL as a single polypeptide consisting of 198 amino acids. Then, in 1981, Cooke
and colleagues published the predicted amino acid sequence of hPRL as deduced from its
cloned complementary DNA (cDNA) sequence (10). They showed that the human pre-
prolactin molecule consists of 227 amino acids (25,880 M.W.) of which 28 amino acids
constitute the hydrophobic signal sequence required for secretion into the lumen of the
endoplasmic reticulum. The corrected sequence of the mature peptide is 199 amino acids
long and presence of six half cysteines allows putative folding of the molecule into three
intra-molecular loops in series stabilized by the disulfide bridges.

In serum and from pituitary gland extracts hPRL occurs in three distinct forms,
namely the monomeric form, “big" prolactin and "big-big" prolactin which appeared in
protein fractions after gel filtration corresponding to a Mr of 45,000 and greater than
100,000 daltons, respectively (11,12). These larger forms of hPRL likely represent
polymers of the monomeric form which may or may not be associated with other unknown
proteins. The treatment of these aggregates of hPRL with reducing agents (8-
mercaptoethanol) results in the resolution of only monomeric PRL (13,14). Other variants
of prolactin in human and rodent species have been described (15) and these not only
include the larger forms but also smaller immunoreactive peptides of Mr 21,000 (16) as
well as 16,000 and 8,000 M.W. (17). The physiological relevance of these smaller
variants was put into question, however, by the recent discovery that they may arise via a

preparative artifact involving a non-specific acid protease cleavage of monomeric PRL



(18). There is also evidence that rat PRL. can be phosphorylﬁted in vivo to a small degree
(19), the physiological significance of which has yet to be determined.

The best documented variant of prolactin is a glycosylated form which is found
in ovine, porcine, rodent and human pituitary glands (20). Glycosylated ovine PRL was
the first to be characterized and was found to contain a carbohydrate unit at asparagine 31
linked through an N-acetylglucosamine (21). The amino acid sequence of hPRL contains
the same potential glycosylation signal at asparagine 31 and is likely to contain the sugar
moiety at that position. Markoff and Lee (22) showed that in humans the predominant
form of PRL in serum is glycosylated and, interestingly, this post-translational
modification reduces the bioactivity of the hormone in various assays (23). To date no
particular physiological property has been ascribed to the glycosylated variant, although it
appears to diminish in concentration as pregnancy progresses (24).

It is well established that PRL is a member of a gene family which includes
growth hormone and placental lactogen (PL) or chorionic somatomammotropin (CS) (25).
These three hormones share considerable amino acid homology, on the order of 80% for
hGH and hPL and more than 50% for hGH and hPRL when conservative amino acid
changes are included (10). It is believed that PRL and GH genes arose via a common
ancestral gene which diverged approximately 400 million years ago to give the present day
GH and PRL lineages. In humans the placental lactogen genes, of which there are three,
exhibit very high nucleotide sequence homology (92%) with the GH genes and thus it is
postulated that the hPL genes arose from one of the GH genes via an intrachromosomal
duplication event about 10 million years ago (10). Sequencing of placental lactogens from
other species such as rat (26) and cow (27) indicated that they were derived from the PRL
gene rather than from the GH gene. It would appear that primate PLs are unique in that
they are slightly divergent duplicates of GH whereas sequence comparisons of all other
mammalian PLs studied thus far clearly suggest evolution from the PRL gene. Recently

there has been a large expansion of the PRL -GH gene family with the discovery of new



members expressed in rat (28,29), mouse (30,31) and bovine (32,33) placenta. All of
these newly discovered genes are more highly related to PRL than GH. The mouse
placental members of this gene family are located on chromosome 13 with mouse PRL ,
whereas mouse GH is located on chromosome 11 (34). The most intriguing feature of
these new placental PRL-like proteins is that none of the members are conserved across
species. Each PRL-like protein appears unique and highly related to the other members
expressed in that species but are not conserved across species. It is clear that this is a
rapidly evolving gene family which has undergone divergent evolution. The function of
these proteins has yet to be elucidated and is no doubt the subject of intense investigation.

In the human genome the PRL. gene is located on chromosome 6 (35). The
cDNA sequence as cloned from a human pituitary adenoma library included the entire
protein coding region of 681 base pairs (bp), a 3' untranslated region of 148bp with an
accompanying poly(A) tail and just 3bp of §' non-coding sequence (10). Truong and
colleagues (36) reported the structure and sequence of the hPRL. gene; it spans 10 kilobase
pairs (kb) of DNA and consists of 5 exons split by 4 introns. It is a single copy gene and
there is no evidence, to date, of a human PRL-like gene family as observed in other
mammalian species.

Although PRL was discovered because of its mammotropic properties, it is also
found in many non-mammalian species where its functions are diverse. Well over 100
actions have been attributed to prolactin in fish, amphibians, reptiles, birds and mammals
(37,38,20) which relate to osmoregulatory and ectodermal effects, growth and
developmental actions as well as modulation of metabolic and reproductive functions. In
mammals the most established function of PRL is the promotion of mammary growth and
lactation in synergy with estrogen, progesterone, cortisol, and growth hormone. Prolactin
is particularly important in the development of the lobulo-alveolar ductal system of the
mammary gland and in lactation or ongoing milk production through stimulation of the milk

protein genes, casein and whey acid protein (39,40) as well as fat synthesis by the



mammary gland. In rodents the action of PRL on the ovary is well-documented, being
both luteotropic and luteolytic (37). In human ovarian cells, however, the data on PRL
action is conflicting (41) even though specific receptors for PRL have been documented in
the ovary (42). The function of PRL in male mammals is much less clear than in females.
In male rodents PRL receptors have been found in Leydig cells and accessory sex glands
(43,44). PRL can promote the synthesis of testosterone (45) as well as the growth and
function of the rodent prostate (46). In the human male the level of circulating PRL is only
slightly lower than that of a non-pregnant, non-lactating female. Evidence for a direct
effect of normal levels of PRL on male reproduction is lacking however. Perhaps the most
intriguing evidence implicating PRL in male reproduction is in the pathological state where
excessive PRL release from an anterior pituitary tumor is associated with a dramatic loss in
libido and potency which is accompanied by infertility (47). Although this would imply a
direct effect of PRL on the testes, investigators have shown that increased PRL levels
stimulate dopaminergic neurons in the hypothalamus which in turn suppress gonadotropin
releasing hormone (GnRH) secretion contributing to infertility (48).

The multiplicity of PRL actions is mediated through its cell surface receptor
which has been identified in more than 13 different tissues from rodents and rabbits by
classical binding studies (49). These results in some cases have been verified by the
identification of PRL receptor mRNA in prostate, testis, kidney, ovary, adrenal gland,
and mammary gland, and estrogen treated female liver (50). The intracellular second
messenger signalling system required to transduce the membrane receptor-ligand binding
event into a physiological response is not known. The classical intracellular messengers
such as calcium, cyclic nucleotides, prostaglandins, and metabolites of phosphatidyl
inositol have all been implicated but individually cannot completely mimic the effects of
PRL on the lactogenic process (51,525. Now that the prolactin receptor cDNA has been

cloned, it is conceivable that the post-receptor signalling system can be more closely



controlled in vitro cell system with transfected receptor and appropriate reporter gene such

as that for beta-casein.

Human Uterine Prolactin

The production of PRL in subprimate mammals is generally restricted to
lactotropes of the anterior pituitary gland. Uniquely in humans and other primates, PRL is
also expressed in cellular components of the human uterus. Physicochemical and
biosynthetic data have established that PRL is produced in the myometrium (53), by
uterine fibroids (54) and by leiomyoma of the uterus (55). The most comprehensive data
existing for an extra-pituitary source of hPRL involve the endometrial layer of the uterus,
specifically its decidualized form. Before proceeding, a description of this reproductive

tissue is necessary.

Transformation of the endometrium leading to decidualization

The term decidua was introduced by William Hunter in 1774 (cited in 56) to
describe the lining or mucous membrane of the pregnant uterus. In general, the term
decidua has been used to describe material which can be shed, such as baby teeth or deer
antlers. With regard to the uterus, decidualization is the process whereby this organ
undergoes distinct morphological changes under the influence of ovarian steroids in
preparation for implantation of a fertilized ovum or blastocyst. The differentiation of
decidual cells is preceded by a series of cellular changes in the endometrium which are
repetitive and cyclic in nature (proliferation, differentiation and sloughing) and follow the
normal menstrual cycle. In the normal reproductive lifetime of a human female, the
menstrual cycle averages 28 days. The first 14 days, post-menstruation, are generally

referred to as the follicular or proliferative phase during which there is repair to the lining or



endometrium of the uterus. The endometrium at the beginning of the follicular phase is
thin, there are few uterine glands which are straight, with little lumen. As this phase
proceeds and ovarian estradiol secretion increases, the thickness of the endometrium
increases three to five times. Both the stroma and the glands of the endometrium undergo
mitosis; the stroma which was initially compact begins to accumulate interstitial fluid (57-
59). The surface epithelium becomes columnar and the rapidly growing glands begin to
curve and eventually become tortuous around day 14. The stromal cells which appear
fibroblastic in nature change such that they have a high nucleus to cytoplasm ratio and are
generally described in many texts as essentially naked nuclei with scanty cytoplasm (57-
60). The length of this stage of the menstrual cycle can be highly variable and is dependent
on the development of the ovarian follicle.

In an ideal cycle, ovulation occurs on day 14 and the next 12-14 days of the
cycle are termed the luteal or secretory phase. After ovulation the rise in progesterone
levels from the corpus luteum causes further changes in the endometrium, The uterine
glands become increasingly tortuous and glycogen is accumulated in large vacuoles at the
base of each cell. As this phase progresses, these vacuoles move from the base of the
glandular epithelial cells to the apex adjacent to the lumen of the glands resulting in a large
increase in glandular secretion which peaks on day 20. At the same time there is an
increase in stromal edema and the spiral arteries continue to elongate and assume a coiled
appearance (57-61). In a normal fertile cycle, blastocyst implantation usually occurs on
day 21, in the absence of this event the corpus luteum begins to slowly regress.

On day 23, a predecidualization stage is evident. This is described as a change
in the stromal cells from being small with dense nuclei and filamentous cytoplasm, to
epitheloid or polygonal in appearance with greatly enlarged and clear cytoplasm. The cells
are proliferating and found surrounding or cuffing the spiral arterioles. This change in the
stroma spreads rapidly through the endometrium and by day 27 there is a continuous sheet

of decidual cells in the upper part of the stroma beneath the endometrial epithelium. At the
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ultrastructural level, the decidualization of stromal cells is easily distinguishable and
includes the accumulation of glycogen, enlarged nucleoli, and an increase in polyribosomes
and size of the rough endoplasmic reticulum as well as large Golgi apparatus (57,60).
When conception and implantation do not occur the loss of estrogen and progesterone from
the regressing corpus luteum causes spasmic contractions of the spiral arteries. The
endometrial stromal cells disintegrate and interstitial hemorrhage occurs followed by
sloughing of the superficial endometrial cells as well as glands along with blood at menses.

Should implantation of a blastocyst occur, the decidualization reaction continues
with the decidual cells becoming binucleate and polyploid (60). At the time of implantation
the endometrium has a thickness of 5-7mm with a surface area of about 1,000mm? and
containing about 15,000 glands (56). The decidualization reaction spreads through the
upper two-thirds of the endometrium and this layer forms the zona compacta of the
functionalis which is that area of the decidua directly beneath the site of implantation. Itis
demarcated by a lack of uterine glands and a high density of decidual cells. Beneath the
compacta is a highly glandular mucosal layer with minimal stroma termed the zona
spongiosa and beneath it is the zona basalis which exhibits no hypertrophy or edema. The
placenta, when shed at birth, contains maternal decidua and is thus termed deciduate, The
layer of the decidua overlying and separating the conceptus from the uterine lumen is the
decidua capsularis; it is most prominent around the second month of pregnancy consisting
of stromal cells covered by a single layer of flattened epithelium and no uterine glands.
During the first four months of pregnancy the conceptus is smaller than the uterine cavity
and the rest of the pregnant uterus is lined by the decidua parietalis. The decidua parietalis
and capsularis eventually fuse as the fetus grows to fill the uterine cavity, but by the 22nd
week of gestation the capsularis degenerates due to a reduced blood supply, leaving the
parietalis which thins to 1-2mm at full term (56,62,63). As fetal placentation occurs, it is

the decidua functionalis which is extensively infiltrated by trophoblastic cells in the form of
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villi leaving decidual tissue wedges called septa which divide the fetal placenta into 10-38
cotyledons (63).

The physiological significance or function of the decidua and its secretions has
yet to be determined. Many investigators believe that the secretory products are somehow
important in supporting the blastocyst prior to implantation. The decidua may act as a
buffer zone curtailing the invasion of fetal trophoblast. Some believe the degeneration of a
decidual layer may form the cleavage zone to facilitate separation from the uterus at
parturition. Others speculate that the decidua in some way protects the fetoplacental unit

from rejection by the maternal immune system (57).

Decidual prolactin synthesis and regulation

Prolactin is expressed in the decidualized endometrium late in the luteal phase
and on through pregnancy should blastocyst implantation occur (64-66). Endometrial PRL
synthesis is detectable as early as day 22 of the menstrual cycle, which coincides with the
first histological signs of decidualization (67) but can be induced in preovulatory
proliferative endometrial explants and cell culture by progesterone (68-71).
Immunohistochemical studies have localized PRL to the secretory endometrium (72) and
parietal decidual cells (73). In situ hybridization analysis of PRL gene expression in these
tissues has not been reported. This latter technique would provide conclusive evidence as
to the specific cell types in the uterus responsible for expression of PRL . The presence of
PRL mRNA in samples of decidua-chorion tissue was demonstrated by Northern blot
analysis using the hPRL cDNA as a probe (74). The only other demonstration of PRL
mRNA in human uterus was in RNA isolated from cultured secretory and proliferative
endometrial cells (70). Decidual PRL ¢cDNAs have been cloned and nucleotide sequencing
has confirmed that the protein is identical to that produced in the pituitary (75). Thus, it
was assumed that the decidual PRL mRNA was identical to its pituitary counterpart and

that the gene structure and transcription of PRL was not different in these two tissues.
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The regulation of PRL synthesis and secretion by the decidualized endometrium
appears to be different from mechanisms which operate at the level of the pituitary
lactotrope. The classical modulators of pituitary PRL synthesis and release; thyrotropin
releasing hormone (TRH), dopamine and estradiol have essentially no effect on decidual
PRL secretion (76). As stated above, progesterone appears essential for nonfertile
endometrial PRL secretion. It is not known whether progesterone acts directly on the PRL
gene or indirectly by stimulating decidual differentiation of which PRL gene activation is
an end result. The importance of progesterone for the synthesis of uterine PRL has also
been demonstrated in non-human primates (77). In combination with estradiol and a
synthetic progestin, medroxyprogesterone acetate, the synthesis of PRL by nongestational
endometrial cells in culture was enhanced by relaxin (70). Insulin-like growth factor I
(IGF-1) has also been shown to modestly stimulate the synthesis and release of PRL from
gestational decidual cells in culture after a 48 hour treatment (78). Handwerger and
colleagues (79,80) have shown that decidual PRL synthesis may be controlled by local
factors. A purified 24,000 M.W. placental protein stimulates the release of prolactin from
decidual tissue in virro in a dose-dependent manner (79). The identity of this releasing
factor has not been reported. A polypéptide having a molecular weight of approximately
40,000 which is released by decidual explants in vitro can inhibit the release of PRL by
such explants (80). Overall, few factors regulating decidual PRL synthesis have been
characterized relative to the extensive knowledge of and multiplicity of factors controlling
pituitary PRL secretion primarily because there are no easily manageable human
endometrial cell lines available which express the PRL gene. To date the only known

critical regulatory factor of decidual PRL synthesis remains progesterone.
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Suggested functions of decidual PRL

It is generally accepted that PRL synthesized by the decidua is transported into
the amniotic fluid (AF) of the fetal compartment. Amniotic fluid PRL at ten weeks peaks
at levels (1-2j1g/ml) approximately 100-200 fold higher than that of maternal serum and
decreases during the latter half of pregnancy (0.5p.g/ml). There is no significant correlation
between levels of AF PRL and those of the maternal or fetal circulation throughout
gestation which suggests an alternative tissue source. This was supported by the work of
Josimovich ef al (81) who found that radiolabelled PRL injected into the maternal or fetal
circulation of rhesus monkeys did not accumulate appreciably in the AF (<3%). That
endometrial decidua is the major source of AF PRL became apparent when it was found
that AF PRL concentration continued to rise normally in pregnant women treated with
bromocriptine (82) or hypophysectomy (83) to alleviate pituitary hyperprolactinemia.
Moreover the hypophysectomy of pregnant thesus monkeys or death of the fetus in utero
did not alter AF PRL levels (84). When a large volume of AF in pregnant Rhesus
monkeys was replaced with saline, the pre-replacement levels of PRL were re-established
within one to two hours. This could not be accounted for by maternal or fetal plasma PRL
levels (81). In addition, two groups (85,86) showed that concentrations of PRL released
from decidual tissue paralleled and were highly correlative with AF PRL levels throughout
gestation strongly implying that decidua is the source of AF PRL.

The transport of PRL across human fetal membranes was demonstrated directly
in a device called an Ussing apparatus (87) in which two lucite chambers are separated by a
piece of biological membrane. Riddick and Maslar (88) found that 40% of the detectable
PRL in decidual tissue adherent to fetal membranes placed in an Ussing apparatus was
transported across the amniochorion to the other chamber. This result was supported by
McCoshen e al (89) when they demonstrated that transport of PRL to the fetal side
required the presence of decidual tissue and that the decidua must be in contact with intact

fetal membrane consisting of amnion and chorion. Conclusive evidence for the transport of
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decidually synthesized PRL to the AF was elegantly shown by McCoshen and Barc (90).
Tritiated leucine was placed on the isolated maternal side of the amniochorion with adherent
decidua, the labelled amino acid was biosynthetically incorporated into PRL which was
then detectable on the fetal side of the membrane within four hours. Thus the
amniochorion facilitates the transport of newly synthesized decidual PRL to the amniotic
compartment. These observations collectively and unequivocally indicated that the primary
source of PRL in the AF is produced locally in the decidualized endometrium surrounding
the fetal membranes in utero .

The function of decidual PRL has yet to be elucidated although some have
speculated about possible roles (91). The human fetus in utero develops in an aquatic
environment floating freely in AF. It has been well established that PRL functions as an
osmoregulatory hormone in fish and amphibians; therefore, it was suggested by some
investigators that AF PRL may be serving a role in maintaining electrolyte and fluid balance
of the AF. In order to perform such a function, PRL receptors must be present on the
amnion-chorion membrane. Prolactin receptors have been identified on the chorion laeve
of the human placenta (88-90,92-94) and this has been confirmed recently by the detection
of PRL receptor mRNA in this tissue (95).

The first study to test the effect of PRL on AF homeostasis involved the
intraamniotic delivery of 1 or 10mg of ovine PRL to pregnant Rhesus monkeys (81).
Within two hours a 50% decrease in AF volume was detected; the volume being
transferred to the maternal extracellular fluid. Moreover when the AF was replaced with a
hypertonic or hypotonic solution, ovine PRL was capable of preventing or reversing
environmental tonicity effects on the fetal extracellular fluid. Leontic and Tyson (96),
using isolated human amnion placed between two lucite hemichambers, tested the
permeability of this membrane after addition of ovine PRL, hGH or hPL to one chamber.
At a concentration of 10pg/ml, ovine PRL caused a significant decrease (65%) in the

permeability to tritiated water of the human amnion after a latent period of about 1.5 hours.
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This effect was specific for the fetal side of the membrane and hGH or hPL had no effect
on permeability. The decreased permeability of the amniotic membrane in the presence of
PRL occurred through the PRL receptor since antiserum to the receptor blocked the effect
(97). In later studies Tyson and co-workers (98,99) found that the reduction in
fetomaternal water flow due to decreased membrane permeability was dependent on the
membrane used in the experiment. When intact amniochorion was used instead of just
amnion, the action of ovine PRL was restricted to the maternal side of the membrane and
resulted in a reduced membrane permeability toward the fetal direction. The results of
these latter studies conflict with earlier conclusions, but utilization of an intact fetal
membrane more closely reflects the in vivo situation and these results therefore are more
likely to be physiologically relevant.

In this context, Healy and colleagues (94) have reported a significant decrease
in the specific binding of hGH to chorion laeve lactogenic receptor from cases of chronic
idiopathic polyhydramnios. This is a condition where one of the symptoms is excessive
AF volume. The reduced ligand binding was due to a decrease in receptor number and they
postulated that this reduction in receptor number could be a causal factor in the development
of chronic polyhydramnios.

Clearly, the role of decidual PRL in gestation requires further investigation.
Since dPRL is expressed only in humans and primates, progress in this field has been
slow owing to the obvious and significant ethical problems associated with the

experimental system.

Other extra-pituitary sources of prolactin

Reports regarding the extra-pituitary synthesis of PRL by organs other than the
uterus sporadically appear in the literature. Recently it has been suggested that PRL is
ubiquitously produced by normal connective tissue of the human body (100). These

investigators did not, however, measure directly the synthesis of PRL by fascial cells.
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The amount of PRL released into the culture medium by fascial cells was inconsistent over
time and extremely low, on the order of 4ng/ml after seven days in culture medium
containing 20% fetal bovine serum. Another report claimed the identification of PRL
mRNA in porcine luteal cells using a 30 base oligonucleotide of human PRL cDNA
sequence as a probe in RNA dot blot hybridizations (101). Immunocytochemical evidence
for the presence of PRL specifically in the luteal cells of human corpora lutea has also been
published (102). This form of identification does not, however, prove synthesis. A rather
unusual report by Roux and colleagues (103) suggested the presence of a PRL-like
substance in the cytoplaém of testicular interstitial cells, Sertoli cells and spermatocytes
using immunohistochemical techniques, however, they conclude that the primary result
was artifactual.

The brain has on several occasions been identified as a source of extra-pituitary
PRL, particularly the neurons of the hypothalamus. The majority of these reports rely on
immunohistochemical identification, the first of which (104) stated that PRL-like
immunoreactive material was still present one month after hypophysectomy. In the
majority of subsequent studies, immunohistochemistry remained the primary tool and it
was repeatedly suggested that the PRL immunoreactivity in the rat brain was of extra-
hypophyseal origin (105-107), since the content of brain PRL was not dependent on
pituitary or plasma concentrations perturbed in a variety of ways (i.e., hypophysectomy,
pregnancy, lactation). However, in a more recent report, Harlan and co-workers (108)
placed serious doubt as to the authenticity of these data. They discovered that the PRL
antiserum used in the majority of these immunohistochemical studies recognizes a number
of different proteins and that pre-absorption of the antiserum with the 16,000 M.W. N-
terminal fragment of proopiomelanocortin (POMC) eliminated the immunoreactivity. These
investigators had also previously reported the presence of PRL mRNA in the brain (109).
In their more recent work (108), however, it was stated that they have been unable to

detect prolactin mRNA in hypothalamic neurons using ir situ hybridization. Despite this
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contradictory evidence, others (110) continue to report on the putative authenticity of rat
brain PRL . It is curious that since the first immunohistochemical description in 1977 no
direct evidence for the synthesis of PRL by the rat brain (i.e., metabolic labelling) has been

reported. Hence the concept of rat brain PRL production remains unproven.

Ectopic Prolactin Production

The term ectopic hormone secretion is a phrase used clinically to describe a
situation where a hormone is synthesized by a neoplastic tissue whose normal progenitor
cells do not normally synthesize that hormone. The concept was first introduced by Liddle
and co-workers (111) in 1965 and has been found to apply to many polypeptide hormones.
Today the term "ectopic" must be used cautiously when describing the production of a
hormone by a cell type which had previously been thought not to be a normal physiological
source of that hormone. With the advent of the powerful and sensitive tools of
recombinant DNA technology, the boundaries delineating eutopic tissue-specific expression
of a particular hormone are continuously being redefined. This has been documented for a
number of classical endocrine hormones, most notably for the POMC precursor of ACTH
(112,113) and its releasing factor CRF (114). Given the ever-expanding list of normal cell
types capable of synthesizing classical endocrine hormones, the definition of ectopic or
inappropriate hormone synthesis must be re-evaluated. Howlett and Rees (115) in their
review of the subject make the appropriate suggestion that the term be applied to any
peptide in situations where a "recognizable clinical syndrome is apparent or even when
there is elaboration of hormones in the absence of clinical symptoms". The process of re-
defining ectopic hormone synthesis has been evolving since Baylin and Mendelsohn's
comprehensive review of the topic in 1980 (115-117). The abnormal expression or ectopic

production of hPRL associated with different tumours in humans is a rare event. Molitch
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and co-workers (118) assessed 215 patients with various neoplasms for hyperprolactinemia
and found fifteen patients with above normal levels of serum PRL . However, in the
majority of these cases it was deduced that drugs or physical stress was the causal factor
for hyperprolactinemia. They concluded at that time that there was no clear evidence for the
secretion of PRL by the tumour. Evidence for direct synthesis by these neoplasms was not
obtained. Only three other reports exist claiming the inappropriate production of PRL: by
bronchogenic carcinoma (119), renal cell carcinoma (120) and gonadoblastoma (121). In
the latter case, although PRL  synthesis was not demonstrated directly,
immunohistochemical analysis of the tumour revealed cell-type specific staining and a
significant PRL. gradient between the venous drainage from the tumour and the peripheral
vein PRL concentrations.

With regard to established cell lines, Rosen and co-workers (122) reported the
detection of PRL by RIA in cell extracts when different human malignant cell lines (none of
pituitary origin) were studied. Actual synthesis of PRL by these cell lines was not
measured and secretion into the culture medium was not detectable. Moreover, they were
unable to confirm the identity of the immunoreactive material as authentic PRL because the
quantity detected (0.1-0.5pmol/mg cell protein) was very small.

Ectopic expression of the structurally related GH gene is also a rare event and in
most reported cases the evidence was based on a fall in elevated circulating GH levels after
surgical removal of the neoplasm. GH immunoreactivity has been detected in extracts of
bronchogenic carcinoma and gastric adenocarcinomas, as well as cancers of the breast and
ovary (123,124). 1In none of these cases was there any evidence of biosynthesis shown.
In one patient Greenberg et al (125) demonstrated secretion of GH from a lung carcinoma
in vitro. 'The ectopic production of the other member of this gene family, hPL, is
somewhat more convincingly demonstrated since normally it is exclusively a fetoplacental
product. Immunoreactive PL has been detected in the serum of patients of both genders

having a variety of trophoblastic and non-trophoblastic malignancies (126-128).
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It is clear from the literature that inappropriate gene activation of the PRL-GH
gene family does not occur with great frequency or is a rare event. A priori, there is no
obvious reason why ectopic PRL , GH or PL should occur less frequently than for instance
that of the beta-subunit of human chorionic gonadotropin; the explanation potentially lies in

the mechanistic constraints of cell-specific gene activation.

Hormones and the Immune System

Since this thesis deals in part with the production of PRL by a lymphoblastoid
cell line, a discussion of the current literature regarding hormones and the immune system
is appropriate. Recently this concept has gained credence with the emergence of data
suggesting that cells of the immune system may potentially synthesize what were
previously believed to be classical pituitary derived hormones. One of the most prominent
laboratories in this field is that of Edwin Blalock and colleagues. These investigators have
reported that human and rodent peripheral blood lymphocytes are capable of synthesizing
ACTH (129), thyrotropin (TSH) (130), chorionic gonadotropin (CG) (131) and GH (132)
when stimulated by various antigens or mitogens. Of these reports only one case, that of
lymphocyte ACTH production has been substantiated by other laboratories. Oates et al
(113) provided definitive evidence for the presence of POMC transcripts in EBV-
transformed B-lymphocyte cell lines and tonsillar B-cells by RNA blot hybridization
analysis. Buzzetti and co-workers (133) confirmed these results and went on to prove that
the POMC transcripts were translated into a post-translationally processed polypeptide
elaborating ACTH. In an earlier dissenting report, however, Lacaze-Masmonteil and
colleagues (134) had shown that the POMC transcript in non-pituitary tissues, including the
thymus, was truncated and could not code for a mature ACTH peptide. These transcripts

were sized at 800 bases, similar in size to those seen in the reports (113,133) described
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above. The normal POMC transcript is 1200 nucleotides in length. Thus even though
POMC gene activity has been documented in cells of lymphoid origin, it remains
questionable whether these transcripts give rise to a biologically active ACTH-like
molecule. A similar situation has been described for vasopressin mRNA in bovine corpus
luteum (135).

There are relatively few other examples of lymphoid cells producing peptide
hormones or opioids. The expression of preproenkephalin mRNA in activated mouse T-
helper cell lines has been documented (136). Vasoactive intestinal peptide (VIP) can be
synthesized by rat basophilic leukemia cells; it has been purified and subjected to amino
acid sequencing which revealed structural variants of the VIP normally found in
neuroendocrine tissues (137). The existence of oxytocin and its carrier, neurophysin,
have been documented in human thymus by HPLC analysis and biological assay at
concentrations well above those found in the circulation, thus implying local synthesis. In
a recent review (138), Blalock claimed that lymphoid cells were also capable of producing
growth hormone-releasing factor (GRF) as well as gonadotropin-releasing hormone
(GnRH), although no data was presented to confirm those claims. According to Blalock,
cells of the immune system are mini-circulating hypothalamo-pituitary glands. It should be
emphasized, however, that Blalock's results have not been corroborated in the literature
and the passive acquisition by lymphocytes from the circulating pool of peptides remains a
possibility.

On the other hand, it has been recognized that interleukin cytokines can be
produced by endocrine glands. A variety of biological effects have been attributed to
interleukin-6 (IL-6) including stimulation of B-cell growth and differentiation, stimulation
of T-cells as well as acute phase protein production. Two groups (139,140) have indicated
that cells of the anterior pituitary in vitro can synthesize IL-6; the latter demonstrated by
biological assay. It would appear that the cells responsible for the IL-6-like bioactivity are

the folliculo-stellate cells which are macrophage-like and form part of the matrix of the
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pituitary in which the classical hormone-secreting cells are embedded (140). Breder and
colleagues (141), by immunohistochemical means, demonstrated an IL-1-like substance in
the neural elements of the hypothalamus. It should be noted that the synthesis of these
interleukins by cells other than those of the immune system is not surprising as it has been
shown that interleukins can be produced by fibroblasts (142) and endothelial cells (143).

To date the most strongly documented interaction between the neuroendocrine
and immune axes has involved the effect of IL-1 on the release of ACTH from pituitary
corticotropes. This effect was first shown using the pituitary tumour cell line AtT-20
(144). This finding would appear to have been supported by the work of Besedovsky et al
(145) when they showed that circulating levels of ACTH could be increased 4- to 5-fold
two hours after mice were injected with recombinant human IL-1. However, more recent
studies from three different laboratories indicated that IL-1 could increase ACTH release
from pituitary corticotropes but in an indirect manner via stimulation of CRF release from
the hypothalamus (146-148). The direct site of action of IL-1 in the hypothalamo-pituitary-
adrenal axis remains controversial with the report of Bernton et a/ (149) and Fukata et al
(150) who have provided direct independent evidence for the stimulation by IL-1 of ACTH
secretion from primary pituitary cell monolayers in the first case and AtT-20 tumour cells in
the latter study. Thus the evidence for a bidirectional communication between
immunomodulatory peptides and classical endocrine factors is conclusive. The precise
nature of this interplay has not been universally confirmed although the preponderance of
evidence appears to support a central mechanism utilizing the hypothalamus as the
transducer of the peptide signal from the immune system.

A number of reports have also implicated IL-1 as a regulator of steroidogenic
function in mammalian cells in culture. Several reports have indicated that IL-1 can
suppress luteal function. This occurs by down-regulating luteinizing hormone (LH)
receptors in granulosa cells as well as reducing the synthesis of progesterone by these cells

under basal conditions and also after stimulated by LH (151-154). IL-1 has a biphasic
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effect on sex-steroid production by cultured Leydig cells being initially stimulatory and then
inhibitory after a six to eight hour latent period (155,156). While it appears that IL-1is a
major mediator of the putative functional link between immune and endocrine systems,
more work is required to determine whether interleukins exert a physiological role in
regulating sexual activity or stress responses typically mediated by classical endocrine

factors.

Prolactin and the immune system

It is only in recent years that PRL 's role as a putative immunomodulatory factor
has become a subject of popular interest. In general the earlier studies on PRL regulation
of immune system function utilized supraphysiological doses of PRL in order to obtain a
response. For instance, Harris and colleagues (157) found that a significant decrease in
human lymphocyte chemotaxis could be observed only at PRL concentrations greater than
1000ng/ml. Only pharmacological doses of PRL (i.e., 75ng/ml) were found by Karmali et
al (158) to reduce the mitogenic response of lymphocytes to lectin stimulation. The
specificty of PRL action in such studies seems questionable because at such high
concentrations contaminants in the PRL preparation may have played an integral role in the
measured response. This is especially relevant now that IL-6 and possibly others of this
group of immune regulators have been found to be actually synthesized by the pituitary.

The work of Berczi and colleagues (159) made clear the importance of the
pituitary in normal immune function in rodents. In hypophysectomized rats, these
researchers found that the immune response to various challenges (i.e., sheep red blood
cells or lipopolysaccharide) was significantly suppressed and this could be reversed in large
part by pituitary grafts. Giving back PRL had the same effect which clearly implicated
PRL as a trophic factor of the immune system. In a later publication Nagy, Berczi and
Friesen (160) presented dramatic evidence that either GH, PRL or hPL when given

individually were capable of restoring the hypophysectomized rodent antibody response to
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sheep red cell challenge. Although provocative the authors were cautious about suggesting
that the results meant that these lactogenic hormones were acting directly on lymphoid cells
through specific receptors. They concluded that it was more likely that PRL and GH
effects on immunocompetence occurred through some intermediate factors. At that time
there was no good evidence for the presence of GH or PRL receptors on normal cells of
the immune system. Additional evidence for a stimulatory role for PRL on the immune
system was presented by Berczi and co-workers {161) when they showed that low doses
of PRL  (20pg/day) could reinstate the inflammatory reaction to painting
dinitrochlorobenzene onto the backs of rats. In hypophysectomized rats, the contact
dermatitis reaction was absent. In a recent report Kelley and colleagues (162) were able to
reverse the normal atrophy of the thymus in aging rats as well as T-cell function by
implantation of GH3 pituitary tumour cells for 2 months. These researchers suggested that
the principal secretory products of these cells, PRL and GH, may have a direct stimulatory
effect on the thymocyte population. However GH3 cells secrete a number of different
products some of which may be stimulatory to the thymic gland. Moreover, no data
regarding PRL and GH levels in the tumour cell-implanted rats was given. It is
conceivable that during the two month treatment period the GH3 tumours acquired new
secretory characteristics compatible with restoring thymic activity to old rats. This study
was not sufficiently specific in its design to allow critical conclusions regarding the effects
of GH and PRL on thymic aging to be formulated.

In 1984 Russell proposed that the immunosuppressive agent, cyclosporin, used
extensively to minimize human organ transplant rejection, competed for PRL binding sites
on human lymphocytes (163,164). It was reported that human peripheral blood
mononuclear cells contain approximately 360 high affinity PRL receptors/cell. This
concept was promoted by Hiestand et al (165) who went on to present unconvincing
evidence for the expression of a PRL-like gene in splenic lymphocytes after antigenic

stimulation. The size of the putative PRL-like mRNA was more than 10kb and more likely
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represented genomic DNA contamination of lymphocyte RNA preparations. Nevertheless,
Russell's group (166) attempted to characterize this putative PRL-like gene product in
murine peripheral lymphocytes. Hiestand er al (165) had proposed that stimulated
lymphocytes might produce an autocrine PRL-like factor which could then begin a
stimulatory cascade on neighbouring lymphocytes in an attempt to explain why, when PRL
is reduced to an almost undetectable level, the T-cell mediated immune response is still
completely functional. Russell's group (166) utilized the rat Nb2 lymphoma mitogenic
assay as a method for the detection of a PRL-like molecule in the supernatant of
Concanavalin-A (Con-A) stimulated murine splenocytes. After 48 and 72 hours of
stimulation, supernatants contained Nb2 lymphoma mitogenic activity which was as much
as two-fold greater than that produced by a maximum mitogenic dose of rat PRL. In
immunoneutralization experiments of this novel PRL-like activity, rather peculiar results
were obtained. The PRL antiserum (obtained from the NIADDK) decreased the mitogenic
effect of the Con-A stimulated splenocytes supernatant 50% better than the antigen (PRL)
to which it was originally raised. Moreover this antiserum, when applied to Con-A, PRL
or alloantigen stimulated splenocytes, caused a severe reduction in splenocyte proliferation.
Russell ez a/ interpreted these results as indicating the production of a PRL-like molecule
essential for all forms of lymphocyte proliferation. The equally plausible explanation of a
non-specific toxic effect of the antibody on splenocytes or Nb2 cells was not considered
nor were appropriate controls to rule out such a possibility included. It is also noteworthy
that the classical method of obtaining large amounts of interleukin-2 is by Con-A
stimulation of splenocytes. Interleukin-2 is a potent mitogen of Nb2 cells (167). Thus the
results of Russell and colleagues could be due entirely to the production of interleukin-2.
The interaction of cyclosporin with putative PRL receptors on lymphocytes
was challenged by Varma and Ebner using the Nb2 cell line (168,169), the only lymphoid
cell line known to contain an abundance of PRL receptors and which is exquisitely

sensitive to lactogens for mitogenesis. These investigators found that cyclosporin could
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indeed inhibit PRL stimulated Nb2 cell proliferation; however, cyclosporin and PRL
clearly did not compete for a common binding site on Nb2 cells (170). Cyclosporin acts to
suppress lymphocyte proliferation at a site downstream of the ligand binding event at the
cell surface. The lack of interaction between PRL and cyclosporin on the PRL receptor
was also demonstrated using rabbit mammary gland preparations which contain well
characterized PRL receptors (171).

Recently the cellular receptor to which cyclosporin binds, cyclophilin, has been
purified and its sequence determined (172). It is a highly abundant, ubiquitously
distributed peptidyl-prolyl cis-trans isomerase whose activity is inhibited by the binding of
cyclosporin (173). In yeast and Neurospora crassa, the cytotoxic effects of cyclosporin are
mediated by cyclophilin (174). It has been postulated that cyclophilin, an enzyme which
facilitates folding during protein synthesis, may be a fundamental component of various
intracellular signal transduction processes. Hence the inhibitory activity of cyclosporin on
Nb2 cell proliferation induced by PRL. may be somewhere in the pathway from the ligand
binding event at the membrane to the replication signal in the nucleus.

A role for PRL in directly regulating the immune system as suggested by
Russell et al necessarily implies the presence of high-affinity, saturable receptors on the
surface of immune cells. Russell's data on lymphocyte PRL receptors has been
corroborated by one group who even detected PRL receptors on human erythrocytes at
0.24% of total radiolabelled PRL added to 2x106 cells (175). Others have been unable to
find PRL receptors on quiescent or stimulated rodent splenocytes (176). In addition, PRL
receptor mRNA was not detected in poly(A+) mRNA isolated from rat spleen or thymus
(95).

Thus, the existence of lymphocyte PRL receptors has not been universally
confirmed; nevertheless, data continues to sporadically accumulate implicating PRL as an
immunoregulatory factor (177-179). Of these reports the most provocative was that of

Bernton et al (177). They tested the effect of significantly lowering PRL levels with
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bromocryptine in mice and analyzed macrophage tumouricidal activity, lymphocyte
proliferative responses to T- and B-cell mitogens as well as the production of macrophage
activating factors by T-cells. In general bromocryptine had a significant suppressive effect
on the immune system which could be reversed by administration of PRL . Bernton's
work concurs with the earlier studies of Berczi and colleagues (159-161) and provides
credible in vivo data supporting a trophic effect for PRL. on the immune system.

All of the studies reviewed thus far have dealt with establishing PRL as an
immunomodulatory factor. A reciprocal effect of the immune system on PRL release from
the pituitary has received little attention. A lone report has documented that IL-6, which
can be released by the anterior pituitary gland, is capable of stimulating the release of PRL,
GH and LH from pituitary cells in culture at picomolar concentrations (180). The presence
of IL-6 receptors on cells of the anterior pituitary has not yet been determined. Certainly
these results create an intriguing scenario where IL-6 secreted by folliculo-stellate cells of

the pituitary could act in a paracrine fashion to modulate the release of pituitary hormones.

Common Mechanisms of Eukaryotic Cell-Specific Gene Transcriptions

Cis- and trans-acting elements

It is generally accepted that the temporal activation of specific genes is an
obligatory step which directs the primary level of cellular organization. This process is
manifested as the differentiation of cells into specific types to constitute a tissue of
particular function and which in turn develop into an organ component of a physiological
system. An identical complement of genes is found in every cell but each differentiated cell
synthesizes a different set of specialized proteins along with the essential "housekeeping”

gene products (181). This line of developmental progression obviously requires precise
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molecular regulatory mechanisms to ensure the switching on or off of the transcription of a
specific complement of genes which results in the phenotypic identity of that cell.

In recent years there has been an explosion of information regarding the role of
sequence-specific DNA binding proteins in the selective activation of genes in a temporal or
cell-specific manner. Much of our present knowledge about the transcriptional regulation
of genes in higher eukaryotes has been elucidated from studying the biochemical response
of target cells to steroid hormones. Steroid hormones and other inter- and intracellular
messengers exert their controlling influence over the physiology of a cell primarily by
altering the various steps of RNA metabolism. It is now well established that the first step
in RNA biogenesis can be controlled by these messengers via short DNA sequences called
promoters and enhancers located primarily 5' to the transcription start-site of a particular
gene (182-186). These sequences act as recognition sites for binding of proteins which can
then interact with RNA polymerase II to initiate and modulate the activity of the enzyme on
the gene.

The primary or basal promoter region in the vast majority of mammalian genes
studied thus far is located within 100bp of the transcription initiation site and is composed
of at least two easily recognizable motifs. The first conserved sequence being TATAAG
called the "Hogness" or "TATA" box is usually located about 30bp upstream of the RNA
start site. When this sequence is deleted or mutated a decrease or obliteration of
transcription initiation occurs (182,186,187), as well as a loss of the fixed physiological
transcription start site (188-189). It is to this core sequence that general transcription
factors bind in an ordered manner to interact with RNA polymerase II and form the
"preinitiation complex”. The factor which binds to the TATAA core sequence,
transcription factor (TF) IID has just recently been purified to homogeneity and its cDNA
cloned from yeast (190). TFIID is but one of a number of protein factors designated
TFIIA, TFHB, TFIIE/F which interact in a coordinated fashion on the core promoters

centred on the TATA box sequence. These components of the class II transcriptional
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machinery have been semipurified and used in cell-free systems to reconstitute transcription
initiation. This was done on a defined template in order to determine the sequence of
binding or interactive events which result in a commited transcriptional complex with RNA
polymerase I (191-193). Buratowski and colleagues resolved seven distinct complexes in
the pathway to the formation of a competent transcriptional apparatus. The binding of
TFIID to the TATA element is the first step in the pathway. This results in the formation of
a stable so-called "committed" complex (194,195) since TFIID will not dissociate readily
from the promoter when challenged with competitor DNA or even nucleosomes (196).

The other highly conserved sequence in the basal promoter is GGPyCCAATCT
commonly referred to as the "CCAAT box". Deletion analysis of this sequence indicated
that it functions primarily to set the basal level of transcription (182). The CCAAT
recognition motif is not recognized by a single ubiquitous factor, rather there is a family of
CCAAT transcription factors (CTF) which have been isolated and some members cloned
(197-199). These structurally related CTFs arise by alternative splicing of a single gene.
Numerous other reports have suggested that there exists a very large group of distinct
DNA-binding proteins which recognize the CCAAT motif (197 and refs. therein) such as
C/EBP (200). By c¢DNA cloning, however, C/EBP bears no homology to the CTFs
isolated by R. Tjian's group. Chodosh ef al (199) postulated from the mixing of
chromatographic fractions containing DNA-binding activity, that the CTFs are multimeric
complexes composed of heterologous polypeptides thus generating a high degree of
diversity and potential gene-specificity of binding. The specificity of the various CCAAT
binding proteins on different genes is controversial, but there is no doubt a large family of
these proteins which recognize the CCAAT core sequence in the basal promoter of most
mammalian genes.

A growing number of genes have been described as lacking the hallmarks of a
basal promoter region (i.e., TATA and CCAAT boxes) immediately upstream of the RNA

start site. Examples of such "TATA-less" transcription units includes the gene for
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transforming growth factor-beta (201), human interstitial retinoid-binding protein (202),
human ¢-fms (203), murine Ick protein tyrosine kinase (204), human sex hormone-binding
globulin (205), human nerve growth factor receptor (206), murine thy-1.2 glycoprotein
(207), hCG-B subunit (208), rat acyl-CoA oxidase (209), human CD3-gamma and sigma
chains (210) and references cited therein. Some of these genes contain another
recognizable binding motif close to the transcription start site called the GC box
(GGGGCGGGGG) which was originally described in the 72bp repeat of simian virus 40
promoter region (211). The GC box binds the glutamine-rich transcriptional activator,
Spl, which has been purified and cloned (212). Genes lacking a TATA and CCAAT
boxes but having a number of GC boxes can be generally divided into two groups. One
category consists of genes with constitutive GC-rich promoters expressed in a wide variety
of tissues which encode proteins that perform housekeeping functions (e.g., 209);
typically these genes have multiple Sp1 binding sites and transcription initiation sites. The
other group of genes lack any recognizable DNA binding motifs immediately upstream of
the transcription start site. These genes are typically not constitutively expressed, usually
code for proteins involved in cell growth or differentiation (e.g., 204,213), and often have
one or a few tightly clustered transcription start sites. These categorizations are not without
exceptions (201,206). Attempts to characterize the basal promoter elements of genes
lacking the conventional binding sites have met with little success. Recently Smale and
Baltimore (214) have localized the basal promoter of the mouse terminal
deoxyribonucleotide transferase (TdT) gene to a 17bp region which includes the
transcription start site. The activity of this basal promoter could be enhanced by the
upstream insertion of a TATA box or Spl binding sites in a strictly position dependent
manner (i.e., TATA box about 30bp and Sp1, 40-50bp from the start site). This initiator
basal promoter sequence has not been found universally distributed in mammalian genes;

however, its discovery may help to re-shape our notion of a basal promoter.
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The set of DNA sequences which increase the rate of transcription are termed
enhancers. Unlike the promoter elements described above, enhancers have the unique
property of amplifying transcription from promoters in a position and orientation
independent manner. There are basically two types of enhancers; those which confer
temporal and/or cell-specific expression (215,216) and those that are inducible such as the
cAMP response element (217) and the steroid hormone receptor binding elements (183).
In recent years this has been an extremely active area of research with cis-acting enhancers
and the corresponding frans-activating proteins having been characterized for a large
number of genes (218). As stated above enhancers can be located almost anywhere relative
to the RNA start site. Enhancers, which act over very large distances such as the cell-
specific element of the T-cell receptor alpha-locus which exerts its influence over 69kb
(219), can be present in the 3' flanking DNA of a gene (220-222). Moreover enhancers
and promoters can be located within intronic regions of a gene (223,224) which is not
surprising since for some genes the terms intron and exon are ambiguous and the same
segment of DNA can function as one or the other. This applies to genes with multiple
transcripts initiating from heterogeneous points where an intron could potentially contain
promoter and enhancer elements. In embryonal carcinoma cells the platelet-derived growth
factor receptor mRNA initiates immediately upstream of exon 6 (225); a similar strategy
exists for the transcription of the band 3 anion exchange protein mRNA in rat kidney (226).
Traditionally the 5" flanking region of a gene is a good hunting ground for transcriptional
enhancers. It is increasingly evident, however, that one can no longer ignore internal areas
of a gene as potential regulatory regions. Eukaryotic transcriptional regulatory proteins are
generally thought of as activators; however, equally plausible is the selective repression of
gene transcription via binding of proteins to so-called "silencer” elements. Glucocorticoid
down-regulation of the rat PRL gene is mediated through binding to negative glucocorticoid
response elements which exhibit some homology to glucocorticoid response elements that

activate transcription (227). Other examples of transcriptional repression include
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glucocorticoid receptor inhibition of human glycoprotein hormone alpha-subunit gene,
thyroid hormone receptor negative regulation of Xenopus vitellogenin gene, and various
combinations of Drosophila homeobox containing transcriptional regulators which result in
suppression of a reporter promoter (228). Recently Kageyama and Pastan (229) have
cloned a DNA-binding protein that binds to GC-boxes (which are Spl activating sites)
causing transcriptional repression in co-transfection experiments. _

The complexity of transcriptional regulation is quickly coming to light and it is
apparent that the global regulation of any gene will involve a pyramid of proteins

interacting with specific DNA elements as well as each other on and off the DNA.

Alternative promoter use and RNA processing

Another mechanism by which cell-specific gene expression is achieved is by the
utilization of alternative transcription start sites which usually imply the use of alternative
promoter and enhancer elements. There are numerous examples of alternative use of exons
and promoters as a means to generate tissue-specific RNA diversity. This now classical
mechanism is operational on the gene for mouse alpha-amylase 1 (230), Drosophila alcohol
dehydrogenase (231), rat acetyl-coenzyme A carboxylase (232), rat gastrin-releasing
peptide (233), and the rat gamma-glutamy] transpeptidase (234). In these cases two
different mRNA species are synthesized having different 5' untranslated regions
transcribed from separate promoters which are active in different cell types, but direct the
synthesis of identical proteins. In some cases the distance between the cell-specific
promoters can be considerable. In the human c-fms gene, multiple transcription start sites
facilitate placental trophoblast-specific expression with the inclusion of a unique 5' non-
coding exon located 25kb upstream of the monocyte-macrophage specific cap site (203).
The Ick protein tyrosine kinase gene in non-transformed lymphoid cell lines initiates at a
site more than 30kb upstream of the cap site activated in non-lymphoid tumour cell lines

(235).
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A variation on this mode of tissue-specific regulatory flexibility is when the
alternative promoter occurs in an intron as discussed in the previous section. In those
situations multiple forms of a protein can be generated in a cell-specific fashion as is the
case for the cartilage versus calavaria alpha-2(I) collagen mRNAs where the resultant
cartilage protein is not of the collagenous type (236). Splicing of a common primary
transcript to yield multiple proteins in specific tissues can also occur (237-239).
Differential splicing coupled with the use of alternative polyadenylation sites allows for the
neuron-specific synthesis of calcitonin gene-related peptide as well as different
immunoglobulin heavy chain genes in B-lymphocytes (240).

In the PRL-GH gene family alternative splicing of the hGH-N and hGH-V gene
has been documented. The N-gene primary trancript can be differentially processed such
that the 5' portion of exon 3 is deleted to produce a smaller hGH of 20kd (241,242). The
expression and alternative splicing of the hGH-V gene has been detected in placenta and
involves the differential splicing of the fourth intron to produce an hGH-V protein
containing a highly divergent and longer COOH-terminal region (243). The selective
retention of intron 4 in a GH hnRNA was initially described for the bovine pituitary
transcript (244). The differential processing of the hGH genes is not constrained by cell-
type since both transcripts are present in transfected cells. However, in vivo hGH-V gene
expression has been detected only in placenta and hGH-N expression is restricted to the
pituitary (245). There appears to have been no documentation of alternative splicing of

PRL mRNA.

Potential intrinsic gene regulatory factors

The conversion of a gene from a transcriptionally quiescent state t0 a locus of
active tissue-specific expression involves not only cis- and trans-active elements, but also a
structural organization and protein composition unique to active chromatin. It may be that

the ability of extrinsic regulators such as steroid hormone receptors to bind to DNA

e
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depends on the chromatin structure. These structural properties have been discovered
because their presence has been correlated with actively transcribed chromatin. These
parameters include changes in the packaging of the chromatin, DNA methylation, histone
and non-histone protein alterations and chromatin interaction with the nuclear matrix.

Whether these biochemical changes are a cause or consequence of gene
transcription has yet to be clarified. From the context of tissue-specificity, the role of
methylated cytosine residues has received considerable attention. There are numerous
examples in the literature which have correlated the expression of a gene in a particular
tissue with a state of hypomethylation in and around the gene (246 and references therein).
However, it is becoming clear that this is not a general predictive scheme (247,248). The
effect of methylating cis-active DNA elements on subsequent binding of corresponding
trans-acting factors has resulted in conflicting data (249,250). Understandably then, only
cautious predictions regarding the functional importance of 5' methyl cytosine in cell-
specific gene expression can be ventured from such a spectrum of non-uniform results.

It is well established that the transcriptionally active fraction of the eukaryotic
genome is somehow more susceptible to digestion by DNase I than bulk chromatin. That
chromatin decondensation is associated with the expression of genes in a tissue-specific
manner is indisputable (251). The 5' promoter regions of genes are usually the focus of
attention in studies of DNase I hypersensitivity because nucleosome-free regions of the
chromatin fibre presumably facilitate the binding of cell-specific DNA-binding proteins to
sequence recognition motifs.Regions of DNase I sensitivity can be altered by
transcriptional regulators such as steroid hormone receptors (252). Sites of DNase 1
hypersensitivity in the controlling regions of a gene are often set during development in a
cell-specific manner. As is the case of methylation, it is not yet clear whether nucleosome
displacement is a cause of or consequence of other factors which contribute to cell-specific

gene activation.
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Mechanisms of pituitary-specific expression of the rat PRL gene

The prolactin gene has become a popular candidate for defining the molecular
basis of cell-specific gene transcription since its expression is generally restricted to the
anterior pituitary gland. Using the sophisticated techniques of DNase I footprinting, cell-
transfection assay, in vitro transcription, band shift analysis, and DNA-affinity
chromatography, a number of cis-active DNA sequences in the 5' flanking DNA of the rat
PRL gene as well as one of the corresponding DNA binding proteins have been isolated
(253-257). The now seminal paper by Nelson et al (253) delineated two clusters of tissue-
specific cis-elements lying between -38 to -200 (proximal enhancer) and -1386 to -1728
(distal enhancer) relative to the rat PRL gene start site. The proximal enhancer contained
three binding sites, and the distal, four binding sites consisted of the consensus sequence
A Ajr Ajr TATNCAT. These sites competed with each other for the binding of a single
factor termed Pit-1. Interestingly the binding of this factor could be competed for by the
tissue-specific elements of the rat GH gene. These data were verified in a number of other
laboratories (254-257). Shortly thereafter, Ingraham et al (258) and Bodner et al (259)
cloned the cDNA which corresponded to the ¢rans-acting protein which bound to the tissue-
specific enhancers of the rat PRL and GH genes, respectively. The deduced amino acid
sequence of the 33kd Pit-1/GHF-1 contained two domains which exhibited a high degree
of conservation with other DNA-binding proteins. Near the COOH-terminus of the 291
amino acid Pit-1 molecule exists a 60 amino acid region strongly resembling the homeobox
domain found in several Drosophila and vertebrate developmental regulatory proteins. Just
upstream is another region of 67 amino acids which was found to be conserved in three
other DNA-binding proteins (Oct-1, Oct-2 and unc 86) which was named the POU-domain
(260). The combined POU-homeodomain is required for DNA binding (261), although
others (262) dispute the importance of the POU-subdomain in binding to the Pit-1

enhancer.
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The specificity of Pit-1 for PRL and GH gene expression in the rat anterior
pituitary has been demonstrated by transient co-transfection assays in heterologous cell
systems in which the amount of Pit-1 expressed was not supraphysiological (263). Using
transgenic mice, the Pit-1 enhancer regions were shown to specifically target the cells of the
anterior pituitary (264). Saturation mutational analysis of the Pit-1 binding site showed
both in vivo and in vitro that this trans-activator interacts with the GH and PRL gene
cell-specific enhancers (265). These results firmly establish Pit-1 as an essential pituitary-
specific transcriptional activator of the PRL gene in rodent, but do not discount the distinct
possibility that other yet undiscovered factors are important to set the physiological levels

of PRL and GH gene expression.

Human prolactin gene transcription

The structure and sequence of the hPRL gene has been elucidated; however,
relatively little work has been done on regulation at the transcriptional level largely because
of a lack of a human cell system. Organ culture of human pituitary adenomas or fetal
pituitaries can remain viable for up to almost one year (266-268) but during this time there
is a loss of specific differentiated function, i.e., hormone secretion. As a result the
establishment of human pituitary cell lines has met with little success, and this has been
attributed to the slow growth of hormone secreting cells coupled with eventual overgrowth
by fibroblastic cells (269). Recently, two groups have reported the establishment of human
pituitary tumour cell lines that secrete PRL. and are responsive to regulation by a variety of
factors (270-271). In the case of decidual PRL , no immortalized cell lines of the
endometrium have been reported to secrete PRL . This is not surprising because the
majority of endometrial cell lines available, seven from the American Type Culture
Collection (Rockville, MA) (272), possess epithelial cell characteristics and not those of

endometrial stroma from which PRL is normally synthesized.
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In the previous section it is clear that the availability of rat pituitary tumour cell
lines producing PRL and GH has greatly facilitated the study of the cell-specific
expression of these genes. Truong and co-workers (36) recognized the high degree of
sequence homology that exists in the immediate 5' flanking region between the human and
rat PRL genes. Those sequences in and around the binding site of Pit-1 in the proximal
enhancer were almost totally conserved. A single report has appeared describing the
interaction of extracts prepared from subclones of a rat pituitary tumour cell line with the 5'
flanking DNA of the hPRL gene. By DNase I footprinting, in vitro transcription and gel
retardation assays, these investigators showed that the human PRL gene can be controlled
in a tissue-specific manner from enhancer sequences almost identical to those described by
Nelson et al (253) in the rPRL gene proximal enhancer. Only binding site 2P recognized
by Nelson (253) at -115 to -130 of the tPRL gene 5' flanking DNA was not detected in the
corresponding sequence of the hPRL gene. This site is proposed to be non-tissue-specific
(254). Moreover, Lemaigre and co-workers (273) found that the tissue-specific factor
which binds to the hPRL gene enhancers is competed for by the hGH gene enhancers and
probably represents Pit-1/GHF-1 described previously. Thus it is reasonable to assume,
despite the use of heterologous cell system, that the cell-specificity of the hPRL gene is

conferred by a mechanism analogous to that so far delineated for the tPRL gene.

Rationale and Objectives of this Investigation

Initially, the objective of my Ph.D. research was to focus on identifying the
expression of PRL and PRL -related mRNAs in rat and human tissues other than the
pitvitary. This was founded on the reports of Duckworth ef al (28,29) who discovered
two new members of the PRL-GH gene family expressed in rat placenta each of which
possesses 35-45% amino acid sequence homology to PRL . Prior to this point it had been

well established that the rat placenta synthesized two other distinct polypeptides (rat
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placental lactogen I and II) which were considered PRL-like by virtue of the fact that they
possessed lactogenic activity. In addition to these four new members of the rat PRL-like
gene family, two other distinct polypeptides sharing high homology with PRL were
discovered in the mouse placenta (46,47) bringing the total to six PRL-like proteins
expressed in rodent placenta. The existence of a large PRL-like gene family has also been
documented for bovine fetal cotyledons (48,49). These PRL-like proteins are not cross-
species homologues of one another and it appears that this is a rapidly evolving family of
genes.

Given these precedents it was of great interest to determine which, if any, of

these PRL-like genes might have been conserved and expressed by human placenta. The

initial purpose of my investigation was to establish the presence and determine the primary
molecular characteristics of putative new members of the human PRL -GH gene family. It
was considered that purification of lactogen-like polypeptides, other than human chorionic
somatomammotropin, from the human placenta would have significant clinical
ramifications. As a first step, RNA from a variety of human and rat tissues and cell lines
was analyzed for the expression of PRL or related mRNAs. Extensive low and high
stringency hybridization screening of a number of human term placenta lambda GT10
cDNA libraries with the various rat PRL-like cDNAs as probes did not reveal human
counterparts. Moreover, low stringency genomic Southern hybridization experiments with
these rat cDNAs did not show reproducible or convincing cross-hybridizing human
genomic DNA fragments, Therefore, after considerable efforts it was concluded that the
novel PRL -related gene family expressed in the rat placenta is either not present in the
human genome or not expressed in term placenta.

During the screening of rat tissues and cell lines for PRL-like mRNAs,
however, what appeared to be high stringency hybridization of the TPRL cDNA (274) was
detected to an RNA whose electrophoretic mobility was slightly faster than 188 ribosomal

RNA at approximately 1.6kb. This putative PRL-like RNA was found to be ubiquitously
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expressed in rat tissues. In the course of these studies, a number of human cell lines were
also screened by Northern hybridization with hPRL ¢cDNA and an mRNA was detected in
a human B-lymphoblastoid cell line, IM-9, under high stringency conditions. It was a

novel observation that led to the work described in this thesis for the following reasons:

1. At the time this work began there were no other human cell lines available
which synthesized and secreted hPRL . Therefore, this cell line represented a
potentially valuable tool for the study of hPRL synthesis in vitro. Early studies
using human pituitary tumours or fetal pituitaries were very limited because of
scarcity of tissue and because of the gradual loss in culture, over time, of the

PRL producing phenotype.

2. The ectopic expression of PRL is rare and has never been demonstrated
directly. Thus the production of PRL by the human B-lymphoblastoid line

would be the first conclusive report of inappropriate PRL secretion.

3. The most exciting potential use for this PRL-producing B-cell line pertains to
the question of cell-specific gene transcription. As stated in an earlier section
the expression of the PRL gene is highly tissue-specific and significant
progress has been made regarding the mechanism by which this occurs, largely
due to the availability of rodent pituitary cell lines. The PRL-producing IM-9
line represents a unique and easily manageable resource with which to analyze
the mechanism by which human PRL gene transcription is constrained by cell-
type. By studying the presumably aberrant, or at least inappropriate expression
of PRL in these cells, some insight could be gained into how normal cell-

specific PRL gene expression occurs in the lactotrope or uterine decidual cell.
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With these facts in mind, the objective of my work was to characterize the
expression of PRL by the B-lymphoblastoid cell line. By analysis of the PRL gene,
mRNA and protein, I hoped to provide some understanding of how the PRL gene became
inappropriately expressed and what effect this phenotype had on the physiology of the B-
lymphoblast. During the course of these studies, it was discovered that the PRL mRNA in
IM-9-P and decidual cells was identical. These studies, therefore, would form the
foundation for further use of this cell line in experiments designed to elucidate elements

which confer transcriptional capability to the PRL locus in uterine decidual cells.
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MATERIALS AND METHODS

Materials

Restriction enzymes, DNA and RNA modifying enzymes were purchased from
Pharmacia (Canada) Inc. (Baie d'Urfe, Quebec) and Boehringer-Mannheim (Indianapolis,
IN). Oligo(dT)-cellulose was supplied by Collaborative Research Inc. (Waltham, MA) and
Pharmacia. The lambda phage packaging kits came from Amersham Corp. (Arlington
Heights, IL) as did the nick-translation and random-primer DNA labelling kits which
utilized [alpha-32P]dCTP. All radionucleotides were purchased from DuPont-New
England Nuclear (Boston, MA). Reagents for generating [32P]UTP labelled cRNA probes
were obtained from the Pharmacia Transprobe-T kit and Promega Biotech Riboprobe Kit
(Madison, WI). Hybridization transfer membrane, Hybond-N matrix was from Amersham
Corp., nitrocellulose was from Schleicher and Schuell (Keen, NH) and Nitroplus-2000
from Micron Separations Inc. (Westboro, MA). Plasmids (pPGEM-3) and DNA sequencing
reagents adapted for double-stranded templates were purchased from Promega Biotech.
The B-cell and T-cell-specific human DNA probes were obtained from Cedarlane
Laboratories (Hornby, Ont.). Synthesis of oligodeoxyribonucleotides was done on an
Applied Biosystems DNA synthesizer Model 380A. Unless otherwise stated, all cell lines
were obtained from the American Type Culture Collection (Rockville, MA).

The human and rat PRL ¢DNAs (10,274) as well as rat GH cDNA (275) were
provided by Dr. J. Baxter (University of California, San Francisco). The hPL ¢cDNA clone
(276) came from Dr. G. Saunders (M.D. Anderson Hospital and Tumour Institute,
Houston, TX). A recombinant plasmid containing a fragment of the human DNA repeat
element Alul (277) and the human Y-chromosome-specific DNA probe pY3.4 (278) was
provided by Dr. Yun-Fai Lau. The rat probasin or M-40 ¢cDNA was kindly provided by
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Dr. R. Matusik (Dept. of Physiology, University of Manitoba) (279). Recombinant
plasmids containing different fragments of the human PRL gene were the generous gift of
Dr. Joseph A. Martial (University of Liege, Liege, Belgium) (36). A 5' end-specific
EcoRI fragment of the hPRL gene (phPRLg2750) was provided and consisted of 978bp of
5' flanking DNA, exon 1 and approximately 1740bp of intron A. The hPRL gene 3'
specific genomic clone (phPRLg3900), also an EcoRI fragment, spanned 645bp of intron
C, exon 4, intron D, exon 5 and 392bp of 3’ flanking sequence. These genomic fragments
were cloned into the EcoRI site of pBR322. An additional 5’ flanking genomic DNA clone
(phPRLg4800) was sent later and had been isolated from an EMBL3 genomic library as a
6.0kb fragment whose sequence overlapped with the previously published sequence of the
hPRL gene (280). The most 5' 4800 bp Sall-EcoRI fragment was subcloned into pUC19.
Human pituitaries were obtained at autopsy and stored frozen at -70C. Human
maternal decidua was obtained from 9-12 week aborted conceptus. Permission for the
procurement of maternal decidua was obtained from the University of Manitoba Faculty
Committee on the Use of Human Subjects in Research (Reference:E88:199). Human term
placental tissue was obtained from the laboratory of Dr. Peter Cattini (Dept. of Physiology,
University of Manitoba). A lambda GTII ¢cDNA library constructed from human term
placenta was procured from Clontech (Palo Alto, CA). A human uterine decidua lambda
GTII ¢cDNA library (281) was kindly provided by Dr. Olli A. Janne (Population Council

and Rockefeller University, NY).

Cell Culture

IM-9 cells, originally supplied by Dr. Ron Rosenfeld and kept in our laboratory

for several years (referred to as IM-9-P) as well as IM-9 cells recently obtained from three

different sources, Dr. R. Rosenfeld (Stanford University, Stanford, CA), Dr. Maxine
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Lesniak (NIH, Bethesda, MD), American Type Culture Collection (ATCC, Rockville,
MD), were maintained in RPMI-1640 medium (Gibco, Burlington, Ontario) supplemented
with 10% fetal calf serum (Gibco), 50U/ml penicillin, and 50pug/ml streptomycin (Gibco,
RPMI/FCS). Serum-free medium consisted of RPMI-1640 supplemented with 0.1%
BSA. Cell numbers were determined using a Coulter counter (Coulter Electronics, Inc.,
Hialeah, FL) and had a coefficient of variation of less than 5%. For production of
conditioned medium, cells were placed at 1 x 105cell/ml, incubated for four days unless
indicated otherwise, and sedimented by centrifugation (500 x gravity) at 4C for 5-10 min,
and supernatants were passed through filters of 0.45um pore size to remove any remaining
cells. The following six human lymphoblastoid and leukemic cell lines were obtained from
the ATCC and cultured as recommended by the supplier (RPMI 1788, RPMI 7666, RPMI
6666, RPMI 8226, HS-Sultan, CCFR-SB). The Nb2 11c clone of the rat T-cell
lymphoma line established by Gout et al (282) was cultured in Fischer's medium (Gibco),
as previously described (168).

Small aliquots of the above cell lines were stored frozen in liquid nitrogen.
These aliquots were derived from nearly confluent cell cultures which were centrifuged as
above to facilitate resuspension to a concentration of up to 4 x 106cells/ml in freezing
medium. The freezing medium consisted of 10% DMSQ/90% FCS which was filter
sterilized through a 0.22 micron filter. The spent media was carefully removed from the
cell pellet, the pellet was dislodged and 6ml of freezing medium was added. The cells were
resuspended by gentle swirling and 2ml dispensed to Corning 2ml cryogenic vials
(Corning Glass Works, Corning, NY) and placed at -70C overnight. The next day the
vials were submerged in liquid nitrogen.

Culturing of cells from these frozen stocks was done by quickly thawing the
cells in sterile 37C distilled water. The vial was then wiped with 70% ethanol, opened and
the cell suspension pipetted into 10ml of complete medium in a centrifuge tube. The cells

were dispersed by a slow swirling motion, centrifuged as above and the supernatant
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discarded. Another 10ml of complete medium was added to the washed pellet and cells
resuspended by gentle pipetting. Cells were then transferred to tissue culture flasks for
incubation at 37C.

Cells of the IM-9-P class generally obtained confluency at a concentration of 1 x
106cells/ml with a doubling time of approximately 18hr. All manipulations of cells in
culture were performed under sterile conditions in a laminar flowhood.

All IM-9 lines and the Nb2 cells were tested for the presence of mycoplasma
contamination using the Mycoplasma T.C. Detection Kit purchased from Gen Probe Inc.
(San Diego, CA). This test is based on liquid hybridization of mycoplasma ribosomal
RNA in cell culture medium to a specific {3H]-labelled DNA probe. Only the original PRL-
producing IM-9-P cell line tested positive for mycoplasma contamination and was subjected
to a curing regime dictated by the BM-Cycline kit from Boehringer-Mannheim. This
involved a three-cycle treatment of antibiotics over a four week period from November 7-
28, 1986. The cells subsequently tested negative for mycoplasma using the Gen Probe
mycoplasma detection kit.

In February 1987 the original PRL-producing IM-9-P cell line was cloned by
limiting dilution by plating 100ul/well in 96-well plates of a suspension containing 3
cells/ml. The cloning medium consisted of 60% RPMI-1640/FCS and 40% conditioned
medium removed from a three-day culture of the parent population. After eleven days of
growth 19% of the 384 wells seeded showed growth of which 56 clones were tested for
PRL production by RIA. One clone was picked for further expansion, designated IM-9-
P3, because of its significant PRL production, and another, IM-9-P6, which did not secrete
PRL into the culture medium was also chosen for further experimentation. The IM-9 line

from the ATCC was cloned in the same manner and no PRL producers were found.



44

Immunophenotyping

Immunophenotyping of the classical IM-9 cell line obtained from ATCC and the
IM-9-P3 clonal line was done by assaying for the binding of specific monoclonal
antibodies to cell surface antigen. Monoclonal antibodies to the T8 (suppressor/cytotoxic
T-cell), 12 (HLA-D/DR), T4 (thymocytes and peripheral T-cells), B1 (B-cells), J5
(common ALL antigen), Kappa (B-cells), Lambda (B-cells), immunoglobulin M (IgM) and
IgG cell surface antigens were obtained from Coulter Immunology (Burlington, Ontario).
Monoclonal antibody T3 (T-cell receptor) was purchased from Ortho Diagnostic Systems,
Inc. (Raritan, NJ). Tests using the above monoclonal antibodies were performed by Dr. E.
Rector (University of Manitoba, Winnipeg, Man.). The following monoclonal antibodies
were also procured from Coulter Immunology: Mol (monocytes and granulocytes), Mo2
(monocytes and macrophages), MY9 (monocytes), NKH-1 (natural killer cell), and IL-2R1
(interleukin-2 receptor). Cell surface leukocyte antigens detected by the preceding
monoclonal antibodes were tested by the Immunoprotein Laboratory (Health Sciences
Centre, Winnipeg, Manitoba). Binding to the cell surface was determined by indirect
immunofluorescence, as analyzed by a fluorescence-activated cell sorter. Results were
expressed as the percentage of fluorescing cells corrected for background fluorescence
when second antibody was used alone.

HLA typing was performed by the Transplant Immunology Laboratory (Health
Sciences Centre, Winnipeg, Manitoba), as described previously (283). The presence of
IgG in the culture medium was detected by enzyme-linked immunosorbent assay (ELISA)
as described (284). The labelled antibody was alkaline phosphatase conjugated goat anti-
human IgG antibody and the resultant color reaction was read at 410nm. The sensitivity of

the assay ranged from approximately 50-1000ng/ml.
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Nb2 Bioassay

To demonstrate the biological activity of IM-9-P PRL, the rat Nb2 lymphoma
bioassay was used. This line proliferates in a dose-dependent fashion in the presence of
lactogenic hormones (PRL, hGH, and hPL) (169) or interleukin-2 (167). The bioassay for
lactogenic hormones was carried out essentially as described (168). Briefly, Nb2 cells
were grown in Fischer's medium for leukemic cells plus 20mM beta-mercaptoethanol, 10%
FCS and 10% HS and then 18hr prior to assay, cells were transferred to a medium
containing only 10% HS and Fischer's medium at a density of 1.5 x 105cells/ml. This was
the arrest procedure and done when cells were confluent in 75cm?2 flasks (approximately
1.2 x 106cells/ml). One millilitre of the arrested population of cells was counted and then
aliquoted into 24-well plates at Iml/well. Standard hormone preparations (pituitary hPRL
extracted and immunoaffinity purified in our laboratory and standardized against WHO
75/504 hPRL or ovine PRL NIAMDD PS-14) and experimental samples were added in a
volume of 25ul/well. All standard hPRL stocks were dissolved in phosphate-buffered
saline (PBS), 0.1% BSA and when added to 1m! of Nb2 cells, ranged from 12.5pg/ml to
2500pg/ml. Each concentration of standard hPRL and experimental samples was tested in
triplicate. The Nb2 cells plus added lactogenic samples were allowed to grow for three
days after which the cells were resuspended, diluted in 9ml Isoton (Fisher Scientific,
Pittsburgh, PA) and cell number determined with a Coulter counter. The cell count in
control cultures with no added mitogen after three days was used to determine fold
stimulation.

For immunoneutralization experiments, 2541 of monoclonal anti-hPRL antibody
9C3 (generated in our laboratory) was added from a 1:100 dilution to give a final dilution
of 1:4000 in each well of cells. To insure that a maximally stimulating dose of IM-9-P

conditioned medium was added, two volumes of conditioned media were chosen (12.5ul
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and 25ul) for addition to Nb2 cells. The hPRL standard was added at a maximally

stimulating quantity of 2.5ng/ml. After a 3-day incubation cell numbers were determined,

hPRL RIA

Concentrations of hPRL immunoreactivity in conditioned medium were assayed
by the double antibody RIA technique previously described (285). A polyclonal antiserum
to hPRL raised in our laboratory was used at a dilution of 1:20,000. The same hPRL
standard preparation as that employed in the Nb2 bioassay was used for the RIA. IM-9-P
conditioned medium was concentrated 5-fold by lyophylization and dialyzed against PBS.
The final IM-9-P sample was in PBS, 0.5% BSA. The within-assay coefficient of
variation was less than 2%.

For determining IM-9-P3 hPRL intracellular content, log phase IM-9-P3 cells
were centrifuged at 500 x g for 1 min and washed several times in serum-free medium.
Cells were resuspended in PBS-0.2% TritonX-100 at 2 x 107¢cells/m! and kept on ice for
15 min, followed by polytron homogenization (Brinkmann Instruments, Westbury, NY)

(286) and the resultant supernatants were assayed for hPRL by RIA.

Immunoaffinity Purification of IM-9-P PRL

IM-9-P cells were grown to confluency in 0.1% BSA/RPMI 1640 until 400mls
of conditioned medium (CM) was collected. Hepes was added to the CM to a final
concentration of 10mM to maintain pH 7.4. An immunoaffinity column of monoclonal
antibody 9C3 coupled to cyanogen bromide-activated Sepharose 4B (Pharmacia) was

provided by Helle Cosby (Department of Physiology, University of Manitoba). A Iml
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immunoaffinity column was equilibrated with PBS, then 400ml of IM-9-P CM was passed
through the column at 4C over a 2-day period. The flowthrough was checked for hPRL
content by RIA and hPRL was not detectable. The column was then washed with several
changes of 0.IM NaHCO3-0.5M NaCl (pH 6.8 and pH 8.2, alternatively) at 10 x column
volume until the O.D.2g0 of the eluant was no longer measurable. This was done to
remove non-specifically bound protein. Bound antigen was eluted with 0.2M CH3COOH-
0.5M NaCl, pH 2.5 as 400pl fractions into 100pl 1M Tris-HCI, pH 9.0 to neutralize each
fraction. Eighteen fractions were collected and 1yl of each fraction was assayed by RIA
for hPRL content. Peak fractions were dialyzed for 24 hr against several changes of
0.01M ammonium bicarbonate at 4C, vacuum dessicated and used for determination of
bioactivity and electrophoretic mobility. For sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) the immunoaffinity purified IM-9-P PRL was reconstituted
after vacuum dessication, in 30pul of SDS-sample buffer. A 1/50 volume of B-
mercaptoethanol was added to each sample, boiled for 5 min and applied to 15%
polyacrylamide gel slabs (287) for electrophoretic fractionation. Gels were subsequently

silver-stained (288).

Plasmid DNA Amplification and Recovery

Competent bacterial cells for transformation by recombinant plasmid DNA were
generated using a calcium dependent protocol (289). Briefly, a single bacterial colony was
used to innoculate Sml of L-broth medium (290) which was grown overnight in a shaking
incubator at 37C. One ml of the turbid culture was transferred to 100ml L-broth and
vigorously agitated at 37C on a rotary shaker for 1.5-2hr or until the 0.D.550 was
approximately 0.5. The culture volume was split between two 50ml centrifuge tubes and

cells were pelleted by centrifugation at 1500 x g (4C) for 15 min. The cell pellets were
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resuspended in half-volume of cold 0.05M CaCl; and left on ice for 20-30 min. The cells
were centrifuged again as above and the cell pellets resuspended in 6.5ml of cold 0.05M
CaCly and stored on ice until use. The bacterial strains used in these studies were MV1193
or TGI-lambda .

Transformations were carried out by adding a maximum of 4] of the plasmid
DNA solution to 100p1 of competent cells on ice for 45 min. This mixture was subjected to
heat-shock by immersion in a 42C waterbath for 90 sec. Then 1ml of L-broth was added
to the mixture and the transformed cells allowed to grow for 1hr without agitation at 37C.
Then 100-200l of the transformation was spread on L-broth-agar plates (290) containing
the appropriate antibiotics for selection of transformed colonies.

Plasmid amplification and recovery was performed using two different but
related protocols. The first procedure involved amplification of the transformed bacterial
colony in 500ml of rich medium according to Maniatis et a/ (290). Recovery of plasmid
DNA began by centrifugation of the culture medium at 1,000 x g (4C) for 10 min. The cell
pellets were resuspended in a total of 9.5mls of ice-cold lysis buffer (0.025M Tris-HCl pH
8.0, 0.01M EDTA, 0.05M glucose) in the 250ml centrifuge bottles on ice. Then 500l of
cold, freshly prepared 20-50mg/ml lysozyme solution (in lysis buffer) was added to the
resuspended transformed bacterial cells. Prior to this step the resuspended bacteria had
been transferred to 30ml screw-cap QOakridge tubes (Nalgene Co., Rochester, NY) and
placed on ice. With the lysozyme solution added, the cells were incubated on ice for 15
min with occasional gentle rolling of the tubes. Subsequently 10ml of 0.2M NaOH, 0.2%
SDS solution was added to the partially lysed bacterial slurry and incubated for 15 min on
ice as above, followed by the addition of 10ml 3M NaCH3COO pH 5.6. This latter
addition facilitated precipitation of bacterial chromosomal DNA and was left on ice for 30
min. This viscous slurry was centrifuged at 40,000 x g (4C) for 1 hr to pellet the bacterial
debris. The approximately 30ml supernatant was transferred to a 150ml Corex centrifuge

bottle and allowed to equilibrate to room temperature before adding 0.6 volume of



49

isopropanol in order to avoid precipitation of SDS in the supernatant. The isopropanol was
added to precipitate the remaining DNA and left at room temperature for about 1 hr or until
a floculent white precipitate was evident. This was then pelleted by centrifugation at 9,000
x g for 20 min at room temperature. The white pellets were then dessicated and dissolved
in 6ml of sterile TE pH7.5 (0.01M Tris-HCl pH 7.5, 0.001M EDTA) and transferred to
15ml Corning tubes containing 6.6g of CsCl which was then dissolved by gentle manual
agitation, Five hundred microlitres of 10mg/ml ethidium bromide (EtBr) was added and
gently mixed and centrifuged at maximum speed in an IEC model HN-S benchtop
centrifuge (Needham Heights, Mass) for 10-20 min. Aspiration of the solid pink pellet
was avoided by using a long glass Pasteur pipet to transfer the supernatant to Beckman
quick-seal Ti75 polyaflomer centrifuge tubes via a 10ml syringe-16 gauge needle. The
Ti75 centrifuge tubes were filled with mineral oil, balanced and heat sealed. Centrifugation
was at 55,000rpm in a Beckman Ti75 rotor at 23C for a minimum of 16hr.

Visualization of the lower plasmid band in the CsCl gradient was performed by
fluorescence under long wavelength ultraviolet light. The air space in the centrifuge tube
was penetrated with an 18-gauge needle and recovery of the plasmid band was facilitated
by insertion of a 3ml syringe fitted with an 18-gauge needle just below the plasmid band.
Slowly, the plasmid band (1-1.5ml) was drawn into the syringe and then expelled through
its open end into a sterile 15ml glass Corex tube which contained 2ml of water-saturated
butanol. This mixture was gently mixed and the upper pink organic phase discarded. This
butanol extraction was repeated several times until no pink color was evident in the upper
phase. The majority of the EtBr having been removed; 2ml of sterile water was added
followed by 2.5 volumes of -20C ethanol (EtOH), agitated and placed at -20C for at least 2
hr to precipitate DNA. The plasmid DNA was then centrifuged at 10,000 x g (4C) for
about 10 min, the pellet washed with 70% EtOH, dessicated and dissolved in an
appropriate volume (100-2004t1) of TE pH 7.5 and stored at 4C. The quantity of plasmid

DNA isolated was determined spectrophotometrically by absorbance at 260nm.
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The other procedure used for large scale preparation was devised by Drs. Paul
Kreig and Doug Melton (Harvard University) and presented in the Promega Biotech
Sequencing Protocol booklet. This procedure did not involve amplification of the plasmid
DNA. A single bacterial colony was used to innoculate 250ml of L-broth containing the
appropriate selective antibiotic (ie 2001g/ml ampicillin) and the cells were allowed to grow
overnight in a shaker at 37C. The cells were then harvested and lysed as described above.
After the 40,000 x g (4C), 1 hr centrifugation the supernatant was transferred to a 50ml
polypropylene Corning centrifuge tube to which 5041 of 1mg/ml RNaseA was added and
incubated at 37C for at least 20 min. This was then extracted with an equal volume of
phenol:chloroform which had been equilibrated with 0.01M Tris-HCI pH 8.0. The DNA
was then precipitated by the addition of two volumes of EtOH on ice for 30 min, followed
by centrifugation at 9,500 x g (4C) for 20 min. The DNA pellet was dissolved in 1.6ml
sterile distilled water, then 0.4ml of 4M NaCl was added, mixed and followed by 2ml of
13% polyethylene glycol (M.W. 8,000). This solution was mixed and placed on ice for at
least 1 hour before centrifugation as described previously for pelleting purified plasmid
DNA. At this stage the yield was usually 1-2mg of DNA; however, it was often
contaminated with bacterial chromosomal DNA. In order to remove the contaminating
DNA, the plasmid DNA solution was made up to 6ml with TE pH 7.5 and subjected to
CsCl gradient centrifugation as described above. The final yield of plasmid DNA was
somewhat less than without the CsCl purification step but overall this procedure was faster

than the first protocol described.

Restriction Enzyme Digestion and Agarose Gel Electrophoresis

Purified plasmid DNA was digested with various restriction endonucleases as

dictated by the manufacturer. The total reaction volume consisted of plasmid DNA,
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restriction buffer, restriction endonuclease, sterile distilled water and amounted to between
20-40p1 depending on the quantity of DNA digested. Approximately 1pig of plasmid DNA
was completely digested after 1 hour incubation at 37C.

The fragmentation pattern of the restricted plasmid DNA was analyzed by
electrophoresis through horizontal agarose slab gels as described (290). The choice of gel
medium was determined by the molecular weight range of the DNA fragments of interest.
Visualization of the restriction fragmentation pattern was facilitated by the addition of EtBr
to the melted agarose gel at 0.5pg/ml of gel solution. The banding pattern was
photographed while the gel was transilluminated with long wavelength ultraviolet light.
Fragment sizes were determined by plotting the distance travelled (mm) from the gel wells
against the log derivation of the size (basepairs) of the DNA markers which were lambda
phage DNA digested with HindIIl and @X 174 digested with Haelll, A best-fit straight line
was drawn through the points and the sizes of the test restriction fragments of interest were

determined given their respective migratory distance through the gel.

Subcloning of DNA Fragments

To facilitate subcloning of DNA fragments from other recombinant plasmids,
the DNA subfragment of interest was purified from low melting point agarose gels as
previously described (291). Usually approximately 50pg of plasmid DNA was digested
with the appropriate restriction enzymes at a ratio of 2 units/tg DNA overnight in a volume
of 60pl. Long thin wells were made in the low-melting point agarose gel to facilitate
loading of the large digest volume and reduce the possibility of smearing of the DNA due to
overloading. The purified DNA fragment was quantitated by Asgp. All subcloning was
done into the Promega Biotech vector pGEM-3. Routinely the ligation reactions consisted

of 200ng of pGEM-3 vector digested to produce compatible ends with the fragment to be
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subcloned, from 500ng to 1000ng of the purified DNA fragment, 5 x ligase buffer (0.3M
Tris-HCI pH 7.5, 0.04M MgCly, 0.005M ATP, 50uM beta-mercaptoethanol, 250pg/ml
BSA), 0.0IM ATP, and 1-6 units of T4 DNA ligase in a total volume of 20ul. The
reaction was allowed to proceed overnight at 15C or at room temperature for at least 4 hr.
The reaction was terminated by incubation at 65C for 10 min. Then 4l of the ligation
mixture (up to 240ng) was used to transform 100p1 of bacterial cells as described above.
The transformed cells (100-200p1) were spread on L-broth agar plates which contained
200ug/ml ampicillin. The plate had been previously prepared by spreading 200ul of L-
broth on its surface which contained 501 of 2% X-gal, 20ul of 2% IPTG, and 200pg/ml
ampicillin. The solution was allowed to absorb into the agar plate before plating of the
transformed cells for growth at 37C overnight. Bacterial colonies which contained
recombinant plasmid appeared white since the lac-alpha peptide was disrupted by ligation
of the DNA fragment of interest into the multiple cloning site of pPGEM. As a result, B-
galactosidase activity could not be induced by isopropyl-thiogalactoside (IPTG) to catalyze
the chromogenic substrate X-gal to a blue color.

Usually five to ten white colonies (putative subclones) were picked with sterile
toothpicks to innoculate individual 3ml aliquots of L-broth plus 200ug/ml ampicillin. The
subclones were grown overnight in a shaking incubator at 37C and plasmid DNA was
isolated following the alkaline lysis method described (290). The mini-prep DNA was
dissolved in 251 TE pH 7.5 and 5-10u1 of this solution was digested with the appropriate
enzymes to release the subcloned DNA fragment. The digested DNA was analyzed by

agarose gel electrophoresis as described above.

DNA Labelling

During the initial stages of this work purified DNA fragments and intact

recombinant plasmids were labelled with [32P] by nick-translation (292). Usually 100-
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200ng of DNA was used per reaction. Nick-translations were performed as described by
the supplier of the kit which contained a solution of deoxyribonucleotide triphosphates and
an enzyme solution consisting of DNA polymerase and DNase I. Usually 70-100uCi of
3000Ci/mmole [alpha-32P]dCTP was added to each reaction. The unincorporated label
was removed by chromatography of the nick-translation reaction over a 3.5ml column of
G100 equilibrated with TE pH 7.5. The specific activity of the resultant probe ranged from
1-5 x 108cpm/jtg DNA.

The second and preferred method of DNA labelling was by random-primer
labelling kit (293). This method required only 25ng of DNA and 50uCi of 3,000Ci/mmole
[alpha-32P]dCTP per reaction. Moreover, the DNA could be labelled while still in a
solution of low-melting point agarose. This form of labelling is based on polymerization
from a single stranded template primed with a random-sequence 6-base
oligodeoxyribonucleotide. Priming and synthesis of DNA by DNA polymerase I (Klenow
fragment) occurs along the entire length of the DNA fragment of interest, Unincorporated
label was removed as described above. Routinely a specific activity of 1-5 x 10%pm/ug

was obtained.

Isolation of Chromosomal DNA

Total cellular DNA was isolated from cell lines and human tissues essentially as
described by Davis et al (294). Tissues were stored frozen at -70C. To facilitate the
extraction of DNA, the frozen tissue was immersed in liquid nitrogen while the stainless
steel receptable of a small Waring blender was also cooled down with liquid nitrogen. Then
the frozen tissue plus a small volume of liquid nitrogen, sufficient to keep the tissue frozen,
was poured into the blender receptacle and the rubber top was held on with an asbestos-

gloved band. The tissue was reduced to a powder with a few short bursts of blender
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action. With a spoon, cooled by liquid nitrogen, the powdered tissue was removed and
placed in a 15ml snap-top Falcon tube which contained room temperature lysis buffer
(0.1M Tris-HCI1 pH 8.0, 0.1M NaCl, 0.005M EDTA, 1% SDS and 100ug/ml proteinase
K) at a ratio of 1ml lysis buffer per 0.5g of tissue. This mixture was incubated overnight
in a 37C waterbath. Subsequently, RNaseA at 10mg/ml was added and incubated at 65C
for 30 min. Then Iml of sterile TE pH 7.5 was added followed by 2ml of 0.01M Tris-HC]
pH 8.0 equilibrated phenol. The mixture was gently mixed and then centrifuged at 2500x g
(4C) for 10 min. The agueous phase was removed with a P1000 pipetman (Gilson Medical
Electronics, France) such that the end of the plastic pipet tip was cut off to increase the
diameter of the opening. This was done to facilitate uptake of the very viscous aqueous
phase and to avoid shearing of the high molecular weight DNA. Because the upper phase
was often extremely viscous, uptake of the aqueous-organic interface was unavoidable but
this was removed in subsequent organic extractions. The aqueous phase was then
extracted with an equivalent volume of phenol:chloroform followed by a chloroform
extraction. The DNA was then ethanol precipitated at -20C, centrifuged at 10,000 x g (4C)
for 10 min; the pellet washed with 70% EtOH, briefly dessicated and dissolved in an
appropriate volume of TE pH 8.2 at 4C overnight. Chromosomal DNA was isolated from
fresh or frozen cell pellets using this protocol at a ratio of 1 x 109 cells/mt of lysis solution.
The cell pellets were placed directly into the appropriate volume of lysis solution and gently

swirled to resuspend the cells since mechanical disruption was not necessary.,

Southern Transfer and Hybridization

Plasmid DNA fractionated by agarose gel electrophoresis was transferred to

nitrocellulose as described by Maniatis er al (290). The nitrocellulose filters were

hybridized with [32P]-labelled DNA prepared as described above in an aqueous
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hybridized with [32P]-labelled DNA prepared as described above in an aqueous
hybridization solution which consisted of 6 x SSC (SSC=0.15M NaCl-0.015M sodium
citrate), 0.1% SDS, 1 x Denhardt's solution (1x=0.2% each of BSA, Ficoll, and
polyvinylpyrrolidone) and 0.1mg/ml of sheared, denatured salmon sperm DNA. The
hybridization reaction was carried out in plastic "heat-sealed" bags cut to dimensions
slightly larger than those of the nitrocellulose filter and containing 100yl of hybridization
solution per cm? of nitrocellulose. The hybridization bag was then incubated in a shaking
waterbath at 65C ovenright. Plasmid Southern hybridizations were also performed in a
solution composed of 50% deionized formamide, 5 x SSC, 1 x Denhardt's solution,
0.1mg/ml sheared, denatured salmon DNA, 0.1% SDS, 0.05M sodium phosphate pH 6.5
and 0.002M EDTA. These hybridizations were carried out at 42C for 24 hr. In both cases
the [32P]-labelled DNA probes were denatured by boiling H0 for at least 5 min and then
plunged into ice for an equivalent period before transfer to the hybridization solution
already in the "heat-sealed" bag with the nitrocellulose filter. Usually 1 x 105cpm/ml or
less of labelled probe was added to each hybridization reaction.

The nitrocellulose filters were then washed at room temperature four times in 2
x SCC, 0.1% SDS for 10 min intervals, followed by two washes at 60-65C in 0.1x SSC,
0.1% SDS for 30 min intervals. Blots were exposed to Kodak XAR film at -70C with an
intensifying screen (Eastman Kodak, Rochester, NY) which constituted optimal
autoradiographic conditions.

For genomic Southerns 15-20pg of DNA was digested according to the
suppliers instructions with regard to optimum reaction buffer requirements. Two to three
units of enzyme per microgram of DNA was used and digestion overnight was done to
ensure complete cutting of the DNA in a volume of 40-60ul. The DNA was then
fractionated on 0.8% agarose gels at 28 volts and constant current overnight using the TBE
(290) gel running buffer system. The gels were then stained in 1-2 litres of 1 x TBE plus
0.51g/ml EtBr for about 45 min and photographed by ultraviolet transillumination. The
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gels were then treated 2 x 30 min in 1.5M NaCl, 0.5M NaOH followed by 2 x 30 min in
1M NH4CH3COO, 0.02M NaOH; the latter solution was used as the transfer medium.
Southern transfer to nitrocellulose or nitroplus-2000 was allowed to proceed for at least 20
hr after which the blots were air-dried and baked for 1 hr at 80C under vacuum and then
stored at 4C.

Prior to hybridization, the membrane was wet on 4 x SSC. The hybridization
was performed at 42C for 24-48 hr in 50% deionized formamide, 6 x SCP (ixSCP=0.1M
NaCl, 0.03M NapHPOy4, and 0.001M EDTA pH 6.2), 1% Sarkosyl, 200ug/ml sheared

and denatured salmon DNA, 4 x Denhardt's solution and 10% dextran sulfate. The last

ingredient was dissolved by vigorous agitation at medium heat on a stir-plate; the

hybridization solution was then degased. Blots were prehybridized at 42C for a minimum
of 1 hr in the previously described solution without dextran sulfate at a ratio of 1001
solution per cm? of nitrocellulose membrane. Genomic DNA blots were then hybridized
with 3-7 x 106cpm/ml of random-primer labelled DNA fragments. The various genomic
hPRL DNA probes described earlier were subcloned into pGEM-3 to facilitate gel-
purification of large quantitites of the fragments of interest. A probe specific for the unique
5' untranslated sequence of IM-9-P/decidua PRL mRNA was constructed from an EcoRV-
HindIII fragment of IM-9-P PRL ¢cDNA #3. This 94bp fragment contained 72bp of unique
5' untranslated sequence extending 5' from the EcoRV site and contiguous with 22bp of 3'
untranslated sequence of hPRL ¢cDNA. The 3' non-coding region corresponded to the
sequence between nucleotide 41 and 63 3' of the ochre codon. This unusual construction
was due to a cloning artifact which occurred during cDNA synthesis and described in the
"Results". This 94bp fragment was gel-purified and the HindIII terminus made flush with
DNA polymerase (290). A large excess of this fragment was ligated into the Smal site of
PGEM-3 as described above in order to optimize the formation of 94bp concatomers. A
subclone was isolated which contained a direct repeating tetramer of this fragment and thus

provided a template of sufficient length (311bp when excised by Xbal-EcoRI) for efficient
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were hybridization signals detected which were attributed to the 22bp 3' UTR sequence of
this probe. This was confirmed by hybridization of the genomic DNA blot in question with
a 3' end-specific hPRL genomic probe described earlier.

After hybridization, washes were carried out at 65C for two 15 min intervals in
6.6 x SCP-1% Sarkosyl! followed by two 1.5 hr washes in 1 x SCP-1% Sarkosyl. If the
background radioactivity remained high as judged with a hand-held radioactivity monitor,
the blot was washed further in 0.1 x SCP-1% Sarkosyl at 65C until the background signal
was reduced to an acceptable level. Genomic DNA blots underwent multiple separate
hybridizations with different probes and were stripped of residual radioactive signal
between experiments by 2-3 min incubations in boiling, sterile, distilled water. Blots were
subjected to 24hr autoradiography to ensure removal of radioactive bands from previous
hybridizations. To determine if common fragments were detected using different probes,
the autoradiograms were aligned at the wells with the aid of radioactive orientation marks
placed alongside the blots with radioactive ink. A hybridizing band was considered to be
common to different probes if the band was directly superimposable over several different

blots and hybridizations.

Isolation of RNA

Over the course of these studies, three different but related RNA extraction
procedures were used. Initially the method of choice was the guanidine-HCl protocol
which was developed by Protter er al/ (295) and described in detail elsewhere (291).
Briefly, this method was based on the extraction of RNA from an aqueous-organic
insoluble interface with a buffer containing 0.5% SDS, 0.1M Na(Cl, 0.01M EDTA, 0.05M
Tris-HC1 pH 9.0. The key ingredient in the extraction buffer was SDS since its inadvertent

exclusion resulted in practically no RNA recovery. The second procedure used extensively
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in this work was the guanidinium isothiocyanate-cesium chloride cushion methoed of
Chirgwin efr al (296). The third method utilized for RNA extraction was a modified
version of that of Chromczynski and Sacchi (297). In this method the frozen tissue was
homogenized using a polytron in a solution of 4M guanidinium isothiocyanate, 0.005%
Sarkosyl, 0.025M sodium citrate and 0.007% vol/vol B-mercaptoethanol at a ratio of 0.5-
1.0g tissue/ml. After a brief homogenization (2 x 45 sec), 0.5ml of 2M NaCH3COO
pH4.7 + 5ml equilibrated phenol + 1.0ml chloroform/isoamyl alcohol was added and the
solution mixed vigorously. To separate the phases, the mixture was centrifuged at 4000 x
g (4C) for 30 min. The nucleic acid in the aqueous phase was precipitated with an
equivalent volume of isopropanol at -20C for approximately 45 min. The precipitate was
centrifuged for 15 min at 10,000 x g (10C). The resultant pellet was then resuspended in
3ml TE pH 7.5 and extracted with 2ml equilibrated phenol, 0.3ml 2M NaCH3COO pH
4.6, 0.5ml chloroform/isoamyl alcohol and centrifuged for 15 min, 10,000 x g (10C). The
aqueous phase was then extracted with an equivalent volume of chloroform/isoamy! alcohol
and centrifuged as above. The RNA was precipitated from the aqueous phase with an
equivalent volume of isopropanol at -20C for 30 min. The RNA was pelleted by
centrifugation at 10,000 x g (4C) for 10 min, washed with 70% EtOH, dessicated and
dissolved in sterile distilled water or TE pH 7.5. The yield of RNA was determined by
Aae0.

Poly(A)*-enriched mRNA was isolated from total RNA by one cycle of
oligo(dT) cellulose chromatography (298) or by batch absorption. In the latter technique,
approximately 1ml of oligo(dT) cellulose slurry was treated with 0.1M NaOH by gentle
vortexing and centrifugation at maximum speed in an IEC HN-S benchtop centrifuge for 2
min. The supernatant was poured off and the oligo(dT) cellulose was gently resuspended
in 10ml of sterile 1x TKE (0.0IM Tris-HCl pH 7.5, 0.001M EDTA, 0.5M KCl) and
centrifuged as above to remove all traces of NaOH. The oligo(dT) cellulose was

resuspended and approximately 0.25ml of the slurry was transferred to a sterile 1.5ml
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microcentrifuge tube. Then 1-2mg total RNA in 0.75ml of TE pH 7.5 was denatured in a
boiling water bath for about 5 min and plunged in ice. When the RNA had cooled down,
0.25ml of cold 2M KCl was added to give a final concentration of 0.5M KCl. The RNA
was added to the oligo(dT) cellulose slurry and mixed by manual agitation for about 5 min.
This was then centrifuged at maximum speed in a benchtop IEC Centra-M centrifuge for 1
min at room temperature and the supernatant containing free RNA was removed. Another
0.75ml of 1 x TKE was added to the oligo(dT) cellulose slurry, mixed gently and
centrifuged as above. This washing step was repeated once more to ensure removal of all
unbound, presumably poly(A) RNA. To remove the bound poly(A)* mRNA, 0.2ml of
room temperature sterile TE pH 7.5 was added to the oligo(dT) cellulose, mixed,
centrifuged as above and the supernatant placed on ice. This was repeated and the
supernatants were pooled and ethanol precipitated at -20C. The quantity of poly(A)*

mRNA obtained ranged from 3-5% of the total RNA.

Northern Transfer

The RNA was fractionated on 1.3-1.5% agarose, 2.2M formaldehyde,
horizontal slab gels containing 0.5Lg/m] EtBr as described (299). The RNA gel was then
photographed by ultraviolet transillumination and transferred to nitrocellulose, Nitroplus-
2000 or Hybond-N matrix by capillary action for 24 hours (299). The Northern blot was
then air dried and ultraviolet transilluminated to visualize the EtBR stained RNA; the 185
and 28S ribosomal RNA were easily visible and their locations marked on the nitrocellulose
with a ballpoint ink pen. The blots were baked for at least 30 min at 80C under vacuum

and stored at 4C until probed.
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¢RNA Synthesis

IM-9-P PRL cDNA fragments containing portions of the 5' untranslated
sequence were subcloned into pGEM-3 and [32P]-labelled antisense or sense cCRNA was
synthesized using Sp6 or T7 RNA polymerase (300) as outlined by the vendor of the in
vitro transcription kit. Complementary RNA was synthesized from a blunt-ended EcoRV-
EcoRI fragment of IM-9-P PRL cDNA 1V cloned into the Smal site of pGEM-3. This
fragment contained the entire 93bp unique 5' UTR of IM-9-P/decidua PRL mRNA and was
sequenced on both strands. Antisense cRNA was synthesized by T7 RNA polymerase on
the HindIII digested template described above. Sense cRNA was also made using Sp6
RNA polymerase on a EcoRI digested template. The unique 5' UTR of IM-9-P PRL
cDNA I-1 was subcloned as a HinclI-EcoRI fragment into the corresponding restriction
sites of pGEM-3. The sequence of the 143bp fragment was obtained from both strands
and antisense cRNA was synthesized from an EcoRI digested template using Sp6 RNA
polymerase. The sense cRNA was generated by T7 RNA polymerase on Pstl digested
template. The size and integrity of each cRNA product was analyzed by electrophoresis on

a 6% polyacrylamide sequencing gel adjacent to a sequencing ladder.

Northern Hybridization

Northern blots were prehybridized in a 42C shaking waterbath for at least 2 hr
in the hybridization solution of choice. Two similar hybridization solutions were used, one
was that described by Thomas (299) and the other consisted of 50% deionized formamide,
0.1% sodium pyrophosphate, 0.025M sodium phosphate pH 6.5, 10 x Denhardt's
solution, 0.2% SDS and 4 x SET (1 x SET=0.15M NaCl, 0.02M Tris-HCI pH 7.8,
0.001M EDTA). Hybridization was performed in "heat-seal" plastic bags containing 100ul
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of solution per cm? of blotted membrane. The cDNA probes were denatured in boiling
water for at least 5 min and plunged in ice; the cRNA probes were denatured for 1-2 min.
The hybridization reaction at 42C proceeded for at least 20 hr with the addition of [32P]-
labelled probe at 106-107cpm/ml to the hybridization medium. All Northern hybridizations
carried out with cRNA probes were done using the 50% formamide/SET buffer described
above at 60-65C. Low stringency hybridization with cRNA probes was done by lowering
the incubation temperature to 40C.

After hybridization the membrane was washed at room temperature four times
in 2 x SSC, 0.1% SDS for 10 min intervals, followed by two high stringency washes at
65-70C in 0.1 x SSC, 0.1% SDS for 30 min intervals. Blots were then exposed to X-ray
film as described above.

RNase Digestion of Poly(A) Tracts

RNaseH will selectively degrade poly(A) tracts of mRNA when it is in a double
stranded form in the presence of oligo(dT) (301). Fifty micrograms of IM-9-P total RNA
and 7ug human pituitary total RNA were hybridized to oligo(dT) 12-18 (Pharmacia) at a
ratio of 8:1 in 0.1M KCl at 37C for 30 min, followed by denaturation at 65C for 2 min.
Two units of RNase H (Pharmacia) were then added plus one equivalent volume 2x
Pharmacia RNase H digestion buffer (0.08M Tris-HCl pH 8.0, 0.008M MgCl,, 0.002M
DTT, 60pg/ml BSA), and the reaction was carried on for 20 min at 37C. This digestion
reaction was then extracted with an equivalent volume of phenol-chloroform, ethanol

precipitated, and subjected to electrophoresis on denaturing gels, as described above.
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Construction and Screening of ¢cDNA Libraries

Two c¢DNA libraries were generated from 10pg of IM-9-P lymphoblast
poly(A)* mRNA template in lambda GT10 using conventional methods (302). Oligo(dT)
was the first strand primer and the second strand was generated by the RNase H procedure
(303). Approximately 1jig of the cDNA lambda GT10 ligation reaction was packaged and
recombinant phage were plated on E.coli MA150. Both IM-9-P cDNA libraries contained
approximately 8.5 x 10° recombinant phage/ug of DNA. Amplified and unarhpliﬁed
portions of these cDNA libraries were blotted onto nitrocellulose (304) for screening with
either nick-translated or random-primer labelled, gel-purified fragments of pituitary hPRL
cDNA (10). Hybridizations were carried out at 42C in 50% deionized formamide buffer
(299) as described above. Positive clones were purified through three rounds of screening.
A total of 150,000 recombinant clones were screened from the two unamplified libraries.
In addition 100,000 recombinant phage were screened from amplified fractions of each
library in the same manner. Approximately 300,000 phage were screened from an
amplified human placental library (Clontech) in E.coli 803 using random-primer labelled rat
prolactin-like protein A (28) and B (29) cDNAs under moderately stringent conditions of
60C in 6 x SSC, 1 x Denhardt's solution, 0.1mg/ml denatured, sheared salmon testes
DNA, and 0.1% SDS. These probes were used in an effort to identify human homologues
of the rat genes. Positive clones were then rescreened with random-primer labelled
pituitary hPRL ¢cDNA fragments under high stringency conditions (68C) to identify
decidual PRL ¢cDNAs. An amplified human decidual lambda GTII library (280) in E.coli
803 was screened with IM-9-P PRL ¢cDNA IV using high stringency conditions identical to
those described for analysis of the IM-9-P lymphoblast libraries. Approximately 500,000
phage from this library were screened and a final screening of purified decidual PRL cDNA
clones was carried out to identify those which contained 5' untranslated sequence. For

those isolated from the human placenta cDNA library, a cRNA probe was generated by
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Sp6 RNA polymerase from a recombinant pGEM-3 template which contained an EcoRV-
EcoRI fragment of IM-9-P PRL c¢DNA IV as described above. This hybridization was
performed at 42C in 50% deionized formamide solution (299). For the human decidua
cDNA library, 5' specific dPRL cDNA clones were selected from the initial positive
plaques by hybridization with a 311bp tetramer of unique 5' untranslated sequence from
IM-9-P PRL cDNA #3 described above.

Lambda phage DNA of the positive clones was isolated from confluently Iysed
plates overlayed with Sml SM buffer (290) and shaken at room temperature for 2-24 hours.
The eluted phage was collected from the surface of the plate in SM and incubated at 37C for
at least 1 hr with DNase I (6j1g/ml) and RNase A (3ug/ml). To remove the bacterial debris
the above mixture was centrifuged at 2500 x g (4C) for 30 min. The supernatant was
saved and the phage particles precipitated by the addition of an equivalent volume of 20%
polyethylene glycol (M.W. 8000), 2M NaCl in SM. The solutions were mixed and placed
on ice overnight. The phage were pelleted by centrifugation as above, the supernatant
discarded, the wall of the tube wiped dry of residual supernatant and the phage
resuspended in 0.5ml SM. RNase A to 400pg/ml was added to the phage and incubated
for 30 min at 37C; this was followed by 101 of freshly prepared 20mg/ml proteinase K
which required incubation at 65C for 1 hr. The phage were lysed by making the mixture
SUM EDTA, 0.02% SDS and incubating an additional 30-40 min at 65C, Subsequently the
lysed phage solution was extracted with an equal volume of phenol, phenol-chloroform and
lastly with chloroform. The aqueous phase was recovered and the residual polysaccharide
precipitated by ammonium acetate to 2.5M overnight on ice. The precipitate was removed
by centrifugation as above and the lambda phage DNA in the supernatant was precipitated
with an equal volume of isopropanol. The phage DNA was pelleted by centrifugation,
washed with 70% ethanol, dessicated and dissolved in 50-100u1 TE pH 8.2.

The purified lambda phage clone DNA was digested with EcoRI for size
fractionation and subcloning of the cDNA insert into pGEM-3. The EcoRI digest consisted
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of 25Ul of phage DNA incubated in a total volume of 50u! which contained restriction
buffer, 1l of 10mg/ml RNase A, spermidine to 0.005M and 1l of high concentration
EcoRI incubated overnight at 37C. The size of the cDNA insert was determined by
electrophoresis on 1.3% agarose gels as described above. Southern blots were generated
from these gels and probed with pituitary hPRL cDNA.

The EcoRI fragments of IM-9-P and decidual PRL cDNA were subcloned into
pGEM-3 as described earlier using 200ng of EcoRI digested pGEM-3 and up to 600ng of
EcoRI digested lambda clone DNA in a volume of 20pl. Subclones containing PRL cDNA
inserts were identified and the recombinant plasmids amplified and purified as described

earlier.

DNA Sequencing

All nucleotide sequencing of DNA was done from pGEM-3 by the dideoxy
chain termination method (305) in the presence of [alpha-35S]dATP according to the
Promega Biotech sequencing kit protocol. Samples were analyzed in parallel by denaturing
6% polyacrylamide-7M urea gel electrophoresis at approximately 30 watts per gel for 1.75
to 3.75 hours. Sequencing gels were then fixed for 20 min in 10% methanol-10% glacial
acetic acid and dried using a Biorad model 1125B slab gel dryer. Autoradiography was

performed at room temperature for 12-24 hr.

Primer Extension Analysis

A 21-base oligodeoxynucleotide (5'TGCCAGAGCGTGGCCCCCTTG3")

complementary to amino acids +1 to -6 of the human preprolactin molecule was end-
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labelled using [gamma-32P]JATP and T4 polynucleotide kinase (306). The primer was
annealed to samples of total or poly(A)* mRNA up to 40yg in quantity and primer
extension reactions were carried out essentially as described by Duckworth et al (28). The
end-labelled antisense primer was separated from unincorporated [gamma-32P]ATP by
chromatography over a Sml Sephadex G-25 column equilibrated with 0.05M ammonium
bicarbonate. The peak fractions were dried in a Savant Speed Vac and the labelled
oligonucleotide was resuspended in 80ul of 0.4M KCl to a final concentration of (.25
picomoles/pl. The RNA samples were ethanol precipitated, air dried and resuspended in
4l of end-labelled antisense primer by repeated pipetting and subsequently hybridized at
37C for one hour after denaturation in boiling water for 1 min.

Synthesized cDNAs were resolved on a denaturing 6% polyacrylamide gel
described above. A set of DNA sequencing reactions and end-labelied Hpall digested

pAT153 plasmid DNA were run in parallel lanes to serve as size markers.
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RESULTS

Characterization of Putative PRL-like RNAs in Rat

It had been observed by a number of investigators in Dr. H.G. Friesen's
laboratory that TPRL cDNA (274) under high stringency conditions hybridized to a
ubiquitously expressed RNA of approximately 1.7kb. As shown in Figure 1, in those rat
tissues where the 1.7kb RNA was abundant, the presence of a number of other smaller
RNAs was also detected. The most intense or abundant RNA species which hybridized to
TPRL c¢DNA comigrated with the 1.6kb DNA marker band in good agreement with
previous studies done by other investigators. The less abundant and smaller RNAs which
hybridized were sized at 1.2, 1.1, 0.7, 0.57, 0.5 and 0.3kb. These putative rPRL RNAs
did not represent non-specific hybridization to 18S rRNA as there was no signal obtained
with 5pLg of rat testes total RNA in Figure 1. The EtBr stained gel prior to Northern
transfer to nitrocellulose showed that the RNA samples were intact and verified the
presence of RNA in the testes lane.

The rPRL-like RNA was detected in all rat tissues examined using 30ug of total
RNA by Northern blot hybridization. This appeared to be an all or none phenomenon since
one group of rats tested did not possess the 1.6kb RNA of interest in any of the many
tissues tested (Fig.2). The seven different non-hybridizing rat tissue RNAs analyzed were
obtained from a group of intact, approximately 350gm males which had not been subjected
to any experimental procedure. These results confirmed that the 1.6kb RNA species was
not 185 rRNA since the EtBr-stained gel clearly showed the presence of a strongly staining
18S rRNA band in every lane. Moreover, these results were not due to an artifact of the
RNA isolation protocol since different procedures were used on portions of the same

tissue.
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Oligo(dT) cellulose chromatography of total RNA was done to determine
whether the putative PRL-related 1.6kb RNA contained a 3' poly(A) tail typical of
eukaryotic mRNAs. Two sets of Northern blot experiments were done in which rat RNA
enriched in polyadenylated mRNA was isolated and fractionated alongside total RNA and
the oligo(dT) column flow through (poly(A)- RNA) from the same tissue. Ten different
tissue RNAs were treated in this manner and hybridized with rPRL ¢cDNA under high
stringency conditions. One set of RNA blots contained 1.5-2.0pg poly(A)* RNA from
various rat tissues which is equivalent to 30pg of total RNA since it is generally accepted
that mRNA comprises 3-5% of total RNA in eukaryotic cells. Thus the putative PRL-like
1.6kb mRNA hybridization signal theoretically should be of equivalent intensity in
poly(A)* and total RNA lanes with no signal in the poly(A)- RNA fraction. Another set of
blots were made containing 10pg of each poly(A)* RNA fraction. The resuits of two of
these experiments is shown in Figure 3. In those RNA blots containing 10pg of poly(A)*
mRNA a signal corresponding to the 1.6kb RNA of interest was barely discernible
compared to the strong and equivalent signals in poly(A)- and total RNA lanes (Fig.3a).
That the poly(A)* RNAs were highly enriched in mRNA was proven when the same blots
were probed with pRP54 cDNA (Fig.3b), an abundant clone isolated from a rat placenta
lambda GT10 ¢DNA library by Dr. Mary Lynn Duckworth (Department of Physiology,
University of Manitoba) and found to be ubiquitously expressed in rat tissues. The
approximately 1.0kb pRP54 hybridizing mRNA was present in the total RNA lanes and
enriched in the poly(A)* RNA samples as expected for a cDNA isolated from an oligo(dT)
primed cDNA library. These data strongly suggested that the putative PRL-related 1.6kb
RNA was not polyadenylated. The weak signal seen in the poly(A)* RNA lanes (Fig.3a)
was most likely due to carry over of non-polyadenylated RNA since enrichment for mRNA
was done by single passage of total RNA over an oligo(dT) cellulose column. In Figure 3¢

strong and equivalent signals at 1.6kb in total and poly (A)- RNA samples were obtained



68

with virtually no detectable band in 2ug of poly(A)* RNA which confirmed the above
result.

In order to localize the segment of rPRL ¢cDNA which conferred cross-
hybridization with the 1.6kb RNA species, purified subfragments of rPRL ¢cDNA were
used as hybridization probes. The rPRL cDNA was divided into three segments: a 5'
229bp fragment, an internal 336bp piece and a 3' fragment of 256bp. Of these fragments
only the internal fragment encompassing 51% of contiguous coding region did not
hybridize to the non-polyadenylated 1.6kb RNA (Fig.4). Vector DNA, pBR322, also did
not hybridize. It was curious that the non-contiguous 3' and 5' end fragments which
contain only about 25% of coding sequence each, could detect the 1.6kb RNA. These
fragments, however, have in common the oligopolymeric tract of GC residues (15bp at the
3'and 5' end) which facilitated cloning into the Pstl site of pBR322 (274).

The possiblity was tested that hybridization to the 1.6kb RNA was through the
GC-tails and not specific to the rPRL coding sequence. A series of identical Northern blots
were probed with various cDNAsS, some of which were GC-tailed. The results of some of
these experiments are shown in Figure 5. Only the GC-tailed cDNAs of rPRL, probasin or
M-40 (279) and one of the rat placental PRL-like protein-A (fPLP-A,18) cDNAs, pRP6-1,
hybridized to the 1.6kb non-polyadenylated RNA. In other experiments done in the same
manner, pRP52 and 52A cDNAs of rat placental lactogen II (rPLII,26) and pRP9 cDNA of
rat placental PRL-like protein B (rPLP-B,29) also detected the 1.6kb RNA. These cDNAs
are GC-linked as they were isolated from a plasmid cDNA library. The EcoRI linked
rPLP-A cDNA, pRP6-5, did not hybridize nor did the rtGH cDNA (275), the tPLII ¢cDNA,
PRP52B or pRP9A, an rPLP-B ¢cDNA. These cDNAs are either HindIII or EcoRI linked
to plasmid DNA (data not shown). These results proved that hybridization to the 1.6kb
non-polyadenylated RNA was not due to homology with rPRL sequence or a related
sequence. Only those cDNAs which contained GC-tails, despite identical overlapping

cDNA sequence (ie. pRP6-1 vs pRP6-5) hybridized, which strongly indicated that this
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cloning by-product was responsible for hybridization to the ubiquitous 1.6kb non-

polyadenylated RNA.

Origin of the IM-9-P Cell Lines

During the screening of a number of different human cell lines for the presence
of PRL or PRL-related molecules, the human IM-9 lymphoid cell line in our laboratory was
found to transcribe an mRNA that hybridized to hPRL ¢DNA under high stringency
conditions (Fig.6). The IM-9 line was first described by Fahey and co-workers in 1971
(307) as a B-lymphoblastoid line generated from the bone marrow of a female patient with
multiple myeloma. Over the years this line has been of particular interest to
endocrinologists because it contains a large complement of insulin and GH receptors and
has been an important tool in the development of radioreceptor assays for these hormones
(308,309). A single mRNA species of approximately 1.0kb was detectable in both total
and poly(A)* enriched mRNA samples isolated from IM-9 cells. A difference in the
electrophoretic mobility between IM-9 and human pituitary PRL transcripts was evident
with the lymphoid transcript an estimated 150 nucleotides longer than that of the human
pituitary. Since the hybridizations had been carried out at high stringency, it was assumed
that the band detected represented authentic hPRL mRNA. Northern blots containing
IM-9, rat placenta and human placenta total RNAs were hybridized under conditions of low
stringency (37C/50% formamide hybridization solution) with cDNAs of rPLP-A (28),
rPLP-B (29), rPLII (26) and hPL (276) in an effort to determine whether IM-9 cells also
expressed other members of the PRL-GH gene family. No specific hybridization with
these probes to IM-9 RNA was detected (data not shown). The species specificity of the
Northern blot analysis in Figure 6 was demonstrated by the failure of hPRL c¢cDNA to

cross-hybridize with rat pituitary total RNA. This result eliminated the possibility that the
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IM-9 line in our laboratory was contaminated with a rat pituitary cell line producing PRL.
Interestingly, RNA from IM-9 cells obtained from different sources did not hybridize with
hPRL ¢cDNA. The integrity of these RNAs was demonstrated by the detection of intact
transcript for the oncogene, c-myc (310) in those lanes in Figure 6. The PRL-producing
IM-9 cells from our laboratory were designated IM-9-P to distinguish them from the non-
PRL-producing IM-9 lines.

This observation prompted further investigation as to the identity of the IM-9-P
line. A cloned member of the human interspersed Alul repeat sequence family (277)
hybridized specifically, as a smear, to IM-9-P DNA but not rat testes DNA which
confirmed the human origin of the line (Fig.7a). A fetal sex test probe, pY3.4 which
hybridizes to a chromosome Y-specific repetitive element of approximately 3.5kb in EcoRI
digested human DNA (278) did not hybridize to IM-9-P DNA (Fig.7b) proving that the cell
lines were derived from a human female, in agreement with the original derivation of the
IM-9 line from a female patient.

The original IM-9 line is known to synthesize immunoglobulins (311).
Conditioned media from IM-9-P cells and classical IM-9 cells were assayed for human IgG
by ELISA. Both lines were found to secrete 760-880ng/106 cells/24hr, consistent with
IM-9-P cells being B-lymphoblastoid in derivation. The PRL-producing IM-9-P cells were
tested for the presence of mycoplasma contamination in November 1986 using a
commercially available assay based on hybridization of mycoplasma ribosomal RNA in cell
culture medium to a specific [3H]-labelled DNA probe. A positive control gave 50%
hybridization to the labelled mycoplasma rRNA probe whereas the negative control was
less than 2%. Duplicate IM-9-P cell samples gave approximately 26% hybridization which
indicated the cells were contaminated. It was not known whether the cells had been
contaminated when aliquots had been initially placed in frozen storage or when the line was
thawed and cultured for these studies. The contaminated IM-9-P cells were treated over a

period of 4 weeks with a series of antibiotics provided in a commercially available kit. The
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IM-9-P cells were analyzed by liquid hybridization for the presence of mycoplasma after
the treatment and tested negative on two separate occasions. However, after approximately
7 months of continuous culture, the ability of IM-9-P cells to secrete IgG was lost, whereas
there was no change in this phenotype for classical IM-9 cells. Concomitant with the loss
of IgG secretory ability was a diminished capacity of IM-9-P cells to synthesize PRL, as
measured by Northern analysis.

To recapture a high PRL-production phenotype, the IM-9-P line was cloned by
limiting dilution. Approximately 20% of the seeded wells developed IM-9-P colonies of
which 56 were selected for further expansion and testing. Two clones were picked for
future experimentation; a high PRL producer, IM-9-P3, and a non-PRL producer, IM-9-
P6. These IM-9-P clones did not secrete IgG as measured by ELISA.

To confirm the B-lymphoblastoid origin of the IM-9-P cell line and the clonal
lines derived from it, analysis of Ig gene rearrangement, a unique characteristic of B-cells,
was performed. Genomic Southern analysis was done using a 5.6kb human DNA
fragment encompassing the joining regions of the heavy chain Ig genes. In an ordered,
step-wise fashion, rearrangement and expression of Ig genes includes at the earliest point
the joining of a diversity segment to one of the six joining region genes (312). As can be
seen in Figure 8a, the original IM-9 line has undergone rearrangement of the joining region
germline 5.6kb band in both alleles to generate two fragments of approximately 9.2 and
4.2kb in BamHI/HindI digested genomic DNA. The PRL producing IM-9-P3 clone, as
well as the parent IM-9-P line, and the non-PRL-producing IM-9-P6 clone have conserved
only the rearranged 4.2kb fragment with an apparent deletion of the 9.2kb fragment. A T-
cell lineage for these cell lines was eliminated in a similar experiment in which genomic
Southern analysis using a DNA probe to the T-cell receptor, B-chain constant region
detected no rearrangement from the germline configuration (Fig.8b).

A panel of 15 monoclonal antibodies (described in Materials and Methods) to

various human leukocyte cell surface antigens were used to delineate the immunophenotype
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characteristics of the original IM-9 cell line and the clonal IM-9-P3 line. The classical M-9
cell line tested positive for the monoclonal antibodies B1, kappa light chain, IgG, 12, and
negative for all other antibodies (Table 1). These four antigens are characteristic of the B-
cell lineage. The clonal IM-9-P3 cell line exhibited reactivity with the monoclonal antibody
I2 only (Table 1), which recognizes an HLA-D/DR-related, Ia-like antigen. The lack of
reactivity with cell surface immunoglobulins corresponded to the previous finding that cell
lines of the IM-9-P class no longer secrete IgG. As a further‘ means of demonstrating or
defining the relatedness of the classical IM-9 line and the PRL-producing IM-9-P3 clone,
the cells were subjected to tissue-typing. By histocompatibility antigen testing the classical
IM-9 line and the PRL-producing IM-9-P3 clonal line were found to possess identical
haplotypes (Table I) which indicated a common line of parentage.

IM-9-P PRL Immunoreactivity

Human PRL had been previously detected in the cell lysates of various
malignant cell lines but secretion into the culture medium was not detectable (122). To
determine if the atypical PRL mRNA present in IM-9-P cells was translated into a secreted
product, the presence of hPRL was assessed in conditioned medium. IM-9-P cells were
cultured in serum-free medium for four days to eliminate the possibility of cross-reactivity
with bovine PRL and the conditioned medium was analyzed by radioimmunoassay (RIA).
IM-9-P cells were found to secrete immunoreactive hPRL, which exhibited a displacement
curve essentially identical to that obtained with pituitary hPRL by RIA (Fig.9). The
conditioned media from six other human lymphoid cell lines showed no cross-reactivity in

the RIA.
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Bioactivity of IM-9-P PRL

To demonstrate the biological activity of IM-9-P PRL, we utilized the rat Nb2
lymphoma bioassay. The Nb2 cell line is a rat T-cell lymphoma that is exquisitely
dependent on the presence of lactogenic hormones (PRL, hGH, PL) or interleukin-2 for
mitogenesis and shows a dose-dependent increase in cell number upon addition of these
mitogens. Two fractions of immunoaffinity purified IM-9-P PRL as well as crude
conditioned media obtained after four days of serum-free culture conditions and pituitary
hPRL standard were serially diluted and added to growth-arrested Nb2 cells. The results
shown in Figure 10a indicated that immunoreactive PRL secreted by IM-9-P cells was
biologically active in the Nb2 lymphoma bioassay.

To confirm that no other factor in IM-9-P conditioned medium or co-purifying
with IM-9-P PRL was responsible for the proliferative response of Nb2 cells a
neutralization experiment was carried out. Two different amounts of IM-9-P conditioned
medium were added to Nb2 cells in the presence or absence of monoclonal hPRL antibody
9C3. Figure 10b shows the results of these experiments. The stimulatory effect of IM-9-P
conditioned medium on Nb2 cell growth was completely and specifically blocked by
monoclonal antibody to hPRL. The concentration of monoclonal antibody 9C3 was
sufficient to completely neutralize the activity of maximally stimulating doses of pituitary
hPRL standard. The monoclonal antibody itself had no deleterious or non-specific toxic
effects on the growth of Nb2 cells and was specific for hPRL as shown by the results in

the presence of ovine PRL (Fig.10a).

hPRL Secretion by the Clonal IM-9-P3 Cell Line

The rate of hPRL secretion by the clonal IM-9-P3 cell line was measured over a

four-day period. IM-9-P3 cells in stationary phase of growth were diluted to 1 x 105
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cells/ml in RPMI/FCS and seeded in triplicate 25cm? flasks. After 24, 48, 72, and 96h,
1ml of cell suspension was removed for determination of cell number. The remaining cells
were pelleted at 250 x g for 4 min, and the supernatants were saved for analysis of hPRL
content by RIA. The IM-9-P3 cell peliets were washed free of PRL with RPMI 1640 and
resuspended in a reduced volume of fresh medium so as to keep the cell density
unchanged.

As shown in Figure 11a, the secretion of hPRL paralleled the growth curve.
The secretion rate was calculated to range from 40-50ng hPRL/106 cells/24 hr based on the
assumption of exponential growth of the cells within the 24 hr observation periods.
Extraction of logarithmically growing cells with PBS-0.1% Triton X-100 yielded an
intracellular hPRL content of approximately 2.0ng/106 cells, as measured by RIA.

In a parallel experiment the level of IM-9-P3 PRL mRNA was examined. Total
RNA was isolated from 1.5 x 107 cells on each day of the four-day cell density experiment
and subjected to Northern hybridization analysis. It was apparent from the PRL transcript
hybridization signal in Figure 11b that the abundance of this mRNA was unaffected and
correlated with the constant level of PRL secretion by these cells over the same four-day

growth period.

The Importance of PRL for IM-9-P Cell Viability

To determine the importance of PRL for IM-9-P cell growth a neutralizing
agent, monoclonal anti-hPRL antibody 9C3, was added over a four-day growth period.
This monoclonal antibody had previously been shown to completely block the mitogenic
activity of hPRL on Nb2 lymphoma cells (Fig.10b). As can be seen in Figurel2, the
presence of the monoclonal antibedy had no effect on the growth of IM-9-P cells (Fig.12).

The successful neutralization of secreted hPRL was examined in a control experiment
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where the IM-9-P conditioned media collected on day 4 were tested in the Nb2 bioassay
(Fig.12, right panel). A significant stimulation of Nb2 cell growth was obtained using
conditioned media from IM-9-P cells grown in the absence of antibody to hPRL.,
However, conditioned media from parallel cultures to which monoclonal antibody 9C3 had
been added exhibited no mitogenic activity above control media from IM-9-P cells on the
day-0 point of the experiment. Thus the PRL secreted by IM-9-P3 cells was completely
neutralized and this had no deleterious effect on the growth of these cells over a 96 hr

period.

Initial Analysis of IM-9-P PRL Protein, mRNA and Gene Structure

From Figure 6 it was clear that the IM-9-P PRL transcript was larger than its
pituitary counterpart, yet experiments described above indicated that the protein was
biologically active and immunoreactive. IM-9-P PRL was immunoaffinity purified and
subjected to SDS-PAGE to compare the size of the IM-9-P secreted hormone to that of the
human pituitary. The results in Figure 13 showed no difference in the mobility of the
principal band in each of the lanes which meant that IM-9-P and pituitary PRL were
identical in size despite the size difference between the corresponding mRNAs.

The difference in mRNA size could have been due to varying degrees of 3' end
polyadenylation in the different cell types. This possibility was tested by comparing the
electrophoretic mobility of the PRL mRNAs subsequent to removal of the poly(A) tail by
RNase H. As can be seen in Figure 14, digestion of mRNA poly(A) tails did not eliminate
the size differences between IM-9-P and pituitary hPRL transcripts.

Since the IM-9-P PRL protein was identical in size to the human pituitary
protein, it was assumed that the protein coding region of the IM-9-P PRL mRNA was

unaltered. It was thus not unreasonable to postulate that the intron/exon structure of the
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PRL gene had not undergone a gross rearrangement in the IM-9-P3 genome even though
the protein was produced ectopically and its transcript was atypical. To test this hypothesis
genomic Southern hybridization analysis was performed on DNA isolated from a normal
human placenta, classical IM-9 cells, and the PRL-producing IM-9-P3 line digested with
six different restriction enzymes. These DNA blots were probed with pituitary hPRL
cDNA (10) and DNA fragments of the hPRL gene (36). A cloned 557bp BglIl/EcoRI
genomic DNA fragment covering 165bp of exon 5 and 392bp of 3' flanking DNA was
included in these studies to identify 3' end-specific fragments in the banding pattern and
thus corroborate the experimental data with the published restriction map of the hPRL gene
(see Fig.26). The same rationale applied to the utilization of a §' end-specific genomic
fragment encompassing 978bp of 5' flanking DNA, exon 1 and about 120bp of intron A.
Moreover, in preliminary studies, and in the literature (35,36), it was evident that the
pituitary hPRL cDNA appeared unable to detect genomic fragments containing only exon
1. Exon 1, including the 5' untranslated sequence is about 85bp in length; however, the
pituitary hPRL ¢DNA used as a hybridization probe contains only 31bp of this sequence.
Presumably there was insufficient complementary sequence length to allow stable hybrid
formation between the random-primer labelled hPRL cDNA Pstl subfragment and exon 1,
under the stringent hybridization conditions employed in these studies.

In Figure 15a, DNAs had been cleaved with EcoRI, HindIIl, and PstI and
probed simultaneously in "a" with the pituitary hPRL ¢cDNA and the 5' end-specific
genomic fragment. This blot was then stripped of the radioactive signal and re-hybridized
with the 5' specific probe alone, the result of which is shown in Figure 15b. This was
done to identify those fragments in each digest which contained the 5' flanking region of
the hPRL gene. The restriction fragment patterns were identical for all three DNAs in each
digest. The additional under-represented low molecular weight band found in the human

placenta DNA lanes of Figure 15 was unique to that particular DNA preparation. The
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intensity of some of the bands in a particular set of digests varied because the overlapping
complementary sequence between the hybridizing DNA species was short.

In other hybridization experiments with different DNA blots the pituitary hPRL
cDNA alone was used as the probe. The hPRL gene restriction fragmentation pattern
obtained with HindIIl in Figure 15 implied that hPRL ¢cDNA hybridized strongly to only
one fragment which comigrated with the 9.4kb marker. This was confirmed in later
experiments and a very weak signal was also reproducibly observed at approximately
5.0kb. DNA blots probed with the 3' end-specific genomic fragment hybridized strongly
to the 9.4kb Hind III fragment as well as to the 5.0kb band seen only faintly with the hPRL
cDNA. The 5.0kb HindIII fragment represented DNA extending into the 3' flanking
region from a HindIII site located in the hPRL 3' UTR. Experiments performed with Pstl
and EcoRI digested DNAs probed with hPRL cDNA alone revealed a similar trend to those
described for HindIIl. That is, the 5' end-specific hPRL genomic probe detected DNA
fragments not seen with pituitary hPRL ¢cDNA and these 5' end genomic fragments
corresponded to the bands seen in Figure 15b. As alluded to above, the stron gest
hybridizing band in each set of digested DNAs in Figure 15b contained exon 1 as the only
coding region of the hPRL gene. The weaker band in HindIII and Pstl digested DNAs
represented further 5' flanking DNA, the origin of which will be discussed in greater detail
in a later section. In EcoRI digested DNA, the 5' specific genomic probe detected one
strong band of approximately 2750bp which contained exon 1 as the only coding sequence;
this band was not observed when the pituitary hPRL cDNA alone was used as a probe.
The 3'-end specific genomic probe did not detect fragments different from those seen with
pituitary hPRL cDNA as the probe in PstI and EcoRI digested DNA. This genomic probe
identified the approximately 4.1kb EcoRI fragment and the 1.2kb PstI band as the 3' end
of the hPRL gene. In all experiments utilizing hPRL genomic probes, no bands unique to

IM-9-P3 DNA were detected. Moreover, these experiments confirmed that pituitary hPRL
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cDNA could not hybridize to 5' flanking DNA or genomic fragments containing only
exon 1.

In Figure 15 "c" and "d" the results of similar experiments done using the
enzymes Ncol and Xbal are shown. The nitrocellulose filter was initially hybridized with
the pituitary hPRL cDNA alone. The blot was then sequentially stripped and reprobed
separately with the 5' end-specific genomic fragment and 3' end genomic fragment. In
Ncol digested DNAs, two extra bands were detected in the 7-8kb range in the human
placenta DNA sample using the 5' specific genomic probe only, otherwise the Ncol
banding pattern amongst the DNAs using the three hPRL DNA probes were identical
(Fig.15¢). The extra bands in the placental DNA sample were not reproducible. A new
high molecular weight band of <11kb was detected by the 5' end-specific genomic probe
which appeared identical in size in all three DNAs tested. The hPRL gene restriction map
(36) indicated that this new high molecular weight band contained exon 1 yet it was not
detected with the pituitary hPRL cDNA as seen in other digests above. The approximately
2.9kb Ncol fragment observed with both hPRL probes contains exon 2 and 6 codons of
exon 3. Identical restriction fragment patterns were observed with Xbal among the DNAs
tested (Fig.15d) and it was evident that the 5' and 3' end-specific Xbal fragments of the
PRL gene comigrated at approximately 4.4kb. As a result, it was not possible to
conclusively state that the pituitary hPRL ¢cDNA did not hybridize to the 5' end Xbal
genomic fragments of the hPRL gene. One might expect a very strong hybridizing signal
in the 4.7kb range, indicative of a doublet, if the 5' and 3' end genomic fragments were
both detected by the pituitary hPRL ¢cDNA. From Figure 15d and other experiments it was
clear that a doublet was not detected by pituitary hPRL cDNA which agreed with the results
described above.

For the enzyme BgllI, the results were not as straightforward as those described
for the other digests. Non-uniform restriction fragment patterns were obtained (Fig. 16a)

with the pituitary hPRL ¢cDNA probe such that the lowest molecular weight band was
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missing from the human placenta pattern, and the approximately 3.5kb band was very
weak in intensity in DNA from the classical IM-9 line obtained from M. Lesniak (NIH). If
these results were due to incomplete digestion of the DNAs then one would have expected
to detect larger molecular weight precursor bands; however, none were observed. The 5'
and 3' end-specific hPRL genomic probes revealed no differences in banding pattern
between the human placenta, IM-9-P3 and IM-9 cell DNAs. Thus, by elimination, the
Bglll restriction sites responsible for the differences seen with the pitnitary hPRL ¢cDNA
must lie in the internal regions of the gene. The 5' end-specific genomic probe identified
two new fragments. The 1.9kb band in each lane, according to the published hPRL gene
restriction map (36), contained only exon 1 coding sequence and was not detectable with
pituitary hPRL ¢cDNA as observed in other digests. The larger molecular weight band
comigrated with the 23kb marker band and represented further 5' flanking DNA of the
hPRL gene. These results reinforced the importance of including the 5' end genomic probe
in such studies not only to identify the location of a specific fragment in the hPRL gene, but
also to obtain a complete picture of the structure of the hPRL gene in IM-9-P3 cells.
Hybridization of a number of different human DNAs revealed that absence of
the smallest molecular weight Bglll fragment could have been due to a restriction fragment
length polymorphism (RFLP). As can be seen in Figure 16b, peripheral blood lymphocyte
DNA from another individual also lacked the smallest molecular weight BglIl fragment, a
pattern identical to the human placenta DNA seen in Figure 16a. In contrast, DNA isolated
from a human breast cancer cell line and from another normal individual yielded a BgllI
restriction fragment pattern identical to that seen in the PRL-producing IM-9-P3 line.
Consequently it was unlikely that the non-uniform BglII banding pattern of the hPRL gene
was due to a gene rearrangement. Moreover, no rearrangement or deletion of the hPRL
gene was observed using the five different restriction enzymes described in Figure 135. By

elimination then, it was assumed that the varying Bglll banding pattern of the hPRL gene
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was due to restriction fragment length polymorphism. Further studies, including pedigree
analysis, are required to confirm this hypothesis.
Weak hybridization to the 3.5kb BglIl fragment in the DNA of IM-9 cells from
M. Lesniak (NIH) was reproducible and unique since that fragment was strongly
represented in DNA of IM-9 cells from two other sources (Fig.16b). This phenomenon
may have been related to the putative Bglll RFLP.
It was important to these genomic DNA hybridization studies to identify the
bands detected in each digest in order to ensure that the entire hPRL gene was represented

in the fragmentation pattern. Only in this way could one confidently state that the hPRL

gene in IM-9-P3 cells was not rearranged internally or in flanking regions given the --

resolving power of this technique. Unfortunately sequence pertaining to large intronic
segments of the hPRL gene are not available and the location of some restriction sites
relevant to the above studies remain to be determined. It was possible, however, to
identify the origin of most bands in the various digests by comparison to the restriction map
of the gene (Fig.26) and the use of 5' and 3 end-specific genomic probes. The
fragmentation patterns of hPRL gene described above were consistent with the presence of

an intact gene in the IM-9-P3 genome.

Comparison of IM-9-P3 PRL mRNA to that of Uterine Decidua

It has been assumed since the work of Clements e al (74) that human decidual
PRL mRNA is identical to the pituitary transcript. To confirm this data and compare the
atypical IM-9-P3 PRL message to that found in the human decidua, a series of Northern
blot hybridization experiments were done. Gestational decidua was obtained from 9-12
weeks of pregnancy and RNA was isolated. The results of one of these experiments is

shown in Figure 17. Surprisingly, the PRL mRNA found in normal human decidual cells
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was larger than the pituitary hPRL transcript and essentially identical in size to the hPRL
mRNA seen in IM-9-P3 cells. In total, 27 different decidual RNA samples were analyzed

in this manner, the results of which were identical to Figure 17,

Isolation and Characterization of PRL ¢DNA Clones

To localize precisely the source of elongation in IM-9-P3 and decidual PRL
mRNAs relative to the pituitary hPRL mRNA, cDNA libraries were constructed from poly
(A)* mRNA isolated from the original PRL-producing line, IM-9-P. Both IM-9-P cDNA
libraries (I and II) contained approximately 8.5 x 105 recombinant phage/jig of DNA.
From unamplified portions of these cDNA libraries, approximately 150,000 recombinant
phage were screened and a total of 8 cDNAs were isolated (numbers 3,6,10,7,9,11,IV and
C) and purified by high stringency hybridization to Pstl subfragments of pituitary hPRL
cDNA. Subsequent screening of amplified portions of both libraries (100,000 recombinant
phage) yielded 55 strongly hybridizing plaques from library I and 19 from library I1. All
74 positive phage underwent secondary screening with a 5' untranslated region-specific
cDNA probe in order to further purify and analyze primarily full-length cDNAs. Three
such cDNAs (1A,9A and I-1) were identified in this manner for a final yield of 11 putative
IM-9-P PRL cDNAs.

Human decidual PRL ¢cDNA clones were isolated and purified from two
different amplified lambda GT11 cDNA libraries; one constructed from human placenta
mRNA (Clontech Laboratories Inc., Palo Alto, CA) and the other from human decidua
mRNA (281) provided by Dr. Olli Janne (Population Council and the Rockefeller
University, N.Y.). A total of 300,000 phage from the human placenta cDNA library were
screened with rat prolactin-like protein A (28) and B (29) cDNAs. This screening had been
done as part of earlier studies attempting to identify human homologues of these rat genes.

Since the human placenta at delivery contains decidual tissue on the maternal side due to the
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invasive nature of placental trophoblasts; a cDNA library constructed from such tissue
would likely contain decidual PRL cDNA clones. Rat PRL-like protein A ¢cDNA contains
regions of high sequence homology with hPRL cDNA (28). Using rat prolactin-like
protein A cDNA, under moderately stringent conditions, seven strongly hybridizing clones
were identified of which three were chosen (F1-a,4a,0) for sequence analysis based on the
amount of 5' sequence present. A human decidua lambda GT11 ¢cDNA library, when
screened with IM-9-P PRL cDNA IV which appeared to contain the longest 5' non-coding
sequence, resulted in 94 positive plaques which were subsequently narrowed down to 15
clones which contained 5' untranslated sequence. Restriction analysis (EcoRI) of these
cDNAs revealed that only five (19A,13B,8B,2A,15A) appeared to possess elongated 5'
ends.

All nineteen hPRL cDNAs were subcloned and determined to be of independent
origin by differences in the 3' and 5' termini. The majority of PRL cDNAs isolated from
the IM-9-P libraries were not intact because of inefficient methylation-protection of cDNA
EcoRlI sites prior to cleavage of concatinated EcoRI linkers ligated to the cDNA. Human
PRI cDNA contains a single EcoRI site at amino acids glutamine 39-phenylalanine 40; as
a result one end of almost every cloned hPRL ¢DNA isolated from these IM-9-P
lymphoblast libraries was generated from this internal EcoRI site. A preliminary
comparison of the IM-9-P and decidual PRL cDNAs was performed by EcoRI restriction
analysis and hybridization with 5' and 3' end-specific pituitary hPRL cDNA probes. From
digestion of a full-length pituitary hPRL ¢cDNA one would expect two fragments; a 5'
cleavage product of 258bp, including the 5' untranslated region (UTR), and a 3' fragment
of 628bp plus an unspecified poly(A) tail. When this form of restriction endonuclease
analysis was applied to the nineteen hPRL cDNAs described above, eleven were found to
contain significantly larger 5' EcoRI fragments without a major difference in the individual
3' EcoRI fragments. Thus, the elongation of IM-9-P and decidual PRL mRNA resided in

the 5' untranslated sequence relative to the 57 nucleotide 5' non-coding region of the
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pituitary PRL mRNA (36). These analyses also indicated that three of the IM-9-P PRL
¢DNA clones possessed an unusual restriction map which implied that these cDNA were
chimeric in nature. This was confirmed by nucleotide sequencing. The structure of the
nineteen IM-9-P and decidual PRL cDNAs compared to that of a full-length pituitary PRL
¢DNA is depicted in Figure 18.

Nucleotide Sequence Analysis of IM-9-P and Decidual PRL cDNAs

Previously we had shown IM-9-P lymphoblast PRL protein to be essentially
identical to human pituitary derived PRL based on a number of physicochemical criteria.
To confirm these data, all eleven putative IM-9-P PRL cDNAs were subjected to various
degrees of nucleotide sequence analysis, the strategy for which is shown in Figure 18. IM-
9-P PRL cDNA #3 was the largest clone and was sequenced fully on the mRNA strand and
64% on the opposite strand. The portion that was not sequenced on the cDNA strand was
included in the sequence analysis of the other ten IM-9-P PRL clones and all were identical.
The nucleotide sequence corresponding to the protein coding portion of IM-9-P PRL was
found to be essentially identical (Fig.19) to that previously published for human pituitary
cDNA (10). Two silent substitutions at the third base of the codons for leucine -8 and
glutamate 162 have been reported in dPRL mRNA (75); data herein did not agree with
these substitutions.

Sequence analysis confirmed that three of the IM-9-P PRL ¢DNAs were
chimeric. These were rather unusual chimaera in that the independent cDNAs were both
derived from PRL mRNA. The generation of these chimeric structures occurred during
construction of the cDNA library since atypical cDNA restriction fragments were observed
on digestion of the original lambda clones. All three chimeric cDNAs (C, 3 and 1A)

contained an inverted portion of hPRL 3' untranslated sequence ligated to the 5' end of the
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cDNAs. This peculiar cDNA cloning artifact appears to have occurred via an 11bp
sequence (5' GAAGGTCCTTA 3') beginning 31 nucleotides 3' of the terminal cysteine
codon which is 90% homologous to sequence located between -157 and -167 of the IM-9-
P PRL 5' untranslated region. This 11bp sequence is palindromic and could form an
intramolecular stem-loop structure in the 3' UTR. Since the junction point in all three
chimeric cDNA clones occurred within this 11bp region it was conceivable that sequence
complementarity facilitated the annealing and ligation of independent hPRL ¢DNAs. There
is no other sequence homology between IM-9-P PRL 5' and 3" untranslated sequences.
The 5' end of IM-9-P PRL cDNA clones C and #3 were ligated to an adenine residue
located 42 nucleotides 3' of cysteine 199 in an inverted fashion such that 106bp of hPRL. 3'
untranslated sequence plus poly (A) tail were present at the 5' end of these cDNAs. IM-9-
P PRL ¢DNA 1A was of a similar structure except that the junction point occurred at a
cytosine residue located 37 nucleotides 3' of the terminal cysteine codon. These chimeric
hPRL cDNA were isolated from IM-9-P cDNA library I only.

A similar nucleotide sequencing strategy was applied to the decidual PRL
cDNAs to compare its sequence to that of IM-9-P PRL mRNA. The dPRL ¢DNAs purified
from two different libraries were found to be intact and not chimeric. The 3’ and 5' non-
coding regions of each dPRL cDNA was sequenced as well as selected portions of the
protein coding region of each clone. Interestingly, the coding region of three of the four
dPRL cDNAs analyzed contained an extra in-frame alanine codon in the hydrophobic leader
sequence between lysine-20 and glycine-19 resulting in a signal sequence of 29 amino
acids.

Eight of the IM-9-P PRL ¢cDNAs contained 3' untranslated sequence which was
essentially identical to that reported for pituitary PRL ¢cDNA (10). Takahashi and co-
workers (75) reported two differences in the 3' untranslated sequence of dPRL of which
only one was also found in all IM-9-P and decidual PRL cDNAs; these differences most

likely represent allelic variants. Only one IM-9-P ¢cDNA possessed a 3' end identical to that
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of the pituitary PRL cDNA reported by Cooke and colleagues (10) while seven cDNAs
contained a 7-14 nucleotide elongation (Fig.20). Poly(A) tails were present on ten of the
nineteen PRL cDNAs purified from the four different cDNA libraries and averaged 18bp in
length. Other essentially full-length IM-9-P and decidual PRL ¢cDNAs were truncated
somewhere in the 3' UTR. IM-9-P PRL ¢cDNA 9 was truncated at the adenine residue 118
bases 3' of the termination codon, dPRL ¢cDNA O ended 26bp 3' of the ochre codon, and
dPRL cDNA 4a ended 107 bases downstream of the terminal cysteine codon. Decidual
PRL cDNA 13B contained a 3' end identical to the pituitary PRL ¢cDNA, but did not
possess a poly(A) tail and therefore may have represented a truncated cDNA. The 3' end
heterogeneity shown in Figure 20 could not account for the approximately 150 nucleotide
difference between IM-9-P PRL mRNAs and the pituitary message.

Five of the IM-9-P PRL ¢DNAs (I1V,3,C,1A,I-1) contained a 5' non-coding
region in which the sequence differed dramatically from that reported for the pituitary
mRNA (Fig.21). Truong and colleagues (36) determined that the 5' UTR of pituitary
hPRL mRNA is 57 nucleotides in length. The 5' non-coding sequence shown in Figure 21
is that of IM-9-P PRL cDNA 1V which had the longest 5' untranslated sequence at 191
nucleotides. IM-9-P PRL cDNAs 1A, 3 and C contained 5' non-coding information
identical to that seen in cDNA IV but shorter in length presumably due to premature
termination of reverse transcription during cDNA synthesis. The length of the 5' UTR in
IM-9-P PRL ¢DNAs 1A, 3, and C is denoted by the negative number at the 5' end of each
cDNA in Figure18. The 5' non-coding region of IM-9-P PRL cDNAs contained an exira
41 nucleotides upstream of the normal transcription start-site for the human pituitary PRL
gene (Fig.21). The additional 5' flanking sequence to nucleotide -98 includes the putative
TATA box at position -85. In IM-9-P cDNA IV the extra 41 nucleotides were immediately
preceded by an additional 93 nucleotides which were not homologous to the published
DNA sequence found 5' to the human pituitary PRL gene cap site. The identical 5'
untranslated sequence was found in IM-9-P PRL ¢cDNAs 1A, 3 and C (data not shown).



86

Moreover the junction point sequence between the unique 5' UTR and the previously
published genomic sequence at nucleotide -98 was identical. Clearly this consistent unique
5" non-coding structure could easily account for the size difference between Iymphoblast
and pituitary PRL transcripts.

IM-9-P PRL ¢DNA I-1 possessed a 5' UTR very similar to that described
above with some differences. Initially IM-9-P PRL cDNA I-1 was thought to possess the
longest authentic 5' UTR of 248bp (Fig.22). This sequence differed from that described
for the other IM-9-P PRL ¢cDNA 5' UTRs in that IM-9-P PRL ¢DNA I-1 contained an extra

45bp at its 5' end relative to cDNA IV and an extra 12bp at the -98 junction point with the

known 5' flanking region of the PRL gene. The unique sequence between these regions )

was identical to that seen in the other IM-9-P PRL cDNAs as shown in Figure 22. Since
the extra 45bp at the 5' end of this clone was unique, its authenticity as a region of IM-9-P
PRL mRNA was assessed by Northern blot hybridization. Sense and antisense cRNA
generated from the unique 5' UTR upstream of -98 in IM-9-P PRL clone I-1 was
hybridized to human decidual and IM-9-P RNA. The antisense probe detected a single
band of approximately 1.0kb which comigrated with hPRL mRNA. Surprisingly the sense
CRNA also hybridized to an abundant, approximately 500bp mRNA in all RNA samples
(data not shown). This hybridization was due to the extra 45bp at the 5' end of IM-9-P
PRL c¢DNA I-1 which indicated that this cDNA was chimeric. As will be discussed in the
next section, sense CRNA generated from the shorter unique 5' UTR of other IM-9-P
¢DNAs did not hybridize to any RNA.

An analysis of the 5' ends of several overlapping dPRL cDNAs revealed
differences in the extent of 5' non-coding information (Fig.18) but showed complete
sequence homology to each other in overlapping regions. The structure and sequence of
the dPRL 5' untranslated region was identical to that described above for the IM-9-P
lymphoblast mRNA (see Fig.21) and thus provided the basis for the mRNA size difference

seen when compared with the pituitary transcript on denaturing formaldehyde gel
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electrophoresis. Decidual PRL cDNA 15A represented a distinct, although minor, second
class of elongated PRL mRNA with a 5' untranslated region of 300bp. As shown in
Figure 21, clone 15A contained an additional 148 nucleotides beyond -98 which was
homologous to the 5' flanking DNA of the hPRL gene to -246. This extended 5' flanking
séquence was preceded by 54 nucleotides of unique non-coding information which was
identical to that seen in all of the IM-9-P and decidual PRL ¢cDNAs. This cDNA would
appear to have represented a scarce member of the total dPRL mRNA population since a
hybridizing PRL transcript 300 nucleotides or more longer than the pituitary mRNA had
not been detected on Northerns and clone 15A was the only cDNA of this unique structure

represented amongst the original 55 positive plaques.

Strand-Specific RNA Hybridization Analysis

To confirm that the unique 5' untranslated sequence was indeed an authentic
component of PRL. mRNA in vivo, RNA hybridization experiments were performed.
Total RNA from IM-9-P3 cells, individual human decidual samples and human pituitaries
were electrophoresed on denaturing formaldehyde-agarose gels and blotted onto a
nitrocellulose based membrane. These blots were probed with an antisense cRNA
synthesized from a template generated from the unique 5' non-coding region of IM-9-P
PRL ¢DNA 1V which was contained in an EcoRV-EcoRI fragment subcloned into pGEM-
3. High stringency hybridization of this cRNA probe to RNA blots containing various
sources of hPRL mRNA showed a single band which exactly comigrated in decidua and
IM-9-P3 RNA at approximately 1.1kb (see Fig.23). No hybridization was seen to pituitary
mRNA. This RNA blot was then stripped and rehybridized with a random primer labelled
hPRL cDNA probe consisting of only coding region sequence. The latter probe detected
PRL mRNA in pituitary total RNA as expected as well as the slightly larger transcript
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which had been seen exclusively in decidual and IM-9-P3 RNA using the unique 5' UTR
probe. These results illustrated that the new 5' UT sequence was not present in pituitary
PRL mRNA. The differing intensity of the PRL mRNA signal in the decidua lanes, despite
equal gel loading, was due to the inherent variability associated with individual tissue
sampling and was seen over the 27 different decidual RNAs tested in this manner. Control
experiments performed under low stringency conditions of hybridization (42C, 40%
formamide hybridization buffer) utilizing the sense cRNA transcribed from the same

template did not result in any form of consistent, specific hybridization signal.

Primer Extension Analysis of hPRL mRNA 5' Termini

Primer extension analysis was performed to compare the transcription start site
in IM-9-P3, decidua and pituitary PRL mRNAs (Fig.24). A 21-nucleotide primer
corresponding to leucine 1 through cysteine -6 of the signal sequence was annealed to
mRNA isolated from human pituitaries, pooled decidua tissue samples, IM-9-P3 cells and
as a negative control, the parental IM-9 line which does not produce PRL. The cDNA
products consistently obtained using many different pituitary RNA preparations are
illustrated in Figure 24 by a broad signal extending from 120-128 bases upstream of the
priming site. On shorter autoradiographic exposure this wide strong signal was discernable
as a series of 6 closely positioned bands of varying intensities which corresponded to 5'
untranslated regions of 55-63 nucleotides in length in pituitary hPRL mRNA. These data
were in good agreement with the results obtained by Truong and co-workers (36) in which
a single distinct fragment corresponding to a 57bp 5' non-coding region was resolved after
S1 nuclease protection by human pituitary tumour RNA. The pituitary-specific pattern of
cDNA products suggested that transcription initiation of the hPRL gene occurred over a

cluster of 9 nucleotides located 16bp downstream of the putative TATA box. Over 5
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separate experiments the most abundant primer extended products represented a 5' UTR of
55-57 nucleotides. Additional exposures did not reveal longer cDNA products consistent
with the utilization of start sites further upstream.

The pattern of bands obtained with decidual and IM-9-P3 RNA were identical to
one another and markedly different from the pituitary products. In four separate
experiments no primer-extended cDNAs co-migrated with those obtained using pituitary
RNA, even on long autoradiographic exposure. Using IM-9-P3 or decidual RNA as the
template, a series of seven bands were reproducibly resolved resulting from the primer
having been extended to various positions between 204 and 244bp upstream of the priming
site. These cDNA products were generally stronger in intensity in decidual RNA (Fig.24)
as compared to the IM-9-P3 products because of the greater abundance of PRL mRNA in
decidua total RNA. Of the consistent primer extended products, the largest were the
predominant bands at 265 * 3 nucleotides, indicating a 5' untranslated region of 178 +3
nucleotides. Two bands were commonly present around 265bp after primer extension and
may have represented the inefficiency of reverse transcriptase rather than the presence of
two separate 5' ends. The sizes of the remaining six somewhat weaker signals are
provided on the left of the autoradiogram in Figure 24; these bands represented 5'
untranslated regions of 140,154,160 and 162 bases. None of these primer extended
products were generated when RNA of parental IM-9 cells was utilized. Various minor
extension fragments of lower molecular weight were inconsistently generated, but these
likely represented premature stops due to the secondary structure of IM-9-P3/decidua PRL
mRNA.

It appeared that a rather complex series of transcription start positions were used
on the hPRL gene which is present in single copy in the human genome. The locations of
these cap sites could be deduced from the sizes of the various primer extended products.
The position of these new IM-9-P3/decidua-specific start sites are labelled on IM-9-P PRL
¢cDNA IV (Fig.21). The 5' ends of the IM-9-P and dPRL clones as shown in Figure 18
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were very close to these putative start sites. The somewhat shorter transcripts seen with the
clones probably resulted from premature termination of reverse transcription. Such DNAs
were clearly present on prolonged autoradiographic exposure as seen in the lanes on the
right in Figure 24. The largest of these minor products extended 386 bases upstream of the
primer and denoted a 5' untranslated region estimated as 320 bases in decidua and IM-9-P3
RNA. The size of this cDNA correlated well with the unique structure of IM-9-P PRL
clone 15A (see Fig.21) in which the 3" splice junction between the unique 5' non-coding
sequence and the known flanking region of the pituitary PRL gene was at position -246,
rather than at position -98 as was seen with the other cDNA clones.

The presence of multiple longer primer extended products generated with IM-9-
P3 or decidual PRL mRNA as compared to those derived from the pituitary mRNA was
entirely consistent with the existence of a considerably extended 5' non-coding region
found in IM-9-P and decidual PRL cDNA clones. The discovery that a segment of unique
sequence up to 93 bases in length, contributed to this 5' extension, in large part accounted
for the elongated size of decidua and IM-9-P3 PRL message. Initially, the estimated size
difference between the IM-9-P3/decidua PRL message and the pituitary transcript was 150
bases.  Collectively, the above experiments defined that difference as 83 to 134
nucleotides, a size range easily represented within the broad hybridizing band of decidual

and IM-9-P3 PRL mRNA on Northern blots.

Genomic Localization of the Unique 5' Segment of IM-9-P3/Decidua PRL
mRNA Untranslated Sequence

A series of human genomic DNA hybridization experiments were undertaken to
try to determine the length of the putative intervening sequence between the pituitary-

specific cap-site and the new non-coding exon of the PRL gene utilized in IM-9-P3 and
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decidual cells. It was also to compare the organization of the DNA surrounding the new 5'
non-coding sequence of the ectopically activated PRL gene in IM-9-P3 lymphoblasts to that
found in normal cells. These studies would potentially detect a transposition or
recombination event which may have led to the inappropriate activation of the PRL gene.

In the first set of experiments, DNA samples were digested with EcoRV-
HindIIl. These restriction enzymes were chosen because an EcoRV site was present at -96
of the IM-9-P3/decidual PRL cDNA 5' non-coding sequence (see Fig.19). The upstream
HindIII site of interest was located at position -776 relative to exon 1 of the hPRL gene and
together these enzymes released a genomic fragment of 680bp from phPRLg2750. A
series of 5-7 human DNAs isolated from the general population was included in each
genomic DNA hybridization experiment to distinguish between restriction fragment length
polymorphism of the hPRL gene and legitimate recombinatorial events which may have
been detected in the IM-9-P3 DNA. The Southern blot was initially probed with the
homologous, gel-purified 680bp EcoR V-HindIII fragment from the cloned hPRL gene 5'
flanking DNA shown schematically in Figure 25. A single band/lane of 680bp was
detected for all DNAs (Fig.25a) which implied that the IM-9-P3 PRL gene structure had
not been rearranged in the region of the pituitary-specific transcription start site. This
region also included the putative 3' splice acceptor sequence for the processing of the new
5' non-coding sequence. This Southern blot was rehybridized with a DNA fragment
containing 3 copies of 72bp of unique 5' non-coding sequence from IM-9-P PRL ¢cDNA
#3. As can be seen in Figure 25b, a signal estimated at 1.1kb was present in every lane
which suggested that the IM-9-P3 gene structure surrounding the new 5' non-coding exon
did not differ from normal human DNA. More importantly these results graphically
demonstrated that the unique 5' untranslated sequence of IM-9-P3/decidua PRL mRNA
was not colinear with the immediate 5' flanking DNA of the hPRL gene and thus located at

some distance from the pituitary-specific PRL RNA start site.
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The location of this putative 5' non-coding exon of the hPRL gene was further
confirmed and the length of the intervening sequence more precisely determined by a series
of genomic Southern blots constructed in a manner identical to that described above. These
blots were first probed with a previously described 5' end-specific fragment of 1132bp
excised from phPRLg2750 by EcoRI-Xbal digestion (see Fig.26). The DNA blots were
then stripped and rehybridized with a tetramer of 72bp of IM-9-P3/decidua-specific PRL §'
UTR. By comparing the resultant hybridization pattern obtained with each probe on the
same blot it was possible to estimate the distance between the tissue-specific PRL cap sites.
Experiments utilizing EcoRI, HindIll, and HincII digested human DNAs did not
demonstrate linkage between the new 5' UTR and exon 1 of the hPRL gene since common
hybridizing DNA fragments were not identified using the above probes (Fig.27). In
EcoRI digested DNAs (Fig.27a) the 5' end-specific genomic probe hybridized as predicted
by the restriction map (Fig.26) to a 2750bp fragment. When stripped and rehybridized
with the unique 5'UTR probe a fragment of approximately 7.0kb was observed in every
lane. In retrospect, this hybridization could not have shown linkage between the sequences
of interest without a genomic DNA probe 5' to the EcoRI site at -978 relative to the hPRL
coding region. Experiments with such a probe will be discussed below.

In HindIIT digests the 5’ end-specific hPRL genomic probe hybridized to two
fragments (Fig.27c); a strong band of approximately 2.2kb and a less intense signal at
4.2kb. The 2.2kb band represented the DNA sequence extending 3' of the HindIII site at
-758 in the 5' flanking region of hPRL exon 1 and the 4.2kb band corresponded to the
DNA located to the next unknown upstream HindIlI site (see Fig.26). Therefore the 4.2kb
fragment reached approximately 5.0kb into the 5' flanking DNA of the pituitary PRL RNA
start site. When this blot was hybridized with the unique IM-9-P3/decidua 5' UTR probe a
single band of 1.1kb was seen in each lane (Fig.27d). Therefore the new 5' non-coding
exon was not located within 5.0kb of the pituitary PRL cap site. DNAs digested with

Hincll and hybridized with the 5' end-specific genomic fragment resulted in detection of a
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single band of approximately 5.7kb in all lanes (Fig.27¢). The same blot probed with the
new 5' non-coding sequence probe yielded a band of about 2.1kb in each DNA sample
(Fig.27f). These data confirmed those described above with HindII digested DNA. The
first Hincll site of the hPRL gene is located in intron A approximately 2.39kb downstream
of the 5' end of the hPRL genomic clone (see Fig.26). Therefore about 3310bp of the
5.7kb Hincll framgent was composed of DNA between the 5' end of the hPRL genomic
clone at -978 and the next unknown upstream Hincll site. Consequently, the new 5' non-
coding exon could not have been located within approximately 4.3kb of exon 1 of the
hPRL gene (i.e. 3310bp + 978bp).

The next series of genomic blots defined the outer boundary for the location of
the new 5' non-coding exon of IM-9-P3/decidua PRL mRNA. DNAs digested with Pstl
demonstrated linkage between the pituitary specific exon 1 and the IM-9-P3/decidua-
specific 5' non-coding sequence (Fig.28). Using the hPRL 5' end-specific genomic probe,
two bands were resolved, an intense 3.2kb fragment and a weaker band which migrated at
approximately 7.4kb (Fig.28e). The strong 3.2kb fragment represented sequence
extending in a 3' direction from the 5' PstI site at -866 to the Pstl site in intron A (see
Fig.26). The 7.4kb band consisted of DNA 5' to the Pstl site at -886. This band was
relatively weak in intensity because there was only 111bp of overlap with the 5' end of the
random-primer labelled, §' end-specific hPRL genomic probe (1132bp EcoRI-Xbal
fragment) and thus this fragment encompassed about 8.2kb of DNA 5' to the pituitary PRL
gene cap site. Subsequent hybridization of this Southern blot with the unique 5' UTR
c¢DNA fragment revealed strong hybridization to a single band which exactly comigrated
with the 7.4kb fragment detected with the hPRL genomic probe (Fig.28f). This provided
strong evidence for the localization of the new 5' non-coding exon within 8.2kb of the
hPRL exon 1. Similar data was obtained using Southern blots which contained Ncol or
Bglll digested DNAs. In Figure 28a, two Ncol digested human DNA fragments

hybridized to the 5' end-specific hPRL genomic probe in all samples. The smaller more
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intense fragment was sized at approximately 3.6kb and extended from the Ncol site in exon
I to the next downstream site in exon 3 of the hPRL gene (see Fig.26). The other
hybridizing fragment migrated slightly smaller than the 23kb marker band and
corresponded to DNA upstream of the exon 1 Ncol site to the next unknown Ncol site.,
This latter Ncol fragment was also detected when the same blot was stripped and reprobed
with the new 5' non-coding segment of IM-9-P3/decidua PRL. mRNA (Fig.28c). In blots
which contained human DNAs digested with BglII, the 5' end-specific hPRL genomic
probe hybridized to two fragments (Fig.28b). As in the Ncol digests, the smaller Bglll
fragment of about 2.1kb represented DNA which extended downstream from the BglII site
at -43 of the hPRL gene 5' flanking region to a site in intron A (see Fig.26). The much
larger hybridizing BglIl fragment comigrated with the 23kb marker in all lanes and was the
only fragment detected when this blot was rehybridized with the unique 5' UTR of IM-9-
P3/decidua PRL mRNA (Fig.28d).

The BgllII and Ncol genomic Southern hybridization experiments confirmed the
data obtained with Pst] digested DNAs but did not further delineate the outer limit of the
intervening sequence between the IM-9-P3/decidua-specific hPRL cap sites and the
pituitary PRL mRNA start site. These studies demonstrated no major rearrangement in the
DNA surrounding the new 5' non-coding exon in the IM-9-P3 lymphoblast genome and
strongly suggested that it was located 5-8kb upstream of the PRL gene exon 1.

In order to more precisely delineate the size of the intron separating the tissue-
specific RNA start sites of the hPRL gene additional 5' flanking DNA to hPRL exon 1 was
required. Such a genomic clone (phPRLg4800) was generously provided by Dr. J. Martial
(University of Liege, Belgium); the restriction map for which is provided in Figure 29.
This hPRL genomic clone provided in total, about 5.8kb of DNA upstream of hPRL exon
1 and the locations of the HindIIl, Hincll and Xbal restriction sites agreed very well with
the corresponding genomic fragments detected by Southern hybridization above. To

determine if the new 5' non-coding exon was located in the 5' region of phPRLg4800,
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Northern and Southern hybridization experiments were done with the gel purified, 830bp
Sall-HindIII fragment (see Fig.29). Genomic Southern hybridization experiments
described above (HindIII and HinclI digests) proved that the new 5' non-coding exon
could not have been situated in DNA 3' to the 830bp Sall-HindIII fragment. No
hybridization to dPRL. mRNA or to IM-9-P PRL cDNA clones was observed, therefore the
new 5' non-coding exon was located beyond 5.8kb upstream of the pituitary specific PRL
cap site (data not shown).

Next a series of genomic DNA blots were sequentially probed with the 5'
830bp Sall-HindIII fragment of phPRLg4800, the 1132bp EcoRI-Xbal fragment of
phPRLg2750 used in the previous studies and the unique 5' non-coding exon. The results
of one such experiment are presented in Figure 30. IM-9-P33 cell DNA, digested with a
variety of enzymes, was hybridized with the unique 5' UTR fragment of IM-9-P3/decidua
PRL ¢DNA. The banding pattern obtained was identical to that obtained in previous
experiments (see Fig.27) with an approximately 1.1kb and 2.1kb band resolved in HindIII
and Hincll digests respectively (Fig.30b). On this blot double digests including these
enzymes each with Xbal, did not result in cleavage of the above fragments. The same blot
was then stripped and reprobed with the 5' end-specific genomic fragment (Fig.30a)
encompassing only 978bp of immediate 5' flanking DNA of the hPRL gene and resulted in
the identification of bands which were expected based on the published restriction map (see
Fig.26) and experiments described above (see Fig.15 and 27). When this genomic DNA
blot was subsequently hybridized with the 830bp Sall-HindIII 5' fragment of
phPRLg4800, the restriction fragmentation pattern obtained in all lanes was identical and
directly superimposable with that seen with the unique 5' UTR sequence probe of IM-9-
P3/decidua PRL. mRNA (Fig.30c). This short step along the chromosome in a 5' direction
from exon 1 of the hPRL gene demonstrated linkage between exon 1 and the new 5' non-

coding exon. This had not been previously observed in HincIII or HindIil digests using
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the 1132bp EcoRI-Xbal fragment which encompassed only 978bp of immediate 5'
flanking DNA as a probe.

In other experiments, the 830bp Sall-HindIIT genomic fragment was hybridized
to DNA blots which had been previously probed with the unique 5' untranslated sequence
of IM-9-P3/decidua PRL message or the 1132bp 5' end-specific fragment described above.
This was done to corroborate the data presented in Figure 30. An example of one such
experiment is shown in Figure 31 where the DNA blot in Figure 15 was re-probed with the
most 5' fragment of DNA flanking the hPRL gene (830bp Sall-HindIII). In each set of
digests identical bands were observed for all DNAs as seen previously (Fig.31a). In Pst
digested DNAs the 830bp Sall-HindIII probe detected a 7.4kb fragment which was directly
superimposeable with the largest molecular weight band resolved (in Fig.15) in which the
1132bp 5' end-specific fragment of phPRLg2750 was used as a hybridization probe. This
confirmed the origin and contiguous nature of the two probes. As in Figure 30, the 830bp
Sall-HindIII genomic probe hybridized to a 1.1kb HindIII fragment which had been seen
previously only with the unique 5' UTR probe derived from IM-9-P3/decidua PRL mRNA
(Fig.31a). To illustrate this point and for easy comparison the parallel autoradiogram is
provided (Fig.31b). The same DNA blot had been probed with IM-9-P PRL ¢cDNA
#3which contained 72bp of unique 5' UTR which specifically hybridized to the 1.1kb
HindIlI band and the 7.4kb PstI band described above. The EcoRI digests in Figure 31a
released a fragment of approximately 7.0kb which hybridized with the 830bp Sall-HindIII
genomic probe. This EcoRI band was also present in the parallel autoradiogram probed
with IM-9-P PRL cDNA #3; its detection was attributed, from previous studies (see Fig.15
and 27), to the unique 5' UTR of the cDNA. Similar studies were performed with Ncol,
HinclIl and Xbal digested genomic DNA and the trend described above was corroborated
(data not shown), that trend being the identification of identical genomic DNA fragments

(released with six different restriction enzymes) by the unique 5' UTR of IM-9-P3/decidua
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PRL mRNA and the 830bp Sall-HindIII genomic fragment which corresponded to DNA
5.8kb upstream of hPRL exon 1.

Collectively these data, along with the restriction map of the hPRL gene 5'
flanking DNA in Figure 29, allowed a more accurate positioning of the new 5' non-coding
exon relative to exon 1 of the hPRL gene. One of the genomic HindIll sites which
constituted the 1.1kb HindIII fragment, to which both above probes hybridized, must have
been the same one which released the 830bp 5' fragment along with Sall from
phPRLg4800 (Fig.29). The other HindlIlI site which released the 1.1kb fragment of
interest must be located 5', approximately 270bp beyond the Sall site which demarcates the
5" end of phPRLg4800. The same rationale could be applied to any of the restriction sites
analyzed in the experiments described above. This line of reasoning in the case of HindIII,
predicted the location of the 93 or more basepair 5' non-coding exon to the 270bp segment
just 5" of the Sall site of phPRLg4800. Thus the intervening sequence between the IM-9-
P3/decidua-specific S'UTR and the pituitary-specific cap site was approximately 5.9kb.
These results necessitate an alternative designation for the first two exons of the hPRL gene
with the new 5' non-coding exon expressed in decidua and IM-9-P3 cells as "la", the

intervening sequence as "A-1" and the pituitary-specific 5' exon "1b" (Fig.32).
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DISCUSSION

Putative PRL. RNA Ubiquitously Expressed in Rat

Rat PRL ¢cDNA was used to investigate the possibility of the expression of
PRL-like genes in a variety of adult rat tissues. The analysis of total cellular RNA from
these different tissues by Northern hybridization detected multiple, distinct RNAs ranging
from 1.6kb to 0.3kb, with the 1.6kb RNA having been the most abundant (Fig.1). These
RNAs appeared to have been ubiquitously expressed and lacked the typical poly(A) tail of
eukaryotic mRNAs since they were not preferentially enriched by oligo(dT) cellulose
chromatography (Fig.3). This was an unexpected result even though poly(A)- mRNA has
been described previously (313-315). Further investigation revealed that hybridization to
this group of nonpolyadenylated RNAs was not specific to the rtPRL ¢cDNA and in fact
could be demonstrated with a totally unrelated cDNA, probasin (275) (Fig.5). Moreover
within a group of different overlapping cDNAs of the same mRNA (i.e., tPRP-A) only
those that had been isolated from a plasmid library were capable of hybridizing to the 1.6kb
nonpolyadenylated RNA. The common feature among these hybridizing cDNAs was that
they all contained GC-tails which were necessary for ligation of the cDNA into the original
plasmid vector. Consequently, it was concluded that the 1.6 to 0.3kb family of
nonpolyadenylated RNAs did not possess nucleotide sequence homology to rPRL mRNA.
Although not conclusively demonstrated it appeared likely that hybridization to these
nonpolyadenylated RNAs was conferred by the GC-tails on both ends of the unrelated
c¢DNAs. The identity of these nonpolyadenylated RNAs was not pursued even though it
was clear that the 1.6kb species was not 188 ribosomal RNA (Fig.2). The contribution of
GC-tails to this artifactual hybridization could have been directly demonstrated by the use

of GC homopolymeric oligodeoxyribonucleotides as a hybridization probe or the placement
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of GC tails onto those cDNAs which did not hybridize to the nonpolyadenylated RNAs of
interest.

This phenomenon occurred under highly stringent conditions and therefore
could be misconstrued at first glance as the identification of authentic rPRL-related
mRNAs. There have been three recent reports (abstracts) which claim the identification of
a rPRL mRNA in rodent lymphocytes. Shah and co-workers (316) simply stated that a
1.4kb mRNA was detectable in murine lymphocytes using rPRL ¢DNA. Woldeyesus and
colleagues (317) claim that murine spleenocytes contain an mRNA of approximately 1.6kb

which can be resolved using a mouse PRL cDNA or an oligonucleotide encoding a portion

of the PRL signal sequence and that the PRL-like mRNA in murine spleenocytes is even L

more abundant than the pituitary PRL transcript. The lymphocyte 1.6kb PRL-related -
mRNA they observe is constitutively expressed in a number of cell lines including the rat
Nb2 lymphoma cell line described previously. Clevenger et al (318) reported the presence
of a PRL-like 2.1kb mRNA that was detectable in an undescribed rodent cell line using an
undescribed probe.

These results from various laboratories possess characteristics very similar to
the artifactual hybridization using rPRL ¢cDNA described here. In various experiments it
was found that the 1.6kb nonpolyadenylated RNA was constitutively expressed in Nb2
cells, in serum stimulated normal rat kidney fibroblasts and in estrogen treated rat uterus
(data not shown). Woldeyesus et al (317) also found a 1.6kb RNA to be constitutively
expressed in a number of different cell lines; their probe is the mouse PRL cDNA which is
also GC-tailed (319). In the abstract from Clevenger and co-workers (318) a 2.1kb PRL-
like mRNA would place the band slightly greater in size than 18S ribosomal RNA which is
approximately 1950 bases in rat (320). In each abstract the putative PRL-like mRNA
varies rather significantly in size, from 1.4 to 1.6 to 2.1kb despite the fact that rodent

lymphocytes were used in each case. Given these rather curious characteristics it would
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seem reasonable to suggest that the 1.6kb nonpolyadenylated RNA described here may

account for the hybridization signal observed by the other investigators described above.

Identification and Characterization of hPRL Producing IM-9-P Lymphoblast
Cells

The synthesis of PRL by the human B-lymphoblastoid cell line, IM-9, in our
laboratory was initially discovered by Northern blot hybridization (Fig.6). The original
objective had been the identification of the human equivalent to the putative 1.6kb
nonpolyadenylated RNA described in the previous section prior to its classification as an
artifact of hybridization. A number of other leukocyte cell lines (RAJI, HL-60, K562,
MOLT-4) as well as normal human peripheral blood lymphocytes were analyzed in the
same manner and no PRL mRNA was detected. Curiously, the PRL-producing phenotype
was not a general characteristic reflected in the IM-9 RNA from cells obtained through three
different laboratories (Fig.6). This unexpected result prompted closer scrutiny as to the
origin of the IM-9 line in our laboratory. Initially the IM-9 line in our laboratory,
designated IM-9-P, synthesized and secreted IgG in quantities similar to the IM-9 line from
other laboratories which was clearly indicative of a differentiated B-lymphocyte origin.
The IM-9-P cells were shown to be of human female origin as were the classical IM-9 cells
by genomic Southern hybridization (Fig.7). The B-cell lineage of the IM-9-P line was then
confirmed by assessment of rearrangement of immunoglobulin genes and T-cell receptor
genes, only the latter revealed a germline restriction fragmentation pattern (Fig.8).
Moreover it appeared that one of the rearranged Ig bands in IM-9-P cells was lost when
compared to the pattern obtained from the classical IM-9 cells (Fig.8) and this correlated
with the loss of IgG secretion by IM-9-P cells after continuous culture for 7 months. This

observation suggested that the genome of the PRL-producing IM-9-P cells was in an
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unstable state with the loss of DNA. At that time the IM-9-P line was found to be
contaminated with mycoplasma. It has been well-documented that these small prokaryotes
can promote chromosomal alterations in cultured mammalian cells (321) and therefore
could have contributed to the loss of IgG secretory ability by IM-9-P cells. The IM-9-P
cells were subsequently cured of this contamination and immunoglobulin secretion was not
regained.

Immunophenotyping revealed differences between the classical IM-9 line from
the ATCC and the cloned PRL-producing line, IM-9-P3.  As stated above, those
morphogenetic changes that involved loss of IgG secretion may have continued to occur
and resulted in the loss of cell-surface B-cell specific antigens on IM-9-P3 cells. These B-
cell specific markers were prominently featured on the cell membrane of the classical IM-9
line which was still producing 1gG. The loss of the common B-cell marker, B1, on
IM-9-P3 cells was surprising because the B1 associated antigen, a 35,000 M.W, integral
membrane protein, is not found on normal T-cells, monocytes, and granulocytes or
tumours of these cellular lineages. The only marker held in common was 12, which
according to the supplier, is present on normal B-cells, monocytes and activated T-
lymphocytes. The monoclonal antibody 12 recognizes a cell surface antigen with an
estimated M.W. of 29,000/34,000 and is a member of a set of closely linked genetic loci
playing a central role in transplant immunology, namely the major histocompatability
complex. This epitope has the rather complex definition of an HLA-D/DR related Ia-like
antigen. This means that the antigen to which I2 binds is encoded by a group of genes
located on the centromeric side of HLLA-B genes on chromosome 6 (322). These molecules
are heterodimeric transmembrane glycoproteins involved in the binding and presentation of
foreign peptide antigens for recognition by T-lymphocytes (322). This particular HLA
antigen is found on a number of different bone-marrow derived cells and thus did not aid in

more precisely delineating the identity of IM-9-P3 cells.
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It was not possible from these studies to assign IM-9-P3 cells to a specific stage
along the B-cell differentiation pathway. The loss of the B1 marker and IgG secretion,
however, could be indicative of retro or dedifferentiation of the classical IM-9 cells to give
IM-9-P cells. One might then extrapolate and suggest that PRL production is a
characteristic of B-cells somewhere very early in the ontogenic pathway in the pre-B-cell
phase where mature B-cell features are not expressed (323). To accurately assess the stage
of IM-9-P3 B-cell differentiation and thus the legitimacy of the above hypothesis, further
study into the presence of cytoplasmic immunoglobulin and isotype switching is required.

As an additional measure of the relatedness of classical IM-9 cells and the PRL-
producing IM-9-P3 clone the haplotype of these cells, commonly referred to as tissue-
typing, was determined. This process involves the identification of a particular subset of
cell surface antigens encoded by the major histocompatability complex and function in graft
versus host reactions. Because so many genes are involved, most haplotypes are rare
except within a specific line of inheritance. Mathematically, the chance for two persons to
having a common phenotype is less than 1 in 20 million. The finding that the classical IM-
9 line and PRL-producing IM-9-P3 clone possessed identical haplotypes strongly
supported a common lineage (Table 1).

In the early stages of these studies a gradual loss of PRL expression by the IM-
9-P line was observed over the latter part of a 7 month period in continuous culture. Prior
to the gradual loss of this phenotype the IM-9-P cells had been cured of mycoplasma
contamination as described in the "Results”. The PRL synthesizing variant, IM-9-P3,
regained by cloning exhibited a three times higher level of PRL secretion. Presumably,
those cells not expressing the PRL gene in the parent IM-9-P population were gradually
diluting the PRL-synthesizing subpopulation. Those morphogenetic changes that had
activated the PRL gene locus were thus stably inherited within the IM-9-P3 subpopulation.
The IM-9-P3 line was further cloned by limiting dilution and all subclones (i.e., IM-9-P33)
produced PRL, albeit at different rates (324). When the classical IM-9 line from the ATCC
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was cloned, no PRL-producing isolates were identified. Thus, in the unstimulated, steady-
state population of classical IM-9 cells PRL production was probably not a normal
phenotype expressed by even a small subgroup of IM-9 cells.

Karyotypic analysis confirmed that the IM-9-P line and its clonal derivatives
were identical and had undergone rearrangements in 9 of its chromosomes leaving only 37
normal chromosomes (325). The classical IM-9 line was shown to exhibit a normal female
karyotype, 46XX. Interestingly, chromosome 6 which contains the PRL gene appeared
normal using the conventional C- and G-banding techniques in the PRL-producing cells of
the IM-9-P class.

In summary, HLA-typing and the analysis of immunoglobulin gene
rearrangement proved that the IM-9-P3 cells were of B-cell origin and strongly implied that
these cells were a divergent subline of the classical IM-9 line. Immunophenotyping and
karyotypic analysis revealed differences between the parental IM-9 line and the PRL-
producing derivatives which could have been attributed to major chromosomal anomalies.
These genotypic alterations included deletion(s) of the immunoglobulin genes which
correlated with the loss of IM-9-P IgG secretion and corresponding cell surface markers, It
is thus reasonable to postulate that the PRL-producing IM-9 line in this laboratory had
undergone some physiological crisis and the corresponding alterations in chromosome
structure allowed expression of the PRL gene and eventual loss of some B-cell specific
characteristics. This hypothesis was supported by the karyotyping data and the fact that the
parental and cloned classical IM-9 lines did not synthesize hPRL. Consequently,
expression of PRL by cells of the IM-9-P class was considered abnormal or ectopic and
likely activated by non-specific chromosomal aberrations which were initiated by seemingly
deleterious environmental stimuli (i.e., mycoplasma). Such a conclusion was contrary to
the possibility that PRL expression was a latent biological function of mature lymphocytes
and required a specific physiological perturbation (i.e., immune cell growth factor) to

which PRL gene expression was linked. It also precluded a retrodifferentiation theory
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earlier where an unknown physiologic stimuli caused the IM-9 line in our laboratory to
revert to a pre-B-cell phenotype which included PRL expression. Even though the data
presented here tend not to support such an hypothesis it was not possible to rule out, given
the cellular complexity of the immune system, that a small cell population of the bone
marrow normally synthesized PRL during a particular stage of differentiation, much like
the well-documented transient expression of certain cell surface antigens (326). Other
reports in the literature, which are discussed below, tend to support the synthesis of PRL

or PRL-like proteins by normal cells of the immune system.

Comparison to Background Literature

Two reports have recently appeared describing the induction of a PRL-like
molecule from mitogen-stimulated rodent lymphocytes. Hiestand and co-workers (165)
claim that proliferating rat spleenocytes contain a mRNA with homology to both rat GH
and rat PRL and is detectable under high stringency hybridization conditions. The majority
of this data was obtained by RNA dot-blot analysis using relatively small quantities of total
RNA and the GC-tailed rat PRL ¢cDNA as a probe (274). The actual autoradiographic
results of these experiments was not shown, therefore it was not possible to assess the
intensity of the hybridization signals above background. Instead, only graphic
representations of arbitrary densitometric scanning units is provided. It is entirely possible
that the signal observed by these workers on RNA dot blots reflected non-specific
hybridization of the GC-tails of TPRL ¢DNA to the 1.6kb nonpolyadenylated RNA
described in an earlier section of this thesis. It is unusual that on Northern hybridization,
Hiestand and colleagues (165) required 25ug of poly(A)* enriched spleenocyte mRNA to
detect a faint, smeared signal for this putative PRL-like mRNA whereas by RNA dot blot
analysis the signal was, presumably, clearly measurable with total RNA from 106 cells. It



105

is also somewhat peculiar that the putative mRNA for this PRL-like molecule is at least ten
times larger than that of rat PRL or rat GH, whereas the authentic PRL-like mRNAs so far
cloned are all in the 1.0kb range (26-33). Hiestand's data (165), although provocative, is
somewhat contradictory.

Montgomery ef al (166) using Con-A stimulated murine spleenocytes,
identified a PRL-like protein based on bioactivity in the Nb2 rat lymphoma mitogenic assay
and Western dot-blot detection of PRL-like immunoreactivity in spleenocyte conditioned
medium. The molecular weight of this PRL-like molecule is 46,000 according to Russell
(327). This has only been alluded to since confirmatory experimental data was not
presented and to date no report supporting the existence of the 46,000 M.W. PRL-like
protein has been published. In any case sequence analysis of the putative <10kb PRL-like
mRNA detected by Hiestand et al (165) will be of great interest in light of the fact that the
putative protein product has a M.W. of 46,000.

The only other indications of a PRL-like mRNA produced by lymphocytes
come as brief statements in three abstracts discussed in the first section of the "Discussion"”.
No complete reports presenting the data to support these claims has occurred in the
literature at this time. Moreover, the size of the lymphocyte PRL-like mRNA in the
abstracts varies considerably and with the inclusion of Hiestand's work (165) ranges from
more than 10kb to 1.4kb. Given the controversial and incomplete nature of the work on a
putative lymphocyte PRL-like message, it is reasonable to conclude that the only conclusive
published report of immune cells producing PRL or a PRL-like molecule is described
herein (328-330). Another important difference between IM-9-P3 lymphoblast production
of PRL and the work of investigators described above was that the IM-9-P3 lymphoblast
phenotype was not considered to be representative of normal lymphocyte physiology but
rather the result of random mutation(s). In addition the existing reports of ectopic PRL

production (119-122) do not include direct measurements of PRL synthesis by the tumours
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in question, thus IM-9-P3 PRL expression is the only unequivocal report of ectopic or

inappropriate PRL synthesis (328-330).

Biochemical and Physiological Characteristics of IM-9-P3 PRL

Prolactin synthesized by cells of the IM-9-P class was indistinguishable from
pituitary hPRL. The conditioned medium of IM-9-P cells grown under serum free
conditions contained immunoreactive hPRL, as measured by a standard hPRL RIA (Fig.9).
In contrast, the only previous report of ectopic hPRL production by cell lines (122) found
very small amounts of PRL in cell lysates and none in the culture medium. Further
examination revealed that immunoreactive IM-9-P PRL was as active as immunoaffinity-
purified pituitary hPRL in the rat Nb2 lymphoma mitogenic assay (Fig.10a). This
biological activity was entirely due to IM-9-P PRL, since the proliferative response of Nb2
cells was completely and specifically abolished by the addition of monoclonal antibody to
hPRL. An appropriate lactogenic control (0PRL) was included in these studies (Fig.10b)
to ensure that the monoclonal hPRL antibody did not have non-specific toxic effects on
these cells. Such a phenomenon may have been a factor in the studies reported by
Russell's group (166) where polyclonal rat PRL antibodies severely reduced Nb2
lymphocyte proliferation stimulated with ConA, PRL or alloantigen.

The secretory rate of hPRL from the original IM-9-P cells was approximately
30ng/106 cells/day (324). The IM-9-P3 clone secreted hPRL at a rate of approximately
50ng/106 cells/day. This secretion was constitutive over the IM-9-P3 growth curve and
was paralleled by a constant level of PRL mRNA (Fig.11). The human pituitary tumour
cell line, HPA, described in 1985, produced 5-10ng PRL/ml overa 3 day period in which
5 x 105 cells had been cultured (270). The secretion rate had fallen from a level of

756ng/ml when the pituitary tumour cells were initially dispersed in culture. After about
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130 days in culture, the production of PRL by HPA cells dropped dramatically to 1ng/ml
and subsequently rose to approximately 10ng/ml after 270 days in culture. To date no
other publications describing the use of HPA cells has appeared. Another human pituitary
cell line (HPT1) established from a pituitary adenoma was described by Prysor-Jones and
co-workers in 1987 (271). The quantity of PRL secreted by HPT1 cells over a defined
growth period was not provided; however, 5 x 103 cells in a 30 minute incubation
produced an average of 400mU of PRL per m! which is equivalent to 12.3pg/ml based on
32.5 international units = Img PRL. More recently these investigators reported the
acquisition of a second human pituitary cell line, HPT?2, from a prolactin-secreting pituitary
tumour (331); however, no indication was given whether these cells secreted pituitary
hormones. There have been no other reports regarding the establishment of a rapidly
growing continuous culture of human cells which produce PRL or GH. To date IM-9-P3
cells and HPT1 cells remain the only stable hPRL secreting cell lines.

With regard to primary cell culture, the level of PRL secreted by human
decidual cells obtained from term placenta at 50-70ng/106 cells/day (332) is similar to that
secreted by IM-9-P3 cells which can range from 40-80ng/106 cells/day (324). The
majority of studies on uterine PRL synthesis and regulation involved short-term explant
cultures of endometria from different days of the menstrual cycle and therefore a direct
comparison of the PRL secretory rate with that of IM-9-P3 cells is not credible. Under
serum-free conditions Irwin and colleagues (71) cultured dispersed endometrial stromal
cells from proliferative and secretory phases of the menstrual cycle. No PRL secretion was
observed in serum-free medium; however, the addition of progesterone and estrogen
stimulated PRL secretion up to 95ng/107 cells/day. This is slightly less than that seen from
IM-9-P3 cells but the uterine cells cultured by Irwin (71) were probably lacking key factors
present in FCS which normally maintain the cells in a healthier physiological state.
Relatively few reports exist regarding the release of hormone from human pituitary cells in

primary culture as opposed to organ culture. In general, organ culture of fetal pituitaries or
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tumours of the pituitary can remain viable for as long as 1 year (266-268) and secrete an
enormous amount of PRL ranging from 0.5 to 200pg/pituitary/day during the early stages
in vitro (333,334,266-268). In dispersed primary cultures of human pituitary cells the
quantity of PRL secreted is at least two orders of magnitude greater than that produced by
IM-9-P3 cells (335,336), but is eventually lost due to slow growth of the hormone
producing cells,

The intracellular storage of PRL in decidual and pituitary cells is different.
Firstly, the amount stored differs dramatically with 20-50pg PRL/100mg of pituitary tissue
(337) and only 0.05-0.10pg PRL/100mg decidua (338). Prolactin in the pituitary
lactotrope is stored in large secretory granules whereas PRL in decidual cells is found,
upon subcellular fractionation, in the post-microsomal supernatant implying that decidual
PRL is not localized to granules (338). The IM-9-P3 intracellular concentration of PRL
was between 2 and 4ng/106 cells (329) which was comparable to the storage of PRL by
decidual cells at about 10ng PRL/106 cells (339). Clearly these characteristics indicate that
steady-state PRL production by IM-9-P3 cells most closely resembles that of the normal

human decidual cell.

Significance of Secreted PRL to IM-9-P Cell Viability

As reviewed previously, PRL is purported to exert immunomodulatory
influences. The data is controversial yet some investigators believe that PRL can act
directly on lymphocytes via specific cell surface receptors (163-166). It is well established
that prolactin also serves as a growth factor for the Nb2 lymphoma T-cell line that
expresses 12,000 PRL receptors/cell and is widely used for measuring the bioactivity of
lactogenic hormones (169). In view of these reports and a report on the production of

autostimulatory growth factors by human myeloma cells, including IM-9 cells (340) it
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seemed important to consider a possible autocrine function for PRL secreted by IM-9-P
cells. IM-9-P cells cultured in the presence of monoclonal hPRL antibody were not altered
in their growth characteristics over a four day period (Fig.12). That the hPRL secreted
from IM-9-P cells was completely neutralized was demonstrated by the inability of the
conditioned medium containing antibody to stimulate proliferation of Nb2 cells. Similar
and more extensive experiments were carried out on the IM-9-P3 clonal line (330).
Neutralization of IM-9-P3 PRL did not affect the PRL secretion rate or the growth of these
cells over a 96 hr period. Even the addition of excess hPRL to IM-9-P3 cultures had no
effect on cell viability (324). Based on these parameters it was concluded that hPRL played
no trophic role in the physiology of cells of the IM-9-P class. This was not a surprising
result because repeated attempts to identify PRL receptors on IM-9-P3 cells have yielded
negative results (324). IM-9 cells are well known as a source of hGH receptors, carrying
approximately 3500 high affinity binding sites/cell (341). The presence of hGH receptors
on IM-9-P3 cells on the order of 2500 sites/cell having an affinity similar to that of the
parental IM-9 line has been confirmed (324). One might then hypothesize that hPRL
secreted by IM-9-P3 cells could, as a nonpreferential ligand of lower affinity, bind to the
IM-9-P3 GH receptor. This situation would be analogous to the actions of insulin at the
insulin-like growth factor type 1 receptor (342) and based on the high degree of amino acid
sequence homology betwen hPRL and hGH. Lesniak et al (343) has demonstrated,
however, that this is an unlikely possibility because the ECsp for hGH binding to IM-9
cells is 10-9M whereas displacement by one of three preparations of hPRL was
approximately 10-5M and may have been due to hGH contamination. Competition binding
studies performed with IM-9-P3 cells as the substrate containing hGH receptors found that
a 500 molar excess of unlabelled hPRL is required to displace the homologous hormone
from its receptor (324). Collectively these data strongly suggested that IM-9-P3 PRL was

not acting in an autocrine fashion on these lymphoblasts. This also tended to support the



110

notion that the production of PRL by IM-9-P3 lymphoblasts was an innocuous by-product

of the mutational events which transformed the classical IM-9 line into IM-9-P3 cells.
Analysis of IM-9-P PRL mRNA and Gene Structure

IM-9-P PRL appeared identical to pituitary PRL based on immunological
reactivity and bioactivity, yet the IM-9-P PRL transcript appeared approximately 150 bases
longer than that of the pituitary (Fig.6). To determine whether this elongation was present
in the protein coding portion of the transcript, the size of immunoaffinity purified pituitary
and IM-9-P PRL was compared by SDS-PAGE (Fig.13). The lymphoblast PRL
comigrated with its pituitary counterpart at approximately 24,000 daltons which implied
that the mature PRL proteins were identical. Slightly higher molecular weight bands were
present in both pituitary and IM-9-P immuno-purified PRL samples and may have
represented the glycosylated form of hPRL. Attempts to purify a glycosylated IM-9-P PRL
from conditioned medium by lectin affinity chromatography were unsuccessful.

Since the ectopically produced IM-9-P PRL protein was identical in size to its
eutopic counterpart in the pituitary, the variation in length of the IM-9-P mRNA could have
resided in the length of the poly(A) tract and/or 5' and 3' UTRs. Variation in poly(A)
length may contribute to mRNA stability (344) and has been associated with developmental
progression (345), circadian rhythm (346), serum or growth factor stimulation (347,348)
and cell-type (349). After RNase H digestion of mRNA poly(A) tail, the IM-9-P PRL
mRNA comigrated with intact pituitary hPRL mRNA, but remained larger than RNase H-
treated pituitary PRL mRNA (Fig.14). Consequently the difference between IM-9-P and
pituitary PRL transcript size was largely due to different 5' and/or 3' UTRs.

With regard to PRL produced by the human uterine decidua, other investigators
have shown it to be essentially identical to that synthesized in the pituitary and therefore not

different from the IM-9-P3 PRL. In the first demonstration of hPRL mRNA in decidua,
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Clements ef al (74) used ovine pituitary total RNA as the positive control and the mRNA
signal in human decidua-chorion appeared to comigrate with the ovine PRL transcript.
Variation in migration of these transcripts was present but was probably due to smearing of
the bands and as a result an accurate size comparison could not be made. Huang and
colleagues (70) studied decidual PRL mRNA levels in response to various hormones by
Northern blot hybridization. In that report it appeared that uterine PRL mRNA was slightly
larger than the pituitary transcript but this was not noted by the authors. There was no
indication in the literature that decidual PRL mRNA was different from the pituitary
message and therefore should be smaller than the ectopically produced IM-9-P PRL
transcript. To test this hypothesis total RNA was extracted from a number of different
gestational decidual tissue samples and subjected to Northern blot analysis along with’
pitvitary and IM-9-P3 RNA. Unexpectedly, the decidual and IM-9-P3 PRL transcripts
appeared identical in size, both being larger than the pituitary PRL message (Fig.17) (350).
This result did not, however, prove that IM-9-P3 and decidual PRL mRNAs were identical
in structure. In other words, the comigration of these hPRL mRNAs may have been
coincidental with the source(s) of the elongation (ie. poly(A) tail, UTRs) having been
different in each mRNA.

There had been no evidence to indicate the use of alternative transcription
initiation or polyadenylation sites in the hPRL gene (10,36,75) which could have been
responsible for the presence of elongated PRL transcripts in decidual and IM-9-P3
cells.Takahashi and co-workers (75) analyzed three cloned decidual PRL cDNA, the
longest of which was truncated in the signal sequence. These investigators found
essentially no difference between decidual and pituitary PRL sequence including the 3'
UTR. To investigate the possibility of poly(A) tail length heterogeneity as the cause of the
size difference, samples of RNA from pituitary, IM-9-P3 cells and decidua were subjected
to RNase H digestion as described in Fig.14. The elimination of 3' poly(A) tails did not

reduce the size difference between decidual and IM-9-P3 PRL mRNA relative to the
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pituitary transcript (350). The poly(A)- PRL transcripts from decidual and IM-9-P3 cells
comigrated indicating no significant difference in the degree of polyadenylation of hPRL
mRNA in these distinct tissue types. Consequently the length of the poly(A) tract, the 3'
UTR and protein coding region could not account for the larger size of the human decidual
PRL transcript. By elimination, the source of elongation in the dPRL transcript was
probably the 5' UTR.

One might therefore expect to find that the IM-9-P3 PRL gene had undergone
rearrangement, a phenomenon known to activate genes inappropriately (351-355). As
discussed earlier, karyotypic analysis of cell lines of the IM-9-P class indicated the
presence of a number of chromosomal abnormalities. Translocation-type rearrangements
could affect the 5' or 3' flanking regions of the IM-9-P3 PRL gene and alter the size of the
5" and 3' UTR which in turn could derepress or activate transcription of the PRL gene.
Such rearrangements are characteristic in several types of malignancy of the hematopoietic
system such as the c-myc translocation to the immunoglobulin heavy chain locus in most
human Burkitt lymphomas (356), the BCR-ABL gene fusion in chronic myeloid leukemia
(357), and the BCL2 and BCL1 fusion to the immunoglobulin joining region genes in B-
cell lymphoma (358,359). In multiple myeloma, the B-cell neoplasia from which the
classical IM-9 cells were derived, karyotypic abnormalities have been documented;
however, these abnormalities are not consistent (360). In a recent abstract, Shadle and
colleagues (361) reported a genomic alteration in the first c-myc exon in 8 of 13 multiple
myeloma patients. Although the karyotypic markers of a c-myc translocation have not been
described in multiple myeloma, other chromosomal changes beyond the resolution of
karyotypic analysis may occur at the c-myc locus in some cases of multiple myeloma.
This is relevant to the discussion here because conventional karyotypic analysis of IM-9-P
cell lines revealed no gross changes of chromosome 6 which contains the hPRL gene

(325). Obviously this does not preclude the possibility of smaller deletions or insertions in
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and around the IM-9-P3 PRL gene which could be detected as a loss, gain or alteration of
hPRL gene fragments by genomic Southern hybridization analysis.

The IM-9-P3 hPRL gene restriction fragment pattern was compared to that of a
normal human placenta and the classical, non-PRL-producing IM-9 cells using 6 different
restriction enzymes (Figs.15 and 16). No deviant restriction fragment patterns compared to
the other human DNAs were detected with five of the six restriction endonucleases. The
enzyme which did show a difference in fragmentation pattern of the hPRL gene was BglII.
This difference was probably due to a RFLP of the hPRL gene since the BgIII pattern seen
in IM-9-P3 DNA was also observed in brain DNA from a normal individual and DNA from
the T47D breast cancer cell line (Fig.16b). The alternative BglII pattern seen in the human
placenta DNA contained an extra low molecular weight band of about 2.9kb and was also
observed in DNA from another normal individual (Fig.16b). According to the published
hPRL gene sequence and restriction map (Fig.26) there are five BglII sites in the gene.
The 5" BgllI fragments corresponded to the 23kb and 1.9kb fragments (Fig.16a); the
fragment which encompassed a portion of exon 5 and 3' flanking DNA was the 4.1kb band
which was the largest molecular weight fragment seen with pituitary hPRL cDNA as the
probe. The BgllI fragment extending from the site in intron C to the site in exon 5 (Fig.26)
is approximately 2940bp according to the map of Truong et al (36). This, however, is
only an estimate since a large portion of intron D (2040bp) has not been sequenced and
presumably sized only by gel mobility. The remaining BglII fragment of the hPRL gene
extends from the restriction site in intron A to the site approximately 6.0kb downstream in
intron C according to the published sequence; yet a BglII fragment of that size was not
detected in any of the DNA samples tested. Conversely the 3.5kb Bglll fragment seen in
Fig.16 was not predicted by the reported hPRL gene sequence. Thus it is conceivable that
the 3.5kb and other BglII fragments were generated from the non-existent 6.0kb band by

polymorphic restriction sites located in the unsequenced regions of introns B and C. Such
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a hypothesis was not tested since cloned hPRL gene fragments which corresponded to the
intronic regions of interest were not available at that time.

In summary, these genomic Southern hybridization studies identified new
hPRL 5' flanking DNA fragments released by HindIII, Ncol, Pstl and Bglll. The
exon/intron structure of the IM-9-P3 PRL gene appeared intact supporting the hypothesis
that the elongation of IM-9-P3 PRL mRNA was not due to a change in the complexity-of
the protein coding region. Moreover the genomic fragments which corresponded to the
immediate 5' and 3' flanking DNA of the IM-9-P3 PRL gene did not appear altered in size.
This implied that putative alternative transcription initiation and/or polyadenylation sites of
the IM-9-P3 PRL gene responsible for the atypical transcript size were not induced by a

gross rearrangement of the flanking DNA.

Identification of an Elongated 5' UTR in IM-9-P and Decidual PRL mRNA

The observation that IM-9-P PRL mRNA was about 150 nucleotides longer
than its eutopic counterpart was made even more intriguing when it was discovered that the
normal decidual PRL transcript resembled the ectopically produced PRL mRNA. In order
to obtain direct evidence for the presence of elongated untranslated regions, the IM-9-P and
decidual PRL messages were isolated as cDNAs and sequenced. In this way unambiguous
evidence was provided that the distinctly larger transcript detected by Northern
hybridization studies in IM-9-P cells was authentic PRL and not a new member of the
PRL-GH gene family analogous to the recently described PRL-like genes expressed in rat,
mouse and bovine placenta (26-33).

A total of eleven IM-9-P ¢cDNA clones from two different libraries were isolated
and sequenced, showing a protein coding region identical to that previously described for

the pituitary protein (Fig.19). The protein coding sequence of decidual PRL mRNA has
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been published by Takahashi er al (75); no major differences were detected in comparison
to the pituitary transcript. In the studies described here, eight distinct dPRL ¢DNAs were
purified from two different libraries and partial sequence analysis confirmed the previously
published data (75), although three of these cDNAs contained an extra alanine codon
between lysine -20 and glycine -19 of the signal sequence. This region of the leader
sequence constitutes the splice junction between exon 1 and 2 of the human pituitary PRL
gene (36). The 3'end of exon 1 terminates in a G residue which normally combines with
the 5" end of exon 2 to complete the GGG codon for glycine -19. It appeared from
decidual PRL cDNAs 2A, 15A and O, that occasionally an alternative 3' splice junction at
the intron A/exon 2 boundary is utilized such that an "AG" dinucleotide located two
nucleotides 5' of the normal 3' splice acceptor site was recognized as the splice junction for
exon 2. As a result the 3' G residue of exon 1 combined with the "CA" at the 3' end of
intron A to generate the extra alanine codon "GCA". The adjacent G residue which usually
formed the 3' terminus of intron A reads in-frame with the "GG" residues at the 5' end of
exon 2 to form the glycine -19 codon. The hydrophobic nature of the signal sequence is
likely not altered by the extra alanine residue which contains a nonpolar R group. This
same phenomenon has been described for rat PRL-like protein B (29) and rat PRL mRNA.
The 3' untranslated sequence of decidual and IM-9-P PRL transcripts did not
differ markedly from the pituitary transcript. The 7-14 nucleotide elongation relative to the
pituitary transcript was probably not unique to decidual or IM-9-P3 PRL messages. The
sequence of only one pituitary hPRL ¢cDNA has been published (10). Had more cDNAs
been analyzed it is likely that the pituitary hPRL mRNA possesses a 3’ terminus identical
to that of decidual/IM-9-P3 PRL transcript. With regard to the 3' end of these PRL
transcripts, previous studies using RNase H degradation of poly(A) tails resulted in
essentially the same size differential between pituitary and IM-9-P3/decidual PRL mRNAs.
Thus there was no appreciable poly(A) tail length polymorphism which contributed to the

transcript size difference.
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The absence of an obvious cell-type specific difference at the 3' end of the
hPRL mRNAs suggested that the atypical size of the IM-9-P3 and decidual mRNAs
resulted from structural alterations elsewhere in the mRNA, namely the 5' end. The
alignment of nucleotide sequences of IM-9-P PRL ¢cDNA-IV, containing the longest 5'
non-coding segment, with that of the PRL gene provided evidence for the unmistakable
elongation of the ectopic PRL transcript (Fig.21). The 5' untranslated region of human
pituitary PRL. mRNA is colinear with the region of genomic DNA immediately upstream of
the translation initiation codon. Ciearly the IM-9-P PRL cDNA sequence diverged from the
immediate 5' flanking sequence of the hPRL gene at a position 98bp upstream of the
coding sequence. At this position the IM-9-P PRL ¢DNAs contained a common 5'
untranslated region which extended for 93 bases in the longest clone and whose sequence
was not colinear with the genomic PRL sequence 5' of -98. Five independent IM-9-P PRL
cDNAs contained the identical 5' UTR structure. Furthermore, six distinct JPRL ¢cDNAs
from two different cDNA libraries also possessed a segment of unique 5' UTR completely
homologous to that found in IM-9-P ¢cDNAs. Hence the basis for the difference in
electrophoretic mobility between the pituitary PRL message and that of IM-9-P3 and
decidual cells lies in a unique 5' UTR structure found exclusively in the latter two species
of PRL mRNA.

As further proof of the authentic nature of this unique 5' UTR, Northern blot
hybridizations using antisense cRNA corresponding to this sequence identified only the
larger IM-9-P3 and decidual PRL transcript (Fig.23). Primer extension studies confirmed
these results by demonstrating that decidua and IM-9-P3 PRL. mRNAs do not initiate at the
same position as the pituitary gene but rather possess a somewhat complex set of
predominant 5' ends ranging from 83 to 121 nucleotides longer than the pituitary-specific
5'UTR. The pattern of primer extended bands was identical using either decidual or IM-9-
P3 RNA (Fig.24). That only a single broad band of hybridizing PRL mRNA was seen
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with IM-9-P3 or decidual RNA on Northern blots would be explained by the lower
resolving power of this technique.

In addition to the seven closely spaced principal 5' ends, the primer extension
studies showed that the IM-9-P3 and decidual PRL mRNA population contained members
which had even longer 5' UTRs. The largest of these minor members possessed a 5' non-
coding region of 320 bases as determined by prolonged exposure of primer extension
polyacrylamide gels (Fig.24). Interestingly the estimated size of the longest primer
extended product correlated well with the 300bp 5' UTR of dPRL cDNA 15A (Fig.21).
This decidual clone was unique among all of the PRL cDNAs isolated, in that the greater
proportion of the 5' UTR was colinear with the genomic PRL sequence. At position -246
relative to methionine 1, the 5 UTR of clone 15A diverged into novel sequence identical to
that seen at -98 of all of the other IM-9-P/decidua PRL ¢cDNAs. This unique sequence
extended for 54 nucleotides before terminating 20 bases short of the largest primer
extended cDNA. This 20 base difference could have been easily accounted for by
premature termination of reverse transcription since IM-9-P PRL ¢DNA IV contained an
additional unique 39 nucleotide 5' extension relative to the 5' end of clone 15A. The
existence of cDNA 15A and the multiple primer-extended cDNA products suggested that
either PRL gene transcription began at multiple points in decidua and IM-9-P3 cells or that
the new 5' non-coding exon was spliced to multiple acceptor sites. The latter possibility
appears to occur, albeit at a very infrequent rate with clone 15A was the sole representative
of this novel extended 5' UTR structure among the large population of IM-9-P/decidua
PRL ¢cDNAs isolated.

The structure of IM-9-P PRL ¢cDNA I-1 was another potential example of the
use of different splice sites. In this case, however, the variation was in the 5' splice donor.
In all of the IM-9-P and decidual PRL cDNAs which contained the unique 5' non-coding
information, the sequence at the junction with -98 of the known 5' flanking DNA of hPRL

exon 1 or 5 splice donor was identical. In IM-9-P PRL cDNA I-1 this 5' splice junction
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was different and contained an extra 12 nucleotides which may have constituted the use of
an alternative 5' splice donor sequence. The unique 5' untranslated sequence upstream of
the extra 12 nucleotides of interest in IM-9-P cDNA I-1 was identical to that seen in the
other cDNAs (Fig.22). Therefore it was reasonable to suggest that the extra 12 nucleotides
at the splice junction was colinear with the upstream novel sequence and not an insertional
¢DNA cloning artifact. Unfortunately, this latter possibility appeared somewhat tenable
since clone I-1 was shown to have been chimeric and contained a 45bp 5' end sequence
linked in the opposite orientation to the novel §' UTR of IM-9-P/decidua PRL mRNA.
Confirmation of the former explanation requires the isolation of genomic clones
encompassing the novel 5' untranslated sequence of IM-9-P/decidua PRL message.

The predicted length of the 5' untranslated sequence of IM-9-P/decidua PRL
mRNA from primer extension studies ranged from approximately 140 to 178 nucleotides of
which 42 to 80 nucleotides was unique sequence. The outer limit on the size of the unique
5" untranslated sequence was extended by 13bp in IM-9-P PRL ¢cDNA TV. This was not
surprising since primer extended products beyond a 178 nucleotide 5' UTR were evident,
but less abundant, by primer extension analysis (Fig.24). Collectively the IM-9-P and
decidual cDNAs indicated that the 5' end of the hPRL message in these cell types were
generated by multiple clustered transcription start sites and by the use of alternative splice
sites, the latter having been a much less prominent mechanism given the scarcity of the

exemplary cDNAs.

Localization of the New 5' Non-coding Exon of the hPRL Gene

As alluded to above, the segment of unique 5' UTR found in the decidua/IM-9-
P3 PRL mRNA was not present in the immediate 5' flanking region to -978 of the PRL
gene. The fact that this novel 5' UTR existed as a new 5' non-coding exon located at some

distance upstream of the pituitary hPRL RNA start site was proven by genomic Southern



119

hybridization analysis (Fig.25). In an effort to define the length of this intron, designated
A-1, a series of genomic Southern hybridizations were carried out. The objective was to
identify common fragments using a DNA probe, described previously as the 5' end-
specific genomic probe, which extended to position -978 relative to the translation initiation
site (Fig.26) and a 72bp segment of the novel 5' non-coding exon. In this way the size of
intron A-1 was estimated at 5-8kb (Figs.27 and 28). To bridge this distance genomic
clones extending further upstream of the pituitary hPRL transcription start site were
needed. Such a genomic clone, which overlapped with known hPRL sequences, was
isolated by Dr. J. Martial (University of Liege, Belgium) (280) and extended approximately
5.8kb upstream of the origin of pituitary transcription. The most 5' 830bp Sall/HindIII
fragment of phPRLg4800 was used in these studies. By sequential hybridization using this
more 5' genomic DNA and the 72bps of novel 5' non-coding cDNA it was shown (Figs.30
and 31) that these diverse probes hybridized to the same sized genomic fragments over six
different restriction digests. These experiments strongly suggested that the new 5' non-
coding exon of the PRL gene was located just beyond the 5' end of phPRLg4800 which
made intron A-1 approximately 5.9kb in length.

This form of gene analysis based on the demonstration of comigrating
superimposable restriction fragments found upon hybridization with different regions of the
hPRL gene, was open to two possible sources of misinterpretation. Firstly, a comigrating
band identified by two distinct probes might be found simply because one of the probes
happened to detect a restriction fragment of the same size in a particular digest. Secondly,
identical sized restriction fragments in some cases could have been due to a coincidental
genetic variation or genetic polymorphism (RFLP). This latter possibility was ruled out in
these experiments because 5-7 DNAs from normal individuals was included in each set of
restriction digests so that a DNA polymorphism would likely have been detected, as was
the case for BglIl. Furthermore the utilization of 6 different restriction enzymes in single

and double digests made a coincidental demonstration of linkage between diverse segments
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of the hPRL gene highly unlikely. Most importantly, the results of initial experiments
(Figs.27 and 28) which utilized only 978bp of hPRL 5' flanking DNA were confirmed
with another fragment of hPRL 5' flanking DNA located approximately 4.2kb upstream
(ie. 830bp Sall/HindIH fragment).

In addition these studies indicated that no major rearrangement had occurred
specifically in the DNA surrounding the novel 5' non-coding exon in the IM-9-P3 genome.
Therefore, it was unlikely that a viral insertion event (353,362,365) or other major
rearrangement in the immediate vicinity of the IM-9-P3 PRL gene could explain how it was
activated such that a decidual-type mechanism of hPRL transcription was initiated.

Analysis of the IM-9-P/decidua PRL cDNA sequence provided two possible
interpretations with regard to the use of consensus splice site sequences. At first glance it
appeared that the processing of the new 5' non-coding exon 1la occurred via variant 3'
splice acceptor sites. In the majority of IM-9-P and decidual PRL ¢cDNAs the unique
S'UTR spliced into -98 relative to the translation start site and rarely at -246. The
dinucleotides preceding this splice junction, as deduced from the published genomic
sequence (36), are AA and TA respectively and thus do not obey the universal GT/AG rule
(366). If, however, the guanosine nucleotide at -98 and -246 actually represented the last
base of the new 5' non-coding exon rather than the first base of exon 1b, then the GT/AG
rule would have applied to both sites. This latter placement would make the adenine at -97
or -245 (see Fig.21) the first base of exon 1b and allow the adjacent 5' AG dinucleotide to
function as the canonical 3' splice acceptor. Whichever hypothesis proves correct, the
polypyrimidine tract which constitutes the remainder of the consensus 3' splice acceptor
site was essentially missing from the sequence preceding -98 and -246 of hPRL exon 1b.

A clue regarding the 5' splice site may have been gleaned from IM-9-P PRL
cDNA I-1 which contained an extra twelve nucleotides 3 of the splice jucntion utilized in
the remaining IM-9-P and decidual PRL ¢cDNAs (Fig.22). If it was assumed that this extra

12bp was colinear with the preceding unique 5' untranslated sequence of IM-9-P/decidua
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PRL mRNA then a GG dinucleotide occupied the "invariant" position of the consensus 5'
splice donor sequence rather than the canonical GT. Alternatively the guanosine nucleotide
at position -110 of IM-9-P PRL ¢DNA I-1 (see Fig.22) could have represented the last base
of exon 1a in the majority of IM-9-P/decidua PRL ¢cDNAs. This would designate the next
3" dinucleotide as the 5' splice donor sequence which was a GT and thus followed the
GT/AG rule. As in the other cDNAs, the last base of the unique 5'UTR of IM-9-P PRL
clone I-1 could have been the guanosine nucleotide at -98 (see Fig.22) which would then
place the immediate upstream AG dinucleotide in the hPRL gene sequence in the invariant
3" splice acceptor site. The nucleotide sequence which surrounded the putative 5' splice
site as deduced from clone I-1 did not resemble the consensus sequence
(NAGGTA/GAGT) determined for mammalian genes (366). Shapiro and Senapathy's
(366) analysis of 3700 splice sites resulted in the identification of only four non-confirming
3’ splice acceptors of which one contained an AA or TA dinucleotide at the so-called
"invariant” 3' end position of the intron (367,368). Another example, however, of a GG
dinucleotide replacing the invariant GT at the 5' splice donor is found in the mouse
immunoglobulin active heavy chain gene (366). The genomic sequence of the new
upstream exon la is required to accurately identify the splice site sequences involved in its
processing. A human genomic DNA library (ATCC number 37458) has been screened
with the 311bp tetramer of unique S'UTR described previously and several strong positive
plaques were identified. Curiously however, these positive clones proved impossible to
purify. It is possible that the DNA surrounding hPRL exon 1a contains sequences (i.e.,
inverted and/or direct repeats and palindromic sequences) which reduce the viability of the
host bacterium and make the phage very difficult to propagate. Cosmid human DNA

libraries will be screened in a attempt to circumvent this putative problem.
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Significance of the IM-9-P3/Decidua PRL Novel 5' UTR Sequence

Several examples exist in the literature which suggest that the secondary and
tertiary structures of a mRNA can play an important role in determining its translational
efficiency (369-372). In some instances the effect on translation is inhibitory and can be
correlated to the predicted secondary structure in the 5' UTR of the mRNA. Stretches of
nucleotides possessing a high probability of forming stem-loop structures in the 5' non-
coding region can lead to diminished mRNA translation in vitro (370) and can be the
binding site of a cytosolic repressor protein (373). Translational regulation of decidual
PRL has not been reported. Nevertheless the new 5' UTR sequence of IM-9-P3/decidua
PRL mRNA was analyzed for the presence of palindromic sequences which might form
stem-loop structures; no such obvious sequences were found.

Another mode of translational regulation afforded by the 5' UTR of a mRNA is
the occurrence of initiator AUG codons which could be recognized by the ribosome
upstream of the primary open reading frame. This results in the presence of short open
reading frames which are postulated to impede the translational efficiency of the
downstream region (374-376). A search of the unique 5' UTR of IM-9-P3/decidua PRL
mRNA revealed no ATG triplets. On the other hand, the hPRL genomic sequence between
-98 and -248 relative to the translation start site, contained nine ATG triplets. Recall that -
98 is the splice site joining the unique 5' untranslated sequence of IM-9-P3/decidua PRL
message to the flanking DNA of exon 1b. It is noteworthy that the extended 5' UTR of
decidual PRL ¢cDNA 15A (Fig.21) contained 5' flanking DNA of exon 1b up to -246. The
nine ATG triplets within this region, which is GC-rich, were not found in the consensus
sequence for initiation in higher eukaryotes (376). These ATG triplets were embedded in
AT-rich sequence and it was therefore highly unlikely that they could act as preferential
translational initiation sites on a decidual PRL mRNA having the extended 5' UTR of clone

15A. In any case, clone 15A was a very rare member of the PRL. mRNA population and
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therefore the significance of the nine potential ATG translation start codons was diminished
even more.

It will be of interest to determine if the sequence of the optional exon is
conserved in non-human primate decidual PRL mRNA. Conservation of nucleotide
sequence and alternative splicing pattern of PRL exon la across species might suggest a

functional role for this exon.

Implications of the Novel 5' UTR of IM-9-P3/Decidua PRL mRNA for
Tissue-Specific PRL Gene Expression

As discussed in the "Introduction”, there are numerous examples of alternative
use of exons and promoters as a means to generate tissue-specific RNA diversity and new
modes of control of gene expression. The now classical examples of such mechanisms
include the mouse alpha-amylase 1 gene (230) and the Drosophila alcohol dehydrogenase
gene (231). In both cases two different mRNA species are synthesized having different 5'
UTRs transcribed from separate promoters which are active in different cell types. The
studies presented here clearly demonstrated that the hPRL gene also subscribed to such a
mode of tissue-specific regulatory flexibility. These data suggested that alternative cis-
acting sequences and corresponding nuclear trans-acting factors constituted a novel
mechanism which conferred decidual and lymphoblast PRL gene expression. This had
evolved by the inclusion of a new 5' non-coding exon to the decidual and IM-9-P3 PRL
gene. An analogous precedent for such an hypothesis is the gene for macrophage colony
stimulating factor (c-fms) receptor. In human placental cells, transcription of the c-fms
receptor gene begins at a series of clustered sites located approximately 25kb upstream of
the monocyte-macrophage specific cap site (203). This results in a much extended 5' UTR

by the inclusion of a 197bp 5' non-coding exon as defined by S1 nuclease and primer-
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extension experiments using human placental RNA. As appears to be the case for the
pituitary PRL transcript, the myeloid-specific transcription start site of the c-fms receptor
gene occurs within the non-coding region of exon 2 which contains the translation initiation
site (203).

To date several laboratories have confirmed that Pit-1, a POU-homeodomain
trans-acting factor expressed exclusively in the anterior pituitary, is sufficient to allow
tissue-specific expression of the rat PRL gene (253-258). The corresponding Pit-1 DNA
binding sites are located within 1.8kb of the rat pituitary PRL RNA start site. The §'
flanking region of the human pituitary PRL gene is highly homologous to that of the rat
gene and contains a cluster of sequences which fit the canonical Pit-1 recognition site (36).
Lemaigre and colleagues (273) have demonstrated that these putative Pit-1 sequences in the
hPRL gene will indeed interact in a functional manner with the rat Pit-1 molecule. The
possibility that Pit-1 or a related protein may have evolved to activate decidual PRL gene
expression at sites about 5.9kb upstream of the pituitary-specific cap site was an intriguing
hypothesis. To this end human decidual poly(A)* mRNA was analyzed in collaboration
with Dr. H.P. Elsholtz (Banting and Best Diabetes Centre, University of Toronto) for the
presence of transcripts containing the highly conserved POU-homeodomain sequence
(260). He et al (377) have been successful in isolating new members of the POU-
homeodomain gene family of transcription factors using degenerate primers homologous to
the POU-homeodomain boundary sequences in polymerase-chain amplification of
hybridizing cDNAs from various rat tissues. The same highly sensitive technique was
employed in the quest for Pit-1 like factors which might be implicated in decidual PRL gene
expression. After thirty cycles a single distinct band was resolved, cloned and when
sequenced found to have represented the POU-homeodomain of the ubiquitously expressed
transcriptional activator, Oct-1 (378) (data not shown). Thus Pit-1 or other closely related
POU-domain trans-activators may not have been involved in conferring decidual specific

transcription of the hPRL gene. It cannot be ruled out, however, that the presence of a
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decidual-specific trans-activator containing a more poorly conserved POU-homeodomain,
such as that found in the liver-specific transcription factor LF-B1, was involved in hPRL
gene expression (379).

It has been well-established that the classical regulators of pituitary PRL
synthesis do not affect the expression of decidual PRL (91). Although there are a
multiplicity of reasons to explain this fact, it seems that the explanation could reside in the
structure of the PRL gene. It has been shown that those cis-acting elements responsible for
transducing regulatory signals (i.e., epidermal growth factor) from the cell membrane to the
rat pituitary PRL gene are located in the immediate vicinity of the transcription initiation site
associated with Pit-1 response elements (380-382). Hence it seems unlikely that those
trans-activators associated with the hormonal control of the human pituitary PRL mRNA
synthesis could exert a controlling influence over the initiation or rate of PRL gene
transcription initiated at the decidual specific site about 5.9kb upstream.

A large battery of potential regulators of PRL synthesis was tested on IM-9-P3
cells, the most significant response was obtained with the synthetic glucocorticoid,
dexamethasone (329,330). Dexamethasone inhibited PRL release and mRNA abundance
by significantly reducing the half-life of the mRNA from about 17hr to 3.6hr after 16hr
exposure (330). Studies of this type are necessarily limited by the complement of receptors
expressed by the cell of interest. In the case of IM-9 cells, the parental line of the IM-9-P3
variant, receptors for a number of different hormones, have been identified (cited in
reference 330). It is not known whether the PRL-producing IM-9-P3 cell contained a
similar complement of receptors, therefore, its usefulness as a model system to study
decidual-specific PRL gene regulation is limited.

The initial objective, when the studies which constitute this thesis were
undertaken, was to gain some insight into the mechanism by which the hPRL gene was
ectopically activated in IM-9-P cells. The preponderence of evidence indicates that the

inappropriate activation of the lymphoblast PRL gene occurred via a mechanism which
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selected the decidual mode of transcription. The question remains as to whether this
activation event was mediated by promiscuous lymphoid-specific nuclear transactivators or
by decidual-specific factors which had also been ectopically generated in IM-9-P3
Iymphoblast cells and then act on a receptive chromatin template. Other potential scenarios
include point mutations in the 5' flanking region of the IM-9-P3/decidua specific hPRL
exon la which could enhance binding of a promiscuous activating transcription factor
(383). Conversely, point mutation(s) might have abolished the binding of a critical
suppressor factor (384). Whatever the case, the IM-9-P3 lymphoblast cell line provides an
easily manageable and unique resource with which to delineate the elements and regulatory
mechanisms which confer cell-specific expression of the hPRL gene to decidual cells and
pituitary lactotropes. It will be of considerable interest to identify the essential regulatory
elements and critical trans-acting factors of the IM-9-P3 PRL gene to gain some
understanding as to the nature of the recent evolutionary event by which primate uterine

decidual cells acquired the ability to express PRL.

Future Prospects

The existence of the PRL-producing IM-9-P3 clonal cell line, the IM-9-P6 line
which does not synthesize PRL and the IM-9 progenitor line constitute the first
homologous experimental system with which to analyze the molecular mechanism of hPRL
gene transcription. The expression of the rat PRL gene has received considerable attention
in the field of cell-specific regulation, to the point where at least one of the pituitary-specific
transcription factors (Pit-1/GHF-1) has been purified and cloned (253-259). Relatively
little work has been done in this area on the human PRL gene largely because of a lack of a
human cell system and the fact that the hPRL gene is also expressed in the decidualized

endometrium has been virtually ignored. Reasonable evidence exists to suggest that human
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pituitary PRL gene transcription follows a mechanism essentially identical to that described
for the rat PRL gene (273). Clearly these data cannot be simply advanced to the human
system in the case of the decidual PRL gene since work described here has shown that the
5' flanking DNA of interest is located at least Skb upstream of the pituitary-specific cis-
acting promoters. Given the identical structure and transcription start sites of the IM-9-P3
and normal human decidual PRL mRINAs described herein, it is plausible that the IM-9-P3
cell line contains unique frans-acting DNA binding proteins essential for decidual-like PRL
gene expression. The putative DNA binding proteins would presumably be inactive or
absent in the non-PRL-producing cell lines IM-9-P6 or the classical IM-9 line and these
lines would therefore act as convenient negative controls. These assumptions are based on
the fact that the rat PRL pituitary-specific transcription factor, Pit-1 is solely sufficient for
transcription of a marker gene containing rat PRL tissue-specific enhancer elements in
heterologous cell systems (256,258). Moreover, others have shown that loss of rat GH
expression in somatic cell hybrids is strictly correlated with the loss of positive cell-specific
transcription factors (385,386). There are also numerous examples where cell lines which
ectopically synthesize a hormone, have been utilized to compare and contrast the
transcriptional regulation of the ectopic hormone gene to its normal counterpart in the
eutopic tissue source (387-390).

Lymphoblast specific PRL transcription could be demonstrated using gene-
fusion plasmids containing 5' flanking DNA of the IM-9-P3/decidua PRL gene transfected
transiently into IM-9-P3, P6 and classical IM-9 lines. In this way cis-acting DNA
sequences will be identified which interact in trans with nuclear factors to stimulate the
lymphoblast (and presumably the decidual-specific) expression of the hPRL gene. Having
identified the cell-specific enhancers of lymphoblast PRL transcription, the IM-9-P3 cell
line becomes a homogeneous source from which the corresponding frans-activator proteins
could be purified and cloned. These DNA binding proteins could then be characterized for

their ability to direct decidual-specific gene expression in various human endometrial
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tumour cell lines which have not been shown to synthesize PRL. It may be that these cell
lines contain decidual specific trans-acting factors necessary for hPRL gene transcription
but fail to express the PRL gene due to epigenetic influences such as inappropriate
methylation of DNA recognition elements. On the other hand, the endomeirial cell lines
may simply lack the appropriate trans-activating factors.

The synthesis of PRL by secretory endometrium has been shown to coincide
with the initial appearance of decidual cells in late luteal phase of the menstrual cycle
(66,67,70). Thus the initiation of decidual PRL gene expression could be considered a
marker for the terminal differentiation of endometrial stromal cells to decidual cells. Since
the specific complement of genes expressed by a cell dictates its phenotype, one could
envisage the activation of decidual PRL gene transcription intimately linked to the
endometrial differentiation process. Should the above studies indicate that IM-9-P3 PRL
gene transcription is analogous to the mechanism operating in decidual cells, then the
biological reagents (i.e., trans-acting positive transcription factors and their genes) obtained
from IM-9-P3 cells could be used to analyze, in a retrograde fashion, the cascade of
genomic events leading to the appearance of uterine deciduat cells. By understanding the
molecular regulation of decidual-specific transcription factors, a better understanding of the
remarkably regular physiological trigger of endometrial turnover could be obtained.

Progesterone is the primary stimulator of decidual PRL release and can increase
the relative abundance of the corresponding transcript (67,70). By transfecting IM-9-P3
cells with a plasmid expressing the progesterone receptor, one might demonstrate
regulation of the endogenous PRL gene and identify the level of RNA biogenesis at which
the progesterone receptors act to increase PRL transcript levels. If the progesterone
receptor were found to regulate the rate of PRL transcription from the decidual-specific start
sites, then one could determine if the regulation was direct by measuring the time course of
induction in the presence and absence of protein synthesis inhibitors. The logical extension

of this work would focus on the identification of progesterone response elements around
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exon la of the hPRL gene by co-transfection of reporter fusion plasmids and a
progesterone receptor expression vector. The cell lines of the IM-9-P class would then
provide a model system with which to analyze the interaction of the progesterone receptor
with cell-specific trans-activators and potentially provide some insight into the mechanism
by which the decidual PRL gene is normally activated.

Another potentially interesting series of experiments would focus on
determining whether lymphokines can modulate PRL gene expression in IM-9-P3
lymphoblasts.  As discussed earlier there is growing support for PRL as an
immunomodulatory factor; however, there is little direct evidence of immune cell factors
regulating PRL expression. In recent years it has been reported that many of the various
lymphokines are produced by the uterine decidua and/or placenta and the presence of
corresponding receptors has also been documented (391-396). Thus it would seem
worthwhile to test the ability of various lymphokines (i.e., colony stimulating factor-1) to
modulate transcription of the IM-9-P3 PRL gene from the transcription start sites held in
common with the dPRL gene. Such studies are limited by the complement of receptors
expressed by IM-9-P3 cells. Nevertheless the identification of dramatic regulation of IM-9-
P3 PRL gene expression by a single or group of lymphokines would prompt one to
investigate whether a similar form of regulation occurs in vivo during gestation in decidual
cells. This could be demonstrated by in vitro cell culture of gestational decidua (71). The
function of dPRL is unknown, but evidence that lymphokines can directly regulate dPRL
gene expression would imply that a role for PRL exists in maintaining the local
immunological milieu during pregnancy.

The cloning of the pituitary-specific PRL transcriptional activator, Pit-1, opens
the door to a number of unique experiments using IM-9-P3 cells. These experiments
would be designed to examine the interaction of two different mechanisms of tissue-
specific transcription on one gene in a particular cell type, in this case, IM-9-P3 cells. An

expression plasmid containing the Pit-1 cDNA would be transfected into cell lines of the
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IM-9-P class and primer extension experiments performed to determine if the pituitary cap
site is utilized in transfected lines. In classical IM-9 cells and the non-PRL-producing clone
IM-9-P6, one might expect to observe activation of the PRL gene from the pituitary specific
RNA start site in IM-9-P6 cells and no activation in the progenitor cell line, IM-9. This
hypothesis is based on the fact that IM-9-P6 cells are, for all intents and purposes, identical
to the PRL-producing IM-9-P3 cells except for the ability to express the PRL gene. This
suggests that the PRL gene in IM-9-P6 cells is in an open chromatin conformation but lacks
the necessary factors for active transcription. The progenitor IM-9 cells would likely
contain a repressed PRL gene inaccessible to modulation by Pit-1. A positive result would
be the first demonstration in intact cells that Pit-1 is sufficient for expression of an
endogenous human PRL gene in a lactotrope-specific manner. In IM-9-P3 cells the results
of such an experiment are unpredictable and may depend on the strength of the upstream
decidua/IM-9-P3 specific enhancers and the dose of Pit-1 cDNA transfected. Nevertheless,

these experiments would be a lot of fun and isn't that what science is really all about!
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Size determination of putative rPRL-like RNAs.

Twenty micrograms of total RNA isolated from various rat tissues was
denatured and fractionated through a 1.5% agarose, 2.2M formaldehyde gel. A
photograph of the EtBr-stained gel is shown on the right and the sample in each
lane was as follows: A, kidney; B, testes Sug total RNA; C, [32P]-end-
labelled lambda DNA digested with HindIII; D, uterus; E, heart. The RNA
was capillary blotted to nitrocellulose prehybridized and probed with nick-
translated [32P]}-labelled rPRL c¢DNA (3x106cpm/ml) at 42C in 50%
formamide/5xSSC hybridization solution for 24 hours. Final washing of the
blot was at 53C, twice for 30 minute intervals in 0.1xSSC, 0.1% SDS. The
blot was exposed to X-ray film at -70C with an intensifying screen for 4 days.
The sizes of the DNA marker bands are given in kilobases (kb) next to each

band. The location of 28S and 18S ribosomal RNA is denoted by the arrows.



132

il

1)
SH




Fig. 2.

133

Elimination of intact 18S ribosomal RNA as the molecule to which

rPRL ¢DNA hybridized.

Total RNA (20pg) was isolated from lung and skeletal muscle of two
separate groups of adult Sprague-Dawley rats. The RNA in lanes A and D were
isolated from normal 150g female rats using the guanidinium
isothiocynate/CsCl cushion method described in the "Materials and Methods".
The remaining lanes contained RNA extracted from approximately 350g male
Sprague-Dawley rats. RNA in lanes B, E and F was purified using the method
described above while the RNAs in lanes C and G were isolated following the
guanidine-HCl procedure as described in the "Materials and Methods". These
RNAs were fractionated, blotted to nitrocellulose and hybridized with rPRL
CDNA as described in Fig. 1. The photograph on the right shows the EtBr-
stained gel prior to transfer to nitrocellulose. The location of 28S and 18S
TRNA is provided. Autoradiography was for 4.5 days under optimal conditions

defined as incubation at -70C with an intensifying screen.
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Fig. 3. Identification of putative rPRL-like RNAs as non-polyadenylated

species by Northern blot hybridization.

Lanes marked T contained 30ug of total RNA and those labelled A-
contained the same amount of RNA which did not bind to oligo (dT) cellulose.
In "a" the lanes labelled A* contained 10pg and in "c" approximately 2ug of
RNA enriched in polyadenylated mRNA species by chromatography over oligo
(dT) cellulose. The RNA blots in "a" and "c" were hybridized with 3.5 x
105cpm/ml and 2.5 x 108cpm/ml of nick-translated rPRL ¢cDNA respectively at
high stringency. Final wash of these blots was at 50C in 0.1xSSC, 0.1% SDS
for two 30 min intervals. The blot in "a" was stripped and rehybridized at high
stringency with nick-translated pRP54 ¢cDNA ("b"). All blots underwent
autoradiography for four days at optimal conditions. The migration of 18S and

28S ribosomal RNA is indicated by the arrows.
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Localization of the rPRL ¢DNA sequence responsible for

hybridization to the 1.6kb family of non-polyadenylated RNAs.

A Northern blot containing multiple 20pg lanes of rat ovary (O) and
heart (H) total RNA was cut into five strips containing a lane of each source of
RNA. These strips were individually hybridized under high stringency
conditions with gel-purified, nick-translated pBR322, the entire 823bp rPRL
c¢DNA, and subfragments of tPRL cDNA: a 3' 256bp BglII/PstI fragment, an
internal 336bp Accl/Bglll product, and a 229bp Accl/Pstl fragment. A partial
restriction map of rPRL ¢DNA is shown schematically below indicating the
restriction sites used to generate the above probes. The 5' and 3' untranslated
regions are represented by the striped bar and the solid bar denotes the coding
region. The GC-tails which facilitated ligation to plasmid DNA are shown at
the 5" and 3' ends of the cDNA diagram. The probe used in each hybridization
is given at the base of each strip. Each hybridization contained 4-9 x
106cpm/ml of probe. The final post-hybridization washes were at 55C in 0.1 x
SSC, 0.1% SDS. The blots underwent autoradiography for three days at
optimal conditions. The location of the 1.6kb RNA signal is given relative to

18S and 28S ribosomal RNA.,
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Identification of putative rPRL-like non-polyadenylated

transcripts as artifactual hybridization,

Identical Northern blots containing 20ug each of rat heart (H) and
kidney (K) or brain (B) total RNA were individually hybridized at high
stringency with nick-translated plasmids of probasin (M-40), rPRL, and rPLP-
A (pRP6-1 or pRP6-5). The amount of radiolabelled prbbe in each
hybridization ranged from 5-9 x 106 cpm/ml. All blots were washed at 50-55C
in 0.1 x S8C, 0.1% SDS for 1 hr. Autoradiography under optimal conditions
was for 4 days. The position of the 1.6kb RNA signal is indicated relative to

the location of 18S and 288 ribosomal RNA. The ¢cDNAs of probasin, tPRL

and pRP6-1 contained GC-tails.
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Fig. 6.
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Detection of PRL mRNA in a human B-lymphoblastoid cell line,
IM-9-P, by Northern blot hybridization.

A Northern blot was constructed containing 10ug of total RNA from rat
pituitaries (lane rat pit.); and 50ug of total RNA from IM-9 cells obtained from
each of the American Type Culture Collection (Rockville, MA) (lane ATCC),
M. Lesniak (NIH) (lane LES.), and Dr. R. Rosenfeld (Stanford University)
(lane R.R.); 50ug total RNA from IM-9 cells from our laboratory (lane IM-9-
P); 3.0pg of human pituitary total RNA (lane hum.pit.) and 15ug of poly(A)*+
enriched mRNA obtained by single passage over an oligo(dT) cellulose column
(lane IM-9-P*). Simultaneous hybridization with nick-translated hPRL ¢cDNA
and the human c-myc gene was done at high stringency. The blot was then
exposed to X-ray film at optimal conditions for one day. The hPRL and c-myc

mRNA bands are identified relative to the migration of 18S ribosomal RNA.
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Fig. 7. Human female origin of IM-9-P cells determined by genomic

Southern blot hybridization.

a. Five micrograms of rat testes DNA (rat), normal human peripheral
blood lymphocyte DNA (HUM.PBL), ATCC IM-9 DNA (IM-9), and
IM-9-P DNA (IM-9-P) were digested with Alul, blotted and probed
under high stringency conditions as described in the "Materials and
Methods" with a human Alul repetitive element DNA, pBLUR-8.
Lambda phage DNA cleaved with HindIII and @X174 digested with
Haelll served as DNA markers, the sizes of which in kilobases (kb) is
indicated on the autoradiogram. Only the human DNA hybridized to
this probe. The photograph of the EtBr-stained gel demonstrates the

presence of rat testes DNA in lane (rat).
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Fig.7. Human female origin of IM-9-P cells determined by genomic

Southern blot hybridization,

b.  Ten microgram aliquots of IM-9-P DNA, ATCC IM-9 DNA, and human
male peripheral blood lymphocyte (PBL) DNA were digested with
EcoRI (E), HindIII (H) and BglII (B). The resultant Southern blot was
hybridized under high stringency conditions with a human Y-
chromosome-specific repeat element DNA, pY3.4. The sizes of HindIII
digested lambda phage DNA in kilobases is provided as is the estimated
size of the major hybridizing band in human male PBL DNA digested
with EcoRI.
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Fig. 8. Confirmation of the B-cell lineage of IM-9-P cell lines.

a. Approximately 20pug samples of BamHI/HindIII-digested genomic
DNA were transferred to nitrocellulose and subsequently probed with a
5.6kb DNA fragment encompassing the joining region of the human
heavy chain immunoglobulin genes. Lanes A, B and C contained DNA
isolated from the IM-9 line obtained from M. Lesniak (NIH), the ATCC
(Rockville, MA) and Dr. R. Rosenfeld (Stanford University),
respectively. Lane D contained DNA from the PRL-producing IM-9-P
line, lane E from the PRL-producing IM-9-P3 clone and lane F from the
non-PRL-producing IM-9-P6 clone. Lanes G and H show the 5.6kb
germline band in human placenta and human peripheral blood
lymphocyte DNA, respectively. The sizes of HindIII digested lambda
DNA in kilobases (kb) is indicated.

b. Approximately 20pg samples of EcoRI-digested genomic DNA from
sources described above were used to make a Southern blot which was
hybridized under high stringency conditions with the human T-cell
receptor beta-chain constant region genes. Lanes 1, 2 and 3 contained
IM-9 cell DNA from the sources described above in lanes A, B and C.,
Lanes 4, 5 and 6 contained IM-9-P3, IM-9-P and IM-9-P6 DNA
respectively and lanes 7 and 8 contained the control DNAs described
above in lanes G and H. According to the restriction map of the human
T-cell receptor B-chain locus two non-rearranged EcoRI fragments,
12kb and 4.2kb should be detected using the constant region probes.

DNA markers were those described above,



148




149

Fig.9. Detection of PRL in the conditioned medium of IM-9-P cells.

IM-9-P cells were cultured in RPMI 1640/0.1% BSA; 4 days later the
medium was harvested, concentrated 5-fold, dialyzed, and assayed in a double
antibody hPRL RIA. Immunoaffinity-purified pitvitary hPRL was the
standard. The conditioned media from six other human lymphoid cell lines
(RPMI 7666, 6666, 8226, and 1788; CCRFE-SB; and HS-Sultan) as well as
that from IM-9 cells obtained from three different sources showed no cross-

reactivity in the RIA. B/B,, Bound to free ratio.
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Fig.10. Bioactivity of IM-9-P PRL.

a. The biological activity of crude conditioned medium from IM-9-P cells
and that of IM-9-P PRL purified from this medium were analyzed and
compared to that of pituitary hPRL in the Nb2 Iymphoma bioassay.
Conditioned media from the IM-9-P line was raised by culturing the
cells in RPMI 1640 and 0.1% BSA for 4 days. Imfnunoafﬁnity
purification of IM-9-P PRL was done as described in the "Materials and
Methods". The two peak purified fractions, as well as crude serum-free
IM-9-P conditioned medium and pituitary hPRL standard were serially
diluted and added to growth-arrested Nb2 cells. After three days cell
numbers were determined. The top point of the purified IM-9-P PRL
curves and that of the IM-9-P conditioned medium curve represented the
undiluted samples.

b. Serum-free conditioned medium (CM) from IM-9-P cells was assayed
in the Nb2 lymphoma bioassay in the absence and presence of
monoclonal hPRL antibody 9C3. The stippled bar represents the level
of Nb2 cell growth in the absence of mitogens. The open bars denote
the Nb2 cell response in the presence of added mitogen and the striped
bars, the response upon addition of lactogen plus monoclonal hPRL
antibody. oPRL, Ovine PRL; %, percent of Nb2 culture medium

volume.
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Fig.11. PRL secretion and mRNA accumulation over the IM-9-P3 growth

curve.

A. Cells in late log phase of growth were washed and plated at a density of
1 x 105 cells/ml. Daily 1ml aliquots {days 0-4), were removed for
determination of cell number ( B) and 0.5 m! of culture medium was
taken for hPRL determination by RIA (e) after cells had been pelleted.
The secretion rate of PRL averaged between 40-50ng/106cells/24hr.
The coefficient of variation was less than 5% for cell counts and less
than 2% for the RIA.

B. The relative abundance of PRL mRNA over the growth curve (0O) of a
separate experiment was analyzed by Northern blot hybridization.
Every 24 hours, 1.5 x 107 cells were harvested for RNA extraction, of
which 401Lg were loaded in each lane and subsequently hybridized with
hPRL ¢DNA at high stringency. Equal RNA loading was confirmed by

examination of the EtBr-stained gels prior to transfer.
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Effect of neutralization of secreted PRL on IM-9-P cell growth.

IM-9-P celis were washed and placed in RPMI 1640/10% horse serum
at a density of 1.25 x 105 cells/ml. To one set of cell cultures, monoclonal
antibody (9C3) to hPRL was added on day 0 and day 2. On day 4, IM-9-P cell
numbers were determined (left panel) and conditioned media harvested. In the
right panel, the effective neutralization of secreted IM-9-P PRL was
demonstrated. Conditioned media from IM-9-P cells cultured in the absence of
antibody gave a significant stimulation of Nb2 cell growth (50% of a maximally
stimulating does of hPRL), whereas conditioned media from cells grown in the
presence of antibody exhibited no stimulatory effect. Data represent the mean +
SEM of triplicate determinations. d, day of experiment; Ab, antibody; O,
represented the growth of Nb2 cells in the presence of RPMI 1640/10% horse

serum.
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Molecular weight determination of IM-9-P PRL.

IM-9-P PRL was isolated from pooled conditioned medium by
immunoaffinity chromatography, as described in "Materials and Methods". The
two peak fractions were reconstituted in SDS-sample buffer and
electrophoresed on a 15% SDS-polyacrylamide gel, which was subsequently
silver stained. Lane A contained 2ug pituitary hPRL. In lanes B and C, 1.0
and 0.9ug were applied, respectively, of the two peak fractions of purified IM-
9-P PRL. Kd, kilodaltons.
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Fig.14. Northern blot hybridization analysis of IM-9-P and pituitary
hPRL transcripts after removal of poly(A) tracts.

Oligo(dT) was hybridized to RNA samples of IM-9-P cells and human
pituitary (Hum.Pit.) and the RNA was subsequently treated with RNase H (+)
to remove poly(A) tails as described in the "Materials and Methods". Untreated
RNA samples (-) showed the native size of the PRL transcript.
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(a & b) Genomic Southern blot analysis of the IM-9.P3 PRL

gene,

DNA samples (20pg) from a human placenta (A), IM-9-P3 celis (B),
and classical IM-9 cells (C) were digested by PstI (P), HindIII (H) or EcoRI
(E) and transferred to nitrocellulose. The blot was hybridized at high stringency
with pituitary hPRL ¢DNA and a 1132bp hPRL genomic fragment
encompassing 978bp of 5' flanking DNA, exon 1, and 126bp of intron A. In
“a" the blot was hybridized with the above probes simultaneously; after
autoradiography, the blot was stripped and rehybridized with the 5' end-specific
genomic probe only, "b". The low molecular weight band seen in the human

placenta DNA lanes was unique to that sample of DNA and not reproducible.
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(c & d) Genomic Southern blot analysis of the IM-9-P3 PRL

gene,

The genomic DNA blots in "c" and "d" were probed individually with three
different DNAs. After each hybridization the radioactive signals were stripped
from the nitrocellulose. The resultant autoradiograms have been dissected,
aligned at the wells and rearranged for easier comparison of the fragments
detected with each probe. In this way a direct comparison of the same three
lanes of digested DNA with three different hPRL DNA probes was achieved.
The identity of the DNAs in the lanes A, B and C are described above. The
Ncol "c" and Xbal "d" digested DNAs were present on the same nitrocellulose
filter and hybridized first with pituitary hPRL cDNA (hPRL cDNA), then with
the 5' end-specific hPRL genomic probe (5' specific), and lastly with a 3' end-
specific hPRL genomic probe covering a portion of exon 5 and 392bp of 3'
flanking DNA. The 5' and 3' end-specific hPRL genomic fragments
hybridized to comigrating DNA fragments in Xbal digests. In other
experiments utilizing longer gels these bands could be differentiated with the 3'
end genomic fragment migrating slightly faster than the 5' end genomic

fragment.
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Fig.16. Genomic Southern hybridization analysis of the IM-9-P3 PRL

gene.

a. DNA samples (20pg) from a human placenta (A), IM-9-P3 cells (B),
and classical IM-9 cells (C) obtained from M. Lesniak (NIH) were
digested with BglII, fractionated and transferred to nitrocellulose. As in
the previous figure, this blot was sequentially hybridized with pituitary
hPRL cDNA, the 5' end-specific hPRL genomic fragment (5' specific)
and lastly with the 3' end-specific hPRL genomic probe (3' specific).
The blot was stripped between each hybridization. The autoradiograms
were dissected and arranged to provide easy comparison of the
restriction fragmentation pattern obtained with each probe.

b. Approximately 20 g samples of various human chromosomal DNAs
were digested with BglII and used to construct a Southern blot that was
hybridized with pituitary hPRL ¢cDNA. DNA was isolated from various
sources: P6, non-PRL-producing IM-9-P6 cell line; P3, PRL-
producing IM-9-P3 cells; PL, human placenta; R.R., IM-9 cells from
Dr. R. Rosenfeld (Stanford University); AT, IM-9 cells from the
American Type Culture Collection (Rockville, MA); LES, IM-9 cells
from M. Lesniak (NIH); PBL, peripheral blood lymphocytes of an
individual; T47D, T47D breast cancer cell line; BR, a human brain.
The restriction fragmentation pattern seen in the various lanes may be
indicative of a BgllI restriction fragment length polymorphism. No
rearrangement of the hPRL gene was observed using the five different

restriction enzymes described in Figure 15.
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Fig.17.
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Size comparison of IM-9-P3 PRL mRNA to the human decidual
PRL transcript.

Total RNA (30ug) from two different human gestational decidua
samples, human pituitaries (Hum.Pit.) and IM-9-P3 cells was fractionated and
blotted to Hybond-N matrix as described in the "Materials and Methods". The
blot was hybridized at high stringency with random-primer labelled pituitary
hPRL ¢DNA. IM-9-P3 and decidual PRL transcripts comigrated in the
denaturing formaldehyde-agarose gel at a larger size than pituitary hPRL
mRNA. The location of 28S and 18S ribosomal RNAs is indicated by the

arTows.
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Comparison of the IM-9-P and decidual PRL ¢DNA structure to
that of the human pituitary and sequencing strategy of the non-

pituitary PRL c¢DNA clones.

A diagrammatic representation of a full-length pituitary hPRL cDNA
excluding the poly(A) tail is shown at the top. Aligned below are the structures
of IM-9-P and decidual PRL cDNAs isolated from four different libraries.
Nineteen hPRL ¢cDNAs were purified and eighteen are presented here; IM-9-P
PRL cDNA #7 was found to be identical to IM-9-P PRL cDNA #6 by
restriction enzyme analysis and not pursued further. The striped area on each
schematic represents the 5' untranslated sequence (5'UT), the length of which
in nucleotides is given as a negative number on the left end of each cDNA. The
contiguous thick black area represents the protein coding region, 3' untranslated
sequence and poly(A) tail. The designation of each cloned cDNA is given at the
3'end. Only IM-9-P PRL ¢cDNA #9A was intact, almost all other IM-9-P PRL
c¢DNAs were truncated at the unique internal EcoRI site because of inefficient
methylation-protection of EcoRI recognition sequences during library
construction. IM-9-P PRL ¢cDNA 3, C and A were chimeric having a portion
of PRL 3' UTR c¢DNA ligated to the 5' end as described in the "Results". The
3" UTR portion of chimeric clones C and 1A is depicted as separate cDNA
aligned with the 3' end of pituitary hPRL cDNA and separated from the 5'
region of the clone by a gap. IM-9-P PRL cDNA I-1 was also chimeric and
contained 45bp of foreign cDNA ligated to the 5' end which is represented by
the thin black line. Decidual PRL cDNAs were intact and not chimeric. The 3'
EcoRI subfragment of dPRL cDNA 2A and 15A were present in the original
lambda phage clone but not subcloned and analyzed. Decidual PRL ¢cDNA Fl-a

was prematurely truncated during cDNA synthesis at cysteine -6 of the signal
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(cont'd)

signal sequence. The arrows beneath the schematic indicate the direction and
distance of sequencing reactions performed such that the entire IM-9-P PRL
cDNA sequence was obtained of which 88% of the protein coding region was
determined from both strands. The 5' and 3' untranslated regions of individual
cDNAs were totally sequenced. Whenever possible, sequences were obtained
using the indicated mapped restriction sites. Sequences whose origin do not
coincide with these sites were obtained from the 5' end of different cDNAs or
the EcoRYV site at 96 and the BglII site at -42 of the 5' non-coding region. The

bar at the bottom represents the length of 100 basepairs (bp).
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Nucleotide and translated amino acid sequences of IM-9-P PRL

cDNA #3,

IM-9-P PRL cDNA #3 was released from the lambda GT10 clone by
EcoRI digestion and subcloned into pGEM-3. Various cDNA fragments were
then subcloned and sequenced on both strands such that the entire sequence was
determined. The 5' and 3' UTRs are shown as contiguous sequence and the
protein coding region is broken up into codons with the corresponding amino
acid three letter designation below each codon. The 28 amino acid signal
sequence is double underlined and leucine 1 of the mature polypeptide is boxed
as is the termination codon. The single base difference seen with pituitary
hPRL ¢DNA in the 3' UTR is bolded. The length of the 5' UTR was 167bp
and that of the 3' UTR, 148bp with a 3' poly(A) tail of approximately 45 bases
denoted by Ayx4s. The putative polyadenylation signal is underlined and the
sites of restriction endonuclease cleavage used for sequencing are indicated by
the arrowheads: E, EcoRI; P, Pstl; B, Bglll; H, HindIll; D, Dpnl; EV,
EcoRV. The 3' UTR sequence which may have facilitated the chimeric
construction of IM-9-P PRL ¢DNA 3, C and 1A is indicated by the broken
underlining. IM-9-P PRL ¢cDNA #3 was 996bp excluding the poly(A) tail.
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\
AGAATCGGAA CATACAGGCT TTGATATCAA AGGTTTATAA AGCCAATATC TGGGAAAGAG
AAAACCGTGA GACTTCCAGA TCTTCTCTGG TGAAGTGTGT TTCCTGCAAC GATCACGAAC
1 %) 7 14
ATG ARC ATC AAA GGA TCG CCA TGG ARR GGG TCC CTC C?G CTG
met asn ile lva gly ser pro trp lys gly ser Jleu leu leu
21 28
CTG CTG GTC TCA AAC CTG CTG CTG TGC CAG AGC GTG GCC CCC
lJeu leu wvwal ser asn leu leu leu cys gln ser wval ala pro
35 42
TTC| €CCC ATC TGT CCC GGC GGG GCT GCC CGA TGC CAG GTG ACC
leu] pro ile c¢ys pro gly gly ala ala arg cys gln val thr
49 56
CTT CGA GAC CTG TTT GAC CGC GCC GTC GTC CTG TCC CAC TAC
leu arg asp leu phe asp arg ala val wval leu ser his tyr
63 g 70
ATC CAT AAC CTC TCC TCA GAA ATG TTC AGC GAA TTC GAT ARA
ile his asn leu ser ser glu met phe ser glu phe asp 1lys
77 84
CGG TAT ACC CAT GGC CGG GGG TTC ATT ACC AAG GCC ATC AAC
arg tyr thr his gly arg gly phe 1ile thr 1lys ala ile asn
91 98
AGC TGC CAC ACT TCT TCC CTT GCC ACC CCC GAA GAC AAG GAG
ser cys his thr ser ser 1leu ala thr pro glu asp 1lys glu
105 112
CAR GCC CAA CAG ATG AAT CAA AMRA GAC TTT CTG AGC CTG ATA
gln ala gln gln met asn gln lys asp phe leu ser leu ile
118 126
GTC AGC ATA TTG CGA TCC TGG ART GAG CCT CTG TAT CAT CTG
val ser ile leu arg ser trp asn glu pro leu tyr his leu
133 140
GTC ACG GAA GTA CGT GGT ATG CAR GAA GCC CCG GAG GCT ATC
val thr glu wval arg gly met gln glu ala pro glu ala ile
147 154
CTA TCC AAA GCT GTA GAG ATT GAG GAG CAA ACC AARA CGG CTT
leu ser lys ala wval glu ile glu glu gln thr 1lys arg leu
161 168
CTA GAG GGC ATG GAG CTG ATA GTC AGC CAG GTT CAT CCT GAA
lev glu gly met glu leu ile val ser gln val his pro glu
175 182
ACC AAA GAA AAT GAG ATC TAC CCT GIC TGG TCG GGA CTT CCA
thr lys glu asn glu ile tyr pro wval trp ser gly leu pro
189 196
TCC CTG CAG ATG GCT GAT GRA GAG TCT CGC CTT TCT GCT TAT
ser leu gin met ala asp glu glu ser arg leu ser ala tyr
203 210
TAT AAC CTG GIC CAC TGC CTA CGC AGG GAT TCA CAT ARA ATC
tyr asn leu leu his cys leu arg arg asp ser his lys ile
217 224
GAC AAT TAT CTC AAG CIC CIG AAG TGC CGA ATC ATC CAC AAC
asp asn tyr leu lys leu leu 1lys cys arg 4ile ile his asn
227
AAC AAC TGC [TENGCCCACA TCCATTTCAT CTATTTCTGA GAAGGTCCTT AATGATCCGT
asn asn cys = o
\J
TCCATTGCAA GCTTCTTTTA GTTGTATCTC TTTTGAATCC

ATGCTTGGGT GTAACAGGTC

TCCTCTTAAA  ABAIAABAAC TGACTCGTTA GAGACATCAx4S

47

107

167

209

251

293

377

587

671

713

755

898

958

996

173



Fig.20.

174

Alignment of the 3' untranslated sequence of IM-9-P and decidual

PRL ¢DNAs with the corresponding region of the hPRL gene.

Sequence alignment begins at the cytosine residue 110bp 3' of the
terminal cysteine codon. Sequence upstream of this point amongst the decidua
and IM-9-P PRL ¢cDNAs was completely homologous with pituitary hPRL
cDNA. The dotted nucleotide indicates the single base difference between IM-
9-P/decidua PRL 3' UTR and that of the pituitary PRL mRNA. The
polyadenylation signal is underlined in the hPRL gene sequence and the poly(A)
tail on the 3' end of the cDNA sequences is denoted by Ap. IM-9-P PRL ¢cDNA
had a 3' end identical to that seen for human pituitary PRL ¢cDNA. IM-9-P PRL
cDNAs 10, 11, 9A, C and 1A, as well as dPRL clones 8B and F1-a, contained
identical 7bp elongations relative to the 3' end of pituitary hPRL cDNA.
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Comparison of the 5' untranslated sequence of IM-9-P PRL c¢DNA
IV and decidual PRL cDNA 15A with the immediate 5' flanking
DNA of the hPRL gene.

Alignment of these sequences begins at the initiator methionine codon of
the preprolactin signal sequence and extends in a 5' direction to position -300 of
the human genomic PRL sequence. The 9bp region over which pituitary-
specific transcription begins is bracketed and the putative TATA box is
underlined. The new 5' untranslated sequence in the IM-9-P and decidual PRL
¢DNAs which is not homologous to the corresponding hPRL gene sequence is
indicated by white letters. The 5' UTR sequence of IM-9-P PRL ¢DNA IV was
representative and identical to that found in nine other IM-9-P and dPRL
cDNAs. The 5' UTR structure of decidual PRL ¢cDNA 15A indicated that the
unique sequence (in white letters) was spliced into the 5' flanking DNA of PRL
exon 1 at -246. The diamonds give the location of the predominant 5' termini
of IM-9-P and decidual PRL mRNAs based on primer extension studies. The
dotted dinucleotides in the hPRL gene sequence denote the putative variant 3'
splice junction between the unique 5' non-coding sequence of the cDNAs
presented and the 5' DNA flanking the PRL exon 1. The negative numbers
shown above each block of sequence are residue numbers for the 5' flanking

DNA of PRL gene exon 1.
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Fig.22.

178

Comparison of the 5' UTRs of IM-9-P PRL c¢cDNAs IV and I-1

with the hPRL gene sequence.

Alignment of these sequences is as in Figure 21. The new 5'
untranslated sequence commonly found in the IM-9-P and decidual PRL
cDNAs which is not homologous to the corresponding hPRL gene sequence is
bordered by the broken line. The extra 12bp sequence unique to cDNA I-1 at
the (-98) junction point with the known 5' flanking region of the hPRL gene is
indicated by the dashes in the IM-9-P PRL cDNA IV sequence below. The
extra 45 bases at the 5' end of cDNA I-1 is underlined and represents foreign
cDNA sequence ligated to the IM-9-P PRL ¢DNA presumably at -203 in an
inverted orientation during cDNA library construction, as described in the
"Results”. The negative numbers shown above each block of sequence are
residue numbers for the 5' flanking DNA of hPRL exon 1. The bracketed -191
designates the 5' end of the IM-9-P PRL cDNA IV which did not contain the

extra 12 nucleotides at the -98 splice junction.
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Fig.23. Tissue specificity of the new 5' untranslated sequence of IM-9-

P/decidua PRL mRNA.

Total RNA was isolated from human decidual tissue, IM-9-P3
lymphoblast cells and human pituitaries obtained at autopsy. Total RNA
(100ug) aliquots from 5 individual decidua and IM-9-P3 cells as well as 3g of
human pituitary total RNA was electrophoresed, photographed and blotted onto
Hybond-N matrix. Equivalent loading of decidua and IM-9-P3 RNA was
assessed by the intensity of ethidium bromide staining of the 18S rRNA band in
each lane. Autoradiogram "a" is an approximately 2.5 day exposure after high
stringency hybridization with a [32P]-labelled antisense cRNA corresponding to
the 93bp of unique 5' non-coding sequence in IM-9-P PRL ¢cDNA IV. The
faintly hybridizing low molecular weight bands are due to non-specific
hybridization. This blot was then stripped and re-hybridized "b" under
stringent conditions with random-primer labelled 555bp Pstl fragment of

pituitary hPRL cDNA as described previously (18). The locations of the 18S
and 28S rRNA bands is indicated.
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Fig.24.
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Primer extension analysis of hPRL mRNAs.

Primer extension was performed as described under "Materials and
Methods" using a 21-base oligonucleotide whose complementary sequence in
hPRL mRNA relative to the pituitary-specific 5' end (-57) is indicated in the line
diagram below the autoradiogram. The primer was annealed to 40pg aliquots
of batch-prepared poly(A)* enriched mRNA isolated from IM-9-P3 cells, non-
PRL producing IM-9 cells and two different pools of decidual tissue as well as
15ug of total RNA and 2.5ug of poly(A)* enriched mRNA (Pituitary*) from
human pituitaries. The lengths of the extension products are indicated at the left
in nucleotides; only the sizes of the predominant and reproducible cDNAs are
given. These sizes were determined by comparison of the band mobilities with
the adjacent nucleotide sequence ladder and end-labelled Hpall digested pATIS3
in lane M. Only the size, in nucleotides, of the relevant DNA marker bands are
provided next to the corresponding fragment in lane M. A number of
termination points between 140 and 149 nucleotides was obtained with total or
poly(A)* enriched mRNA samples from human pituitaries. The primary
exposure time was 24 hours at -70C with an intensifying screen, the last two
lanes on the right are the result of an extended exposure of 4 days. The
prolonged exposure was necessary to more clearly visualize the minor primer

extended product at 410 nucleotides in decidua and IM-9-P3 RNA.
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Fig.25,
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Localization of the unique 5' non-coding sequence relative to the
human PRL gene exon 1 by genomic Southern hybridization

analysis.

Human genomic DNA (20ug) from seven individuals (A-G) as well as
DNA from the parental IM-9 line, the cloned IM-9-P6 (P6) non-PRL producing
line and the PRL-producing clones IM-9-P3 (P3) and IM-9-P33 (P33) were
digested with various restriction enzymes. These DNAs were cleaved with
EcoRV and HindIll. An EcoRV site is located at the junction between the
previously described 5' flanking DNA of the hPRL gene and the additional
unique 5' non-coding sequence found in IM-9-P3 and decidual PRL transcripts.
In "a", the resultant genomic Southern blot was hybridized, as described in the
"Materials and Methods", with a 680bp EcoRV-HindIII fragment of the hPRL
gene 5' flanking DNA shown above schematically. The blot was then stripped
of the radioactive signal and hybridized with a 311bp probe containing three
copies of a 72bp portion of the unique IM-9-P3 and decidual PRL 5' UTR
("b"), as described in "Materials and Methods". The DNA markers used were
lambda digested with HindIIl and @X174 with Haelll; sizes are given in
kilobases.
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Fig.26. A partial restriction map of the hPRL gene redrawn from Truong

et al (36).

a. This schematic covers approximately 11.1kb of the hPRL gene
including 978bp of 5' flanking DNA and 392bp of 3' flanking DNA.
The estimated sizes of the introns are as follows: intron A - 2176bp;
intron B - 1788bp; intron C - 2660bp; and intron D - 2424bp. Exons 1
and 5, as depicted in this diagram, include the 5' and 3' UTRs,
respectively. Only the restriction sites pertinent to the work described
herein are indicated. The restriction enzyme designations are: E,
EcoRI; P, Pstl; H, HindIII; B, Bglll; Hj, Hincll; N, Ncol; X,
Xbal. The bar below represents the length of 444bp.

b. This schematic is an enlargement of the 5' region of the hPRL gene
extending from the 5' EcoRI site to the Xbal* site in intron A. This
region encompasses 978bp of 5' flanking DNA, exon 1, and 126bp of
intron A. The dotted area of exon 1 represents the 5' UTR of 57bp as
determined by Truong et al (36). The adjacent darkened area of exon 1
denotes the first 28bp of hPRL coding sequence. This 1132bp EcoRI-
Xbal fragment was used extensively in the studies described here and is
referred to as the 5' end-specific hPRL genomic probe. The bar below
represents the length of 50bp on the diagram.
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Fig.27.
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Localization of the unique 5' non-coding sequence of

IM-9-P3/decidua PRL mRNA beyond 5.0kb of hPRL exon 1.

Human DNAs described in Fig.25 were digested with EcoRI ("a" and
"b"), HindIII ("¢" and "d") and HinclI ("e" and "f"), blotted and probed first
with the 5' end-specific genomic fragment of the hPRL gene containing 978bp
of 5' flanking DNA, exon 1, and 126bp of intron A. The resultant

" n m_ tt

autoradiorams are shown in "a", "c¢" and

H_ 1

e", respectively. The blots were
stripped and reprobed with the 311bp tetramer of unique 5' non-coding
sequence described in the "Materials and Methods". The results from this
second hybridization are shown in "b", "d" and "f". The varying band
intensities from lane to lane were indicative of unequal sample loading. DNA

markers were as described for Figure 25.
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Fig.28.
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Determining the outer limit size of the intron between hPRL gene

exon 1 and the new 5' non-coding sequence.

Human DNAs described in Figure 25 were digested with Ncol ("a" and
"b"), Bglll ("c" and "d") and PstI ("e" and "f"} and hybridized as described in
Figure 27 with the 5' end-specific hPRL genomic probe and then with the
311bp tetramer of unique 5' non-coding region of IM-9-P3/decidua PRL
mRNA. The autoradiograms in "a", "c" and "e" resulted from hybridization
with the hPRL genomic probe and those in "b", "d" and "f" were generated by
hybridization of the same blot with the IM-9-P3/decidua 5' UTR ¢DNA
sequence. The very weak band which comigrated with the 1.35kb marker in
"b" was due to hybridization of the 22bp of 3' UTR sequence found in the
IM-9-P3/decidua unique 5' UTR probe due to a ¢cDNA cloning artifact. This
was confirmed by hybridization of this blot with a 3' end-specific hPRL

genomic probe described previously.
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Fig.29.
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Partial restriction map of additional 5' flanking DNA of the hPRL

gene.

Human genomic clone phPRLg4800, provided by Dr. J. Martjal
(University of Liege, Belgium), contains an additional 4800bp of DNA 5' to the
EcoRI site at -978 of phPRLg2750 described in the "Materials and Methods",
The 2620bp SacI-EcoRI fragment was sequenced by members of Dr. J.
Martial's laboratory and a partial restriction map for the 5' portion of the clone
was also provided. The locations of the HindIII, HincIl, Xbal and Mspl sites

were more precisely localized by additional restriction digests and are indicated

on the map. The thin black line denotes the previously reported 5' portion of -

the hPRL gene (36) (see Fig.26), the thicker black line extending 5' from -978
represents the additional 4800bp of 5' flanking DNA to -5780bp. The broken
black line upstream of -5780 corresponds to DNA which has not yet been
cloned. The location of the 830bp Sall-HindIII fragment containing DNA from
the 5' end of phPRLg4800 and used in experiments described herein, is also
indicated. The bar at the bottom represents the length of 290bp.



N JuUH

I eqx

| oeg

i 1eg

1]

5

EXON 1

-5780

290bp

193



194

Fig.30. Identification of common genomic fragments with the unique 5
UTR of IM-9-P3/decidua PRL mRNA and a genomic probe
extending 5.8kb upstream of the pituitary PRL cap site.

Approximately 15ug of IM-9-P33 cell DNA was digested with Hincll
(lane 1), HincIl/Xbal (lane 2), HindIII (lane 3), HindIII/Xbal (lane 4) and
fractionated, blotted to nitrocellulose and probed first with the 31 1bp tetramer of
IM-9-P3/decidua PRL unique 5' UTR ("b") described in the "Materials and
Methods". The blot was then stripped and rehybridized with the 1132bp
EcoRI/Xbal genomic fragment (see Fig.26) containing 978bp of 5'DNA
flanking exon 1 of the hPRL gene ("a"). Lastly, this blot was stripped and .
probed with an 830bp Sall-HindIII fragment encompassing the 5' end of a
genomic clone (phPRLg4800) extending 5.8 kb upstream of the pituitary PRL
RNA start site ("c"). The hybridizing bands in autoradiogram "b" comigrate

and were directly superimposable with those present on autoradiogram "c".
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Fig.31. Direct linkage between the unique 5' non-coding sequence of IM-
9-P3/decidua PRL mRNA and the 5' flanking DNA of the hPRL

gene.

These autoradiograms resulted from hybridization of the same genomic
DNA blot described in Figure 15 with an 830bp Sall-HindIII genomic fragment
("a") which represented the 5' end of DNA extending 5.8kb upstream of hPRL
exon 1 (see Fig.29). The autoradiogram in "b" resulted from a previous
experiment in which this DNA blot had been hybridized with IM-9-P PRL
cDNA #3 which contained 72bp of unique 5' UTR. The genomic fragments
detected in common by these probes are indicated by the arrowheads on the
autoradiogram in "b". DNA fractionated in lane A was isolated from a human
placenta, in lane B from IM-9-P3 cells and in lane C from parental IM-9 cells.
These DNAs were digested with the indicated restriction enzymes.
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Fig.32. A schematic representation of the revised structure of the hPRL

gene 5' end.

The 5' non-coding sequence is indicated by the hatched lines and the
thick black line represents the coding region of the hPRL gene. The top
diagram depicts the operational structure of the pituitary PRL gene with the
RNA start sites around -57 (perpendicular arrow) relative to the initiator codon
(ATG) of exon 1b. The schematic below shows the multiple, clustered start
sites of the IM-9-P3/decidua PRL gene in the new 5' non-coding exon la
located approximately 5.9kb upstream of the pituitary specific start site. The
size of exon 1a is shown as 93bp which corresponds to the longest unique 5
UTR found in IM-9-P PRL cDNA IV. Primer extension studies indicated that
the size of exon 1b may be larger. In IM-9-P3 and decidual cells, intron A-1 is
processed such that exon 1a is spliced to -98 of exon 1b and rarely at -246, the
latter location of which is represented by the thin broken line. The bar at the
bottom represents the length of 32bp which pertains to the exons; intron A-1 is

not drawn to scale.
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